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MECHANI CAL  PLANARI ZATI ON SYSTEM by | nventor Cangshan Xu BACKGROUND OF
THE | NVENVDOBI03740Fi el d of the Invention The present inventcarusopkmies to
chem cal nechani cal planarization (CWP) techniques and, nore particularly,
to the efficient, cost effective, and jinproved CMP operations. 10 2.
Description of the Related Art In the fabrication of sem conductor devices,
there is a need to performchem cal mechanical planarization (CW)
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that is desired to be
regions are formed. In subsequent levels, interconnect metallization lines are patterned and

15 electrically connected to the transistor devices to define the desired functional device. As is
well known, patterned conductive layers are insulated from other conductive layers by
dielectric materials, such as silicon dioxide. As more metallization levels and associated
dielectric layers are formed, the need to planarize the dielectric material grows. Without
planarization, fabrication of further metallization layers becomes substantially more difficult

20  due to the variations in the surface topography. In other applications, metallization line
patterns are formed in the dielectric material, and then, metal CMP operations are
performed to remove excess metallization.

A CMP system is typically utilized to polish a wafer as described above. A CMP
system typically includes system components for handling and polishing the surface of a

25  wafer. Such components can be, for example, an orbital polishing pad, or a linear belt
polishing pad. The pad itself is typically made of a polyurethane material or polyurethane in
conjunction with other materials such as, for example a stainless steel belt. In operation, the
belt pad is put in motion and then a slurry material is applied and spread over the surface of
the belt pad. Once the belt pad having slurry on it is moving at a desired rate, the wafer is

30  lowered onto the surface of the belt pad. In this manner, wafer surface that is desired to be

planarized is substantially smoothed, much like sandpaper may be used to sand wood. The



pl anari zed is substantially snoothed, nuch |ike sandpaper may be used to
sand wood. The WO 03/057405 -2 PCT/ US02/ 40941 wafer may then be cleaned in
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platen 24 can then be used to apply air ag}ai nst. the_under, surface of the
support i n‘t@/ mgc}}@ﬁﬁcah'rﬁéaigmgmrwnd/or by vacuum. The wafer carrier positions the wafer atop

the polishing belt 12 so that the surface of the wafer 16 comes in contact with a polishing

20  surface of the polishing belt 12.

Figure 1B shows a side view of the linear polishing apparatus 10. As discussed
above in reference to Figure 1A, the wafer carrier 18 holds the wafer 16 in position over the
polishing belt 12. The polishing belt 12 is a continuous belt typically made up of a polymer
material such as, for example, the IC 1000 made by Rodel, Inc. layered upon a supporting

25  layer. The support layer is generally made from a firm material such as stainless steel. The
polishing belt 12 is rotated by the rollers 20 which drives the polishing belt in the linear
motion 22 with respect to the wafer 16. In one example, an air bearing platen 24 supports a
section of the polishing belt under the region where the wafer 16 is applied. The platen 24
can then be used to apply air against the under surface of the supporting layer. The applied

30  air thus forms an controllable air bearing that assists in controlling the pressure at which the

polishing belt 12 is applied against the surface of the wafer 16.



30 air thus forns an controllable air bearing that assists in controlling
the pressure at which the polishing belt 12 is applied against the surface
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during polish, the uneven tension pattern does not change across the belt 12 (perpendicular

20  to the belt travel direction) at any given time. As the wafer 16 spins, this effect may average

out. However, even with the wafer spinning, the center of the wafer 16 always “sees” low
pressure, therefore, the removal is the lowest at wafer center.

Figure 1D shows uneven polish profile is directly transferred to the uneven polishing

pressure on the polishing belt 12. The y-axis is a polishing pressure and the x-axis is

75  distance from the center of the wafer 16. Curve 32 shows the distance from the radius of

the wafer 16 plotted against the polishing pressure. Because of the parallel pattern on the

rollers 20, when the belt 12 is rolling during polishing, the uneven tension pattern does not

change across the belt. Due to the lack of support over areas of the plurality of parallel

grooves 30, a set of concentric rings separated by, in one example, 0.5” is observed on a

30 polished wafer. Generally, oscillation in removal rate from wafer center to edge

corresponds to the rings visually detected on the polishing belt 12. Even if the wafer is spun



grooves 30, a set of concentric rings separated by, in one exanple, 0.5" is
observed on a 30 polished wafer. Cenerally, oscillation in renpoval rate
from waf ewOo®ans®anst o edge corresponds to the rings visualPCy/user/emwsed on
the polishing belt 12. Even if the wafer is spun WO 03/057405 -4

PCT/ US02/ 40941 during polishing, the center of the wafer 16 typically has a
m ni mal polishing rate conpared to other areas of the wafer 16. Therefore,
different sections of the polishing belt 12 may have differing tensions
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planarization of a substrate a surface of each roller of the pair of rollers is provided. The

surface includes a first set of grooves covering a first portion of the surface of the roller

where the first set of grooves has a first pitch that angles outwardly toward a first outer edge

20  of the roller. The surface also includes a second set of grooves covering a second portion of

the surface of the roller where the second set of grooves has a second pitch that angles

outwardly toward a second outer edge of the roller with the second pitch angling away from

the first pitch. The surface further includes a first set of lateral channels arranged along the

first portion, and a second set of lateral channels arranged along the second portion. The

25  first set of lateral channels crosses the first set of grooves, and the second set of lateral

channels crosses the second set of grooves.

In another embodiment, a method for generating a grooved roller for use a linear

chemical mechanical planarization (CMP) system is disclosed including providing a roller.

