22 June 2006 1 METHODS AND APPARATUS FOR CONDI TI ONI NG AND TEMPERATURE
CONTROL OF A PROCESSI NG SURFACE BACKGROUND OF THE | NVENTI ON 1'2Fl%5%0§% t he
I nvention The present invention relates generally to the fabri¢ation
structures on sem conductor wafers, and nore specifically to nethods and
apparatus of chem cal nechanical planafization and to the processing
surfaces of chem cal nechanical planarization apparatus. 2. Description of
the Rel aMEIrHODS ANTE ABPARRTUS FDHRACONDIFRNINGINNIS TR RA 1 88E JONBBROEA
circuits are defined on sem conductor wafers by formng a plurality of
| ayers over one anot her resulti RgoomseNG Svkexel structures. As a result
of the various |ayers disposed over one another, a surface topography of
t he wafer can becone irregular, and an un-corrected irregularity increases
wi th subsequent |ayers. Chem cal Mechanical Planarization (CWP) has
devel oped as a fabrication process utilized to planarize the surface of a
sem conductor wafer, as well as to performadditional fabrication
processes including polishing, buffing, substrate cleaning, etching
processes, and the like. In general, CWVMP processes involve the holding and
rotating of a wafer against a processing surface under a controlled
pressure. Typical CWMP appaBaaIsGROUNDIOF THEENVBRITIONPr OCessi ng systens in
which a belt having a processing surface Is supported between two or nore
druns orl-rHieldeofdhehivemtionve the belt through a rotary path presenting a
flat processi surface agai nst. which t wafer is. applied.. Typically, the
P ny he.r fabifgp
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path. The platen provides a stable surface over t t trave s} and
t he waf @anagizatigepniddel thegrodessipg swésss ofctsuidah orcidnidah planetizatingappattut.he

stabl e surftace ro%' e hhe pl aten. Additional CMP apparatus include

rotary ing a circular pad configuration for the
processi ng suhf aRe fabRiBat¥Piok denfiMARERSE E&IAdY, 1RO rafliMhialitst Ly Gyl ar
CWP processing tool, a subfapé}tuﬁg CVP processin atoolfagﬁdggigggﬁ%iéﬂ
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that, in,_general, utiljze frictigon to 22 June 2006 2
Mrd&res A a resul{ ofethe various layers disposed over one another, a surface topography of

the wafer can become irregular, and an un-corrected irregularity increases with subsequent
layers. Chemical Mechanical Planarization (CMP) has developed as a fabrication process
utilized to planarize the surface of a semiconductor wafer, as well as to perform additional
fabrication processes including polishing, buffing, substrate cleaning, etching processes, and
the like.

In general, CMP processes involve the holding and rotating of a wafer against a
processing surface under a controlled pressure. Typical CMP apparatus include linear belt
processing systems in which a belt having a processing surface is supported between two or
more drums or rollers which move the belt through a rotary path presenting a flat processing
surface against which the wafer is applied. Typically, the wafer is supported and rotated by a
wafer carrier, and a polishing platen is configured on the underside of the belt travelling in its
circular path. The platen provides a stable surface over which the belt travels, and the wafer is
applied to the processing surface of the belt against the stable surface provided by the platen.

Additional CMP apparatus include rotary CMP processing tools having a circular pad
configuration for the processing surface, an orbital CMP processing tool similar to the circular
CMP processing tool, a sub-aperture CMP processing tool, and other CMP processing systems

providing a plurality of apparatus and configurations that, in general, utilize friction to




pl anari ze, polish, buff, clean, or otherw se process the surface of a
sem conduct or wafer having integrated circuits or other strucfures
fabricated thereon. CWVP processing can include the use of var%&ﬁrnﬁéapges
of abrasives, chemistries, fluids, and the Iike to nmaxim ze effective use
of friction for wafer surface preparation, and several apparatus include
providing for in-situ rinsing of wafers to reduce or renove the residue of
CVP pr oqeasiring, podish,weff] clasn, jpr othediisgpiooess theaunrfaag o derfRBetuct @R 476 Kfving
processi.n surfaces durin processingéto mai ntai n controll abl e and st eady
€

state prB %dﬁcuﬁtﬁoﬁth%rrsgmguﬁéﬁ?@ﬁé A@ErARll-nt ai n control | abl e and st eady

state processiig, o) I ifi h,as, b . of anpl e,
t emperat ure, %@gs%rggéek,gfngn%ﬂg{ﬁg@ge gg@cug% e"gwafﬁﬁé Je ey °¥ %)g%/sﬁe& gﬁedlélﬁélreé’t i on
and fil tfhadd, and the Ekets ineixinizowiictives dseatitfrivioh ot dlagd suffacpRRbEMBoRPIddTUM

processing conditions. Additional processing variables such as speed of
r ot at i orrSB 2l pMSFatyg ishisiet Providinge fq5r o sTingng of fafers topeddceopr ronend die of

the carrg] e fer mount of .pressure used to apply the
water ¢ 4ot SHERAL BBl bl Beffes pRIRNGY 151 oBUTRE HEPoSRE ie: PF Ristaure
noni t or edrfacyd dueing procads@ty t8 nakthin. cohfto@abflé hied dtodityRBICHocREREESSI NY

envi ronment such as CWVP, processing tenperature sSignificantly inpacts
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agents used for processing, rinsing agents, and the anbient te rature of
t he prodBBsphprosessingoand e ke asendygiored pad elasipataseches wehe Inal frietisn-based

Tenper at ur e iat.ions effect processing of the sen conductor wafer in
gener al ,p%olcne 8%2% FRcto s ?8%% o) &Fﬁ)e PEQGRES RS ﬁ%ﬁ%ﬁﬁ%’fﬁ 83“@5‘?% Y RIS ISVl
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variations than other regions. Sone prior art attenpts to I ntal
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t he proGassédthd sfdEACRbri&dilogr art conditioning nmethods for |inear belt
systens include a sweeping conditioning pad travelling across the

processi ng sUrepestursyariaticnseaphaprocessiigtsudacargarp adddlpidémending on the process
and apparatus. By way of example, the processing surface of the linear belt CMP tool is heated
by the friction of processing, and by the friction of conditioning pads and pucks employed to
condition and activate the belt. Cooling factors include agents used for processing, rinsing
agents, and the ambient temperature of the processing environment as the belt travels around
the rollers. Temperature variations effect the processing of the semiconductor wafer in
general, and effect regions of the same semiconductor wafer differently during processing as
some regions travel through more temperature variations than other regions.

