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PCT/ US98/ 10562 CHEM CAL MECHANI CAL PLANARI ZATI ON
TOOL HAVI NG A LI NEAR POLI SHI NG ROLLER
Technical Field of the Invention The present invention

rel ates generwmbbsgsswse t ool s for polishing or planarizing 5 powuspg/ms&s such
as gilicon wafers and, nore particularly, relates to a tool for polishi ng

or pl anari zi ng wor kpi eces using a linear cylindrical polishing z
roller. Background of the Invention
Many el ectronic and c&HHMEAL MECHANICAL PLANARIZATIONTEQOL nduct or s, hard
di sks and CD- ROV rwgihw SIASHING ¥ H‘Eﬁarl zed surfaces I n

order to achieve optinmm 10 performance. In the sem conductor
manuf acturing industry, for exa I e SI I [ con_wor kpi eces are used in
t he manuf acture of integrated ASCARES B SRNCBUGINd t he | i ke. The

wor kpi eces are Thekﬁﬁé&lt Erﬁeﬁd%ﬁ feﬁﬁ&‘%eﬁéfalﬁrsto WBisCfo? pofishihgl ¥Pp have a

flat, circular disk-1ike shape. The wafers are |n|t|aIIy sliced from

a silicoh i plmsuchweus@amwfmlm&énqemm aclatesstei migol for prlishing aind
dielectric ? kfEceSl GRS ideR by Rﬁ&ﬁﬁ%ﬁé“m%qoﬁ.&_eat e mcroelectronic
The surface of a wafer

- structures C|rCU|try 15 on thé wafers

under goi ng these processes typically nmust be polished or pl anari zed
bet ween processing steps to ensgy& Nedfigs, Permtting use of

phot ol i t hogr aphi ¢ processes for Durl rtronal dielectric and

met al | i zati on | ayerMagtelgcenic and commgclatsd:pmm such as semiconductors, hard d@ﬁem cal

or bl anari 7 &A T ROMs Rl Wiy FORRLDG AR YL G EARE Sl 2O
manuf acti@r e pefformanceg irpthe semiconductor manufacturing indusynfosexamile; silison kaple@w&e
Ceverat U, & e ) Bty hde CP OB cdty Bl Bidpe ke THERGIMBRINT | | |
Egggu?gy G1|9|8®9Wll in the industey asa'lwafersU.mg! tymaal!arﬂnavel\aght,mr@laxdslg-ﬂke shepsy dije Wﬂfewflgc h
Arai et al ;7 iRl siced ekl B s, tistafid ondkch kol hpdlRln o, and

Kari sr ud et diglectriclgn@condugtendeposiion ProsFEesso dreate mwctrmIMrmlgtho

T

5, 558, 568, |penateed] ihetSeent cprbrsssinkO 38ps oto T ghsursh pedpen | flatness, permitting use of
photolithographic processes for building additional dielectric and metallization layers on the
wafer surface.

Chemical Mechanical Planarization (CMP) machines have been developed to polish

20  or planarize silicon wafer surfaces to the flat condition necessary for manufacture of integrated

circuit components and the like. CMP processes and machines are known in the art and are
described in several U.S. Patents. Examples include U.S. Patent No. 4,805,348, issued in
February 1989, to Arai, et al.; U.S. Patent No. 4,811,522, issued in March 1989 to Gill; U.S.
Patent No. 5,099,614, issued in March, 1992 to 4rai et al.; U.S. Patent No. 5,329,732, issued in
25  July, 1994 to Karlsrud et al.; U.S. Patent No. 5,476,414, issued in December 1995 to Masayoshi
et al.; U.S. Patent Nos. 5,498,196 and 5,498,199, both issued in March, 1996 to Karisrud et al.;

and U.S. Patent No. 5,558,568, issued in September 1996 to Talieh et al. '
Known CMP machines and processes typically utilize a wafer carrier or transport
apparatus which is positioned above a polishing pad and configured to receive and hold one or
30 more wafers. Typically, the carrier apparatus has multiple heads for holding multiple wafers.
In operation, the carrier apparatus is lowered such that the wafers held by the carrier apparatus
' are pressed against the polishing pad while the polishing pad is rotated about its vertical axis.



Known CMP machi nes and processes typically utilize a wafer carrier or
transport, apparatus which is positioned above a polishing pad and
configured to receive and hold one or 30 nore wafers. Typically, the
carrier apparatus has multiple heads for holding nultiple wafers. In
operation, twowssseer apparatus is |owered such that the wégusshedsgl by
the carrier apparatus are pressed agai nst the polishing pad while
the polishing pad is rotated about its vertical axis. =
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PCT/ US98/ 105usvaters may also g patated abqut thex vertical gxqs and oseillated radisally bagk and forfla ¢ | cal
axes and 0sgvek thdipadisurfack oatpiovdpslishingefeciVdnbss. over the pad surface to

i mprove polishing effectiveness. ) ] Prior art, CVMP machi nes
ofthis sort, whil e%mmﬁmgbgﬂ@%wﬁw@?%@mv“m
dr awbacks. GawbatRE, hl'tﬁ%&clﬂﬁﬁ aﬁ:rmmﬁs;ﬁﬁéany it BulkyQidil haveld\slzdle e6tphaY CBA

sizable "fooQtprint” S, it is nmeant that the machi nes occupy a
si gni fi cant thé?’rﬁdﬁfneﬂﬁt %Qﬁtmarc B QFURYR sighificant gmount of plant flgerspage.whishiiz g and
expensi ve. hﬁmmuwamm@aﬁ%smﬁaﬁhmﬁhamsnﬁan&sﬁadeawge r@&n eyaiso L NEY

al so are masswe and of %reat wei ght I ncreasi ng t on the
f1 oor. Anot AEmassyE I ght, increasing thed mqmﬂ??és@%thgsb‘?@m%ﬁy in

achi eving umm&ﬁmﬁadm :xmctueﬁn%ﬁﬁfaﬁép&éa&eauﬁmmssms&f&c&he
wafer as it i s pressed against, the polis Attaining a uniform

pressure di Sfthe wafex a5t ig pressed againstthepolishing pad.¢ Na%mmé a piform pressmdistdbution  and
uni f or mpol {s3iHpbitant iy B3t folters SotisisteRit dﬁ@fuﬁirforﬁxlﬁoixﬁﬁfg across the fegtg'tg wg.Le; gdrﬁﬁel ty in

achi evi ng unlform pressure distribution arises fromthe

entire The diffigitx i pchisying \mifaym pressure digiributiop agifes Hromhihe fast thattha gntired
during pol i snraeaopa@wef ﬁ%eonéep&lh%e polishin 95@&9&% 5ohsﬂfng %b&&mBg Ohdile

conventional "face own position that a wa

poli shing, ftawback, grising fromthe eonveptianah (‘fage @?%P‘Pﬁémtb*’é amﬂrtmhqlggn dugiag
pol i shi ng p?@lﬁ's‘ﬁﬁx% fiOthe IRfficul§yP B LishA) OF dﬁﬁwwﬂ@ 'n‘fo‘ﬂfttm ythe polishing process for

Summary of the |nvention e pres |nven i'on provides a
novel pb$|sﬁWﬁgﬁaﬁdmﬁmﬁﬁaﬁmitng t ool which addresses and resol ves the
shortcom ngs of the prior art described above, and al so provides

addi ti onal advantages over known CMP nachines. 20 In
accordance with the present i nveimmary ofthednyentionpr ovi ded for planarizing
or Pol 1 Shi NG fhe'ficehi ERentiof HFovi'a ﬁa}spﬁasﬁﬁgam&xﬂmn&% b ol

that is contactable with a surface lece and I's rotatable

to pl anari z@ddesspoandgpsolves theshpiromings of theeier art described above, and also provides

preferred egh@idbdi®aivaithees Ber RAGAECMPInIRRLS ON. the tool is utilized for
pO|IShIn8

In accordance with the present invention, a tool is provided for planarizing or
polishing a workpiece. The tool comprises a cylindrical roller that is contactable with a surface
of the workpiece and is rotatable to planarize or polish the workpiece surface.