The method also includes forming a first set and a second set of grooves on an outside

30  surface of the roller where the first set of grooves covers a first portion of the surface of the

roller and the first set of grooves has a first pitch that angles outwardly toward a first outer



chem cal mechanical planarization (CW) systemis disclosed including
providing a roller. The nethod also includes formng a first set and a
second sewoaB/oguedves on an outside 30 surface of the rol lPer/ushEs®4t he
first set of grooves covers a first portion of the surface of the roller
and the first set of grooves has a firgt pitch that angles outwardly toward
a first outer WO 03/ 057405 PCT/ US02/ 40941 -5 edge of the roller. The second
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the poli slahthebist edge area of the cylindrical roller. The apparatus additionally includes a

plurality of lateral channels being defined on the outside surface of the cylindrical roller
where the plurality of lateral channels extends at an angle from the center portion of the
cylindrical roller to an edge of the cylindrical roller. The plurality of lateral channels and
the first set and the second set of spiral grooves remove fluid from an interface between the
25  cylindrical roller and the polishing belt when the cylindrical roller rotates the polishing belt,
and the first set and the second set of spiral grooves apply a consistent tension pattern across

a width of the polishing belt when the cylindrical roller rotates the polishing belt.
The advantages of the present invention are numerous. Most notably, by utilizing a
spiral grooved roller in accordance with any one of the embodiments of the present
30  invention, the polishing belt will be able to provide more efficient and effective polishing
operations over wafer surfaces. Furthermore, because the wafers placed through a CMP

operation using the improved roller are polished with better repeatability and more



The advant ages of the present invention are nunerous. Mst notably, by
utilizing a spiral grooved roller in accordance with any one of the

enbodi nerwe 8054be present 30 invention, the polishing becCt/ustkoobe abl e
to provide nore efficient and effective polishing operations over wafer
surfaces. Furthernore, because the wafgers placed through a CVP operation
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nuner al S .i ate like structural elenents. Figure 1A shows a |linear

pol i shi ng apparatus which is typically utilized in a CMW system Figure 1B
shows a side view of the, |linear | . shi 3 Figure 1 C shows an
over head view of the ro S ﬁmpar atus. Figure 1D
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3-di nensi onal view of the section as shown in Figure 3 in 25 accordance
with one &@#s8di nent of the present invention.

Figure 1B shows a side view of the linear polishing apparatus.
15 Figure 1C shows an overhead view of the rollers in the linear polishing apparatus.

Figure 1D shows uneven polish profile is directly transferred to the uneven polishing

pressure on the polishing belt.

Figure 2A shows a side view of a CMP system according to one embodiment of the

present invention.

20 Figure 2B shows a roller with the plurality of spiraled grooves in accordance with

one embodiment of the present invention.

Figure 3A shows a roller groove pattern with optimized groove patterns on the roller

in accordance with one embodiment of the present invention.

Figure 3B illustrates a 3-dimensional view of the section as shown in Figure 3 in

25 accordance with one embodiment of the present invention.

Figure 3C shows a portion illustrating a magnified view of the first set of spiral

grooves and the first set of lateral channels.

Figure 3D shows a detailed three dimensional view of a roller with the roller groove

pattern in accordance with one embodiment of the present invention.



Figure 3C shows a portion illustrating a.nmagnified view of the first set of
spiral grooves and the first set of lateral channels. Figure 3D shows a
det ai | ed wbroa®sdbsrensi onal view of a roller with the rol | @eCTgrSop¥ws41 pattern
i n accordance with one enbodi nent of the present invention. W 03/ 057405
PCT/ US02/ 40941 -7 Figure 4 illustrates7a flow chart show ng a nethod for
generated a grooved roller wth lateral channels in accordance with one
enbodi ment of the present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS  ArFigmeehiligtrafeora fow ahpashéwinigi HilethdidnGr achidhicgra wobedspileal
grooves and |ateral 5 channels for optimzed CVMP operations 1s disclosed.
In the foYiblsief chamesls Pacesrdanceurid enpseraindémentof detrresent ventimt forth in
order to provide a thorough understanding of the present invention. It

wi || be under st ®ETANERPESCRIPTION OF THERREFFRRED EMBODINMERTS, that the
present invention may be practiced wthout sonme or all of these specific
details. In otzﬁ@rianﬂﬁgtl dnr s, appetatuskinolwdingr o celder thrsatrabgs)ohewmdldﬁterbben

d bed d 10 t t
oventi ol g8 ophii g B Docktions 1s “ SAGERES o ﬁwdmﬁlﬁ@ e, "
spiral grtﬁﬁié?(ﬂlsrs'ﬁla&ﬁfz Qiefa‘“ﬂk%ﬁb st TON irPSrddF bvmetahth ﬁqmldgr%% g%gﬁgwel S

to enable fluid expulsion froma contact po bet vvee
pol i shi ngrésehtt invaitens plt rvalllbe wrdeowed, howéer, lﬁ,{snalh)d eﬁondlnmpﬁslqﬂlmlthle aﬂteﬂl’f@t\/al
froman interface between the raollers and t he pol i shing belt
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example, uanuessyh@blmymeth@pgemumepam the SI ngl e Iayer pol yneri c pad WI th

stai nl ess ste:s‘{,é Iayer anmultila , . the single Iayer ol ynmeric
pad with a BPRsARligrRs s prg %ﬂ’{éﬁtﬂw @Ggs%i?@ &8¢ spiraltenpeiied selless tddo

| ayer), r oov s and th ter
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oper at i obstwlen anyolbdr z@&dod pbliiftess BEILVWATIRS SisU§Nerasved' ﬂiﬂe@éﬁéﬂl&ﬁproﬁ@pﬂumn
sem conductor wafers, 300 mm sem conductor wafers, etc. It should

appr eci af@goval {gam g 'intgafage betmsen dhe Tollersi dridethe molishing hﬂhf\@hﬂ&)w@lmgmst t he

SI ze n,a odi nent, .th ol | er has
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with a linear CVWP system such as the Teres pol i sher rranuf actured by Lam