Some prior art attempts to maintain processing surface temperature have included the
introduction of steam to heat the processing surface to a desired processing temperature, but
among other deficiencies, steam fails to address temperature variations across the processing
surface.  Prior art conditioning methods for linear belt systems include a sweeping

conditioning pad travelling across the processing surface, but a sweeping conditioning pad fails




22 June 2006 3 to conpensate for wave notions in belt systens, and

i ntroduces additional tenperature variations. What is needed re WE@FQ
processes, and apparatus to mani pul ate and control the tenper tUre t he
processing surface in CVMP tools to maintain opti mum and control | able
processing over the entire surface of tBe sem conductor wafer. SUMMARY OF
THE | NVENTI ON Broadly speaking, the present invention fills these needs by
provi di g erenfeosige fopmaresmesonsand bap pasiass ahd acbiwes, adddionbaidinpeaidre
mani pul ate the tenperature of the processing surface used in CWP

processi RY20Wr at i ons. The present invention can be inplenmented in
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having a first roller, ~a second roller, and a |linear belt circulating
around tIRRCSSFIRg PVeribe eke stacs of Hiesemiconudipioyaler. The |inear belt of the
CWP system spans between a first edge and a second edge. The tenperature
controller includes an array of thermal elenents. Each of the thermnal

el ements of the array is indepsSideiAky o€ ¥RENVEREONThEe array of thernal

el enents is p03|t|oned between the first rollTer and the second roller and
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t enper atproeessifig asutfate ased eh tCMIPt BidtesstngClPeradsise M Tk @fe%@ﬁtoﬁﬁf@ntlom%a%
systemi ncI udes a first roller, a second roller, and a linear belt which
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outer processing surface ang nne T‘}8¥f for controlling

t he tenperat llh@n@fembbdini&f}%&émﬁ@’aﬁuré bsiltotieswitBin ¢MPIsykRel lmlmge:{‘ﬁfsgi/oﬂe? a
| i near array of |ocations on the inner surface of the'linear belt.
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i s discl osed The preparation surface conditioner is in a CVP system which

i ncl udeshaangay istindepemndently gonfeallgdd The array of thermal elements is positioned between the

first roller and the second roller and is configured to contact a back surface of the linear belt.

The array of thermal elements extends between the first edge and the second edge of the linear
belt width.

In another embodiment, a method for controlling the temperature of a linear belt within
a CMP system is disclosed. The CMP system includes a first roller, a second roller, and a
linear belt which circulates around the first and second rollers. The linear belt has a width that
spans between a first edge and a second edge, and further has an outer processing surface and
an inner surface. The method for controlling the temperature of the linear belt includes
applying thermal energy to a linear array of locations on the inner surface of the linear belt.
The linear array of locations spans from the first edge to the second edge of the width of the
linear belt. The method further includes controlling a degree of the applied thermal energy at
each of the linear array of locations.

In still a further embodiment, a preparation surface conditioner is disclosed. The
preparation surface conditioner is in a CMP system which includes a first roller, a second

roller, and a linear belt circulating around the first and second rollers. The linear belt has a




roller, and a linear belt circulating around the first and second rollers.
The linear belt has a 22 June 2006 4 w dth that spans bet weegzz%J fi rag edge
and a second edge, and has an inner surface that contacts UPE 28R
second rollers and a preparation surface. The preparation surface
conditioner includes an array of condi @i oning pucks for conditioning the
outer preparation surface of the I|inear belt. Each of the conditioning
pucks i svidthdbpespaentdtyeaonfirsobdgechnd Brecaid @lgeodnd oo ndiitined Rufgeptstk®naxisends
between the first edge and the second edge of the linear belt width. In yet
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w dth that spans between a first and second edge. The linear belt also
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advant aggﬁ% ’ %I}Qeﬁ?sn%/g’ﬁ? t|%otr111 a?gpatnﬁatiep‘@?eflt § ?’_ggeaé@gﬁc?lé%; Fgﬁ% 3?‘6 HI8t _Eeléraéso
subj ect ih@udesvir indef atfage. AN HEBEE TS EhditionBEURT dultdrSSrobdsidBl AR b he 0T €
preci se control and nani gul ation of the processing surface tenperature
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processing. An additional benefit is nore precise contro t he processing
oper at | OWiar pEgcesng suatace dloag thedinemepatiabr i cat i on of nore conpl ex structures,

and consi ste of fabrication frogm fer to wafer or_batch of wafers to
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Mai Nt enance. Another benefit is better manufacturing efficiency by reducing the warm up time for a
processing tool, reducing or eliminating the requirement for warm up wafer blanks as a tool is
brought on line for processing, and therefore greater through-put in wafer processing.

An additional benefit is more precise control of the processing operation thereby
facilitating the fabrication of more complex structures, and consistency of fabrication from
wafer to wafer or batch of wafers to batch of wafers.

Yet another benefit is longer processing time for individual processing tools, and longer
life of processing tool consumables such a processing belts. The improved processing surface
conditioning system of the present invention maintain a processing surface for longer periods
of time than prior art, and maintain conditioned and activated processing surfaces for longer
processing times between maintenance.

Other advantages of the invention will become apparent from the following detailed
description, taken in conjunction with the accompanying drawings, illustrating by way of

example the principles of the invention.



