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present iweoanlisugya rel ates to planarization of sem conduct gievedoghfoga D USI NG
a chem cal nechanical planarization technique. Mre particularly, the
present invention relates to an inproved system and nethod for planarizing
sem conductor wafers in a controlled magner over a variable geonetry
contact area. BACKGROUND 10 Sem conductor wafers are typically fabricated
with nultiple copies of a desired integrated circuit design that will |ater
be separated and nmade into individual chips. A common technique for
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Slrol

, ct
each | ayer caiPmgRNdUGOTWISIEINH Aymannerayvelgrarnaplege be snoot hed

out before ngh%cﬁtairé‘zﬂ the next |ayer. Chem cal nechanical planarization
(Oxi de-CWP) 25 techniques are used to planarize and polish each |ayer of a
wafer. CVWP (Metal-CWP) is also widely used to shape within-die netal plugs
and wires, rBADKGEAMNEss netal fromthe wafer surface and only | eaving
netal within the desj reg%ﬁl

sysi@nms, commonly R&Miced ﬁ‘)'g 2{?3?g%@%@%ﬂg?@fgﬁa&rﬁwﬁ@;‘ﬁ[@'é\égf)ﬂﬁgft&ir% E’(\)/rder
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individual chips. A common technique for forming the circuitry on a
' semiconductor wafer is photolithography. Part of photolithography process

requires that a special camera focus on the wafer to project an image of the

15 circuit on the wafer. The ability of the camera to focus on the surface of the
wafer is often adversely affected by inconsistencies or unevenness in the
wafer surface. This sensitivity is accentuated with the current drive for
smaller, more highly integrated circuit designs which cannot tolerate certain
nonuniformities within a particular die or between a plurality of dies on a

20 wafer. Because semiconductor circuit on wafers are commonly constructed in
layers, where a portion of a circuit is created on a first layer and conductive
vias connect it fo a portion of the circuit on the next fayer, each layer can add
or create topography on the wafer that must be smoothed out before
generating the next layer. Chemical mechanical planarization (Oxide-CMP)

25 techniques are used to planarize and polish each layer of a wafer. CMP
(Metal-CMP) is also widely used to shape within-die metal plugs and wires,
removing excess metal from the wafer surface and only leaving metal within
the desired plugs and trenches on the wafer. Available CMP systems,
commonly called wafer polishers, often use a rotating wafer holder that brings

30 the wafer into contact with a polishing pad rotating in the plane of the wafer



WO 01/54862 PCT/ US01/ 01044 -2 surface to be planarized. A chem cal
pol i shing agent or slurry containing mcroabrasives and surface nodifying

chem cal syigs) @4, €d to the polishing pad to polish the wghaisodligs Waf er
hol der then presses the wafer against the rotating polishing pad and is

rotated to polish and planarize the wafer. Sone 5 avail able wafer polishers
use orbital nmotion, or a linear belt rather than a rotating surface to
carry the polishing pad. In all instances, the surface of the wafer is
often conpletely covered by, and in contact with, the polishing pad to
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used in formation of wafers provide specific challenges to providing a

uni f or deN|P gmfesis aftenccamaplerely apvered byhandrisy eontaetowitt, the pelshingpad &, the
over pol | sni ndTHLG g Soedn e oAl it O BT Ralial® o8fesn ne

entire surfacerfate aimaltaicoudlyds thdtitke vadoutsciteuitsprothessafenregen ifdhanet er
waf ers has introduced an ag&gt i onal |evel gf difficult rocess
e,

.. to.the CWP
by *@&qui ri ng WA{ET BEGiNg RrQgess Perfecty Hafe mayhaye 6}&@8?&]’( ﬁ%?e%?,ns‘taﬁ‘gr eis

a need for a g@&cg HdTh 2l . ! iHaQiff &Rt fvbat oreitesnes t hese
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line 3-3 of Kome gpot¥\Of Hd walkh Zaster than others because of this differential, uneven
15 rate of clearing and may result in overpolishing of certain areas of the wafer.
Various material processes used in formation of wafers ‘provide specific
challenges to providing a uniform CMP polish to a wafer. One of the more
recent processes used, the copper dual damascene process, can be
particularly sensitive to the overpolishing that may occur in polishers that
20 simultaneously polish the entire surface of a wafer. Also, the trends to
process larger diameter wafers has introduced an additional level of difficulty
to the CMP process by requiring uniformity over a greater surface area. ‘
Accordingly, there is a need for a method and system of performing

CMP that addresses these issues.

25 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a side cut-away view of a semiconductor wafer polishing
system according to a preferred embodiment;
FIG. 2 is a top plan view of a wafer carrier assembly suitable for use in
the system of FIG. 1;
30 FIG. 3 is a sectional view taken along line 3-3 of FIG. 2;



-3 PCT/US01/ 01044 FIG 4 is an expl oded sectional view of a polishing pad
carrier assenbly and tool changer suitable for use in the systemof FIG

1, FIGS. a#y@aRB4sdal ustrate top plan views of different enbgdipngmisial a
surface of a pad dressing assenbly suitable for use in the systemof FIG

1; 5 FIG 6 is a block diagramillustrating the comrunication |ines

bet ween the m croprocessor and the indi.gidual conponents of the polisher of
FIG 1, FIG 7 is atop plan viewillustrating the novenent of the
components of the systemof FIG 1; and FIG 8 is a diagramillustrating a
waf er processing $yGténs an@&ptmdedtsien@onal@ietvhefavab&him@paénerrianf FIG 1.