In a preferred embodiment of the present invention, the tool is utilized for polishing
semiconductor wafers. The cylindrical roller is mounted above a support platform which
25  supports the wafer. The roller is vertically movable to bear against a surface of the wafer in 2

linear region of engagement, and is mtatablé to polish a surface of the wafer. The tool also
comprises a mechanism for horizontally translating the wafer underneath the roller.
In a method according to the present invention, a rotatable rolier is mounted such that
it is movable to bear against a surface of a workpiece. The roller is moved such that it bears
30  against the surface of the workpiece and is rotated such that it polishes or planarizes the
workpiece surface. As the wafer surface is being polished or planarized by the roller, the
workpiece is translated back and forth.



sem conductor wafers. The cylindrical roller is nmounted above a support

pl atf orm whi ch 25 supports the wafer. The roller is vertically novable to
bear “agai nst a surface of the wafer in a | i near region of
engagenent, and is rotatable to polish a surface of the wafer. The tool

al so GPOPEs/ES a nechani smfor horizontal ly transl at ipagadshgrose er
underneath the roller. In a nmethod according to the
present invention, a rotatable roller is mounted such that it is =
movabl e to bear against a surface of a workpiece. The roller is noved such
that it bears 30  Husse sadrotherpspastsiof the gresant inyenting aredescsibediin enoresdetailinthed such

that it pol igReinddestHpRbA aktARSd &rfing figures andRaRd. €Ce surface. As the wafer .
surface is being polished or planarrzéd by the roller, the . wor kpi ece

is transl ated back and forth.

2 VIO 98/ 539 pfief Deseription of the Prawing Figures
PCT/ US98/ 10562 ese an ects of the present

i nvention are descrFigate s atapcplefeview |of adingarepolishing rofley ¢mheidyine thespresenst i on,
attacheddr g erg igures and cl ai ns. Bri ef
Descrlptlono & Drawi ng Fi gures gure 1 is a top plan
view of "a |inear poFxgymhgmmamweﬁtb@htpmlm;ﬂlwﬁMelasn\pehﬂhem '
Figure 2 is e%r;sll[dewalf&w of the linear polishing roller of Figure 1 as it

pol i shes an exerrbl ary wafer; Figure 3 is an

expl oded side view Bfguréms;anIex;ﬂd»ﬂedgdpvxewesme@bhsﬁmgme@ofF:gure2

Figure 4 is aS|de ol ari zi ng, |l.inear hi ng,,roal enbodj ment
as it 10 pol i shes r%?é"hﬁf y'e ‘%@rp%lmzmg%nea?mhé" rStier éﬁ‘?‘@ %‘ﬂség atop

pl an vi & ofpoﬁmkheéxeknplmsawaMI i sh| ng roller enbodi nent useful for ‘
polishing multiple wafer%{im nmul t aneo

si de view of anot he iRl #S@%pﬁggﬁpqlﬁv%ﬂlgﬁ%?‘?ﬁ& “sgf“l6f°l > e

utilizes mulgoligiisg mokiplveafersisiphltinesiglyn Wafer in a polish p05| t i-on;
rlng;r e Sc?ezlnidﬁg " Al gf%ﬁ mde%m\)rloo aﬁ&gr gnfxbolc:i{ li'x% gf t?xe pre egxt mven 9on \Qu yaf er
utilizes multiple rollers, depicting a wafer in a polish position; .
15 Figure 7 is a side view of the embodiment of Figure 6, depicting the wafer in a
cleaning position; '
Figure 8 is a side view of the embodiment of Figures 6 and 7, depicting the wafer
in a metrology position;
Figure 9 is a side view of another embodiment of the present invention which
20  utilizes top and bottom roilers;
Figure 10 is a top plan view of another linear polishing roller embodiment having
a spiral groove pattern formed therein;
Figure 11 is a top plan view of another linear polishing roller embodiment having
a cross-hatched groove pattern formed therein;
25 Figure 12 is a top plan view of another linear polishing roller embodiment having
a circular groove pattern formed therein;
Figure 13 is a side view of a linear polishing roller according to the present invention
wherein a conditioner applicator applies conditioner to a top portion of the roller;
Figure 14 is a top plan view of a polishing roller and a wafer to be polished which
30 - depicts a potential for dishing; and
Figure 15 is a top plan view of a polishing roller and a wafer to be polished which
is rotated in a manner to avoid dishing;



Figure 8 is a side view of the enbodi nent of Figures 6 and 7, depicting the

waf er , In a metrol ogy position,; Figure 9 is a side
vi ew of anot her enbodi nent of the present invention which 20 utilizes top
and bottomrollers; Figure 10 is a top plan view of

anot her i nmmsaﬂsnshl ng rol I er enbodi ment havi ng apSrUsshoggL oove
pattern fornmed therein; Figure 11 is a top plan view of
anot her |inear polishing roller enbodi nent having a cross-hat ched:
groove pattern fornmed therein; 25 Figure 12 is a top plan

vi ew of another linear poli Shl ng roller .enbodi ment havi ng a circul ar
groove pattern forpasgildddserivtion of Preferred Embodimer idnl S a side view

of a linear polishin lLer a rding to. the present |nV|on

wherein a COﬂditlm LS ‘gﬁgé‘ﬁﬂ‘alné?%lawqﬂilﬁ%?%‘é illpsyaips ip Figwren of
the rolleri. Tool 10 would typically be uskd Mn@xr&ﬂneh& vﬁ:efe%d?'n?a@mﬁésea‘i’é R(Iw?se?%' shi ng
roller and a wafer to be polished which depicts a potentia

di shi ng; apglish and process wafers. In this regayd, toal 111}0!1151 by incoporstedrinto aexiging £MP| i shi ng
rol l'er anUmachididesigd, br PEuliteiti @htedpfteSbF an entirely nbw CMM Ahfhel Tt sﬁoﬂ@ﬂi@@r to

avoi d di shj ng
WD 98/ 5395be apprecxated that tool 10 could be used in conjunction with other machines or operatxons

PCT/ US98/ 1QB&ein polishing, cl therwise procdsib b & IB%E g ferred
Enbodi ment s of “tpﬁés Infglvceenatnlmgm0 P : " ?fs & 0 |s%e§g tool 10

according to the preekl@wemprissepeantsy spindie 13 %whldtlemomed:# gilindrical polishitg Tool
10 wou t I w used
to "3 10 oo, Stinde 12880l £ BY Rk Sl ve o bl i N o fndle

|ncor por at weﬁeﬁemﬁmmsg@mmer 14. Spmdi;dﬁumfdebb'gmtaw mountedahoste be t he
cent er pi eCe pifforfibr WOtk &l of aw %Se%dg%vhelletwa?g wo%e?lvé&plefﬁ are 19 %e

appr eci at ed that tool 10 could n conj unc ron Wt machi nes
or- oper at i Biggessed. An gyemplannwafer 16sib illvgtrates) in phantay Gnesdelosr wplsé. ﬂ'loolcl@sm ng a

wor kpi €ce_owRARA3 SASWbI8 1o Uoabtoater 16 and wpyndiy mov leTé%f’er %&ﬁg g 6> 1

central spindle 1 I's nounted a cC I ca roller
14. Splnd| Brefepbly @olr m is @lso mmot@hi@ntq and dutfof ppamivaposmnrm fasilitae easiecdvedshat

rotation of, g8l 19%brinaintenance and servicing. _
Alternatively, and depending on the processing environment in which tool 10 is
deployed, the positions of tool 10 and wafer.16 relative to each other could be modified. Tool
10 could be mounted underneath wafer 16, for example, or wafer 16 and tool 10 might be
20  mounted in a side-to-side relationship. For descriptive purposes it is assumed in the following
text that tool 10 is mounted above wafer 16.

Tool 10 polishes or otherwise processes wafer 16 using principles of linear
kinematics. During polishing, spindle 12 and roller 14 are lowered such that they contact and
exert a downward force on wafer 16, and are also rotated in the direction of arrow 18 (Figure 2)
25  toplanarize or polish wafer 16. Wafer 16 may also be spun about its axis by a spindle or other
means in the direction of arrow 20 (Figure 1), translated back and forth in the direction of arrow
22 (Figure 1), or simultaneously rotated and translated. Typically, a slurry solution 24 will be
injected between wafer 16 and roller 14 by a slurry tube 26 or other delivery mechanism to aid

in the polishing process.
30 Figure 3 affords a detailed view of the area of engagement between roller 14 and
-wafer 16 during polishing. Roller 14 bears against wafer 16 along a linear region 13, causing
removal of material from area 15. As roller 14 progresses across the surface of wafer 16, a
polished or planarized surface is formed as indicated by phantom line 17. Since the area of

4



12 effects sinultaneous rotation of roller 14. Spindle 12 is preferably
rotatably nounted above a platformor work area of a CVP or ot her
machi ne where wafers or other workpi eces-are to be processed. An
exenplary wafer 16 is illustrated in phantom|ines bel ow tool 10. Tool 10
S dowwannsissgs2novabl e to contact wafer 16 and upwar dl yormwseglosszanay
fromwafer- 16.. 15 Preferably, tool 10 is also pivotable into and out of
operative position to facilitate easier access to tool 10 for

mai nt enance and servi ci ng ternatlvely, and dependlng

on the proc&RmAGhJetyren rPBméﬁpd wafe LS isipsieptially figeqrgrather than
posi tions Ofendre Qhrfadofakitvaia Mlexckfon Tralitivey 1&&d&ﬁﬁ&c95mhe@@y&£kubﬁ) exdified.