QG her advantages of the invention will become apparent fromthe follow ng
detailed description, taken in conjunction with the acconpan&%qg dﬁgﬁﬁngs,
illustrating by way of exanple the principles of the inventidn. 25 e
2006 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will be
readily understood by the followi ng detailed description in conjunction
with the acconpanyi ng drawi ngs, wherein |like reference nunerals designate

| i ke structural elements. Figure 1 shows a liner belt processing surface of
a typical CMP processing system _Figure 2A shows a graph of tenperature

versus number of wafers repr &REEEDESCRIRTIONOR EHEDRAWINGSt ure of t he

processing sufiedGesedt idvBhddvitaE Rabfy Qhd@stB6& 8? v fb@].o%v%%detﬁ'leglu(ﬁ%cgﬁio%hom
a nore detailed graph of the non-linear tenperature rise<uring e _
initial mebeymcionoehsthd acéémpangingAdraivingst whtei Hks refereMéenubtrad dagdmide
heating ynit in accordance with one enbodinment of the present invention.
Figure 3 e§ﬂ8%§”§eFHEnVieM/of t he backsi de heating unit shomg iR Flgure|3?
in accordan it bogli i i: = qur shows a plo
of tenperat uffgg%i‘g rlr(}g g&g? gic essﬂtl;?gnreézeg%;elé E% acg%\é(rgo e"ge{si F%P %gch S Systg_glm dance
with an enbodiipent2ofshowe apgrepeny tempeatur®©Rersts Gui®ebOf SIS répreydtiag! andel t
condi tioning configuration. Figure 5B shows a side view of a conditioning
pad uni t¥FHes Heot e proesssing swthsgiakinial grarmrp ofraayeesssing i@t i on.

. . . | . o
condi 41 oni ng R8T Tni 10" S ogh dehTER B Bf BEFERLERRNANER ! Doflag iroper

pr ocessiingiabwsfeesprotdsbedoacksi de heating units and conditioning pad units
configured in _accordance with several enbodinments of the present

i nvention. Fifgeyre 8 ildusirates avsiehaiar af adrgkaids heatingawiing adserdspehvdth one i
operati r i . ce tenperature control in accordance wt
one enbo u?fg%’e‘gf"?t Zﬁ%gr%gts%l%{’ﬂtf‘%\'/enti on. DETAI LED DESCRI PTION OF THE

PREFERRED ENVHGRARYENT Shéws ianiopniie@nof tie BAcRSiES HelGng Whit aH6wheRPEI@EIBA in

control and conditi oni ngb is disclosed.
accordance with one embodiment of the invention.

Figure 4 shows a plot of temperature across processing zones of a processing belt in
accordance with an embodiment of the present invention.

Figure 5A shows a typical belt conditioning configuration.

Figure 5B shows a side view of a conditioning pad unit in accordance with one
embodiment of the present invention.

Figure 6 shows a top view of a linear belt processing system with a conditioning pad
unit configured thereto.

Figure 7 shows a CMP linear belt processing system with backside heating units and
conditioning pad units configured in accordance with several embodiments of the present
invention.

Figure 8 is a flow chart diagram illustrating the method operations for processing

surface temperature control in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An invention for processing surface temperature control and conditioning is disclosed.
In preferred embodiments, the processing surface temperature control includes individual
heating elements spanning the processing surface to control, manipulate, and maintain a

desired processing surface temperature profile. Processing surface conditioning is provided by




In preferred embodi ments, the processing surface tenperature contro
i ncl udes individual heating el enments spanning the pyoceSS|ngé§HLI§%§ go
control, mani pulate, and naintain a desired processing surfa D63t ur e
profile. Processing surface conditioning is provided by 22 June 2006 6 an
array of conditioning pucks and associated rinse and thistle brush units
for effective, controllable, and conplete processing surface conditioning
and mai ranedramycef comditibreng gluckeanviand) asshesated pihseooand nhigws (lblmgshs1@1@1&2;1c fdrﬁef@&ti%J St
r et forth in order to provide a thorough  understanding of the presen
vent | GRATPHAN R GEplsfrairar oS SHEHS AOPOBING F8d SRAMIFERNCEn 1 He ToHPIngS hat
the pre itioM € Huh R r a¢ti.C i S0 r.all of these
spec?figﬁgggg?rb. I'n lg?ﬁ%$§§§§%%%%e§g:&%ﬁﬁgﬂ%oahq%?%bgg_Igﬁgfa?igwgnﬁgve
not beenndesendingdfitie pesait linvention.dér wilbbe tiodertodE CRS&EL ky opbSIEUER I hR

resent inyention. Figure 1 shows a |inear belt processing surface 10 of a
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pr ocessiungedpsdarilyl dbscudetthe prepunesignorand rotated in, by way of exanple,
direction 18. .In Figure 1, processing belt 12 is shown divided into ten
zones 20a- 20jF1%‘€Pé§g°‘tVﬁé ligggribelt pregesying swdase 4§ ofeltypieal CMRProwessing 1y6teni.s
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represented by nmore or fewer zones and regions in other processing
conf i gurdth REssuse %‘E@@@tﬁblnabpﬁlﬁhﬂﬁ@éanmd@gml% rinviaguse lspme@,smg (r;vdlt tl{%let
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belt zones 20a-20j than center region 22d. As center region travels

t hr ough SFRISE BN Dol the yvirsl @ OBheproconing enge20e0icmd2he wafawegions B2augh

i 0d. 20e.  20f, 2 20h, and 20i.. The
Center  pracesstemARYEhde uefhe ERffserioy Bt Bee 20 PR drdios Betbies
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tenperature variations across processing belt zones 20a-20j have a nuch
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temper attllajrroﬁgh processing belt zones 20e and 20f, edge region 22a travels through processing belt
zones 20b, 20c, 20d, 20e, 20f, 20g, 20h, and 20i. The center processing belt zones 20e and 20f
contact greater than three times the wafer surface area than do processing belt zones 20b and
20i. Further, temperature variations across processing belt zones 20a-20j have a much more
significant impact on wafer edge region 22a travelling through a greater number of processing
belt zones 20b-20i than on wafer center region 22d travelling though belt processing zones 20e
and 20f.

One embodiment of the present invention addresses at least two aspects of temperature
control of the processing surface. During a warm up phase of a processing tool, a relatively
cool processing surface is rotated or otherwise caused to move, and relatively cool processing
slurries, chemistries, or other processing fluids are introduced into the processing environment.