DETAI LED DESCRI PT PRESENILY PREFER In order to
address the &Sém&&\é% E‘é angersuitgble Qouce Rﬁﬁa SX%%\% aaf er polisher
i s disclosed bel OWIGQaBACWIII%%t&@p'ﬁW Ol‘éWé df@ﬂnﬁe&bnm&»@d[mﬁnft@bf@nce and

flexibility, as well as avoid over-polis |n%and assist with rowng
pol i shi ng unistiofiens of agfadwressisg @S@@Bbb’cﬁl&mﬁb far pse éﬂﬂh@ 9(Y§t§5T‘é?ﬁE|f | ayers
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waf er carri ethasf@obrocekdor andtid mellvrduat campentity oimeaptnllsmepaﬂF@ dressi ng
assenbly 16. Preferably, the fer carri ssenbl ad dr essi ng
assenmbly 16 are m'S{ﬁgt &8 plorp a%WiIE‘Str‘Pﬁ'ég %‘PveéPPFB ?ﬁ ncl udes
a waf er head @%%éﬁ%fqﬂgaﬁgﬁ(ﬁt 22 rotatably connected to a rmt or 24.
In a preferred e I ment he wafer head 20 is designed to, nmaintain a
rigid planar surf&t@. 8lima diagramitigstratiag wales OIS INgpBISteMiinfPrReTafngs sur e
S ceived f ogn{ah g gf;r_tl?er assenbly 14. Preferably, a circul ar
beali ng 26, uaport, I s positioned between the wafer head
20 and an upper surface 28 of the frame 18 along a circunference of the
waf er head 20ETAIICEDEDEST RIFOMON CETJIHE ARESENIHO PRIBFERREBf er head 20.
Al ternativel s MBOSDMAERITSarri er assenbly 20 may be constructed with a 30
shaft 22 having sufficient strength to avoid any defl ections. WO 01/ 54862
In order to address the drawbacks of the prior art described above, a

wafer polisher is disclosed below that can provide improved polishing

15 performance and flexibility, as well as avoid over-polishing and assist with
improving polishing uniformity of wafers produced with difficult to planarize
layers such as those produced using copper processes. A preferred
embodiment of a wafer polisher 10 is illustrated in FIG. 1. The polisher 10
includes a wafer carrier assembly 12, a pad carrier assembly 14 and a pad

20 dressing assembly 16. Preferably, the wafer carrier assembly 12 and pad
dressing assembly 16 are mounted in a frame 18. The wafer carrier assembly
includes a wafer head 20 mounted on a shaft 22 rotatably connected to a
motor 24. In a preferred embodiment, the wafer head 20 is designed to
maintain a rigid planar surface that will not flex or bend when polishing

25 pressure is received from the pad carrier assembly 14. Preferably, a circular
bearing 26, or other type of support, is positioned between the wafer head 20
and an upper surface 28 of the frame 18 along a circumference of the wafer
head 20 in order to provide additional support to the wafer head 20.
Alternatively, the wafer carrier assembly 20 may be constructed with a

30 shaft 22 having sufficient strength to avoid any deflections.



-4 PCT/US01/ 01044 The wafer head 20 of the wafer carrier assenbly 12 is
further described with respect to FIGS. 2 and 3. The wafer head 20

pr ef er abl wowns4gs2 waf er receiving region 30 for receiving ppRdusioiugi ni ng a
sem conductor wafer in a fixed position during polishing. The wafer

receiving area 30 may be a 5 recessed area as shown in FIG 3 or may be an
area centered at the center of rotatiop of the wafer head 20. Any of a
nunber of known nethods for maintaining contact between the wafer and the
waf er head 20 during CVMP processing nay be inplenented. In a preferred
embodi ment, the w%@fwaféﬁﬁ@éd/?@@fﬁreaﬂaféaceﬁietriaesématy Poisifadherdes a
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afts 34 and fers na

ded. d d head usi
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surface 40 of carrier head 38. The polishing pad 36 nay be any of a
nunber of kn@memilméﬁahi@ benwsast toaallowsior aagcauRdP Qﬂ%ﬁfépﬂzti)ﬁgwéﬁ& pol i shi ng

sem conduct or, in
conj unction \ﬁt{!'\%f @8@94@ Ve sélgﬁrdr'@&é ﬂ%u@%%asg%%éﬁg? Hg\%{%%r@r a@glg (% from
Rode[ Cor por atthesives, deircuraieeentidly Atiestedatamp) or, surfaeeﬂadsmayrobea d:quls!t ruct ed
of a fixed abrasjve material that Ff?n haﬁsegﬂiare an % rasi.ve dont ai ni ng

slulty. At hGIRNPR HECS, QA mee waler i € movably positione

between a recessed location within the wafer head and a position extending
away from the wafer receiving area 30 of the head 20 to assist in loading and
unloading a wafer from a wafer transport mechanism, such as a robot. Each
wafer lifting shaft may be operated pneumatically, hydraulically, electrically,

20 magnetically or through any other means. In another preferred embodiment,
the wafer head 20 may be fabricated without any wafer lifting shafts 34 and
wafers may be loaded or unloaded from the wafer head using a vacuum
assisted method.