Resear chPolidippbelt suph asf foresample, a Gapleflayen palylﬂme pedt thefsingtd laparpotyanerichen
be utili ze&i with sqami/ess stegl layer, a multilayer pad (e.g., the single layer polymeric pad with a

cushioning layer underneath supported by a stainless steel layer), etc. The improved roller
20  with the spiral grooves and the later channels described herein may also be utilized to
optimize wafer polishing operations of any size or types of wafers such as, for example, 200
mm semiconductor wafers, 300 mm semiconductor wafers, etc. It should be appreciated
that to use the roller in different size wafer operations, the size of the roller is changed. In a
preferred embodiment, the roller has two 180 degrees offset spiral grooves with angled
25  lateral channels. In such an embodiment, rollers with a set of spiral grooves may be utilized
with a linear CMP system such as the Teres CMP polisher manufactured by Lam Research
Corporation of Fremont, California. The set of rollers may then be utilized to drive the
polishing belt where the grooves on the roller may improve tracking of the polishing belt.
The concentric rings that are typically seen on polishing belts utilizing parallel grooves are
30 not seen when spiral grooves are utilized on rollers. The roller of the present invention

therefore may optimize CMP operations by eliminating evenly spaced concentric rings are



polishing belt where the grooves on the roller may inprove tracking of the
polishing belt. The concentric rings that are typically seen on polishing
bel t s ut iwDaBngr4paral | el grooves are 30 not seen when spi PaT/ugppDewes are
utilized on rollers. The roller of the present invention therefore may
optim ze CVP operations by elimnating.evenly spaced concentric rings are
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20  adjusting the polishing pressure 152. The polishing rate is generally proportional to the

amount of polishing pressure 152 applied to the polishing belt 156 against the polishing pad
stabilizer 158. The polishing pad stabilizer 158 may also be referred to as a platen. In one
embodiment, the polishing pad stabilizer may use an air bearing. It should be understood
that the polishing pad stabilizer 158 may utilize any type of bearing such as, for example, a
25  fluid bearing, etc. After the desired amount of material is removed from the surface of the
wafer 101, the polishing head 150 may be used to raise the wafer 101 off of the polishing

belt 156. The wafer is then ready to proceed to a wafer cleaning system.
In one embodiment, each of the rollers 160a and 160b have a plurality of spiral
grooves 150 defined on an outside surface 157 (as shown in further detail in reference to
30  Figure 2B) of the rollers 160 which contacts the polishing belt 156. By having the plurality
of spiral grooves 150, as the rollers 160a and 160b rotate, fluids which may accumulate at

an interface between the polishing belt 156 and the outside surface 157 of the rollers 160a



I n one enbodi ment, each of the rollers 160a and 160b have a plurality of
spiral grooves 150 defined on an outside surface 157 (as shown in further
detail i rwpeBesante to 30 Figure 2B) of the rollers 160 woiraisovemnsacts the
polishing belt 156. By having the plurality of spiral grooves 150, as the
rollers 160a and 160b rotate, fluids wheich may accunulate at an interface
bet ween the polishing belt 156 and the outside surface 157 of the rollers
160a WO 03/ 057405 PCT/ US02/ 40941 -9 and 160b are renoved through the
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20 Figure 2B shows a roller 160 with the plurality of spiraled grooves 150 in

accordance with one embodiment of the present invention. It should be appreciated that the

roller 160 may be either the roller 160a or 160b as described in Figure 2A. In this

embodiment, the roller 160 has a first set of grooves 150a that spirals outward from a center

portion of the roller to the edge area 159a. As shown in Figure 2B, the first set of grooves

25  150a starts spiraling outward from the first groove initiation point 151a. The roller 160 also

has a second set of grooves 150b that is offset 180 degrees from the first set of grooves 150a

and spirals outward from the center portion of the roller. The second set of grooves 150b

starts spiraling out from a second groove initiation point (not shown in Figure 2B) located

on the other side of the roller 160. It should be understood that the roller 160 may have any

30  suitable number of spiraling grooves on it, and the sets of grooves may be offset by any

suitable amount as long as tension applied to the polishing belt from the roller 160 may be

averaged to provide consistent wafer polishing. The first set of grooves and the second set



and spirals outward fromthe center portion of the roller. The second set
of grooves 150b starts spiraling out froma second groove initiation point
(not showwoioa/oFi4gure 2B) | ocated on the other side of thecraiSizs09160. |t
shoul d be understood that the roller 160 may have any 30 suitabl e nunber of
spiraling grooves on it, and the sets19f grooves may be offset by any

sui tabl e anount as long as tension applied to the polishing belt fromthe
roller 160 nay be averaged to provide consistent wafer polishing. The
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The grooves 150 may be any suitable depth as long as water may be evacuated from
the interface between the roller 160 and the polishing belt 156. In one embodiment, the

20  depth of the groove is between about 0.05 inch and about 0.5 inch, and preferably about
0.125 inch. In addition, the grooves 150 may be any suitable width as long as enough of the
roller material may contact the polishing pad to rotate the polishing pad effectively. In one
embodiment, the width of the groove 150 may be between about 0.05 inch and about 0.5
inch, preferably about 0.125 inch.

25 Because the grooves on the roller 160 of the present invention spiral outward from
the center of the roller, when the roller 160 rotates, the grooved portion of the roller 160 that
do not contact the polishing belt 156 moves across the width of the polishing pad during
wafer polishing as shown by arrow 162. Therefore, as opposed to conventional rollers with
parallel non-spiraling grooves where the parallel grooves are distinct and form separate

30  parallel rings around the rollers, the present invention may even out the tension of the
polishing belt 156 by averaging out the time a section of the polishing belt is over a grooved

portion of the roller 156. This averaging of polishing pad tensiqn generates a more



25 Because the grooves on the roller 160 of the present invention spiral
outward from the center of the roller, when the roller 160 rotates, the
grooved pwotososr4o3 the roller 160 that do not contact thecpaisoziong bel t
156 noves across the width of the polishing pad during wafer polishing as
shown by arrow 162. Therefore, as opposed to conventional rollers with
paral l el non-spiraling grooves where the parallel grooves are distinct and
form separate 30 parallel rings around the rollers, the present invention
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216 resp Cti&%%’ A %ecti on, 260 of the roller 160 with the roller
theta ay be between about 0 degrees and about 80 degrees as measured with respect to

20  the reference line 210, and preferably about 30 degrees.