As initial wafers to be processed are applied to the processing surface, frictional contact begins

to warm the processing surface. As can be appreciated from Figure 1, center processing zones




control of the processing surface. During a warm up phase of a processing
tool, a relatively cool processing surface is rotated or ot h(;zrzvg segﬁﬁ@sed
to nmove, and relatively cool processing slurries, chem stries, (0] e r
processing fluids are introduced into the processing environnent. As
initial wafers to be processed are appli’ed to the processing surface,
frictional contact begins to warmthe processing surface. As can be
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drops again_prior to the third wafer 64, and rises steadily through the
t hi rd wettamnimdesfred prpcessing temperature 38. Figure 2B shows a more detailed graph 50 of the

non-linear temperature rise during the initial wafers processed.

Graph 50 plots temperature 52 versus number of wafers 54 as in Figure 2A. Average
processing temperature 56 is shown to rise through the first wafer 60, and then drop before
rising again through the second wafer 62. Similarly, the average processing temperature 56
then drops again prior to the third wafer 64, and rises steadily through the third wafer 64, falls
prior to succeeding wafers, and continues the rise and fall profile until reaching desired
processing temperature 58.

Typical processing operations account for the rise and fall of the average processing
temperature 56 during the initial wafers processed, as well as the constant fluctuation after
achieving a desired processing temperature 58. At the completion of processing, a wafer is
withdrawn from the processing surface, which removes the frictional generation of heat. When

a next wafer is applied to the processing surface, frictional generation of heat is reflected in the
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with the I'ng
20a-20j shown in Figure 1.

Figure 3B shows a top view of the backside heating unit 70 shown in Figure 3A in
accordance with one embodiment of the invention. Backside heating unit 70 spans the width
of processing belt 12 (see Figure 1) from a region of a first edge of processing belt 74a to a
region of a second edge of processing belt 74b with the heating element housing 76 having
individually controllable heating elements 78a-78]j contained therein. In one embodiment,
conditioner support plate 72 is attached to the heating element housing 76. Conditioner
support plate 72 is described in greater detail below in reference to Figures 5B and 6.

As illustrated in Figures 3A and 3B, one embodiment of the present invention includes
individually controllable thermal elements 78a-78j embedded in heating element housing 76,
which spans processing belt 12 (see Figure 1). In one embodiment, individually controllable
heating elements 78a-78j are mounted in an epoxy or similar medium in the heating element
housing 76 such that individually controllable heating elements 78a-78j have an exposed

surface level with the surface of heating element housing 76. Backside heating unit 70 is



individually controllable heating el ements 78a-78j contained therein. In
one enbodi nent, conditioner support plate 72 is attached to gﬂg Re?®g€g

el enent housing 76. Conditioner support plate 72 is describe _FW § er
detail belowin reference to Figures 5B and 6. As illustrated in Figures 3A
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control 784-78ach of the individually controllable heating el ements 78a-78;j.
Returning to _Fi gures %A and_3B, belt travel 80 is shown (common to both

Fi gures 3A B2 1 FAGHEFS gy a§€r3§s?e]ééfﬁﬁ?ltaodﬁého‘%ﬁﬁ?@?fltlmplrcabﬁhﬁglamﬁA
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mnute upg to 40Q feet per m nute, and processing belts 12 (see Figure 1)
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the pr 0(1;1(1a 1§iid{]1a lybéaolnttroil'lgblg %Sa%ing e?e%&ts1;8a-78j are calibrated according to the material used
for specific processing belts 12 (see Figure 1), as well as the processing belt 12 (see Figure 1)
speed of rotation during processing. In one embodiment, a desired time to raise the processing
surface to the desired processing temperature in all identified processing zones, e.g., 20a-20j
(see Figure 1) is 20 seconds, but the actual time may be adjusted according to noted processing
variables. In one embodiment, processing variables such as composition of processing belt 12
(see Figure 1), speed of rotation of processing belt (see Figure 1), and type of process (e.g.,
metal CMP, dielectric CMP, barrier removal, polish, buff, clean, and the like), and other
variables are pre-calibrated to enable system controller (not shown) for the individually
controllable heating elements 78a-78j to manipulate and otherwise manage the applied
temperature for each of the individually controllable heating elements 78a-78j to achieve
desired processing temperature across the processing surface as rapidly as possible, and to

maintain the temperature for the duration of processing.
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contact 1 n accordance with specific processes and processing materials
is known and shown in Figure 4 at 94. In one embodiment, a higher processing temperature is
desired. Line 102 shows a theoretical applied thermal energy by each of the individually
controllable heating elements 78a-78j (see Figure 3A) to achieve effective processing
temperature shown at line 100. Similarly, a plot (not shown) can be generated to illustrate the
required applied thermal energy to achieve a lower effective processing temperature. In such
an embodiment, a peltier or similar cooling element can be implemented for process surface
cooling.

In general, an increase in processing temperature will increase the removal rate of
material from a substrate surface, and in some applications, increased removal rate is desirable
for increased through put. However, in some applications, precision of removal is of
paramount consideration, and therefore an overall decrease in processing temperature is the

desired goal. In accordance with one embodiment of the invention, both an increase in

processing temperature over that produced by frictional contact, and a decrease in processing
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In such cleaning, and the like can substantially reduce or eliminate the processing temperature
fluctuations, and the temperature rise and fall illustrated and described above in reference to
Figures 2A and 2B. The reduction or elimination of such temperature variations, particularly
during processing tool warm up, can reduce or eliminate the blank wafers used for tool warm
up, and increase manufacturing efficiency and through put.

As described above, one contributing factor to temperature variation across the
processing surface is thermal energy generated by the frictional contact of a belt or pad
conditioner sweeping across the processing surface. In typical prior art processing
configurations, a conditioning puck sweeps across the processing surface scraping excess
processing residue and providing some process surface activation. Figure 5A shows a typical

belt conditioning configuration. Process belt 12 travelling in direction 118 passes under wafer

carrier 110 holding wafer 16 against the processing surface. For clarity of illustration, a platen
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a processhfagt belt 12. As a wave approaches and contacts the conditioning
pad 114, the processing surface can bind against the conditioning
In one embodiment of the present invention, processing surface conditioning is

combined with processing surface temperature control for more effective and efficient CMP
processing. Figure 5B shows a side view of a conditioning pad unit 120 in accordance with
one embodiment of the present invention. As illustrated in Figure 5B, conditioning pad unit
120 includes conditioning pucks 122, exit spray and puck rinse 124, and thistle brush exit 126.
In one embodiment of the invention, conditioning pad unit 120 is mounted on an opposite side
of processing belt 12 from, and directly opposing, backside heating unit 70. Conditioning pad
unit 120 is therefore positioned adjacent to and against the processing surface of processing
belt 12.