Referring again to FIG. 1, the pad carrier assembly 14 includes a

25 polishing pad 36 attached to a pad support surface 40 of a pad carrier
head 38. The polishing pad 36 may be any of a number of known polishing
materials suitable for planarizing and polishing semiconductor wafers. The
polishing pad may be the type of pad used in conjunction with abrasive slurry,
such as the [C 1000 pad available from Rodel Corporation of Delaware.

30 Alternatively, the pad may be constructed of a fixed abrasive material that
does not require an abrasive containing slurry. Although the diameter of the

polishing pad 36 is preferably equal to, or substantially the same as, the



polishing pad 36 is preferably equal to, or substantially the sanme as, the
WO 01/ 54862 PCT/ US01/ 01044 -5 di aneter of the wafer W ot her dianeter

rati os ofwigw@/sagyzi shing pad and wafer are contenpl ated. Ipemovsd1eaedi nent
t he polishing pad size may be anywhere in the range of the size of a
single die on the wafer to an area twice as large as that of the wafer.
Pad dressing surfaces having a an area_greater 5 than that of the wafer my
be advant ageous to account for a wi der range of notion of the polishing
pad, for exanple in situations where the polishing pad is noved in a
manner that warhetcpos$tic wafer v, mieetelenm‘tenﬂaeopoftmpmghp@paﬁénabf/vafesm
I mginary |line forned betw&ien t he CQfﬁ.ter \%ﬁ vvafer and the center of

d @P8

the pad dr es&ragosiempiated. In oBRFIRPIAIMESL, %?%p?ﬂéﬁeafngy Rl e pad 10
dressi ng hea%@%e?&mttﬁgnéﬁé@ef thtemfrz@we@sm@é a@ &ﬁﬁhedn@réﬁtmsn bRadits
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that are r nore slurries applied l1nes 52 that be wit hi’
t he spindl e 4&e pad@r@&mgswlmneelm embodimertts ywhere maere than ElSﬂ‘IQiGQandI e dr| ve
ass ly 54 unted, to.a s dl e, tr Qrt n t
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deVl ces havi pgefratipBufieldnatd @omﬂ@drpém%pmt the sdlighingl pabtidedd, or a
rotating armnechanism that are capable noVi artt he polishing pad to a

plurality of di scridesgsoeartiebhrachad 'SZBrefoébWeﬁt@Ché ? AFPINGIR AL dRioygh
operation.  heagRnAtbhal ngez;@@é%ﬁéxsfé%a%h%ﬁ bBAEITHE 168 'cRERgbNC

polishing pa ing pad carrier head s desi gned
to allow for prafenahiyeaﬂow$ farlietesghiangkability batween ipadpmsiriiertigagispifdsa thadr ds or
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easy access imfbfgedtftdand any associated types of abrasive polishing chemistries.
As shown in FIG. 4, a pad 36 may receive abrasive slurry through
passages 50 from the pad carrier head 38 and tool changer 44, 46 that are
fed by one or more slurries applied lines 52 that may be within the spindle 42.
20 The spindle is rotatably mounted within a spindle drive assembly 54 mounted
to a spindle transport mechanism 56. The transport mechanism may be any
of a number of mechanical, electrical or pneumatic devices having a
controllable reciprocating or orbital motion, or a rotating arm mechanism, that
are capable of moving the polishing pad to a plurality of discrete positions on
25 the wafer during a polishing operation.
The spindle drive assembly 54 is designed to rotate the polishing
pad 36 on the polishing pad carrier head 38 and it is designed to allow for
movement of the spindle to move the polishing pad towards or away from the
plane of the wafer W as well as apply a totally controlled polishing pressure to
30 the wafer during CMP processing. lt also allows easy access to the pad
carrier and facilities assembly automatic replacement of the polishing pad. A

suitable spindle drive assembly, such as the one used in the TERES™



carrier and facilities assenbly automatic replacenment of the polishing pad.
A suitable spindle drive assenbly, such as the one used in the TERESTM WO
01/ 54862 wWOlJ1d36sd/ 01044 -6 polisher avail abl e from Lam Regearngde1/npor at i on
in Frenmont, California, nmay be used to acconplish this task. The spindle
transport nechani sm 56 nmay be any of a nunber of nechanical or electrical
devi ces capable of transporting the spgndle in a direction coplanar to the
waf er Wbeing polished. In this 5 manner, the polishing pad 36 may be
precisely positioned and/or oscillated, if required, in a linear direction