The roller 160 may rotate in a direction 212 so fluids may be removed from along
the roller 160 through the first and second lateral channels 202a and 202b as shown by
direction arrows 214 and 216 respectively. A section 260 of the roller 160 with the roller
groove pattern 200 is shown in more detail in Figure 3B. Therefore, in the embodiment as

25  shown in Figure 3, CMP operations may be optimized by removing fluid that may be
utilized in CMP operations away from the interface of the polishing pad and the roller 160.
The removal of fluids may be accomplished by having both the spiral grooves and the
lateral channels.

Having both types of grooves may be extremely optimal in situations where large

30  amounts of polishing pressure may be utilized in for example copper or tungsten polishing
operations. As polishing pressure put on the wafer increases, the ease of rotating the

polishing belt decreases. As it becomes more difficult to rotate the polishing belt, the roller



groove pattern 200 is shown in nore detail in Figure 3B. Therefore, in the
enbodi nent as 25 shown in Figure 3, CMP operations may be optim zed by
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voul d_ endbhaEs i Rah e G et 1 RS sber et e Jgboiothes
' 1002a il 200> EREOA i &PiE :

(rzlgpt ﬁrd262 abet ween (gbout hlg.g 5 ?%\%ﬁnﬂaa%tg‘égggj%% i nclﬁ}?atg‘%ﬁpd %{}g%%%g‘??ave :

about 0. {28l flog eway dwny thst dutside susace jof gte rober 1H0. s i oud ergbabimest, fedatessdd t he

seco set of Lral oyes 50b .(shown in Fiqure 3A be any suitable
dept Bt nariielR2a Frd S BD R b dranay et e B Tock badiout Bodeth 3t he
rol ler 16fferhbly@psut®masdhgent, the first and second sets of 20 spiral
grooves 150a and 150b may have a depth d264 between about 0.05 inch and

about 0.5 i ndhe depth of thef Brstifst wf siical tgr@ve B50anmd. the second set of spiral grooves
150b (shown in Figure 3A) may be any suitable depth that would allow optimal flow away

from the outside surface of the roller 160. In one embodiment, the first and second sets of
20  spiral grooves 150a and 150b may have a depth dygs between about 0.05 inch and about 0.5
inch, and preferably about 0.125 inch.

Figure 3C shows a pdrtion 280 illustrating a magnified view of the first set of spiral
grooves 150a and the first set of lateral channels 202a. The first set of spiral grooves 150a
and the second set of spiral grooves 150b (as shown in Figure 3A) may be any suitable

25  width that enables optimal fluid removal and grip of the polishing belt. In one
embodiment, the first set of spiral grooves 150a and the second set of spiral grooves 150b
may have a width wag, of between about 0.05 inch and about 0.5 inch, and preferably about
0.125 inch.

The first set of lateral channels 202a and the second set of lateral channels 202b

30 (shown in Figure 3A) may be any suitable width that allows optimal fluid removal and grip
of the polishing belt. In one embodiment, the lateral channels 202a and 202b may have a
width wg4 of between about 0.05 inch and about 0.50 inch, and preferably about 0.125 inch.



Fi gure 3C shows a portion 280 illustrating a magnified view of the first
set of spiral grooves 150a and the first set of |ateral channels 202a. The
first setwofos@pisoml grooves 150a and the second set of spcraiSoysmeves 150b
(as shown in Figure 3A) may be any suitable 25 width that enabl es optinal
fluid renoval and grip of the polishingsbelt. In one enbodinment, the first
set of spiral grooves 150a and the second set of spiral grooves 150b may
have a wi dth W82 of between about 0.05 inch and about 0.5 inch, and

pref erabl y aboliishould b2appmciated that the pboveet50odnd tht erabl ahangiehe2 2gdeand

t he second set. of |ateral channels 202b 30 (shown in Figure 3A) may be any
sui t abl e ¥WYdsHtabkeaconfigusdionoprd Aaranggmend thetnieald spableflpd emoylefipe @R hi ng

belt. In j : I and 2b_may have .a

w dth 2o epen Rl terdiF 6 GAR fi RAIRRE e A8 B e i BVl
about 0. 1R6 ténsioh.ackiEs B3/ fd3i¢KiA pRCTS4)SB2nd QEbbdindeht, the GRAWbihtRcaPERG18t ed
t hat theazqqrooves 150 and the lateral channels 202 nay be in, any suitable

conf i gur a¥028rnd afingt efrmd shisph stopvas Mbalate armbirss pprtisndofr thesurfacefafdhe zoller

interfac e the ro [ 0 _and e i shin d.156.while t he
care 4 ol Ry RF RS R B 1iirah ikoRIE 20 aREe Rt B enisn Box Sy iow i€
enbodi menk.a sebhdfporién §€the ShrfAcRtoTiIRd rofBRTHe TheTirdO2to PRrA chidmis H0h aRd
spiral grooves 150a are in a first portion of the surface of the roller

160, and thedirstessdred sparal [geqores |l 50h amyetress2@rb ethe, thd the sesmhdsset offlatsil r aIh
rooves 150b ar in secon orti.on of th urface of the raller. 160. The