Tool 10 could be nmount ed underneath wafer 16, for exa or  waf er

16 and t ool towniferysnd hightylgcalizedipressugss. {he highly loealizes Prgsshees g use H%%'F“ﬁmgFor

descriptive Mmmaovhﬁamafmﬁ d&mnm?bémworpmm@mme& ool 10
I S nount ed above waf er : Tool 10 polishes or otherw se

processed @oorn@ﬁtng qswmemh‘?éél’ pachinep,ogherein the entigs syefaen of the wafkris ing
pol i shing, $BAR4Wh 4ol gb&dduﬁﬁﬁ%o‘i\sﬁﬁfda%{t%ﬁmﬁiﬁﬁi&di#ﬁahttblaﬁa{nﬁﬁﬂ’f&ﬁt and

exert a downward force on waf er and are also rotated in the direction
of arrow 18 pressugedistribytiongerossthe Wafamar i ze or pol i sh wafer 16. Wafer 16 rmay

al so be spun about R §ingy BYc trans@&hﬁﬁﬁéﬁﬂxshmg tefﬁaﬂxsthé&)ﬁw%f

direction of arrow 20 (Figure 1 back an orth int

di recti on ofpreeessipgsilicon wafers, polpungihane igprefergbly sisadhand isgesbing oylindsicalshepe ity
transl atgd. T, ti !lu;ﬁﬁgﬁ Eeﬁﬂ'er t ween
waf er 1 6 &’eQFFlaéhL\ﬁ fofriitig ¥ s ﬁh%ub’g{%%s ot her 8ylfndsrer nlqgm to

ai d i nnqch:eeqmslnp@pﬁawgmprl%eeéée dwty, dmmeter molecular welghy an rodrlepgtdis a
detail ed vi fro f I fer
16 during pg‘ﬁﬂgmﬁr?gﬁ‘a%{é Qna?b gggﬁg al n rl;'é) ﬂfgﬁﬂ%zmqa??lﬁgtéorng?egl on

13, . causi ng & relatively harg galler matemdumfane¢ r'BmfeﬂdéiacM@ed i mapifhesuringRadeld§r esses

fS?@ tagel ﬁ]g’bbitg%dg’%wm%%ﬁdefaf? m@%{r{%e t%ﬂpar ea f}?{blmzﬁéﬂg%e '

4 suitable starmng@ﬂgg'gg'gller 14.
PCT/ U898/ 10562 RollerG94 ?ﬁa?(ﬁgvé)ﬁte% F]{?Jlé drdss ge%u@rpﬁn Yl@frﬁ{ge !)Pelkﬁ inches),

essentially linear, rathe han spr ea out acr oss surface

of the waf erwhighisadvantageows from aconsumable stondpoint. Polighingpeds ussd in eﬂnlvemoeqb §MPat us
10 | eads machin@s HiVe aQhdBh ﬂﬁm? fcﬂﬁé h’ecix&?&ld' Z&%qﬁéxﬁ?%éa‘? out

-1 ocalized pressures are use attal %ect Ive rem)val

‘rates and t hrgplacedgnare gfigr: gk mic)cewlltrsase@sq bareip) faﬁaiqngedxfmdesqw fesces.

20  down time for replacement or other maintenance. Alternatively, roller 14 may be constructed

with a thinner cross section and be mounted over a metal mandrel. This configuration is
advantageous in that the metal mandrel could be heated, for example, with fluid or the like to
increase the process temperature. As will be described in more detail below, a thin polishing pad

may also be employed to generate electric polarization during polishing.
25 Still referring to Figure 2, wafer 16 may be carried on a belt, a movable table or any
other appropriate transport mechanism which causes the wafer to translate back and forth in the
* direction of arrow 22. The wafer may be mounted in a suitable vacuum chu.ck or carrier
mechanism such as a retaining ring 28. A gas or fluid filled bladder 30 may also be positioned
within retaining ring 28 underneath wafer 16. Bladder 30 provides a uniform distribution of
30 hydrostatic pressure underneath the wafer which, in turn, promotes consistent and uniform

planarization.

Provision of hydrostatic pressure is particularly useful when processing wafers or
workpxeces having wedge-shaped edges. Without application of hydrostatic pressure, the
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5 This is in contrast to conventi onal CMP nachi nes, wherein the entire

surface of the wafer is in contact with a polishing pad during
pol i'shing, making it much nore difficult to attain a uniform pressure
di stribution across the wafer. Rol ler 14 may be

construct ed @log@assui tabl e polishing material. In the contBoi/usys/10562
processing silicon wafers, polyurethane is preferably used and is cast in a
cylindrical shape with 10 a central shaft for receiving a spindle. The=

cast pol yur et hane cyI i nder t hereafter n necessary on
a lat he. ~ Theolighingolier woyl Exmwm%heswmmmaﬁgﬁﬁ% ﬁ&u%
of ‘the rol | &7 th@ReBEd-HapddPaigBewiioN, | dae t@ﬂxe!rmed?&pﬁﬂaﬁéitat@@aéﬁ%rﬁ% roﬁ&{ :

pl anari zation applTcations, a rel at,l ve y hard rol | SI’I al ’
preferred. Application@Ehyseqstatia prassars fendsin {Fusl the Werlgedasers pp qnd present a f)ads
which is Cu{ortﬁg%llér,ttﬂéeﬁi’a;’l@ﬁfng al SH Shifdrmy ﬁ&ﬁﬁéﬂmﬁﬁé&er)\ﬁémitﬁély, mﬂatable

pl anari zati on, uitable starter material for roll

Rol | er 1% W@W@WMWW@W@@@EW& I(?F?“PH@“P&%&@“&W@ ght
i nches), : ig aﬁgﬁ.@%&ﬁs B oheC AR HEPRIsGuriBd 0 HREI dYinif

Pol i shing pa s7lUse |n conventlona 4 @1t machi ngs havega rruchofnrln nner
Cross sectlmmndbmmsyﬂemar out faster and nust be " repl aced
more often. A thic '!'%F“ G@Jn?l Rt dnRiHdSthe tnlifofim 2Nd
requires |l ess 20 ks%bev\lnﬁll% P rep adcdgﬁrrlg %}f %r mai nt enance.

Al ternati vebyhshmgmmanaﬂmnﬂyprb‘edﬂé@nﬁﬂmwﬂ The wafersmay; bepassed prveral timess

sect t

avant abEouuner e ey NaoRoWEE BlyelE R Frassel o wal eﬁhﬁ?%‘?"%?&n%%ammh

fluid or t hpreuetmmedamountmordqnmghw mﬁmoahsesmmmw@ewp@rwomn

described ig d%[‘r%‘%? ﬁ{;&b@%&% i§tdhd PR g&kwe{&ao@mad for exi e,%&mebe
e

enpl oyed to ric polarizatton during polishing.
Stilll refer Mafaglstto)bﬁlgmtdy Batedcbrveen<@cingass, b eotasion of igtysix degmes|(36°) hetWWabl e

table or an g,rrmém,a@g; Mes the
wafer to tr%ﬁcshl %ﬁss WB{Nd Jldgqﬁl%%ﬁﬁ&%gmnﬂ% gﬁr ection of arrow 22. The
waf er ma§ beomtinmotsdyl rotatechatshlghealaveedwhltmbHHmMisthr Gontinpaup and higher speadhani sm

such as a retainl Qﬁmt%'&}%r%ﬁi nfnlﬂb!té){j al!nlf&q'l l%f%d&lerésuﬁﬁg o 8 90 be

posi ti oned hi'n retalni ng erneat h wafer Bl adder 30
provi des a monﬁtagmldmberldfmaf@notaionsolfthhy@feoﬁtmly totgiedeinghis mapneyspdagk h t he

waf er whi ch, 1o Lyr e%r?g)ﬁfegmf%}ﬁﬁe? to?%il‘ C% Pé)rts @ld be perforﬂediﬂﬁidoﬁﬁt i on.

Provi si on of " WAFSStAL! & pressure Is par when processi ng
waf ers or mauonmmmﬁmmamm@gmméeﬁ'@tlges W t hout appl i catlon

gf hydrogtatic pr em%’g 3“3% gontinuously rotated during polishing, one half of the wafer will

PCT/ US98/ 1056&ntially be moving in the same direction as the direction of movement of the roller, while the
other half of the wafer will be moving in a direction which opposes the direction of movement
of the roller. Consequently, the velocity vector of one half of the wafer will add to the velocity
vector of the roller and tend to increase overall velocity, while the velocity vector of the other

25  half of the wafer will subtract from the velocity vector of the roller and tend to decrease overall
velocity. The resultant “push” on one half of the wafer and “drag” on the other side of the wafer
may give rise to a nonuniform removal pattern.