about a posi b&%&*%aﬂerfﬁﬁhuénpf?eé@@rcﬂ/ﬁ& oMtionAn Peshmene Esliftgniassriybl y 16
is preferably positioned adjacent to the warer carrier assenblé and
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consist of multipl e rotatable surfaces in other enbodi nents. Preferably,

the pad dressing AsRRéBregsng a@@mlmﬁﬁ%‘@@f@@bh/dms&med adiasent tetheur f ace of
h f f
the warer Wg&?&ﬁéggggﬁ%@gbs@%ﬂd% %s tﬁé]ﬁ?]@?éﬂrfr\é?taﬁé&ﬂb& 14, tﬁ?e

dressing ass i shi ng gad 36, 20
consi sting ofdr@smg\gé;semblyshﬁab Idesnglmedtto Iprevide adsiju aﬁmexsmfcandmliﬁmgf t he

pad, . dressin sse is affixed a pad dressing head 60 attached to
a stHhift 62 rg’f‘atciﬁﬂ gvrﬁtljg'@élp'ﬁ ing RaG %é) In order to assist in

mai nt ai ni ng the lméﬁé'é\'ﬁbbdi}hehpﬂwé’é‘l@e%‘fﬁ%b&@e%ﬂrfa@é%%tH{ebEdt he wafer W
a plane adjustnent nechani sm 6 66 may be used to adjust the position of the

pad dr essi ng dpSssingsasasnblyds is @f@ﬁ@@%@bﬁtﬂ@ﬁiﬂ"y the saplecacthediras ofiha
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runs. |In onelagbeongrhaNe themtiaslarsendf the pelishiag paddn vtHerenibodimbatsi sm may be

an 16‘5Ct Ve Additionally, the pad dressing assembly may also consist of multiple rotatable
surfaces in other embodiments.

Preferably, the pad dressing assembly 16 has a surface 58 coplanar
with the surface of the wafer W being processed The size of the active area of
the pad dressing assembly is at least as great as that of the polishing pad 36,

20 consisting of a single or smaller multiple heads). The surface 58 of the pad
dressing assembly 16 is affixed to a pad dressing head 60 attached to a
shaft 62 rotatably mounted in a motor 64. In order to assist in maintaining the
planarity of the pad dressing surface 58 with the wafer W, a plane adjustment

~ mechanism 66 may be used to adjust the position of the pad dressing

25 assembly 16.

In one embodiment, the plane adjustment mechanism 66 may be a
mechanical device that may be loosened, adjusted to compensate for height
variations, and retightened, between CMP processing runs. In one alternative
embodiment, the plane adjustment mechanism may be an active

30 mechanically, or electrically driven device, such as a spring or pneumatic
cylinder, that continuously puts an'upward pressure on the pad dressing

head 60 such that the pressure of the pad carrier assembly 14 against the



30 nechanically, or electrically driven device, such as a spring or
pneumatic cylinder, that continuously puts an upward -pressure on the pad

dressi ng whpadse such that the pressure of the pad carri gcrassveotsy 14
agai nst the WD 01/54862 PCT/US01/ 01044 -7 pad dressing surface 58 maintains

a pad dressing surface in a coplanar relationship with the wafer W nounted
on the wafer carrier assenbly 12. In yet another enbodi ment, a three point
bal anci ng devi ce, having three separately height adjustable shafts, may be
used to adjust the plane of the 5 pad dressing surface and/or the vvaf er

carrier head. aﬁsdrééélhg%tlﬁ‘a&\@ﬁsrméiﬁfa"dé?é paderessny sdfacd k& &ﬁdalﬁ’éreSSI ng head
60 may be supported by a circular bearing or may be supporte the shaft

d
62 al one. Refreletipnghip withtas waler W medniedan FrEAfrier éﬁsﬁiFE‘b’eW?/ df pad
dressing sur y@?gﬁ%ﬂﬂg?be%ﬂﬁﬂe@aaRﬁ%e&ﬁ%nt%ﬁéﬂlryd&@QOVer fF\ré own. In 10
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different materi aI eéerjatﬂg(}éﬁés BA% év%qal%rmr? u%ﬁfsdoféatrgférr%ﬁr%a?fe of the

pad dressing head I sec i'ons and 1 nc a set vari ous
standard si zeleg¥ity s@rfialids mlmeacbrsmtpammressmg ihead 60 driexetdwabriasi ve unit,

a brush and spray unit, sprayer ot her t of kno ad dressin
serlf ces. ﬁgﬁdgﬁgﬂ@rpqdn@r eé@@gr%‘(’j%ﬁﬁ(ﬁ"aﬂ’%§9X‘E§?ﬂ¥rcplﬂ?rﬁgnﬁ%'§‘ a@é@& sec%J i on
of the surfacgraiid H‘Fedpé‘ﬁo dues sk %rﬂiﬁ%dcer’iﬁﬁn@aﬁ%dd&d@dﬁl%@ﬁém 3M and

control | abl e actuators at provid rotational and up/down notion, and
a liquid sup®igmpoex.. Ireadditiosrplurality of @ificeis, 72 feetrpaspartieg giflwd, suchace may

oppost te hal Fogonse wferaiuf Brafar by SpHe el A T, O 75

posi tioned alsersstiie sugfhe@n pad section. The cl ean pad nay be a poroneric

mat eri al such as . . .
15 The active surface of the pad dressing assembly may consist of a

single dressing feature, such as a diamond coated plate or pad, or may

+ consist of a combination of several pieces of different materials. In other
preferred embodiments, the surface of the pad dressing head is divided in
sections and includes a set of various standard sized pad conditioning

