
;e3e0\ 0Y$RBP 6 T AN 5CS01-088 & 084 i~~m~u~m~~ LINC/LR POI_ISI-IING FOR
IMPROVING SUBSTRATI~ UNI1ORMITY IWC'hGf>IJNI) OI~ 'f111; INVI;N'I'1()N ( 1
) Technical 1 field This invention relates generally to all apparatus and
method for making integrated circuits and nlOI't', particularly, the
invention relates to linear platens and polishing belts for Che1111Ca1
nlechanical polishing (CMI') ohsubstratcs alld its capacity to improve the
substrate"s within wafer nonunilormity (WI~VNU). (2) I)CSC('IptlUl7 UhLI7C
Prior /art T'hc lollowing documents relate to methods dealing with chemical
111CC17aI71Cal pUI1S17117g Ul` 117tC~1'atCd Cll'CllltS lUl'117CC1 UIl
SC1711CUIld(ICtUI' walel'S. LJ.S.Pat.No.6,231,427 131 issued May 15, 2001
to 1-1'halich ct al. shows a linear CMI' 'fool. U.S.Pat.No. 6,248,00O Rl
issued .lone 19, 2()(11 to M. MaCll7(lSllClan CC al. discloses
mai~em~inmi~~   CS01-088 8c 084 a Spllt multi padded rotary platen for a
CMf tool. 



'fhe fabrication ol~ integrated circuits on a semiconductor wager 117VOIVCS
a I111117bC1' of steps where patterns arc translcrrcd Crom photolithog;
raphic piotomasks onto the wafer. The photomasking; processing steps opens
selected areas to be exposed on the wafer' for subsequent processes such as
inclusion of impurities, oxidation, of etching. During; the forming of
integrated circuit structures, it has become inercasing;ly important to
provide structures having multiple mctallization layers due to the
continuing nllllliltlll'l7allOI1 Of the C11'Clllt elements in the
structure. ~,aCh Ohthc Inelal layers 1s typically scparalcd from another
metal layer by an insulation layer, such as an oxide layer. To enhance the
quality of an overlying; mctalliration layer. one without discontinuities
of other blemishes, it is imperative to provide an undcrlying~ surlacc for
the mctallization layer that is ideally planar. The process of planariain~,
is now a standard process application of integrated circuit
117aIlLIlaCtlll'CI's. Plasma or reactive ion etching Oh tllC OxICIc laycl'S
llaVlllg a resist-planarizing lllcdlllill, IS COtlVCntlOllal planat'ILatlOn
techniques that arc used to provide a smooth surface and a local
planarication with a range of 1 um. 'fo meet the delllalld IOI' larger
SCalc II11C~!ri1L10n, and more metal and oxide layers in devices and the
cxactin;; dC.pth Of EOCLtS lleed('.d lnl' slIb111lcCOn lithography, a new 2
CSO l -088 & 084 planarizalion method, known as chemical 111CC11a171Ca1
pOlISl7111g; (CMP), was developed and is presently used by most major
SCI111COl1dLIClUI' manufacturers. CMI' planarization of a wager involves
supporting and holding; the wager against a rotating; polishing pad wet
WIll1 pO11Sh111g Sllll'I'y and at 111C sall7e time applying pressure.
U171ike tl7C. COIIVCIItIOlla1 