O Dot °S erotpndt Soapl han REONE <S35 spind] goavke T ety G0 reh ek gty

150a 1Ry 1RESShEe #braPEiRhels20d hi %&%@9&5@ 158! f18dd Ihé;hﬁé 3 timﬁﬁ%h@ﬁd\%d%ﬁ%@ and

t he second set of spiral grooves 150b may cross each other. erefore, by

10 havi nghe Haetahtcharmlelsc Ao imosglR @R edgbs tdfethgrobere 560159 welll w8 Grompyilohg the
rom_ the |ateral channels 202 through the edges of the

optimally reno .

rol | er 1%0%1Vses:iggp¥ﬂ?rf’]r1?frﬂ6grong the grooves 150 of the roller 160. Figure
3D shows a detmj IJABASk j o) 'l er
groove patter nﬁ%ﬁ%@g@gﬁggﬁgg& \?\lﬁ{} t@idl\éllrll%\&gﬁ lo‘zjie{r%rlednfltae%%u]eF ggo %ét&'é%??olfe?

i nvent i orgrodve pdtfesn 206 ieabaddaratwitt bee enbbddimeh60f thenskstshe $nvichBod.i s thiset

of spi_ral grooves ti}gOa and the second_set of spiral grooves 150b as well as

the fior stendodirgent; theapler 1695 inrdudes s frshsrt of sRiralsrenes daPa and ltheespgrrrah set
. . g , e o
or otk SR h drdofes 505 FRAIR e fh Sot 6 1hElal tiihne 008 Sl o LE511 85 0P 1S

in ref er daerl tharbie302b 20 thiBymbsdif@nt, thd ollell 6’ mdyl B4 WHizvaYs bee 6VRaNaE ed

and grip maintained on ao%o_l i shing pad even 20 when |arge pressures are
exerted dhe goligss £60a and 160b in a CMP apparatus 114 as described in reference to Figure 2A.

By using roller 160°, fluids may be evacuated and grip maintained on a polishing pad even

20  when large pressures are exerted on a wafer.

Figure 4 illustrates a flow chart 300 showing a method for generated a grooved roller
with lateral channels in accordance with one embodiment of the present invention. The
method begins with operation where a roller is provided. The roller may be any suitable
roller that may be utilized to rotate a polishing belt in a linear CMP apparatus. In one

25  embodiment, the roller is configured to operate in a 200 mm wafer linear CMP apparatus.
In another embodiment, the roller is configured to operate in a 300 mm wafer linear CMP
apparatus. It should be appreciated that the roller may be made from any suitable material
that may be durable and have an ability to grip the polishing belt such as, for example,
polyurethane, rubber, etc.

30 After operation 302, the method moves to operation 304 where a first set and a
second set of grooves are formed on an outside surface of the roller. In this operation,

grooves configured as the first and second set of spiral grooves 150a and 150b as discussed



Figure 4 illustrates a flow chart 300 showi ng a nethod for generated a
grooved roller wth lateral channels in accordance with one enbodi nent of
the presewDovaNti on. The nethod begins with operation ReEGSoA40901 | er is
provi ded. The roller may be any suitable roller that may be utilized to
rotate a polishing belt in a linear CMpsapparatus. In one 25 enbodi nent,
the roller is configured to operate in a 200 mm wafer |inear CVP apparatus.
I n anot her enbodi nent, the roller is configured to operate in a 300 mMm

waf er | i neacfetdvee tapipmret 18 to BC ) @tndd s tappoiRe & widuld e uddesstdod thartheay
be made fromany suitable material that may be durable and have an ability
to grip tHEOYS MaKi by iyamad enclhe aolley ér agyafiileble masnsrusushhasnefor raxsmple,

etc. 30 - } 02, the nethod noves to operation 304 where a
first seﬁkgng ag’qégitélgl deéé'et of grooves are formed on an outside surface of

the roller. |nrﬁdmitaemwi@tﬂn@v@stogga@t{@ﬁg@%hﬁtarﬁﬁt@e%ah@ﬁséé 8letdidare Ond
set of spiral grooves 150a and 150b as di scussed WO 03/ 057405
PCT/ US02/ douuels ate formedepr raanetside smifaeer of tiAralter.3dnathis pperatieh, dhe tlteral

roller. | hqoul e_under.st pod th h r ooV e e forned on.the
roller i néhélﬁllﬁlecfééj 8?1%1{3 eed.'ﬁ%ﬁhee rsg ﬁ%‘hﬁlalg%,eraﬁocpgg}?iﬁwgﬁ?ea, aﬁ/d_rrﬁ’@rﬁeﬁ‘i’ sot r?g ey,

et c. ThencHah@el§re0IWeEs ER¥AEed t fRFGEAld RFiZH8s WACTL3@ abd Fstined¥Un BBYoRerSgEoNd
set of lateral 5 channels are forned on an outside surface of the roller.

In this operldibomdersteod tiabthel latersh gshmelels menbe domed @sthihrellén insny Seitabdé
| ateral channel s ZOﬁgéand the secand set..of |ateral channels 202b as

di scussed™HSF $fASHOL SxPnple Jupdnag 1olde. eife formed on the roller. It
shoulig be undemste@chr : é}ﬁ&fl ; - r - | er
in any sui tableﬁelsS manne’lrnkﬁ{s',S utgﬁﬁeagﬁf%?bgganp gharlracﬂllg%‘?tn%g %ﬁ‘éﬁ %T&Rg? (%1?& 10
| n summarlgterad gbartrelst drea solieat eginalgripaeaghe ererdisedbethd @élet onla @otifhisppadl
grooves anlgi1 | ateral chapnels on a roller,. optimal gri p,g}rg be exercised by
the rol | &Yl 2XCIBEPE AN FISIQR ACHRS| @eaﬂ%ll'séﬁignéelbl}herﬁ Sigmficratly sephapng