This problem is addressed by setting the rotation velocity of the roller much higher
than the rotation velocity of the wafer. In this manner, the velocity vector added or subtracted

30 to the roller rotation due to wafer rotation will be inconsequential as compared to the overall
much higher rate of rotation of the roller. During polishing, for example, roller 14 is preferably
rotated at a speed in the range of about 250 revolutions per minute while wafers should be rotated
at speeds no higher than about ten revolutions per minute. A roller rotated at this speed and
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polishing roller would exert full pressure across the central portion of
the wafer but |ess pressure at the wedge-shaped edges which, due to

t heir wedged shape, are spaced fromthe roller. Application of
hydrostatic pressure tends to "push” the wedged areas up and present a fl at
surface wowsisisz rol l er, thereby yielding a nore unifornpgrnpsysiiessed
surface. Alternatively, inflatable 5 bl adders can be used to control the
downforce applied to the wafer. If a roller having a relatively t hEn

cross-section is used, the airspace inside the roller could be pressurized
to.yi el d abayipg adipmeter of eightipches, ap Brchye A Farugfersne of gprreximptgly two feet,

Several CORfufitadd 4 Sifacdépred BTLBO RV ABMRER b BeOfbvbIRtidE SdvgEeraiiiacICe t he

uni form pol i shing and pl anari zation provided by the linear raqller.

The wafers may be fpetheEfpcios g Rolishing uniformity g the pghstent gifser thay thegjroular -
Moreover, REINER D WhtbhasR8 RS kanslald WiBRath Y pAIRhing rélleR ISiedthe Wafdt &

predeterm ned anmount in arder to _achieve uniformty. The discrete rotations

of the Saf sirculsghe dength” of theggian of lineas rovtget detwaenhe walsrand miley willcowtinpallyons. | f
ten passes dfhbela0 tRGvdlHBamdt@ exfosd R the rofdndrbiRes or decredBy, EhccbringRy, B

discretely rotated between each pass, a rotation of thirty-six degrees
(36[err]) Isonsanedownward rolier foreeqis applisds the sesult willkbe myeqnstantly; varyingamguntofe

revol uti on. egsgj:%ircﬁag&%y@ﬁér sqm@ A {ermrgﬁ‘&:r 19'&) &Ewafe%dew%{géngaﬁtf&t ed at

hi gher spee el ng pol1shed. Continuous and hi gher spe

rotation ofthisipeobicat. de amawnhefdoynforee applicd ie fhgiwafes cowld e aentionally edivgtodies
resul tigg f&é&ﬁmayiedamhaﬂw&&ws Hﬁgtﬁfﬁx&{ermfotﬁ%ra 8f BB Surthck. the

wafer i's only rotat'ed In this manner an L nslated, however, an |
i nt egral nuldebi0 way beifreprogramuied, o avtemati¢ally effect thisadjusamentd to avoi d ; :

creation of a nonugj ae‘;gg,v &Efﬁﬁ thaP. it er f] o f -
If wafers are cont ?lﬁ(}}ggs yr tsg%agg urlf’ng p’lﬁ%g‘lgﬁlﬁ%a,%)o&nsﬂgﬁlﬁ&gfog%ﬁ%e waf er

wi |1 inghepbant orfhdilitylst-whighy it isjodated: e onmskillediin te aift kmpvess fopiprinihizedsa | on of
nmovenent of _i. hﬁrew ' . k f: . W Shiad -be
noving in acr%‘!&rﬂ(gi[ccﬁ)lk on %&gb%oses t a%‘?%lg%tl?gﬁ&é?ﬁﬁmo%&ngnt fngi%dsl of the

rol | er.15Conefepjant mpd jndustrial werkspede: yTheensesent inventionepévmits ugsf ofihpolighing rollgr | | add
to the vel ogj A : t ' al |
mﬁ@pém%, ¢ in sizs %86d e o? thelwifer ?%galgt A g,g& htaﬂig Qﬁfaﬁ@é@oﬂi@%¥

vel ocity, e vel oci té vector o t her alf of the wafer
wi | | subt r ainches,fonexample,conld b¢ uspd tocpotishywafiirs having disgmeters of pightinghgs. tThisjeag ease

Il | @Gl ; " y fowidn 05 d
overa ngg‘ﬁ %! r,E&'émon?gst Eﬁwgrgtmmféﬂé&alng%&%mﬁ&, nén bhe wabker an

“drag" on tfie er si \ ) y give rise to a nonuniform
renoval pat camplex and bulky overhead carrier meclmhisms gndaivecision mobotivs feomaveowaiers e t i ng

the rotgfio ' ad R ' ine stdgahy. t he rotation.
vel oci t?/é of %%{%Qge%#ﬁpé%gker ?ﬁ‘g&"ggl@g‘gﬁrﬁw\s/s&gt or added or '
subtracted 30 t cAnother enahodimentofthetprasent ihwention isiliystrated intRigured. Rpllar tasd

i nconsequent al.. .ed. i r t o 0f
rotation of k? ﬁléhzr%%iaI@%[’ﬁ%‘%ﬁ%ﬁ&?@#%%Mtf%?rogdaan%%?ﬂpgﬂggg' ﬁal@ i

pref erabl y mounted abovetretaisthgaing #6sphichchalds a wafer 4ghspppeorted dyagas 268uiddilied ut i ons

per mnute ' : | 44 ‘e vl : | t han
about ten r‘étvlg‘#egfs p\%in{s per m rﬁtlée).ﬁ)dl@) ?ﬁbﬁg{rusraé!tsa{)ly evclfmaet&tgﬁlﬁésiég%ggghan

6 25  delivery tube 54 injects slurry 56 between the roller and wafer during polishing.

' The thin pad configuration of roiler 42 is useful for generating electric polarization
fields during polishing. To engender such polarization, a thin metal film or conductor is
embedded between layers of the polishing pad, and a thin metal film is disposed underneath the
wafer (not shown). Since polishing is an electrochemical process, the presence of electrical fields

30 created by such polarization can enhance or retard polishing rates. When polarization is
employed, the slurry chemistry must be carefully controlled to prevent problems associated with
enhanced removal of barrier layers and/or adhesion layers from the wafer. If desired, actual

current flow can be effected by using a perforated polishing pad or a pad having micropores.
Eldtaddanhotsnaidy
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havi ng a di aneter of eight inches, and therefore a circunference of
approximately two feet, woul d have a surface speed of 250

revol utions/minute x 2 feet/revolution = 500 feet/m nute.

Anot her factor affecting polishing unlformty is the inherent effect that
the circul ar wooesisagshape of the wafer has as it is transl at escasdgngsent h
the polishing roller. Since the wafer is 5 circular, the "lrength" of the
region of linear contact between the wafer and roller will continually
change as the wafer dianeter- exposed to the roller increases or decreases.
Accordingly, if a A rollerussidifonpolishingsaearal wafirs simultapequslyiisilluppated daiFignree

resul L w1 ©%chaiyNahaBh s ofaia iR Bl limylmneous BELAGE bt BfipGRRtee Per

squar e centinete war er Ssurtace. ensate 1ToOr
t hi s probl en§2at62b aud@en Therivafers am transtated ampsr ireligr 6binithacdingetionrof emew 64.Ehree

ti |1 ' .

squar e cent i B Rltiled: B oflERESAM e dr3 1 iR St P R P

pr epr ogr anmedésiveat rmmbernaftwabess. | y ef f ect t his adj ust nent.

Tool 10 h . l. ' that,.. ' ' .

amount of space. " MiBmien R winle.s, & 1By Bepoliby BT P bhoth 4 ol

one skilled éammneroampyxhgmpnsmoﬁammm@cﬁmnbﬁpr@essmgopemiohbhwaﬂexsmey)r I n
duct h dust due,taq.th

i gh cost . 16 PRt BINE, FighRe d Sapkl KioubiES: s SHSuE0 £

pﬁr m tfs usg €léaningroller I atidja medrclbl?gy station 72 arpdtiped sehpkeatially aboveen translation el oe ﬁf

t he waf er. bej er .ha er .o nches,

for exand o BRE7R YR el bt e A Bt O Ry 2 ihe lsftlon pf oy

i nches. Thi lsRetﬁnmgnng 75 1samh)€drmhat?I@&sﬁcﬁdwwmmrmmnﬁdtﬂe@gecuon of
conventi ona often

o hond oo gerast TAraBy IS s et 46 B B Hing P ation paS e kel ole 20 50
cont act wi t hshay tibe 6t W@Eneﬂiﬂnisﬁlhnﬁﬂrncgag& shfg béthemgifh er76la8d rollEr0TRRushg 0

st ati ons. ot J..e 0 t e rese nveption is
i 11 ustrated Poishing, Vhen Plﬁ%ﬁ“fag?“/? shing is comp, ?lf 7# §‘P n# %°E‘Wﬁl i cal
rol|er ppsd 4aeﬁmgrpbﬁdomwmthaomm Fiduré P Ddﬁrfgc%mg-fﬁﬁibeé&ehﬁerymechmmunt ed

above ret ai nj i ¢ch hol ds waf er ed by a gas or fluid
filled T8 thay d‘!f a\é\g@%& P?W?’?grab‘f‘g*ﬁsﬁ'e about its axis by
virtue of spindle 5ZXjincandfes afd lﬁﬁoces&ab‘fav@fpyadsu&enﬁ%gmm hephegérit Y 56
between the roller_and wafer during polishing The thin

pad confi gur ipvension dends ifself torin gty ‘P%as‘HS‘B?”Eﬂ ang 8"5"'@{%‘??8? of filmghigkness and pniformity