In accordance with one embodiment of the invention, conditioning pucks 122 are
positioned in opposition to conditioner support plate 72. Conditioning pucks are configured to
apply pressure against the processing belt 12 when conditioning, and conditioner support plate

72 is positioned to provide a support against which consistent and controllable force can be



pad, and then drop conpletely away fromthe surface of the conditioning
pad, resulting in ineffective conditioning, and inconsistent %?Uﬂi %?héon
of thermal energy through frictional contact. In one enbodi nent OF

present invention, processing surface conditioning is conbined with
processing surface tenperature control ¥or nore effective and efficient CW
processing. Figure 5B shows a side view of a conditioning pad unit 120 in
accor darrpeligd. t n ouler tenboidiinemy whve bfeq ramstntprocessing iben. 12Aand td efficiaitied in
Fi gure 5B,. condi ti oni d unit 20 .i ncl udes_condi tioni ng pucks 122 exit
spray a l’hﬁﬁc,slk‘p?‘?rﬁg’@rd%gﬁg%%ﬁlet ronckiioning pugkse 21, qonglitioning §ad uibbel miset of
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opposi ti : ! t k. ndi 1 lond C e .

cont gur'ad TETEARS) budgha R BRAIC LA 28 prEPEL b K PRSI Bl Fauon of
condi t i qmocegsingmdfaco afiert dondtlonBigppdiinsipbate 72 is positioned to provide a
support agai nst which consistent and controllable force can be 22 June 2006
13 applied. IHSYFEPetoWs ankonivisv ef adipediakadt rpeessingaivsterel 33 Witk agionditioning 12,
and to I G e 1L u I fo he. caqndi i onj,n ucks
122, coﬁ%ﬁﬁﬁ%ﬁpﬁgﬁggghﬁgﬁgaf Opgﬁg%]Q?ﬁgﬁgﬁgéméQnggﬁ 3§ﬂa%%“6E%@”B?ﬁE§ 124
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any residue |oosened by conditioning pucks 122, as well as to rinse the
condi ti GHRINGIRER 18d the piveptiel: spadiflonag ipdd embul 20dingludem p ehirelity of cosdidieninghe
condi ti qpj - ive. it ||y thistle brush. exit 6
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condi ti gmocegsiagdurfaeesi Mg. ofd @beditneatlOns ehdcREbYAr8Water chieRBaly RBAds the
processing system 132 with a conditioning pad unit 120 configured thereto.
Waf er 16PTPeEsERSRAL dA 38 Adiness prgy plesanditmning purks rldee o iphualityeif texit Zpray and

travel i i I ] P SSi zones..20a-20j are own f

el | LR L TR AGERY AP UR RGP B Re i RO 301 ez
i ncl udesplaraptywfabohdiyionihg packl 1220 8hd g phRdek f HACHMERGUNE GréAdéfor the final
checkerboard pattern to ensure full and conpl ete conditioning of
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process operations and processing agents used. In one embodiment, each conditioning puck
122 is pressure controlled in a range of about 0.1 PSI to about and greater than 2.0 PSL. It
should be noted that individual pressure control provides for superior processing surface
conditioning that can be adjusted and modified as desired or processing conditions dictate. As
can be appreciated from Figure 6, center processing zones (e.g., 20e, 20f) may require more or
less pressure and/or processing surface conditioning due to larger surface area of wafer 12 in
contact with the processing surface. Outer processing zones (e.g., 20a-20c, 20h-20j) have a
lesser or substantially no contact with surface area of wafer 12, and therefore result in differing
process surface conditioning requirements. In one embodiment of the invention, the differing
processing surface conditioning requirements through processing zones 20a-20j are effectively
managed with the complete coverage provided by conditioning pucks 122 in the checkerboard
pattern across the processing surface, as well as the individually controllable pressures for each

of the conditioning pucks 122.



puck rinse units 124 are shown following (in the direction of processing
belt travel 130) the plurality of conditioning pucks 122, an%?%ugggbgéity
of thistle brushes 126 provide for the final scraping and surface
activation of the processing surface. In one enbodi nent, i ndividual

condi tioning pucks 122 are pressure cont4olled to be precisely inplenented
according to process operations and processing agents used. In one

enbodi ment, daohe embaditiennofithe veltion] 22t kigrapuebpuckeimsonhitol 1egteisipRici agge
of about 0.1 PSI to, about and greater than 2.0 PSI. It should be noted
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pucks 1 Iy heckerboard pattern across the processing surface, as
wel | as%%ﬁéq?%%ﬁﬁﬁdually control |l abl e pressures for each of the
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exit spray and puck rinse units 124 are supplied by a rinsing or cleaning
agent suPpIcspdifgning adrnitsald eandiguredi i eheardaycec withrsoivérabembpdimeatsr aftpe of

spray v - di nsed, | n .soer ocessing.operations, the increase
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t he cor meatieeihg and eonsificmingpad icl20r ¢andwe nositiond®mh pplovalde sf idvetionssind
effectiv .stabl e cl.eaning of. the pro sing surf . I n one enbodi nent
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Figure 7 shows a CVWP |inear belt processing system 140 w th backsi de

heat i ng suffpessinzme earh@dinasnd imoubshirane] perdsuthietcondifOniog phekgut22dprior tadewedmgc e
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122 in order to provide the required support. The conditioning pad unit 120 and the backside
heating element 70 are positioned in two different locations in the bottom region of the CMP
linear belt processing system 140 shown in Figure 7, and configured as described above.