pol i shin I L fi cantly enhancing consistency in CW -

operati o%ggﬁ\g/t\tﬁﬁ}gﬁt |goi%'ﬁ€/hglh{1él'on has been described in terns of several
preferred enmboWhitethis invehfion hastbdeh descrivpprie cirtk o séWead] prifesed skbbdiatnisn t he
art Lipon ,reg?i ng the preceding specifications and studyi n& t he draw ngs

wi |1 Peallt ¥l bappergeiateditbatdhpsrikilleddniths e gpom eqadinedhe oreseding spesifivaianent s

t her eof . ' .her 1 ed &hat  t nt i ntion incl.udes all

such al tag?a%t;&%gg tg‘%jgl?ﬁ%gés ,%nglgzrirl}tlj a%’?llci)(ﬂlg ﬁgeﬁ% & u?@‘ﬁﬁ%‘?ﬁ PEIRIAHANS thin

the true egpivalchtsafhered€OIe is eerdfh@ infvieed it the present invention includes all such
alterations, additions, permutations, and equivalents as fall within the true spirit and scope

of the invention.

20  What is claimed is:



20 What is clainmed is: W 03/057405 -15 CLAI M5 PCT/ US02/40941 1. In a

| i near chem cal nechanical planarization (CW) system including a |inear
belt and wopais74e rollers, the linear belt configured toPcoasozsmynd each
of the pair of rollers, the pair of rollers designed to drive the |inear
belt to enable planarization of a 5 substrate, a surface of each roller of
the pair of rollers conprising: a first set of grooves covering a first
portion of the surface of the roller, the first set of grooves having a
first pitch that angles outwardly towgLdIMSfirst outer edge of the roller;
a second set of grooves covering a second portion of the surface of the
roller, the sgcondpsatlifar ShEANES nle8Nind] ?laﬁﬁ%ﬁﬂmp(ém? & é’cém,aﬂﬁb(hj;ﬁﬁn% a
outwardly toward a second outer 10 edge of the roller, thé second pitch
angl i ng alasar pelsand laepafri afgollers,tthé linearfhiekt sonfgiredto loap eraindchenngths pairrednged

along the_first, portign; and. a.second, set_ of.|ateral channel s arranged

al ong t hem.g;f&so ﬁlaggggtcﬁgW}le{sh%engnpétto Sve fhe 1}n§f“é§%\1? i ﬁ&%ﬂ@l@%ﬁ?“i‘@u?%ﬁ to
cross 3 hegfoskhate, S&irfARE 0JERAERer ML a@%ﬁ@ﬁ&ggoﬁgﬁ%ﬁ . lateral channels
configured to cross the second set of grooves. 1 .~In a linear chem cal

mechani cal pl amdirstzat ofogro¢@yRpveys #fivst posionfeddie afrface af tha wI1kE theofirst ket

air of rollers as recited.in claim1, wherein the first set of grooves and
'Ito he secofff8e esg’ﬁv’&ﬂ@oéfégplﬁéh%é?&]@%ﬂqu tQyvayd aifisetiputss ¢dgneiihe wlB; i nch

in depth. 3. | ' ] - ' Aanale [ ( stem a
surface of ea%ﬁ%&gpﬁgﬁbggb ? ﬁ%éﬂ@)[lavie?iﬁgg a%ég e?@lgg%f é%?%ﬁg%noggﬁ%fcin}éi’, fie
wher ei n t$eeotid sattofsgbowds lgwingvesecand pittie tha? Angles otvaaEly tOWagl HBEd Jufr

bet ween a%&gt 0.05_inch and about 0.50 inch in width.. 4. In a linear

chemi Al R4 Hhccailen thersgrendatich anglingyway e fhe ﬁrsénii“flhﬁe ?f each ro:clerr
i f I ] | { i.n t irst set o
IO;tEaP:I pghgnge?g%g%r tlﬁgraggr%ﬁgéﬁg%fg&%b%}o? (Jaﬂ’rl%ﬁggh(grhﬁ& asf{%iare bet ween about

0.05 inch and abeidhdGebof dtal chanuéldlafangdd ong thedsebbmtE pbrifoREMeCRkt set of
nmechani cal planarization (CMP) system a surface of each roller of the
pai r of rlgferdrchangels senfigued o etoss theifirstvsiradi grooves, fud e sseondfet|cftlaterl

channel s h ond set .of |ateral .channels are between about O0.05
i nch and %}%%?15 B&gf%%‘rfi% OiHOss ep%eﬁgncgs_ ?P]rv‘lgrgowsnear chem cal mechani cal

pl anarsi zati on £.CVP) IrS¥ $in@#R cliénfiskl fdéhalital planarization (CMP) system, a surface of

each roller of the pair of rollers as recited in claim 1, wherein the first set of grooves and the

second set of grooves are between about 0.05 inch and about 0.50 inch in depth.

3. In a linear chemical mechanical planarization (CMP) system, a surface of
each roller of the pair of rollers as recited in claim 1, wherein the first set of grooves and the

20  second set of grooves are between about 0.05 inch and about 0.50 inch in width.

4, In a linear chemical mechanical planarization (CMP) system, a surface of
each roller of the pair of rollers as recited in claim 1, wherein the first set of lateral channels
and the second set of lateral channels are between about 0.05 inch and about 0.5 inch in
width.

25 5. In a linear chemical mechanical planarization (CMP) system, a surface of
each roller of the pair of rollers as recited in claim 1, wherein the first set of lateral channels
and the second set of lateral channels are between about 0.05 inch and about 0.5 inch in
depth.

6. In a linear chemical mechanical planarization (CMP) system, a surface of

30  each roller of the pair of rollers as recited in claim 1, wherein the first set of grooves has a
first pitch of between about 0.2 inch and about 2 inches, and the second set of grooves has

second pitch of between about 0.2 inch and about 2 inches.