Ioolt ﬁr i zat It Olno;].; wlafer staths. eAﬂ&n%ﬁUtrBeﬂﬂzeﬂ %lkﬁﬂidﬂ&fergﬂce trmﬁrg a&lluﬁdi'w nmkﬁfrbhxdat tion,
athin nmetal filmor conductor is e en ers o

pol i shi ngP pafostafshewaley face s exposad; eyen dwing ﬂ'efﬁaé?m%%@é{tsnﬁfyr@smd an

waf er (not shwidred STHE B EO&dnﬁéyt Mcbrﬁreﬁibnﬁl' emrgstb.am Withre PMafefems typithlly :
presence of electrical, fields created such pol ari zatio an hance
or retard poP?“éPH“f?S“F‘%lf‘é§mWfé goed Joyer ‘i°§°wn‘“°°°“ \%‘i‘éﬂ sr‘mém& urry

chem stry nughd, b&ase@reﬁiwhﬂehocsmbrd&érmlet&a@d’ewrorﬁbﬁmrags associated with
enhanced renoval of r“ic ayer s .and/or adhes;j on Fe%ers fromthe wafer.
‘E}?LF%‘PFE‘

| f desired, actual esire tatipr, O $eBSPre, cancbe; Wilized, 19, gengrate org precise
per f orat esl D%Wsmﬂﬂmmucmeamd/aamemw ThROHE Purpose of metrology station 72.

Wafer 76 may be moved forward from cleamng roller 71 to metrology station 72. Metrology

station 72 may generate measurements of film thickness and/or uniformity through the use of,
for example, an emitter 69 and detector 79. Other appropriate measurement or detection devices
could be utilized. Depending on the results of the measurements taken at station 72, the wafer
30  could be returned to station 70 for additional polishing.
Since belt 73 is bidirectionally movable in the direction of arrow 74, wafers may be
oscillated forwardly and rearwardly as many times as is necessary between polishing roller 70
and metrology station 72 until a suitably finished condition is detected. One station (not shown)
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WD 98/ 53952

PCTI US98/ 10562 : A roller useful for polishing several
waf ers sinultaneously is illustrated in Figure - 5. Polishing roller 60
has a length sufficient to allow sinultaneous polishing of nultiple wafers
62a, 62b and Wa@ogs3bke wafers are transl ated under roller 60 pgrisesess2
direction of arrow 64. Three wafers are illustrated, but-roller 60
could be of a length sufficient to sinultaneously polish any 5 desired =
nunber of wafers picted in Figure 6-8 plurallty

of rollers m%@W%@alwmu@membem&ewcwamge¢° WRRigpdi ng a

posi tion angngeyke :?mﬂ] Uire GlpaRii o RSy il uRIBESiRY dtAidng) s Well &Y compfext NeY
are transl at ed underneat l‘g&rol l'ers. Figure 6 delgélc sna pol i shllr?g or

pl anari zat i Schagisms, foy gnoving wafers betveeghiprogessig | sations;  Thel seaumai Preseingt ati on
72 arrangedg éﬁgﬁgﬂ% hat ?éa%vsemeyséﬁse&k@ﬁrb Qﬁ%ﬂsxﬁ&w%&li e frded fREI U 73

I s novabl e bac for under neath the r ers int di rectlon of arrow
74. 5 Reombinatiog witha gonfigutationssucteas thatishown elfigure § tepranit saguentisl procsesingr 76
for novement . El‘pﬂ%ﬂ'ér&ec“on of arrow 74. In Figure 6, wafer 76 is
at a poli shi’ ng 6’1 anari zation position underneath roller 70. Slurry
tube or delivery- mmlxmmmmmmmtm@mWamm\emcwmrm |l er

70 durin LS J: I gé I bel t
73 rmvesgwaf8 gra“d/?%‘rlg'ﬁﬁ/ar E(lg a%@ﬂ% e‘é%&h%%’g'g‘lﬁ‘f’é%uﬁog er%e)@t%&%tgf ﬂner 71
(Figure 7). Mtergoddmme@pn @row BE). Rplleisll,lwhmhyotatwh aplockwise directiofl Grmowy

I ntrodu a ni n Ut i.0 | | er

Si nce wg&er s‘@i%gesp? sPeY él?%b er§4g> elgge{(]fbxi\%fggéo ll?f)thaapsm“ﬁegvf‘ﬂ %ﬁﬁfﬂg‘{}’ ¥ té%n %f 8,
the present forces on thd toyandtbottom bfalmjwafe:taselis‘pohshed md3rahsiatetda the direation ef amow
observati ong of f |

ni formt -at
contact betweén rt?ﬂ“iﬁ]%te rggZn"?i"‘y aﬂ{jgﬁco@w ‘%31 %ﬁge"g’oﬁrg}e\ﬁ%v?f St l?\"&;téj %beand
20 . nost. ofwaféte)mﬂﬂnyfeadﬂhd mllersx (emphite 87 \epreferably Fabrigpeddifiond sfiexitdethgge

easily visua Lrye
conventi onal ?se%qarai% f‘%al’%%‘ae 5’?& e%mufme%mﬁ l"’en‘gga?ﬁfeured
wthin ascaralénefor hmnh_mmtmrmmhdny oﬁnkprdvnémt;aieskmihadenﬂtodumm act with a-

pol i shi ng pad conseq a not easi. bse l e

accessi bl e for noni ?8?‘?"% .n“pmve & Polising r&m‘ﬁt‘ 88@# ‘gy%‘e ﬁ?"%(’qg i on
or sensors afiy beforthed \ivkleshthﬂg:gewaaéms om iteerdid,. eSdvaral éamplesrefianl sollerstase Of
fllmthlckne d/gr -uni urpose of. nmetrol o ation
| iepisrd Rl b 15 bl o Bl Rt oo aBE e et il s 2

rr]rcat ][ o: ogyhstmneﬁm()?o?mgm 11ab ?Qﬁedmthacﬁoﬁ-ﬂmbhedbr Jodbleriral) pae o, mmsmmerrelnt s
0 il mthic or uni orm t ro use anmpl e,
an emt t%9r dﬁ‘ﬂ'eag ﬁ?ﬂesﬂf‘mﬂ &o%rh gg??n&gg’ef?é‘hs(ﬁ*gﬁéﬁ?mo?e ‘E@t i on
devi ces If mecawk @it anngrbbvemde ddep mn&hnge g;gwidw ;Falﬂgbﬂgbﬁs dulméahﬂdby the .
neasur enents taken L O r u e ret.urn to
‘station 70 f8"P°‘§Eim F‘I"“ﬁ&‘lﬁ])i‘zeﬁ? Efg each otier and will act as e‘n%‘?é‘ﬁ’f‘al?%dis
bi di r ect i onasepmem®oriiht Wafersuitfite, Etich fdividuil sofment willtct &4 a sepiraie Holishiny member.