20 sections, such as a fixed abrasive unit, a brush and spray unit, sprayers and
other types of known pad dressing services. Depending on the desired pad
dressing performance, each section of the surface of the pad dressing head
may have independently controllable actuators that provide for rotational and
up/down motion, and a liquid supply port.

25 As shown in FIG. 5b, the pad dressing surface may have a fixed
abrasive 74 on one half of the surface, a clean pad 76 on the opposite half of
the surface, and an array of fluid dispensing orifices 78 positioned along the
clean pad section. The clean pad may be a poromeric material such as
Polytex available from Rodel Corporation. In another preferred embodiment,

30 the pad dressing surface may contain a strip of diamond grit 80, a nylon brush
82 positioned along another radius and a plurality of fluid orifices 84

perpendicular to the strip of nylon brush and diamond media as shown in FIG.



Pol yt ex avail abl e from Rodel Corporation. In another preferred enbodi nent,
30 the pad dressing surface may contain a strip of dianmond grit 80, a nylon
brush 82wengisugeaned al ong anot her radi us and a plurality pfr/ddowioths@ri fices
84 perpendicular to the strip of nylon brush and di anond nedia as shown in
FIG WD 01/54862 PCT/ US01/01044 5 10 15 20 25 30 F 5C. Another preferred
enbodinment is illustrated in FIG 5D, wgerein a fixed abrasive substance
86 is positioned on opposite quarters of the surface while a plurality of
fluid orifices 88 and a clean pad 90 are each positioned on a respective
one of the r&@i Anothet prefaued eentodohentis ilmstrémdeie Fl@nﬁDowr@reinmnﬁ)@d of

configurations of abrasive terial. to, abrade nd| on

Frut o o ri nabresie pustanielB i bodionct SR oface R st dife °
Additionally,zg ﬂﬂbé G?’bftﬁmi Orifi d:é%%’S éhﬂ %isdlé(@ ?éd bbléiréi eﬁBN pbgltlbii@@ onke
pol i sher 10 of Is preferably configured with the wafer carrier

assenbl y and rgwa&w@@@eﬁ the semainingiwa qitpriers of theaswfaces) Anysshi p bet ween
theig r eSpeCtHuYr?ocF?lbrf c@ﬁﬁ@)ra@én?@?gﬁrg%ﬁﬁéﬁﬁl bRr, déd&: Bh@RahakY
APt g AP 6t he pad” dr

manual | y adjusted or se essi ng eré and vvaf er
carrier head ;mdeapw&fwm’tﬂeythpqﬁdt bnd/edcm'ancnadsmatem'@lastmey bean:tlllaédiy as

possi ble so th maxi my I shi material will be
condi ti oned. Wi 3Ry ?Lﬂgbz%n&’f%}c%br@ﬁ ?r?é?lﬂﬁ’g'%a?g?éﬁ?& head is |arge
enough, and posi t w&z&n%heﬁﬁo BPKSS, 1-9 i$ b%fmb@rcmpur&rwnﬁmwrar@t t he
entire polishing pad is conditioned after one’co ete rotation of the

pad. |n ot hercarigrassembiy and pad dregsingasseimiy bawgg@em-@wamawahm(j to
COft o0, ben AT Rl AL Y RebL ok SoPd ul BolETBRA "ol Ve
arrayed radiba m;mm;lty‘adjegad@r sel-adivstingf Nso:,ahier pad dressthg beadw’aud be arr ayed
' any other wa grs cl:arr(r:]gr ngc? are preferably positioned as close together radially as
possible so that the maximum amount of polishing pad material will be
conditioned. Preferably, the surface of the pad dressing head is large
15 enough, and positioned close enough to the wafer carrier, such that the entire
polishing pad is conditioned after one complete rotation of the pad. In other
embodiments, multiple pad dressing devices may be used to condition the
same or different portions of the pad. In these alternative pad dressing
embodiments, the surface of each pad dressing assembly may be arrayed
20 radially with respect to the wafer carrier head, or may be arrayed in any other
desired fashion.
In a preferred embodiment, each of the wafer carrier, pad carrier, and
pad dressing assemblies may be constructed having heads that are non-
gimbaled. In another embodiment, the pad carrier head may be a gimbaled
25 head, such as those commonly known in the industry, to compensate for
minor inaccuracies in the alignment of the interacting wafer surface, polishing
pad and pad dressing surface. Also, the wafer carrier head and pad dressing
head are preferably oriented with their respective surfaces facing in an
upward direction, while the pad carrier head faces downward. An advantage
30 of this wafer up configuration is that it can assist in improved in-situ surface
inspection, end point detection and direct supply of liquids to the wafer

surface. In other embodiments, the wafer and pad dressing heads, and the



In a preferred enbodi nent, each of the wafer carrier, pad carrier, and pad
dressi ng assenblies may be constructed having heads that are non- ginbal ed.
| n anot hewgagtizaghnent, the pad carrier head may be a gi nbalggdysoheads such
as those commonly known in the industry, to conpensate for mnor