planal'IGall011 teCh171quCS, CMP provides a sllbSlallllally 1171p1'OVCd
OVCI'all plal7al'ILallOll, 117a1 1S, all Illlpl'OVC111e171 Of 2 10 J
OI'dCl's Of 111af1111udC OVeI' COI1VC17llOllal 117C1hOdS. CMI' enables
technology log' submicron design rules because it has excellent
planarization capacity to meet the stringent lithography requirements.
Therefore, it has cmerg;ed as an essential process for 17111I111eVe1
Illtel'C01711CCtlOn Oh ULSI chip lubrication. I-fowever, poor
understanding; Of pOI1SI7111~ p17C110I17C11a IllakCS It difficult to
achieve local and global uni fortuity. 'fhe fLlndal11C111a1 consideration
of pad properties and motions to achieve global planariialion of IC wafers
is cxtretucly crucial. The factors effecting WIWNU arc material removal
rate, planarity and pollshcd surface quality. Among; tllcsC doors, the
polishing; pad plays a17 important role in the CMI' process. The role ofthc
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 lranslcrs a shear force of
the slurry to the wafer surface and needs to elituinalc the polished
residue lI'0111 the polishing point to aid tllc n ew polishing; reaction.
As a result of these cl7ccts, properties and behavior ofa polishing pad
directly al~lccts polishing results.   CSOI-088 & 084 '1'hc polishing pad
behaves as being elastic and viscoclastic under applied pressure and this
phenomenon ailccts the W1WNU or planarity. The combination of different
belts having dil'fcrent properties such as, percentadc oCrebound,
pereentag;c of comprcssibiliiy and degree of hardness, would g;ivc an
overall increase in polishing uniformity. 'This is based on a soft pad
providing; better global planarization with poor local planarity, while a
hard pad shows better local planarity with poor global 



planarioation. Therefore, a need exists for a polishing apparatus and
method, permitting CMP operations to be done on a semiconductor substrate
under controlled process conditions for planarizing particular zones on
tIIC sllbstl'atC Wllllc OSC111at111g on several polishing; belts
simultaneously. >Jach of the polishing; belts having dil~fcrcnt degrees of
hardness, COlllpl'CSSlblllty, percentage ofrcbound and speeds. The
1'orcgoing conlbination to improve the WIWNU SUMMARY O1~ '1'I Il~ INVENTION
A principle object ol'thc 111VClltlOn l5 to provide a tncthod and apparatus
for improving WIWNU, or planarity, Uslllg a11 llllpCOVed Cl)cllllcfll
111cchalllcal pOlISlllllg apparatus for planari~ing semiconductor
substrates. A110thC1' Ob~ccl OI~111C I11VC11L1011 IS t0 pl'OVICIc all
apl)at'allls 101' pOlls~)111gj 4   csol-oss ~ os4 semiconductor substrates
using at least two linear platens f or supporting; at least two polishing
belts having; diilcrcnt properties, and to polish with or without an
abrasive slurry, so that the best attribute from each belt is used for
improving overall global and local planarity of the polished substrate.
Still a170t11C1' object of lhc 111ventlOn lS to provide at Icast two
adjustable drives For driving cacti polishing; belt at different linear
velocities. Yct another object of the Invention is to oscillate the
substrate over the selected 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 



belt to increase the polishing; rate Since a polishing; pad behaves as
being elastic and viscoclastic under applied 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 properties such as,
percentage of rebound, percentage ofcomprcssibility and degree of hardn
css, 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   CSO1-088 & 084 permitting CMP operations to be d0110 011 a
St'.mleOndlletOr sllbstl'ate 1111dCI' k110W11 alld controlled polishing
conditions. A linear polishing apparatus I'or polishing a
Se1111CO11dlICto1' substrate including a novel polishing belt arrangement
with at least two polishing belts forming a continuous loop. L:ach belt
havinb an outside polishing; surlacc and an inside smooth surlacc. The
belts arc spaced alongside cacti other sharing a common axis at cacti end.
~hhc 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 suppol-ting surface for the polishing belts. The
polishing plane includes a plurality of holes communicating with an
elongated plcnum chamber underlying the plane. 'hhc chamber supplies a
compressed gas to impart an upward pressure against the polishing belts.
~l'hc driver rollers arc coupled to motors 