' The advantage of cutting grooves or slits in the rollers is derived from the usual -

25  layouts of wafers having microelectronic structures formed on their surfaces. Typically, the
components, devices or integrated circuits (collectively referred to as “dies”) are arranged on the
wafer surface in a checkerboard or grid-like pattern. Ifgrooves are formed on the polishing roller
and are spaced apart on the order of the size of an individual die, each decoupled polishing
segment will be in contact with only a small number (in the range of 1-4) of individual dies at

30 atime. Hence, if local nonuniformities are present on the wafer surface, only individual
segments of the roller will be affected rather than the entire roller surface. The exact pitch, -
pattern and spacing of the grooves may be varied depending on the die size in question. The
pattern used for a 20mm x 20mm die, for example, would be different from the pattern used for
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oscillated forwardly and rearwardly as many tines as i s necessary between

polishing roller 70 and netrology station 72 until a suitably
finished condition is detected. One station (not shown)

8 WD 98/ 53952

PCT/ US98/ 105%d 98/53952 may be utilized both for |oadi ng andpeeitspsdosss
wafers onto belt 73 for processing. Conventional CWP systens, by
contrast, require separate |oading and unl oading stations, as well, as =

conpl ex nmechani sg,s for noving wafers between processing stations. The
sequenti al ﬁtl fbﬁﬁn . configuration of Figures 6-8 may be used to

pro;:ess waf ers inﬂiﬂﬂﬂtbﬁbb&nua@fnemfogmﬂﬂbWﬁfeﬁumfoﬁﬂx@i’slﬂittdsé)ﬂfwirishnia -
configuration . such a at n Fi qur.e, seqyent.i a _
processi ng m°“°nm(9f‘m @%ﬁ%?ﬂmgﬂ“s‘sl’mmg{e poetion Vith the ¢  at es

anot her enbgsh ofsfitlor g:foow‘rdaeolmeswmgm fidtfabricy Osidelt5-5ia8 motort mfe@b}ﬁ{ﬂuasomc 80
and 82 are utilize RoJler 80 is a pqglishing roller positioned above waf er

84 and rdt ap@ucs ipefiective inprevenhing apeven PRIRHEE- di r ect i on (arrow 86). Roller 82,

which rotates in a THeQfdéit Mmlerftibh Ao peiits(PdituPud chRditiorith. RefRHS nbW to HigdreSh
wafer 84 but is a_sta |I|Z|n5; roIIer that provi des an egual di stribution of

forces on t A acepditionsr appl ted ahpye palishing rolier|] %@epﬂmamdwam at ed
in the direg menpﬁipaﬁsmmnen éﬁm&e& Pk b6usf 4B sl ) 143,

conjunction wth'this enb owrer%f or stabilTzin waf er (s) unti |

they reach tWhie thejlovesr gortiqreefiselier @msmwmbrmbasngq@mﬁmowm\@fer
flexibl g9 ryggedgsi asdlsémgeﬁbieﬁbusﬁwae@mfﬂa&%gm&ﬁédxﬁé rirf3d8b Bacihdd®

enbodi ment i I lustrated 1 n Fi gure use one "or "I n conj unction '
with any of tembelipi4drhinhds ?duwewlbwvmmmm@n of arrow 150. Bladder 152 mayg

further 'rmrb@)sssumt:@sem&h% gk f ri ?43%5 WB%?‘% ;egsmewmemmnﬁuesh' ng

rollers may formed wth sli erns cut thereln.

Sever al exar?ﬁ%@fw,smmnwedmm ed@bﬁh@mqeﬁaﬁ@ures 10-12.
Rol'l'er 90 of Fi gureqfdyohf gxﬁ’%%@flﬁéﬂe‘iﬁls%ﬁ& gg%&ﬂ'xfléhotgé&&Xﬁtgﬂtor

Rol l er 100 of Fi gure 11 1S forne a cross-hatched or doubl'e-spiral
pat t ern1302. dehomoéucﬂgwhwhero@ﬁrmdgm@xme@& conteasty it @éymﬂalhcnqceaavaﬁo l@kooves

112 formed thenhghly of cbifen VS rﬁ’ar Ppltﬁ'e polxshmgo%ah; é}éﬁl ridit e slits

and grooves) are eep enough, the in |V|dua pad” sect.i by the

grooves wil | be rrecﬁaﬁ pemwmleéwpll@cponﬁmt@a% Hesgribed rhepgindisith¢ problem efs
smal | er, i ndigg r
>t ¢ V’\l‘ﬂ@ﬁéalgjé wafers With '’ ﬂafl?trﬁ@:ﬂ@s b eﬁaaﬁ@ sepaftiflg the

t as a separa

v dual aégcﬁwﬂuaé dies. g ralisue s borometpreciely ligasd Wb aleneh dusingipsfiiag) tr om
E)Eet EZ :J ‘r”ﬁos 3 ad ééélgeX ‘ﬁ#&ﬁ g }9@1& ?Jlﬁw*lﬁé’t'réﬁ% Binitdu? SOE intPBE Botiohd sfGhe tach Lty med
penetrate too gegply into the wafer and the die. Experimentation has shown, however, that it is
more likely that the interconnecting features and other mechanical support structures distributed
across the wafers would act as bridges or stops and essentially preclude dishing or penetration
of the roller. Only in the unlikely scenario of trenches traversing the entire surface of the wafer
25 - and being precisely aligned with the central axis of the roller during polishing would dishing
become a problem. Such an extreme situation is illustrated in Figure 14, wherein central axis
121 about which polishing roller 120 rotates will be aligned during polishing with trenches 122
which traverse the surface of wafer 124 to define die grid pattern 126. |
The potential for dishing illustrated in Figure 14 is easily obviated by rotating wafer
30 124 such that its grid pattern 126 and trenches 122 are at an angle to central axis 121 of roller
120. Figure 15 depicts wafer 124 rotated in such a fashion so that all trenches 122 are at an
angle to the central rotational axis 121 of polishing roller 120. Roller 120 will not become
aligned directly above any of the trenches 122 and dishing will not occur.
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conponents, devices or integrated circuits (collectively referred to as
"dies") are arranged on the waf er surface in a checkerboard or
grid-like pattern. If grooves are formed on the polishing roller and
are spaced apart on the order of the size of an individual die, each
decoupl ed powiosdsisses2 segment will be in contact w th poi/yses/ieserl
nunber (in the range of 1-4) of individual dies at 30 a tinme. Hence, if

| ocal nonuniformties are present on the wafer surface, only individual =
segnents of the ro ber WHAR be.af%g ted . rather than the entire roller
surface. The exact&  Prajent mvention ﬁT@ﬂﬁ“ﬁﬁﬁs§ﬁQhF%ﬂmﬁ?t?ﬁ@mﬁﬁéﬁW@@mhay be
vari ed depedmbodj ﬂﬂle]?ﬂaid‘diaﬁh 'Qﬁgirés' enisnébuguﬁsga%i?a,ho{a&rf,manheﬁcopabﬂtmiﬁvmaﬂdf ?r a
Somm X 2O et Timite{ o thass Bppens embodimen. Although the linear polisbing Folles o the presént © ' "
PCT/ US98/ 10afehtion has been dosciibeliinthel &i¥kCbfSolishing and planarizing siliconVAdérE&for
potential nethod for enhigc nngafer uni formty |s_th? use of ultrasonic

noti on Pn’ cEAMPladtmight aje Hve i, pther coniexts wiste PTogessing o1 Workpipqes is Apqespatys o f |

i N conj unct Medifigdtiol njal ®e made to tkb?@le&fon,sdeis%n 2id Afafgeadt 6fhd Riponehtiarts bfh
y an ultrasonic 5  source is

frequency, side-tQ-side nofi ef fected ; .
effective itHe ﬁF@V@HFF‘ﬁgiefﬁ‘i’bﬁ‘gﬂefﬁ‘Bl Withopt,departing from the scope of thetipyentions 8%t
invention ajeg@senfelii the folldwirgldhimad conditioning. Referring now to Figure:
13, a conditioner applicator 140 may be nounted above polishing roller 142
to apply conditioner to the upper portion of roller 142, as it
rotates past applicator 140 in the direction of arrow 143, whil e the
| ower portion of roller 142 is sinultaneously polishing or otherw se
processi ng wafer 10 144. Again, as di scussedpreviously,wafer 144 may be
mounted in aretaining ring 146 attached to a belt 148 which is
bidirectionally novable in the direction of arrow 150. Bl adder 152 nmay

be positioned between wafer 144 and ring 146 to apply hydrostatic pressure
to the undersurface of wafer 144, and slurry may be introduced into
t he polishing process at 154. The configuration of Figure
13 is advantageous in that it is not necessary to halt or 15 del ay
production while the roller pad is conditioned. By contrast, it is
typically necessary to halt operations of conventional CVP machi nes
whil e the polishing pads are conditioned. ' One concern
with the roller configurations described herein is the probl em of
"dishing". Typically, wafers with die patterns have trenches between and
separating the individual dies. If a roller were to becone precisely
aligned witth a trench during polishing, the

11



20 pad roller potenti e trench contour down into the

bottom of the trench and R ol te too deeply into the wafer and the
di e. Experinentation has-;HMMﬁﬁﬂaggm}[‘lhat it is nore |ikely that
the interconnecting featu k& nEChani cal support structures

di stributed woosmssesacross the wafers woul d act as bridges opCcrUSysaoss2d
essential 'y preclude dishing or penetration of the rolter. Only in
the unlikely scenario of trenches traversing the entire surface of the =
waf er 25 and being precisely aligned th the central axis of the roller
during polishing would dishing 9&‘8%9 a problem Such an extrene
situation is illustrated in Figure 14, wherein central axis . 121

about which polishing roller 12Q rotates will be aligned dur hi ng
with trenches 122 1A mmmweréw%%écgh%ﬁ kqgﬂ‘ﬁﬁ fine

die grid patyifif § sdeffbe of said workpiece, said roller R‘Qﬁaﬁﬂl%'a@hmﬁt%ddduﬁﬁéd“&’ said
illustrated in Figure 14 is easily obviated Dy rotating wafer 30 124 such

that its gr |"(Pﬂm¥°Pé‘?ﬂa“EEB° saishverkpigrenwid rofier being fagmed with-grpeves which segment axi s

121 of rg roller into tefivi megdet S wafer 124 rotated in such a
fashi on so t at 7 trencﬂﬂs%z n:}t?e at an angle to the central

rotational axis 1212-oﬂtp@llaisshlm@i$§ﬁipbh“mﬂsﬁdlwoéfpiefzéﬁwﬁliepnwefﬂ-becone
aligned directly abgv : AR Se i6F sl Sdte Gl biii accur.
10 %ﬁé@t}léﬁ%@g&'ﬁ clafirfi B inroetid & s potishing

PCT/ US98/ 1058dnarization of said surface of said Wfer. pr esent i nvention has been descri bed

wth reference to sgvgrtﬁg ap%w%{hg{m%’r@%g%%gg%@?ﬁﬁdmg f(y JMJI’ es.