30 each roller of the pair of rollers as recited in claim1l, wherein the
first set of grooves has a first pitch of between about 0.2 inch and about
2 inches,warnd/ostes second set of grooves has second pitchPofi/user/#wen about
0.2 inch and about 2 inches. WD 03/057405 -16 PCT/US02/40941 7. In a |linear
chem cal nechani cal planarization (CVMRiesystem a surface of each roller
of the pair of rollers as recited in claiml, wherein the first set of
grooves spirals toward a first edge of the roller and the second set of
grooves spiral .t ondr d linege chemicaldyechanfcat pemeitdtien. (CMB) sydteiet Hegiderof

generatin ooV, raller for use a linear chem cal nechanical _

pl anari za?‘i‘%rfg{lﬁﬁ\ﬁf)etgg%lf 8%01{‘?6??6@%4%!1 chigvi, athstpin thediinseset of goavesgpiralsi r st
set and ai e ' ce. of the . roller he
st sot aree tonyonel o HetRNeu g e abEcE PN AGBulh tan TG er i S48 er
the firstoféerolfergrooves 10 having a first pitch that angles outwardly

toward.a first _outer edqe of the roller, the second set of grooves covering
a secohd porti8n of At Meethed gk ceeerating & groesied tollsr st ove selingf clgntcales
havi ng a SRERRskPhiA t dly toward a second outer edge of
the roller, the s%co%‘dzt“g?‘t‘é‘?@%gfﬁt% cawap#sﬁ‘gc)mthe first pitch; and form ng
a first set anprozidegorulleget of |ateral channels on an outside surface of
the 15 roller, the first set of lateral channels arranged along the first

portion, and tFemingafiest serandp seeandseto! grhevesensmantsdmeudtaed ofe rbikersie ond
tion, i .| at | ¢ch fi t the first

Dot of gr S e of Blo¥ eoVerihh 8 p SR b EruufeRE bbb ler S api Breeyebr oss

the SHConkbvie a Gist iR VIRS anles OutWRkIPdol Rl OBRES AL ?%e%fgiéé;&‘ﬂ%ﬂ th&bdeBha F OF

use a linear chemcal 20 nechanical’ planarization stemas recited
in clai m$t ofigEpeien coNeritg pstecenst partion grf dbw esrfacedof He sdlennitle setondf segbBoves

are betwe 0. 05 inch .and,apout 0.5 inch in depth. 9. A nethod for
gener at i n%rﬂ 3%9%?1!6%\1/%%88?? rpl?%lr thﬁgén%eq PHRRFdLY feviidag seoppd Haargsige of the
p| anarizaxbnemﬁe(awancﬁpd&h%gﬁﬁgaﬁ@iﬁ&ﬁth@ﬁ&kgﬁ%ﬁéﬁnd"‘hefei n the first set of

25 grooves and the second set of "grooves ar tween about 0.05 inch and
about 0.50 i nclerhing avficht lset and. a secomd baicbfflateral) elvanalsi digarfogkide ¥edadedltes f or

use | i near cheni cal
q5 roﬁer, e fitst et of lateral channels arranged along the first portion, and the second set of

lateral channels arranged along the second portion, the first set of lateral channels
configured to cross the first set of grooves, and the second set of lateral channels configured
to cross the second set of grooves.

8. A method for generating a grooved roller for use a linear chemical

20  mechanical planarization (CMP) system as recited in claim 8, wherein the first set of
grooves and the second set of grooves are between about 0.05 inch and about 0.5 inch in
depth.

9. A method for generating a grooved roller for use a linear chemical
mechanical planarization (CMP) system as recited in claim 8, wherein the first set of

25  grooves and the second set of grooves are between about 0.05 inch and about 0.50 inch in
width.

10. A method for generating a grooved roller for use a linear chemical
mechanical planarization (CMP) system as recited in claim 8, wherein the first set of lateral
channels and the second set of lateral channels are between about 0.05 inch and about 0.5

30  inch in width.
11. A method for generating a grooved roller for use a linear chemical

mechanical planarization (CMP) system as recited in claim 8, wherein the first set of lateral



mechani cal planarization (CVWP) systemas recited in claim8, wherein the

first set of lateral channels and the second set of l|ateral channels are
bet ween aWwouws/of7485 i nch and about 0.5 30 inch in wdth. PCr/Usemephod for
generating a grooved roller for use a linear chemcal nechanical

pl anari zation (CVWP) systemas recited.ijp-claim8, wherein the first set of
| ateral WD 03/057405 -17 PCT/US02/ 40941 channels and the second set of

| at eral channels are between about 0.05 inch and about 0.5 inch in depth.

12. A net dadnélo and éreseedbnd getarfJateny ellarmels| £& bétdfecti9Bod 0.05aRh 80 BHERD.5
nmechani cal pl anarization (CWMP) systemas recited in claim8, wherein the
first setmﬁﬁm@ef’g}-ooves has a first pitch of between about 0.2 inch and

about 2 inches;y and tyh r has second pit.ch of between
about 0.2 inch%nd a O%&g&f%}gﬁer%g % g&‘&}éﬁ%‘h r?@?r_ goén?ﬁeatai h@eaﬁ PEBicAd
roller fometmgical blanedzativhe(@MB) systeihanicenbd ph dam 8athereid GVPhrdYst o/ as
recited in claim8, wherein the first set of grooves spirals toward a

first Jedggopyesthas adigstindich o Getreen seews Ak neh and algus Bvinchespindghe sdcomdisal of 10 a