In the top region of the CMP linear belt processing system 140, individual components
of the backside heating unit 70 and the conditioning pad unit 120 are configured in accordance
with another embodiment of the invention. In the illustrated embodiment, the heating element
housing 76 having the plurality of individual heating elements 78 contained therein is
positioned just prior to the processing region on the CMP linear belt processing system 140.
Temperature control and manipulation is effected just prior to processing in this embodiment.
Conditioner support plate 72 and conditioning pad unit 120 are positioned on opposite sides of

processing belt 12 immediately following the processing region on the CMP linear belt

processing system 140. In this manner, it is illustrated that individual components of the




heating unit 70 and conditioning pad unit 120 can be positioned in a
plurality of |ocations and configurations in accordance mﬁthésqrodggﬁgts
of the invention. In Figure 7, two positional enbodinents ar i14G t ed.
Wth belt rotation in direction 144 as shown, the processing surface in
one enbodi nent woul d travel across the ronditioning pucks 122 prior to
traversing exit spray and puck rinse 124, and thistle brush exit 126.

Ther ef ordescritied Haelcdkidd beating amitrig), und the odditonpspdd @e 2 vahbd Baditibhl and
conditioner support plate 72 is opposite the conditioning pucks 122 in
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i ndi vi duglwdigat i ng el enents 78 contained therein is positioned just prior
to the processing region on the CVP |inear belt processing system 140.
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140. In this manner, it is illustrated that individual conponents of the 22
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desires a conditi1ons. di agram 150 illustrating

the method oped:alin@peratioh 156066 Kt contERRS thel AIREHASAHEMTD MhitOto dhduct
accordance with one enbodi nent of the present invention. The nethod begins

wi t h opdhemmabanargpto the apifeds far progessingi ayafour Ireere dndrodpmented shenipventivar, ére i s

provi de 0 enbodiment, the processing.surface.s a linear belt used
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the |i nafémii@lehergy transfer surface is exposed and level with the surface of the heating element
housing. The heating element housing with embedded thermal units, each with an exposed
thermal energy transfer surface, is then positioned to span the processing surface across a back
side of the processing surface. Thermal energy imparted by each of the thermal units is then
transferred to the back side of the processing surface and thereby imparting thermal energy to
heat or to cool the processing surface.

The method continues with operation 158 in which thermal introduced using the
plurality of thermal elements to achieve a desired temperature profile across the surface for
processing a wafer. In one embodiment, the processing surface is divided into a plurality of
processing zones, and each zone has an identifiable temperature profile. Thermal energy is
introduced using thermal elements to precisely control and maintain a desired temperature in
each of the processing zones, and thereby achieving a desired temperature profile across the
surface for processing a wafer. In one embodiment, thermal energy is applied to raise the

temperature of a processing zone. In one embodiment, thermal energy is manipulated to lower




Next, in operation 156, the method configures the plurality of thernmal
units to conduct thernmal energy to the surface for processin qlmafSBG I n
one enbodi nent of the invention, the plurality of thermal uni S“Q?@
contained in a heating el enment housing configured to house each of the
plurality of thermal units in an array anfiguration that will span the
processuﬁ%fsurface. I n one enbodi pent, each one of the plurality of
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met hod continues with gperation 158 in which thernal introduced using the
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pr ocessiang tksomethod s dvme. enbodi nent, thernmal energy is nmanipulated to | ower
22 June 2006 16 the tenperature of a processing zone. In one enbodi nent,
t her mal ener giithosghdhs frpgaiegl inyentiom hagbernt deseribesiein $amve detaidrfors pumposes of
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is maintained b manj pul ating the thermal energy introduced using the
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processing. fer i. nitored i ach, .of .the plurality. of [ OCcessi
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surface Wgﬁﬂﬁwl@@@dﬁfng a wafer. In one enbodi nent, the desired




tenperature profile is nmaintained for the duration of wafer processing for
the processing tool, and the nethod is done. Although the for in

i nventi on has been described in sonme detail for purposes of éﬁgﬁWF%o8?
understanding, it will be apparent that certain changes and nodifications
may be practiced within the scope of thﬁ7appended clainms. Accordingly, the
present enbodi nents are to be considered as illustrative and not
restrictive, and the invention is not to be |limted to the details given
herein, but may be nodified within the scope and equi val ents of the
appended clains. Wiat is clained is: e 2006 17 CLAIM5S 1. In a

chem cal nechani cal planarization (cwé;ﬁéég?enl the CVP system having a

first roller, ai.secand dhelcal me@aflica plinafadtioR @ChP) kYiferh, i tRe@MM&kiem having
circulating around the first roller and the second roller, the |linear belt

havi ng a wh &tsrelleata sependsroBen orsbm linear bels thelipgar helbicigpulating aronnd) thedfiyat roler

tenper at ur ?ndé f?lgtsfe«?dn'dezfo}lerc HPfideat BQE g?xﬂxéﬁﬁ r \ﬁgthoﬁla%gﬁ{x{*géw&r? ?‘gﬁtz%l,gg ?ﬁ@ 2Of

the therna ments of fhe array i ndepen cont
array of teombhédge]atemperstubedongolpasiompoisiad: bet ween the first roller and

the second roller and configured to contact.a back, surface of. the |inear
bol t. Lhe. ar rayh GRS 1 HEPLI GG B8t dncihg hBEEhEUReof I BTl BTG

t he secondjRegRdétilyt &Rtbildieakc Redyt of Herl Mldinents béifg PosilEHBdCwBRCH HirGal

pl anari zation (CWP) system the system having a first roller, a second

t

rol | er, antpllgr ndibeseched xollet and configuaed toepntaetiarhagk surfage obihe linepr bpls the greay
N , i t i i

between a1 P AN Srcoline Uefifoc' Bt B et Bty MIEE O D HEVRAS

recitetloi nwidti m 1, wherein each of the thermal elenents of the array is
connected to a systemcontroller, the systemcontroller being configured
to manage a processing surface tenperature of the linear belt. 3. In a

cheni cal nmechanjcal gl %@@i&%’b&ﬁm@@\@naﬁﬁfoﬁm&m S By BhVEMRRM REing20 a
first roller, a seconofl1 roller, and alinear belt, t%e ['i near beélt
ci rcul at i ng fiast oolied, & $eeorfd moder, ped & Eneaabelt,tthelineac belticiravlatiog arowhe thei firstaollgrel t

having a w d t hat .spans et wee fi.rst edge.and a ,second e, .t
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wherein each of the thernal .
elements of the array is connected to a system controller, the system controller being

configured to manage a processing surface temperature of the linear belt.