It should be realized, however _ I nvention 'S not
limted1Po tmcﬁ@tsbmﬂm@@mmfwdﬁameugh the |inear poli shi ng roller

of the present - 51 WG pﬁ?p
pol i shing and pl anari 2} ng si Pllconn er Fecﬁjﬂr t%‘)ﬁag 129,%' t m ght al so be
ef fective in other 6omteohasclm¢mcbmé@séﬁm©er@bmm;m delivswmbmy :

Modi fi cati ong mﬁn [ ngenment of the
conponent parqu?lyo?‘?g hgeehﬁd ne%{dggges}%r?%&g erezlg[rl\c;%\nthout departing
fromthe scope of tfe vabmvmdansclannl whezein ealiéworkpie¢eris miountédon aplatfogm,

cl ai ns. 15

and said roller is mounted above said platform and is vertically movable to bear against said
workpiece during planarization.
8. A tool as claimed in claim 7, and further comprising a mechanism for translating
said workpiece underneath said roller.
9. A tool as claimed in claim 8, and further comprising a retaining ring for holding
20  said workpiece, said retaining ring being affixed to and movable with said translation
mechanism.

10. A tool as claimed in claim 9, and further comprising an inflatable bladder
disposed between said retaining ring and said workpiece to apply hydrostatic pressure to said
workpiece.

25 11. A tool as claimed in claim 1, wherein said roller is mounted on a rotatable spindle
which extends through a central portion of said roller.

12. A tool as claimed in claim 1, wherein said roller bears against said workpiece in
a linear region of engagement. |

13. A tool as claimed in claim 1, wherein said roller has a roller diameter and said
30  workpiece has a workpiece diameter, and said roller diameter is approximately equal to said
workpiece diameter.
//_..—M-—A—"ol as claimed in claim 13, wherem said roller diameter is apprommately eight
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1. Atool for planarizing m—ml conprising a first
cylindrical roller includi ng’m,'mm’m i rial contactable with a
surface of a workpiece, saidil ”"ﬁllmnzl roll er being rotatable

agai nst a surface of a workpieck tlo pf asarwze the workpi ece, said polishing
mat eri al bei Rgodgzm@d Wi t h grooves which segnent said poli spcnasosiossi al

i nto individual processing nenbers; and at |east one additional roller
spaced apart fromsaid first cylindrical roller for further processing off a
waf er, wherein rotation of said first cylindrical roller effects polishing
and. pl anar i M§#%Son of a surface of a wafer. 2. Atool as clained in

claim1, wherein saisda &bl ds@Rfhed M@aimcid vhérein 8did foller 1S a lefigtidsuch 81 HaidGollef O | er .
3. Atool as clainegd in claim?2, wherein said workpiece is nmounted on a

pl at f or m an®2g plaerize p puralitynf workpipcessimuliagequslya; d pl atform and are

vertical ly movabl e 104 ¢R4seimetiah SlaitP!, kibkrRinQaid WRHPick OB rothtbd 4H8Y itsCentdl | Si N
a nmechani smfor_ translating said workpiece back and forth underneath said
pl anar i Zat i &S Wil keingplapadzd &y s3idtaleRg rol | er. _ 4. A method for
poli shing or pl anaryziAngoPasS@atine® il biaP 16, WaleRin sabfidlieV'R i Biatel 2Y h RPecd Wt | DI €
circuit dies forned thereon which are separated by el ongated trenches,

conpri si ng avpsoximately2Prgvelutions per minute and sqid Werkpieqedyrotatad 81 3 sneed qftleps than e

about a cendalvoffions biikd?at it is nmovable to bear against a surface of .
sai d wafer an sg}cﬁh tlﬁegt sald central axis is not aligned with said

el ongat ed trenches ¥8oftqoljas glaimed ig claim & wherein said wogkpjecerisotaigd sboutiity esptradr  such
that it jbeaps. gl off‘%:‘”“g@&f‘"ﬁ' sai d wafer; (c) rotating said
|?§%’ i shes or p

roller such tFlat ) .anarizes said surface of said wafer; and

(d) translating sail®- vatoel apelaired il claim tth whereintfoice appliefl i csaidarlles|tasaidi zed

by said rol Lefpiece is varied inTelation T hB A ofiR of s 'Evﬁieid? Gt Fbkbibee MGG Wigial d

wafer is suB%ol?%egﬁlsgﬁn% 1BI ?i? grm ang sgfc]ﬁfrao ear ©s m{lﬂﬁ;{ g%l aE'(;)ve sai d

pl at f or m andaidsollepved vertically to bear against said wafer. -~ -

20. A tool as claimed in claim 1, wherein said roller has a thin cross-section and a
15  thin metal film is embedded in said roller, and a metal film is disposed underneath said
workpiece to generate a polarized electrical field to enhance planarization and polishing of said -

workpiece.

21. A tool as claimed in claim 3, and further comprising at least one additional roller
spaced from said planarization and polishing roller for further processing of said wafer.

20 22. A tool as claimed in claim 21, wherein said at least one additional roller is a
cleaning roller.

23. A tool as claimed in claim 22, wherein said workpiece is mounted on a platform
and said rollers are mounted above said platform and are vertically movable to contact said
workpiece, said tool further comprising a mechanism for translating said workpiece back and

25  forth underneath said planarization rofler and said cieaning roller.

24. A tool as claimed in claim 23, and further comprising a metrology station having
measurement means for determining whether said wafer has been adequately polished and
planarized.

25. A tool as claimed in claim 24, wherein said measurement means comprise an

30  emitter and detector mounted above said platform.

26. A tool as claimed in claim 1, wherein said planarization roller is mounted on a

first side of said workpiece, said tool further comprising a stabilizing roller mounted on a second

side of said workpiece to provide equal distribution of forces on each side of said workpiece.
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6. A nmethod as cl ai ned |n cI aim4 said wafer is translated
underneath said roller cnumﬁ Mﬁ{ﬂ m‘ passes and is rotated a
predet erm ned amount prior

13 Substitute sheet - 22 Decenber 1999 7. A method as cl ai rred in
claim6, wwoesssesni d predet erm ned anmount of said wafer poIEEo8/00562 i f
added total .an integer nunber of conplete revolutions of said wafer.

8. A nethod as clairredin claim4 wherein said roller has a | ength E

sufficient to poI h or nar ity Qf wafers sinultaneously.

5. A method as ol & ascfion 1 il orbereid st hiowe e Rt 1 M o ol
under neat hpattefil. eanr ng roI I er whi ch rotates against said wafer to clean said
waf er. A nmethod as, claimed in claim9, wherein said wafer is
al so transl at ed uﬁéef“n‘@glt?‘? claimed inflaig 1. Srhersin prid GIPOVRS ave fsmec et ET0Beans for
det er m ni ngyrMa@ phtein.Sai d waf er has been adequately polished or planarized.
11. A tool for perform ng mul tiple processing operations on a surface of a
semi corfduct or waf @P- Aol claimsdgarlam i, whareia said gronves arh &rmed in 2 ¢iecuiagol
conpri sing t and second cylindrical rollers each rotatable about a
central ?s and each nounted to contact said wafer surface to perform
first and second ﬁﬂoéé@%mgbnabnmhgndWMmmgummebmmamfoters not

al i gned WI ﬁ'ﬁﬁ rmed in a wafer; wher ei n when
a wafer is rmunt%‘éll on a (ﬁg Por (m% sts{'f tool, the trenched waf er surface
faces upward, and 3t Am!;as daimed in claiindl, fnd ﬁu'thambnmésingrdond';ﬁoherdpplimtorrol lers -

iafldms)gcondmrg!(%g?{cgré‘ﬁ*lggéuerﬂ'fttlL ﬁ%r%\l}&é’g%%s ‘%Ioc%ﬁ{hﬂ ?&%m%ﬁxogr)fs%x Irgufl !

planarizes said workpiece.
32. A tool as claimed in claim 1, and further comprising metrology means for
* determining whether said workpieces are being processed in a consistent and uniform manner.
33. A tool as claimed in claim 2, wherein microelectronic structures are formed on-
15  said surface of said wafer and are arranged in a grid-like fashion with linear trenches separating
' said structures, and said wafer is rotated such that said trenches are at an angle relative to a
central axis of rotation of said roller .
34. A tool for polishing or planarizing a semiconductor wafer comprising a
cylindrical roller mounted above a support platform, said wafer being supported on said platform

20  below said roller, said roller being vertically movable to bear against a surface of said wafer in
a linear region of engagement and rotatable to polish or planarize a surface of said wafer; and a
mechanism for horizontally translating said wafer underneath said roller.