I naccuracies in the alignment of the interacting wafer surface, polishing
pad and pad dressing surface. Al so, thegwafer carrier head and pad dressing
head are preferably oriented with their respective surfaces facing in an
upward direction, while the pad carrier head faces downward. An advantage
of this waf eppppsiogpbidgarser fead, maythe oliented pagalis! &1 ainanthesizen@liplanssi t u

surface inspection, end,point t ' i sup | quids to
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and the WO Oiddﬁﬁf@@ aREWa#ePand pad dretimpaaticegfaping down) depehding, ormay be
oriented parallel to a non-horizontal plane, such as a vertical plane, or
even conpl et &Pgce ane inséallationgonstiainisshi ng pad facing up and wafer and pad
dressing surface ' Iis isSRRMR | |

con:‘atrai nts. 5 Askgﬁslg\?\’ﬁ’ nﬁﬁﬂ?é%?%'gg%mgher '%8§?§Bonmﬂloﬁgﬁé gs%ry a
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on a conbi naktemes thAARRE @hickdbr BalcaRsEby atusebbasensat esmbinatiéradhed by
the various 10 conponents of the polisher. These paraneters may include

rotational speewtiopal paramedersite Perreaged ppmainainesby e @roysd pad dressing

comppnent . cBRABLhEARIJIAE BolidHel! TRELE Bafdidfeld)hayP IRl BidibRapgRaal y 54,

radial pad posftionin 1on fromthe spind | 1 near transport
mechani sm 56 of thrdcarpiet heddsfor thenpad svafar and paddrégsindgeorgponantd, adj usted in

process by 15 informati.on fromihe .end pojnt .detecto . T CPU is
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pol i sher. WhbhitipR b ANESOH RothitRe RBINdE Rieal Srafepeitinigshanisnr66Sand - 6 above,
operation of the polisher is described below Aiter a wafer is |oaded onto

the waf er capelighing time gomainiaingd padhe SAbaRd adiusied iepropesby drive
ass@l Y SUChiodaddithoRthe bHBiIRALST 6 APPRERU & PrREdbS iR the surface

waf er

communication with each of the different components of the polisher.

With reference to the polisher 10 described in FIGS. 1-6 above,
operation of the polisher is described below. After a wafer is loaded onto the
wafer carrier, the polishing pad is lowered by the spindle drive assembly such

20 that polishing pad overlaps only a portion of the surface of the wafer as shown
in FIG. 7. Although the polisher can be operated to completely cover the
surface of the wafer with the pad, the pad is preferably only covering, and in
contact with, a portion of the wafer surface at any given time. Also, a portion
of the polishing pad that is not covering the wafer is preferably covering, and

25 in contact with, the surface of the pad dressing assembly. Thus, as one
portion of the polishing pad rotates and presses against a portion of the
rotating wafer, another portion of the polishing pad is rotating against the
rotating surface of the pad dressing assembly to clean and condition the
polishing pad on each rotation of the pad. Preferably the entire polishing pad

30 is utilized in this continuous process of polishing and pad} conditioning.

Preferably, the polisher 10 is capable of addressing regional variations

in uniformity on a wafer-by-wafer basis. This function is achieved by first



in FIG 7. Although the polisher can be operated to conpletely cover the
surface of the wafer with the pad, the pad is preferably only covering, and
in contawioowsuds2 a portion of the wafer surface at any gipeandonts Al SO, a
portion of the polishing pad that is not covering the wafer is preferably
covering, and 25 in contact with, the surface of the pad dressing assenbly.
Thus, as one portion of the polishingipad rotates and presses against a
portion of the rotating wafer, another portion of the polishing pad is
rotating against the rotating surface of the pad dressing assenbly to

cl ean and coebfairirg prafiée infrmadionran ¢raeh wafesaod calnulatingra polishing pad.
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particular non-uhiformties o waf er. The wafer profile information
may be obt ai nenibér ohkrexwn pesfile measureemnitechiiquasninay dei usedrtoobtain the earl i er

| ayers of the particul fer, 5 0r be. red expressl. e the
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t echni ques npyinbprobeatay Bedhati &t fdikts freg @5 8sntepbditiel wafdatcthefealgeasanpl e,
a resistance neasurenment using a four point probe may be taken at points