3. In a chemical mechanical planarization (CMP) system, the CMP system having

20 a first roller, a second roller, and a linear belt, the linear belt circulating around the first roller
and the second roller, the linear belt having a width that spans between a first edge and a
second edge, the temperature controller as recited in claim 1, wherein the linear belt includes a
plurality of processing zones across a processing surface, and wherein each of the thermal
elements of the array of thermal elements corresponds to a processing zone, the thermal

25  elements of the array being independently controlled to manipulate a processing temperature of

the processing zone corresponding to the thermal element.

4, In a chemical mechanical planarization (CMP) system, the CMP system having

a first roller, a second roller, and a linear belt, the linear belt circulating around the first roller

30 and the second roller, the linéar belt having a width that spans between a first edge and a
second edge, the temperature controller as recited in claim 3, wherein each of the thermal

elements of the array of thermal elements is configured to apply thermal energy to the




el ements of the array of thermal elenents corresponds to a processing zone,
the thermal 25 elenents of the array being i ndependently contr hJed&hﬁ

mani pul ate a processing tenperature of the processing zone ¢ S ?ng
to the thermal elenment. 4. In a chem cal nechanical planarization (CVP)
system the CW systemhaving a first roller, a second roller, and a
linear belt, the linear belt C|rculat|ng§%round the first roIIer 30 and the
second roIIer the linear belt having a width that spans between a first
edge and a second edge, the tenperature controller as recited in claim 3,

wherein ea I %ﬂ%] (S
confi gur edﬁl?g&glp%%né E&tﬁ ndlél etgggl@%%alt en{eggto S{Sg)ﬁé 8%8&%%{1 roct etag‘?%g% ghg ne
cor r espondpregessing zotregome$poedliegdetthérmal edersentt he processi ng tenperature of
the processing zone corresponding the thernmal elenent. 5. In a chem cal
mechani cal planarization (CW) system the CWP systemhaving 5 a first

roller, a seconsl rolhercheaitdl Medhafiedrpldatitatioh (EMP) B@R®dm, AR CMH i}@ﬂé}rﬂidvﬂ@
around the first roller and the second roller, the linear belt having
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control | er aftP ees%bc;ﬁ%drorla' ?ﬂeaflr@aﬁbel\!“ﬂ?%g revglﬁﬁlhthgtf H?b %ém'ﬁrsteéog%ﬂa% of
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processi ngsebomda edger tlestpopdiatuge tonttoller hhecited ineblemeﬁt Wlhcreiromh dfHthe thermal
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system haV ?f&essﬁ&g&bﬁ@ borfedpdrRing 18 tRChemehl eRhleB to 18Wer e El‘d@:@s’%fngﬁ@hbera&%f
| i near belt circulating around the first roller and the second roller, the

| i near 1el therpaadersingronk earrespodingshathsmdeli@ent- a first edge and a 15 second
edge, the linear belt having an outer processing surface and an inner
surface, a nethod for controlling the tenperature of the |linear belt,
conpri sing: appéyi ngintaheiimidal meﬂfagmltpiararikdtimz{m\/ﬁ’o sgsgermfthé CdAR system lmvirtghe

i nner surface of the |ingear a locati n
fromthe fRAGE r%‘éF@e"“ gesond ol Ereé%ﬁlhg ‘? ’éea\“/\ﬁﬂf% %‘Iatmg ﬁ&oulflgﬂlfaﬁ pl )
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| i near array ocations. 7. In a chenical mechanical planarization (CVP)
syst emi5t heeo@a@e@esﬂemnha\heh @awag il puter probdseing serfase enhen mop wFface ganeghod

| i near bel t he u i r he first roller 25 and the
second rolﬁgfompﬂt g?%mH%FF ﬁ%thmﬂ%%t% %ﬁggﬁét spans between a first

edge and a applymg thermal energy to a linear array of locations on the inner surface of the linear

belt, the linear array of locations spanning from the first edge to the second edge of the width of
the linear belt; and
20 controlling a degree of the applied thermal energy at each of the linear array of

locations.

7. In a chemical mechanical planarization (CMP) system, the CMP system having
a first roller, a second roller, and a linear belt, the linear belt circulating around the first roller
25  and the second roller, the linear belt having a width that spans between a first edge and a
second edge, the linear belt having an outer processing surface and an inner surface, the method
for controlling the temperature of the linear belt as recited in claim 6, wherein each location of
the linear array of locations includes a thermal unit, the thermal unit being configured to apply
thermal energy to the inner surface of the linear belt.
30
8. In a chemical mechanical planarization (CMP) system, the CMP system having

a first roller, a second roller, and a linear belt, the linear belt circulating around the first roller




second edge, the linear belt having an outer processing surface and an
i nner surface, the nethod for controlling the tenperature of t f | i near
belt as recited in claim®6, wherein each |ocation of the Ilné%ﬁLQFFQQGOf

| ocations includes a thermal unit, the thermal unit being configured to
apply thermal energy to the inner surface of the linear belt. 30 8. In a
chem cal nechani cal planarization (CWP) g&stenr the CVWP system having a
first roller, a second roller, and a linear belt, the linear belt
circulating around the first roller 22 June 2006 19 and the second roller,
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In a chemical mechanical planarization (CMP) system, the CMP system having
a first roller, a second roller, and a linear belt, the linear belt circulating around the first roller
20 and the second roller, the linear belt having a width that spans between a first edge and a
second edge, the linear belt having an outer processing surface and an inner surface, the method
for controlling the temperature of the linear belt as recited in claim 9, wherein each thermal
unit is configured to apply thermal energy to the inner surface of the linear belt to increase the
temperature of the processing zone of the outer processing surface of the linear belt.
25

11.  In a chemical mechanical planarization (CMP) system, the CMP system having

a first roller, a second roller, and a linear belt, the linear belt circulating around the first roller

second edge, the linear belt having an outer processing surface and an inner surface, the method
30  for controlling the temperature of the linear belt as recited in claim 9, wherein each thermal
unit is configured to apply thermal energy to the inner surface of the linear belt to decrease the

temperature of the processing zone of the outer processing surface of the linear belt.