35. A tool as claimed in claim 34, wherein said wafer is rotated about its central axis
while being polished by said roller. '

25 36. A tool as claimed in claim 35, wherein said roller is rotated at a first velocity and
said wafer is rotated at a second velocity, said first velocity being significantly higher than said
second velocity. at a much higher velocity than said wafer is rotated at.

37. A tool as claimed in claim 34, wherein said roller is fabricated from
polyurethane.

30 38. A tool as claimed in claim 34, and further comprising a siurry delivery
mechanism for injecting slurry between said wafer and said roller during polishing.

39. A tool as claimed in claim 34, and further comprising a retaining ring mounted
on said translation mechanism, said wafer being disposed in said retaining ring, and an inflatable

14
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said wafer surface and rotatable to performat |east one of said first and
second processing opera“!m&mum" ”" wherein said platformincludes
means for horizontally 3t el 18 wafer as said at |east one roller
perforns said at | east one processing operation. 12. A tool for
per for m ng wbd/asgaze processi ng operati ons on a surface of parasssossaduct or
waf er havi ng el ongated trenches forned thereon, said tool conprising first
and second cylindrical rollers each rotatable about a central axis and %ach
nmount ed t nt.act waf.er .surf.ace to rformfirst. an econd processing
oper at i ongfaﬁ‘?eﬁg‘se‘?ﬁ‘?‘f‘aﬁ“dé%‘émﬁﬂf’gm sﬁﬁ%ﬁ%?@ﬁ“&é‘@?@ﬁ%ﬁ@@”\“&r med in
t he waf er 16 @idwsgker. go processi ng, wherein said first roller polishes and

pl anari zes a fer, syr.face, and a second. roller, cleans said

waf er surface. 40- A t°°Yvai%.°{aWeHdBI°fal“Br3%pl‘”§Ffé’Pi Sffdr:’g'j’n%" - st weler ABKSi ng a

pl ural i ty agprogtivatelyl (qbilRihniclepy, €On, the tool conprising a cylindrical roller

I ncl uding a polishin terjal contactable wth a _surface of a workpiece,
said cylindrical "‘lolgé?" BéF‘ﬁ“ﬁddPéﬁa%ﬁ@ “ehermin, sqid rolley dipmeter apd sgid ¥afTpi ece to
pl anari ze g kiticBéh appforinthtddpéipit iches, mat eri al being formed with grooves

whi ch segnment said polishing material into individual processi nq menber s
wherei-n the groovis Ateokasclaimedin ciaim3g, wherein 2 groovgdpattern syt in said rolightor he

order of tsigndnt sl RilerdftolimBYidialprdtessihEmembers. 14. A tool for. S
pl anari zi ng a vvor{kwﬁi ece._ having .a ﬁiléxlp” ality of dies formed thereogn, the tool
e

conprising a cyl i ftré tog] asclaimed in R herein saidigroonedRattamitselested Bomeact abl e
Wi th qoSU@ﬁ@%ﬁhﬁa@»@é $iiraEaftern SPdrbhs hiftbhdd Yok hnd didcHiar fabAY rotatabl e

agai nst a surface of a workpiece to planarize a workpiece, said_polishing
material being f ofrettop) asislapeliy »apd Sishereampdsne 9aditiener arplieaterer i al -
i nto i ndi vhlihpla BERCGRSbIG Eonditibhie 16k BopddRtioHof SHE SolteFwiifY FodiSin Shi Ng
material are spaced apart such that each individual processing nenber wl |
be in conteeetiongf said rHEsis aolishisgsaeidwaless 1 to 4 individual dies at a tine.

45. A method for polishing or planarizing a semiconductor wafer, said wafer
15  having multiple circuit dies formed thereon which are separated by elongated trenches,

comprising the following steps:
(a) mounting a roller rotatable about a central axis such that it is movable to bear
against a surface of said wafer and such that said central axis is not aligned with said elongated -

trenches formed in said wafer;
20 (b) moving said roller such that it bears against said surface of said wafer;
(c) rotating said roller such that it polishes or planarizes said surface of said wafer;
and
(d) translating said wafer back and forth as it is polished or planarized by said
roller.
25 46. A method as claimed in claim 45, wherein said wafer is supported on a platform,

and said roller is mounted above said platform and is moved vertically to bear against said wafer.
47. A method as claimed in claim 45, and comprising an additional step of
continuously rotating said wafer about its axis while it is polished or planarized by said roller.
48. A method as claimed in claim 47, wherein said roller is rotated at a first velocity
30  inarange of 250 revolutions per minute and said wafer is rotated at a second velocity in a range
of ten revolutions per minute. _
49. A method as claimed in claim 45, wherein said wafer is translated underneath
-said roller a discrete number of passes and is rotated a discrete amount prior to each pass.
T 15
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wor kpi ece, said cylindrica rot at abl e agai nst a surface of a
wor kpi ece to planarize a workpi ece saj polishing material being forned
W th grooveswosssssssegnent said polishing material into i ndporn0sssioese2
processi ng nenbers, wherein the grooves on said polishing naterial are
spaced apart such that |ocal nonuniformties on a workpiece will only

af fect individual ogessi rs.on said roller. . 14. A
net hod as cl ai med i h él“ﬁﬁ}?\ggs %@WI 1‘?‘?&‘%“&’2‘%%’??%‘”%&%6“@)?"&“
cont i nuousl ;faddvdaétmgnmdnmﬁarofahﬁmtere&z&ummeWeﬂ t is polishied or
pl anari zed by said roller

ho s.cl ai n ¢laimlil6,
wherein said rol | erlj é“‘i’%tl"&ta%ﬂ”ﬁ‘f’dﬁ”h‘ﬁns‘@ {yqurggf»ag ’°1Wh§5ggﬁgh cignfdo
revol uti onspglizh o lmaapldraﬂgloﬁmﬁfs&imm&né@g@t ed at a second velocity in a

15. Atool for planari ZI lece, the tool conprising a cylindrical
roll.er including a polis mﬂg g' actable wth a surface of a

range of ten revo ut2| ons er aute .
15 5 18 Aﬁt od a5 auped iy clajim 45, Whsrein saidgvater, isalse twwRlated si ng a
netrol ogy Stugieresth A@lthiing ma%mﬁks?ﬁassﬂmm&a&aemﬂwet her said

| anari zed 19. A tool as

waf er has been ade uat ee‘%ﬁ?ol i shed an
clainmed in claim1l od as-rlaimed dn GlaimSds Whersin saidowafer isclsortranglpted o and

detector no Hﬁﬁeﬁﬂaﬁh HéBold sthtibh BdvirniBasurement means for determining whether said wafer -
has been adequately polished or planarized. .

10 54. A tool for performing mmitiple processing operations on a surface of a
semiconductor wafer, said tool comprising first and second cylindrical rollers mounted in an
orientation relative to said wafer permitting said first and second rollers to contact said wafer
surface to perform first and second processing operations.

55. A tool as claimed in claim 54, wherein said wafer is mounted on a platform -

15  such that said wafer surface faces upward, and said first and second rollers are mounted above
said platform such that said rollers are vertically movable to contact said wafer surface and
rotatable to perform said processing operations.

56. A tool as claimed in claim 55, wherein said platform includes means for -
horizontally translating said wafer as said rollers perform said processing operations.

20 57. A tool as claimed in claim 55, wherein said platform includes means for
spinning said wafer as said rollers perform said processing operations.

58. A tool as claimed in claim 54, wherein said first roller polishes and planarizes
said wafer surface, and said second roller cleans said wafer surface.
59. A tool as claimed in ciaim 58, wherein said rollers have a length sufficient to

25  permit said rollers to permit contact with and processing of multiple wafers simulitaneously.
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