fromthe cendeerpinemefiggrapetigss fBese geonastiegymayha wedingonjudchedpert i es.
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I'ng pa or exanpl e, shi ng
response at measowes pishing rebponpeat devariads peind$ atang thp sadiskiohthepad) to

cal culate, Lot foh SR IETBel ionirl b PR SofbrRiiad o171 ont,
poi nt on thepgal isthiidital Bpédd ofih@ wafef Bnd padedbwrforss bpsid torthd patihe
pol i sher nenory for execution by the CPU. Prior to, and after, polishing
the wafer, tard{igweet gachtoin osHaewPslisyng rﬁ)aih)@nd/ﬁf)@t_r@_ﬁﬁr'm%fucfa@@%&ﬁbl y 12
S TR R e R Ll bPRGRERL receiving Surface
CMP process on a kpadorttocahdaftegipelishing theswpferf thereafer hittingtshafts 38 in the
wafer carrier assembly 12 are activated to lift the wafer from the wafer
receiving surface and transfer the wafer to or from the wafer carrying robot.
Also, during the CMP process on a particular wafer, it is preferred that the
20 wafer, polishing pad, and pad dressing surface all rotate in the same direction.
Other combinations of rotational directions are contemplated and rotational
speed of the individual assemblies may vary and be varied purposefully
during a particular polishing run.
Once the polishing scheme is determined and stored, and the wafer is
25 properly mounted in the wafer carrier, polishing may progress according to the
predetermined polishing scheme. The pad, wafer and pad dressing surface
will all be rotated at a desired speed. Suitable rotational speeds for the pad,
wafer and pad dressing surface may be in the range of 0 — 700 revolutions
per minute (r.p.m.). Any combination of rotational speeds and rotational
30 speeds of greater than 700 r.p.m. are also contemplated. The linear transport
mechanism for the spindle will position the edge of the pad at the first point

along the radius of the wafer and the spindle drive assembly will lower the pad



20 wafer, polishing pad, and pad dressing surface all rotate in the sane
direction. Qher conbinations of rotational directions are contenpl ated
and rot at wenalssseapeed of the individual assenblies nmay varpctandiofsyari ed
purposefully during a particular polishing run. Once the polishing schene
Is determi ned and stored, and the wafer is 25 properly nounted in the
wafer carrier, polishing may progress agccording to the predeterm ned

pol i shing schene. The pad, wafer and pad dressing surface wll all be
rotated at a desired speed. Suitable rotational speeds for the pad, wafer
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at each | ocatt'mﬁlSp%ttbé(rth%@P %IHT‘QIQagﬁéePP'P 19cafigi on of the wafer, the Iinear
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moved to the next radial position. Additionally, while the polisher may move
the polishing pad from a first position, where the edge of the polishing pad
starts at the center of the wafer, to subsequent positions radially away from
the center in consecutive order until the wafer edge is reached, the profile of a

20 particular wafer may be best addressed by moving in other linear paths. For
example the first polish operation may start with the edge of the polishing pad
at a point in between the center and edge of the wafer and the polisher may
move the polishing pad to positions along the wafer radius toward the edge,
and finishing with a final polish with the edge of the pad at the center of the

25 wafer.

During polishing, the polishing pad is preferably constantly in contact
with the surface of the pad dressing assembly. The pad dressing assembly
conditions the pad to provide a desired surface and cleans by-products
generated by the polishing process. The abrasive material on the surface of

30 the pad dressing assembly preferably activates the pad surface while
pressurized deionized water or other suitable chemical cleanser is sprayed

through the orifices in the surface and against the pad.



starts at the center of the wafer, to subsequent positions radially away
from the center in consecutive order until the wafer edge is reached, the
profil e ofvopo1Adsarti cul ar wafer may be best addressed by pmvidegoiga4 ot her

| i near paths. For exanple the first polish operation may start with the
edge of the polishing pad at a point in between the center and edge of the
waf er and the polisher may nove the pel2-shing pad to positions along the
waf er radius toward the edge, and finishing with a final polish with the
edge of the pad at the center of the 25 wafer. During polishing, the

pol i shing pad is prefgtenClUdormsenaitarithe pressorg applicdyt erspindlate tree of the
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mechanism 56 to radially nove the polishing pad wth respect to the center
of the waf er coptast whiledh@ pae s ‘é’ﬁhﬁ@“ﬁ‘a@dmgo‘f’?%%ﬁ@d%ﬁ? 3?9 Wp?qrhén Raf er
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the wafer maintain con thdrawn radially towards the
edge of the Jedexin discratelsieps efoveneaht eftiedpak nin andtkergyefadrasl | | near