to independently drive and control at Icast two ofthc polishing belts.
Therefore, an apparatus and method is provided for improving the WIWNU
conditions by planari~inl; particular areas on the SUbsll'~1LC V1'11110
OSClll~11111~' on several polishing belts simultaneously with each belt
having diltcrcnt dct;rccs of hardness, compressibility, pcrcentar~c
ol~rebound and 5pccds. Other features and advantages oi~ the present
invention will be apparent from the accompanying drawings and liwm the
detailed description that lollow 6   csol-oss ~ os4 l3ItIEl~
UF,sC'.RII'rl'ION Ol~ 'I'I IIJ DRnWINGS F1(i.l is i111 lIllIStl'atlOn ol` a
side view of a linear CMI' tool of LI1L Illvt;ntloll. FIG.2 illustrates a
top view ol'thc invention showing a multlplc polishing; belt drive
arrangement of the invention. FIG. 3 illustrates a top view ofthc invention
showing a110thc1' n1111IIpIC polishing; belt drive arrangement of the
invention. IIG.4 is a SC11CI71allc top view of F1G. ? showing; the
polishing applications with Il7llIllpIC SIIbSt1'atC, polishing heads ofthe
invention. FIGS is a schematic top view of~ FIG. 3 showing the polishing
applications with a single pOI1S11111~ IlCad. 1IG.6 is an illustration ofa
front view ofthe CMI' tool of 1'1G. 2, showing; three linear pollshlllfj
belts. I~IG.7 is an illustration ol~a Iront view ofa CMI' tool of hIG. 3,
showing a second 7 



CSO 1-088 ~, 084 embodiment of the invention. DETAIL,CD DESCRIP1'fON OI 'f
HL PRI?FERRLD LMI30DIMENT' 'hhe present invention includes an inlprovcd
apparatus and method for chemically mechanically polishing the lop surface
of a semiconductor substrate. The polishing apparatus is provided for
improving WIWNU CO11d1110115 by planarizing particular areas on the
substrate while moving back and ('orth on several polishing belts. The
process conditions arc adapted where cacti belt is selected from a group of
standard polishing belts having dil'fcrent properties such as percent of
rebound, hardness and compressibility. 1'he present IIlVCl711011 provides
the user with a variety of options to Illlpl'UVC (:clltC;l' t0 l7l;l'lphCry
llIILIUrnllty, that l5, by plalll.ll'1%lll~' llSlll~ cItllCt' a dry CM1' or
a wet (slurry) process) the option of choosing different 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 apply a controlled pressure to the substrate li'om both top and
bottom directions. Rclcrcncc will now he made in detail to the apparatus
illustrated in the accompanying figures. Referring now to the drawings,
where the same rcicrcncc numhcrs throughout the illustrations dcsibnatcd.
Attention is directed to 1'IGS.I showln g a typical belt arrangement as
viewing the apparatus from its side. A11 cI1C11CSS belt 20 encircling three
parallel rollers 22, 23 and 32, together forming a triangular profile. 8   



CSO1-088 & 084 Roller 32 i5 conventionally known as a l~rce rolling idler
llscd foJ' taking-up belt Slack by adjusting member 33 in a downward
direction against the inside surface 37 of belt 20. Roller shafts 38 and 39
extend from one end of a roller through ihc other end, and into load
bearing supports provided at each end. Extending the foregoing embodiment
for improving WI WNU, a novel application is described using at (cast l4vo
coplanar polishing belts, positioned side by side with a gap between, and
at least two of the pOl1S17111g belts dl'lVell II1dC17cI1de11Lly. F1G. 1
includes a polishing dead 14 having a lower surface opposed to the upper
surface ol'thc polishing belt 20 . 'The lower surface holds a substrate 10
to be polished. An elaslomeric 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 shall 12 and is rotationally driven by the rotating
shaft. '1'hc polishing head 14 rotates and oscillates the substrate, as
indicated by arrowsl5 and 16. Both rotational speed and degree of
oscillation are cacti variable and controllable. A force 1 1 is also
applied in the downward vertical direction against substrate l0 and presses
the substrate against the moving polishing belts as the substrate is bcin~;
rotated and Osclllflted dUl'lll~ polishing. Th a force is typically in the
order of between 0 and 15 psi and is applied by 111ca11S O1'lhe rotatltl~
shall 15 that is attached to the back of substrate polishing head 14. c)
CSO1-088 8c 084 In a llll'LhCI' application of the invention, parallel
drive shafts 38 and 39 are 