11. In a chem cal nechanical planarization (CW) system the CWP system
having a first roller, a second roller, and a |linear belt, tg&‘l geﬁprelt
circulating around the first roller and the second roller, thée T1néar belt
having a width that spans between a first edge and a second edge, the

| i near belt having an outer processing surface and an inner surface, the
nmet hod 30 for controlling the tenperature of the linear belt as recited in
claim9, wherein each thermal wunit is configured to apply thermal energy
to the inner surface of the linear belt to decrease the tenperature of the
processi ng zone of the outer processing surface of the linear belt. 22 June
2006 20 12. In a chem cal nechanical planarization (CW) system the CW
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outer prepgtqfion surface and an inner surface that contacts the first
roller and the second roller, the preparation surface conditioner as

recited in claim1l2, further conprising: an array of spray nozzles for

rinsing the out pr.e atro rface. of .the | r belt, a 20 t
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in claim 12, further comprising:
an array of spray nozzles for rinsing the outer preparation surface of the linear belt and
20  the conditioning pucks, each of the spray nozzles of the array being independently controlled,
the array of spray nozzles extending between the first edge and the second edge of the linear

belt width.

14.  In a chemical mechanical planarization (CMP) system, the CMP system having
25  afirst roller, a second roller, and a linear belt, the linear belt circulating around the first roller
and the second roller, the linear belt having a width that spans between a first edge and a
second edge, the linear belt further having an outer preparation surface and an inner surface
that contacts the first roller and the second roller, the preparation surface conditioner as recited

in claim 13, further comprising:
30 an array of thistle brushes configured to sweep the outer preparation surface of the
linear belt, the array of thistle brushes extending between the first edge and the second edge of

the linear belt width.




second edge, the linear belt further having an outer preparation surface
and an inner surface that contacts the first roller and the cond 58&Ier,
the preparation surface conditioner as recited in claim13, %é‘F Z
conprising: 30 an array of thistle brushes configured to sweep the outer
preparation surface of the linear belt, the array of thistle brushes

ext endi ng between the first edge and thezbecond edge of the linear belt
wi dth. 22 June 2006 21 15. In a chem cal nechanical planarization (CWVP)
system the CWP systemhaving a first roller, a second roller, and a
linear belt, the linear belt circulating around the first roller and the
second roller, the linear belt having a width that spans between a first
edge and a 5 set®nd ladgdhemidabmkthaniasl Iﬂaiahzeftmnt(ﬁMP) Rgsténngh@OCMIUEyetem having
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met hod 15 E&ﬁZQHﬂgltlonlng the outer processing surface of the |linear
belt, conprising: distributing a plurality of independent conditioning
elenenﬂe along a Iinear path extendi ng between the first edge and the
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the |inear apaétholle?0a debond foller, ah®aliaedr bmqhann&abelpblwmmgatdum ﬂ(em@()roner
system the CWP system havi n afirst roller, a second roller,
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surface of the ld{strrl‘l %‘[mgb %l %)lura?'?y 0 1n ependent cor?dltlomng e{emeng along a linear path
extending between the first edge and the second edge of the linear belt; and
applying each of the plurality of independent conditioning elements to the outer
processing surface along the linear path.
20
17.  In a chemical mechanical planarization (CMP) system, the CMP system having
a first roller, a second roller, and a linear belt, the linear belt circulating around the first roller
and the second roller, the linear belt having a width that spans between a first edge and a
second edge, the linear belt having an outer processing surface and an inner surface, the method
25  for conditioning the outer processing surface of the linear belt, as recited in claim 16, further
comprising:
distributing a plurality of spray nozzles along a linear path extending between a first
edge and a second edge of the linear belt; and

rinsing the outer preparation surface of the linear belt using each of the plurality of

30  spray nozzles along the linear path.




conprising: distributing a plurality of spray nozzles along a |inear path
extendi ng between a first edge and a second edge of the line 2})eltz' gnd
rinsing the outer preparation surface of the linear belt usingg acC 89 t he
plurality of 30 spray nozzles along the linear path. 22 June 2006 22 18.
In a chem cal nechani cal planarization ( ) system the CWVP system having
a first roller, a second roller, and a |Thear belt, the |linear belt
circulating around the first roller and the second roller, the linear belt
having a width that spans between a first edge and a second edge, the
linear belt haviglg ap QbMlcaPhedasivPardHrdBa eCHPY siferh, NAECMPU KRR havie
method 5 for conditioning the outer processing surface of the I'i near beélt,
as recit edaifimst colieir,a segondf igHerhend a bogep belsithylinedt belt ¢iraylating azpupd thedirptirpllest
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the linear path., 19. In a chem cal nechanjcal. planarization (CVMP)_systiem
the CMP sy&repnditionipg thepufer peqoessig S lﬂﬂ%fr Dol s recitsfl o glaw haitihar ,

t he Iinearc{?%ﬁﬁ j.rculating around the first roller and the second roller,
the linear belt having a wdth that spans between a first edge and a 15
second edge, t hdistribntéey a perdlitthef/histie drusbest adongos boess pathextending betvegan) adhst

i nner surface, the nmethod _f.or.conditigning the outer processing surface of
the |inear e‘%’é’l"‘f‘%1 aﬁgcopégﬁ?%eeoéﬁ?e&mf?ra eh1 T’(é wherein the independent
condi tioning el ga@igSthaloates ?kaphﬁtidirﬁbﬂrﬁtcé of @Rplintaitbdl eisuERh af aiensluratityeof

out er 8reparation surface fromabout 0.1 PSI to about 2.0 PSI.
1 thistle brushes along the linear path.

19.  In a chemical mechanical planarization (CMP) system, the CMP system having

a first roller, a second roller, and a linear belt, the linear belt circulating around the first roller

and the second roller, the linear belt having a width that spans between a first edge and a

15  second edge, the linear belt having an outer processing surface and an inner surface, the method
for conditioning the outer processing surface of the linear belt, as recited in claim 16, wherein

the independent conditioning elements are configurable to apply a pressure against the outer

preparation surface from about 0.1 PSI to about 2.0 PSI.