second ed f roller. 14  An tus far.optjmzing |linear chem cal
nmechani ca@ %feastrllr%??ezcg ?Bﬁcr( Qﬂ%ﬁ}me %’l%gﬂ)gr‘l’%‘% a@gr‘?BPﬁg W(j.ﬁesa cylindrical
roller, the cylj.ndrAcaletiddl e goférfthe ANt @e@ddiier 1ot al 8 Rial SteRGeAe! t
in a COW system 15 a first set of grooves defined on an outside surface
of the cympehgnicelaplanatizasion (P} isysem aseteciséd @f @ma ss,hiammgT isha‘ ﬁm'(tjseglbﬁove
initiatio oint.at . a center rti.gn of. the i ndri ca roller an

spirali ngé}gg@&ﬁalr?alﬁéo‘@?fﬁiar@ﬁ %%e Orfg}ﬁ ré>|flle nd tggé?c‘)&ﬂéett‘?fr%o?‘@s gpirals tovagddi ng
poi ntioat Bsechnd &dgeAUR: RMea of the cylindrical roller; a second set of
grooves defined on the outside surface of the cylindrical roller, the 20

second set of Igk oovAs apparatng far optivizidg Gnemwehernival mathaaitapplamdrization (GMePnt er
portion different fromthe first groove initiation point of the
cyl i ndri CRHGPHEPTPHEEsecond set of grooves spiraling around the

cylindrical r I t 1 P%ﬁﬂ [ in : cond
edge area di f19J eé e?\lgﬁ %ar15§n@et?hté19? ?1}12(%1{521 ggelg?ez%g e(act§??t%%ﬁé:°é]? furn |bggllr;l a
plurality GMPIsystemal channel s being defined on the outside surface of the
cyl ig rical 25_roller, the plurality of |ateral channels extending at an

angl &°from t hé skt of B5P3VeR defyged; gppan outside surface of the cylindrical roller, the first
set of grooves having a first groove initiation point at a center portion of the cylindrical

roller and spiraling around the cylindrical roller at least one time to a first ending point at a
first edge area of the cylindrical roller;
a second set of grooves defined on the outside surface of the cylindrical roller, the
20  second set of grooves having a second groove initiation point at the center portion different
from the first groove initiation point of the cylindrical roller, the second set of grooves
spiraling around the cylindrical roller at least one time to a second ending point at a second
edge area different from the first edge area of the cylindrical roller;
a plurality of lateral channels being defined on the outside surface of the cylindrical
25 roller, the plurality of lateral channels extending at an angle from the center portion of the
cylindrical roller to an edge of the cylindrical roller;
wherein the plurality of lateral channels and the first set and the second set of spiral
grooves are configured to remove fluid from an interface between the cylindrical roller and
the polishing belt when the cylindrical roller rotates the polishing belt, and the first set and
30 the second set of spiral grooves being configured to apply a consistent tension pattern across
a width of the polishing belt when the cylindrical roller rotates the polishing belt.

15. An apparatus for optimizing linear chemical mechanical planarization



cylindrical roller to an edge of the cylindrical roller; wherein the
plurality of lateral channels and the first set and the second set of
spiral gwowmsesi4es e configured to renove fluid from an i nPerfisor4ivet ween
the cylindrical roller and the polishing belt when the cylindrical roller
rotates the polishing belt, and the first- set and 30 the second set of
spiral grooves being configured to apply a consistent tension pattern
across a width of the polishing belt when the cylindrical roller rotates
the pol i sK¥M&) wperationsas ragit aitukd, fdreradp thenfizi sey of preses atdeht @ond set
mechani cal rization 7405 -18 PCT/ US02/ 40941 (CMP) operations
as reci tegfgljr?gg aﬁr%%it}ffee V@‘@ﬂ?%ﬂé‘%@éﬁ“&%ﬁl 1igdsBies and the second set
of grooves areipet weet, g : i d; o ' th. 16. An
apparatus for optim zi ngb?%ggrggh%ﬁ@gﬁgngc g;l%hga aél@%%%%f%@%m%%@ﬁ)
oper at i on§CME) pporitiens dsrecitedi imcldm Mheiheiain theefirki Jesbf gRbvef andBOYRSn@BS t he
second5 sel. 5 of grﬁoves alge gf%);twe%n about 0.05 inch _and about 0.5 inch in
wi dt h.> 172 EROUS A BeRreet ghous 305 et 31y abrricds ndhdhivadth. mechani cal
pl anari zation 1§ CVP) j 4 ed-in. chaim 14 erein the first
set of lateral Ehanngﬁg%gg%lr @E?O?Zoéﬁlg%&geltlﬁ%f %g@(@aglm%ﬁ\ﬂéﬂﬁa plagaiizaligh e en
about 0. 06CMRY bpemtombarutecledin tlatm ild, wiheidn HkSfirsPset aFNalet Whardfiels and the

i near .ch | anari zation 10 (CMP) operations as

optimzing |i em cal chani cal _

recited i CB‘F‘Q?%"E }ermﬂ@ﬁlagﬁl}q@eﬁyqegtagg@to.@i1np]ag1@d atvoug Adrinel & waidith.t he
second set of t eraly,c e t. .about 0.05 inch and about 0.5
inch in depth.i%Q. Ar‘{maggﬁﬂ{r}g'{ugsﬁftoo tﬁ%ﬁ%ﬁ% % cﬁlF]ﬁ'éczi‘f %W@ﬁi’% | PRERPZANLR Al

pl anat( za(GMR) OERjionsopereaitéd s clain 8L whedid theCtirdi 88t W 2t bRl elsnEdl b St
set of grooves has a first pitch that angles outwardly toward a first

out er edg¥coid b af laggralghanpglsiare hetweesn eheltHeds inth gndbahoat 05dueiniy depths second
pitch that ang{ges o owar.d .a second,outer edge.of the rqller, the
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20. An apparatus for optimizing linear chemical mechanical planarization
(CMP) operations as recited in claim 14, wherein the first set of grooves has a first pitch of
between about 0.5 inch and about 40 inches, and the second set of grooves has second pitch

20 of between about 0.5 inch and about 40 inches.
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