extended through other neighboring rollers as shown in PIGS. 2 through 7. A
platen 24 is mounted between rollers 22 and 23 supporting the inside
surface 37 for the upper belt member as best illustrated in FIG. 1. ~1'he
drive shafts 38 and 39 arc supported at one end by bearing plate 27 and the
other end by platen member 24. This is best illustrated in FIGS. 2 and 3.
FIGS. 2 - 7 show various views, of the invention, illustrating novel linear
polishing arranl;cmcnts 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. L:ach belt
having an outside polishing) surface and an inside driving surface.
Referring specifically to IvIG. 2 and 4, showing; a top view of the
invention, the belts arc 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 dCgl'CCS
OI'hal'dllcss, compressibility or percentage of rebound. Each belt is
looped 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 motor 46 at
the axial position 41. Rollers 23 and 27 freely 1'Olale oil sllitft 39.
Drive motor 46, a variable speed motor, drives both polishin l; belts 17
and 19. A third polishing belt 18, looped around driver roller 25 and
driven roller 24, is positioned between belts 17.l9 Bclt 18 is driven by
driver roller 25 fixed to drive shaft 39 that Is coupled to drive motor 42,
also a variable speed motor,   CSO 1-088 & 084 A plated 24 interposes each
belt and is placed between the pairs of rollers. The platen 24 provides a
polishing plane and supporting surface for the polishing belts 17, 18, 



and 19. The polishing; plane includes a plurality of holes 28 underlying;
each belt, the holes communicate with separately supplied elongated plcnum
chambers 30 underlying the polishing plane, each plenum chamber delivers an
adjustable and regulated compressible gas to provide a different upward
pressure against each polishing; belt 17, 18, and 19. The purpose is to
provide a pressure from under the substrate to better control the overall
WIWNU. 'fhc cvhausting gas also provides a lubricating bearinb surface for
reducing frictional drag between the polishing belts and platen 24. A
predetermined gap separates the belts. 'hhc gap is determined by the
breadth Of oscillation IG of the polishing head 14. The space provides
control of the polishing; rate between annular segments of substrate 10
(sec PIGS. 4-7) along with the ability to independently control belt speeds
between at Icast two belts. In another embodiment, ShOWIl 1l1 1IGS. 3, 5
and 7, showing a polishing; apparatus with two polishing belts 20 and 21
instead of three. All other lcatures arc the same with the exception of
having only one polishing; head 14 ils shown 11l fIG. 5 and 7. The
compactness or each embodiment is self evident along; with the options
provided by the apparatus of the invention. 'fhcrclorc, it is intended that
this invention   CSOI -088 & 084 cncolllpaSS both of the embodiment as Call
within the scope of the appended claims. While the invention has been
particularly shown and described with reference to the preferred
embodiments thcrcol; it will be understood by those skilled in ihc alt that
various chan~cs in loan and details may he made without dcpartln b t1'0111
the spirit and scope of the invention. What is claimed is: 



12   CSU1-088 &. 084 1. /~ linear polishing apparatus for polishing a
semiconductor substrate, said apparatus comprising: at least two polishing
belts Ibrming, a continuous loop, said belts having an outside polishing
surface and an inside driving surface; 5 said belts arc spaced alongside
each other and sharing a common axis at each end; every belt looped 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 member interposing
said belts is placed between pairs of 10 rollers, said platen providing a
polishin g plane and st.tpporting surface for said polishing belts; said
polishing plane having a plurality of holes communicating with separate
plCnll111 Cha11111C1'S undCClylng said plant, said chamber supplies a
compressed gas imparting regulated pressures against each 15 polishing
belt, and with at (east two belts driven separately with variable speed
drive motors. 2. The apparatus in accordance with claim 1 wherein said belt
is looped around said rollers, is also looped around a driven idler roller
that is adjustable 20 in a downward direction for taking-up belt slack. 3.
The apparatus in accordance with claim 1 wherein each driver roller is 13 



(:SOI-088 & 084 fixedly coupled to a rotating; input shaft located at one
axis, while cacti driven roller is free tLll'lllilg on the other rotating;
IllpLlt shall located at the other axis. 25 4. The apparatus in accordance
with claim l wherein said variable speed drive motors arc demountably
coupled to each driver input shaft, said drive motors mounted on opposite
sides and opposite cads of said rotating input shafts. 30 5. The apparatus
in accordance with claim 4 wherein cacti drive motor having; feedback means
For adjusting the linear velocity for each polishing belt. 6. ~l'hc
apparatus in accordance with claim 1 Wllcrcln said lJUl1S11111~ surfaces
U1'CdCh belt Colltalll a pollshill~ ~l'It. 35 7. The apparatus in
accordance with claim 1 wherein said compressed gas also provides a gas
bearing; interface to reduce friction between said platen and said driving;
surlaec ol'said polishing belts. 40 8. The apparatus in accordance with
claim 1 wherein three polishing belts arc assembled parallel to cacti other
and separated by a predetermined gap. J. The apparatus of claim 1 wherein
said platen surface underlying each of the three belts have different hole
arrays underlying; cacti belt, and the linear 14   CSO1-U88 & 084 



velocity of each belt is variable. 10. The apparatus of claim 8
wlll',I'C111 LIIC IIllC1'lllCdlatC bClt IS dl'IVCIl alld controlled
independently with a separate variable speed motor. 50 11. A linear
polishing method for pollshlng; a semiconductor substrate, said method
comprising; the steps of: providing; a substrate to be plallari~ed;
providing; a substrate polishing; head for holding;, rotating;, and
oscillating; said substrate during; polishing;; 55 providing; a linear
polishing; apparatus having; at Icast two polishing belts IOl'111111g~' il
COIItIllllOllS loop, said belts havlnl; 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 pail' consisting; of a driver roller at one end and a driven
60 I'Oller at the Utlll;r Cnd, a platl;il nlcnlbCr 111tC1'pOSIII~T 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; plane having; a plurality of holes communicating;
with separate plenum chambers underlying said plane, said chamber supplies
a compressed g;as GS to impart I'Cg;lllatcd pl'CSSLII'CS against each
polishing; belt, at least two of said belts are driven separately by
variable speed drive motors. 15   CSO l -088 & 084 12. The method in
accordance with claim 1 1 wherein said bell is looped 



around said rollers, is also looped around an idler roller that is
adjustable in a 70 downward direction for faking-up belt slack. 13. 1'he
method in accordance with claim I 1 wherein each driver roller is affixed
to a drive shaft and each driven roller is free turning on said drive
shaft. 75 14. The method in accordance with claim l l wherein said drive
shall is dcmountably coupled to a variable speed drive motor, said drive
motors arranged on opposite sides and Ol)pOSItC CIlCIs Of said drive
shafts. 15. The method in accordance with claim 14 wherein cacti drive
motor 80 having feedback means for adjusting the linear velocity for each
belt during the polishing process. 1G. 'rhc method in accordance with claim
1 1 wherein said polishing surfaces of each belt contain an abrasive
polishing grit permanently bonded to said AS outsic(c sur~acc. 17. The
method ill accordance with claim 1 l wherein said compressed gas also
provides a gas bearing interlace to reduce friction between said platen and
16   CSO1-088 & 084 said driving; surface of said polishing; belts. 90 18.
'fhc method in accordance with claim l 1 wherein three polishing belts are
assembled parallel to each other and separated by a predetermined gap, said
gap width is related to the breadth ol'said substrate oscillation by
permitting selective polishing; of annular Scgillcnl ol'said substrate. 



95 19. The method in accordance with claim 18 wherein two outer belts arc
driven and controlled by the same variable speed motor. 20. The method in
accordance with claim 18 wherein the intermediate belt l00 is independently
driven and controlled by a separate variable speed motor. 21. The method in
accordance with claim 1 1 wherein said polishing head oscillates between
two ol'said belts having; dill crcnt polishing; qualities, said breadth of
oscillation is related to said gap between polishing belts. 105 22. The
method in accordance with claim 21 wherein said belt polishing; may be
controlled by setting diifcrcnt linear speeds for cacti belt and/or
varying; the upward gas pressure under cacti belt. 1 l0 23. The method in
accordance with claim 1 1 wherein said substrate having 17   CSOI -088 &
084 an incoming concave profile which conventionally rcduircs more
polishing time for planarization is reduced substantially by increasing the
linear speed of the belt making contact with said substrate's periphery. 1
15 24. The method in accordance with claim 1 1 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 arc
selected from standard bells having different properties such as percent of
rebound, hardness and compressibility. 
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