transport nmechani sm 56 may sipl I ndex. i n _di.scr t ve t of the
pad. I n anot i%?%?ﬁ@ﬁﬁgﬁgﬂgp'gﬁ%@%ﬁ%%'?nﬁﬁ mayi! fﬁ@%ﬁ’%ﬁﬁ%ﬁ?ﬁ@% y i ndex
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each index position to assist in smooth transitions _between polish regions
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move in discrete steps, maintain the spindie in a fixed radial position after
each step and make use of a polishing pad that is offset from the center of
rotation of the polishing pad carrier to provide an oscillating-type movement
between the pad and the wafer. As is apparent from the figures, the polishing
20 pad dressing not only maintains constant contact with the wafer, it also
maintains constant contact with the surface of the pad dressing assembly.
Each rotation of the polishing pad will bring it first across the wafer and then
into contact with various portions of the surface of the pad dressing assembly.
The polisher 10 may be configured to allow for the pad to completely
25 overlap the wafer, however the pad preferably indexes between various
partially overlapping positions with respect to the wafer to assist in avoiding
within wafer nonuniformity. Advantages of this configuration and process
include the ability to focus the removal rate at various annular portions of the
wafer to provide greater polish control and avoid over polish problems often
30 associated with polishing an entire surface of a wafer simultaneously.
Further, the partial overlapping configuration permits continuous, in-situ pad

conditioning.



each step and nake use of a polishing pad that is offset fromthe center of
rotation of the polishing pad carrier to provide an oscillating-type
novenent wlealiywasga t he pad and the wafer. As is apparent frpemagdagoigagures,

t he polishing 20 pad dressing not only maintains constant contact with the
wafer, it also maintains constant contact wwth the surface of the pad
dressing assenbly. Each rotation of thg.polishing pad will bring it first
across the wafer and then into contact with various portions of the
surface of the pad dressing assenbly. The polisher 10 may be configured to
al l ow for the padAlthoagial shigie yad2iressieg baperhbly isvahewn, moliipleepad he pad
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110 as shown inithd=bw3te.of AIG. Bhmultipe modofesRiraglinBed inuserigs fo ingg@ases are
linged in SerV\i/aefesar ?omijg Cpru .aﬁ‘ﬁe wafer processing system 110 preferably is configured
to receive semiconductor wafers loaded in standard input cassettes 112 that
require planarization and polishing. A wafer transport robot 114, may be used
to transfer individual wafers from the cassettes to the first module 100 for
polishing. A second wafer transport robot may be used to transfer the wafer
20 to the next module upon completion of processing at the first module as
described with respect to the polisher 10 of FIG. 1. The system 110 may
have as many modules 100 as desired to address the particular polishing
needs of the wafers. For example, each module could be impiemented with
the same type of pad and slurry combination, or no slurry if fixed abrasive
25 techniques are used, and each wafer would be partially planarized at each
module such that the cumulative effect of the individual polishes would resuit
in a completely polished wafer after the wafer receives its final partial polish at
the last module.
Alternatively, different pads or slurries could be used at each module.
30 As described above with respect to the polisher of FIG. 1, each polisher
module 100 may change polishing pad carriers through the use of a tool

changer. This additional flexibility is attainable in the system of FIG. 8



15 wafer throughput. The wafer processing system 110 preferably is
configured to receive sem conductor wafers | oaded in standard i nput

cassett eswbld/sugat require planarization and polishing. Adcai®ioigansport
robot 114, may be used to transfer individual wafers fromthe cassettes to

the first nodule 100 for polishing. A second wafer transport robot may be
used to transfer the wafer 20 to the negyt nodul e upon conpl eti on of
processing at the first nodule as described with respect to the polisher
10 of FIG 1. The system 110 may have as nany nodul es 100 as desired to
address t he paotigte tHeamseof agbdmgbotnbl@d@abmaymomam withrtbe spindigpiidve each
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each nodul e. cri ove Wth res the polisher of FIG 1,
each poli sheettacr(emloa/vd@ﬂpam/wrtﬂnaageamﬁrlhsahda@apmg foashrpagiss Willizinggh t he use

of a tool chanP addltloq flex is attainable in the system
of FIG 8 wordt %‘%Q‘qﬁ%ﬁ’f‘@%f}% GaA S‘T&’ ?J o SEB”‘E‘H%%“QW"H% WIS of " a
pad robot 118.4katridrBnacPerificrent Wpkh of pads rdydecathiosaed amagiitad atf each
nmodul e to swtch between pads automatically without the need to dismantle

the entire sgecemodulg s¢ thamyamaraes cophinatians pbpaderRy ha assegebled Ks for

fre pads 1?@ %;%g lﬁsgﬁ) pads 122 nay be positioned adjacent each nodule to
permt effic ShtYCH ng of pad carrier heads attached to worn pads with

pad carrier headsaftarplagafization, teslsecddd wafer rabod 116anay pgssithermeafenansm

i erent tyPeYsRuSa G THRg: Apbguadeaing Braoulhg: The post P! "9
modules may be rotary buffers, double sided scrubbers, or other desired post
CMP devices. A third wafer robot 126 removes each wafer from the post

16 CMP modules and places them in the output cassettes when polishing and
cleaning is complete.
It is intended that the foregoing detailed description be regarded as

illustrative rather than limiting, and that it be understood that the following
claims, including all equivalents, are intended to define the scope of this

20 invention.
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detail ed description be regarded as illustrative rather than Iimting,
that it be understood that the following clains, including al

desi red post

equi val ent s,

VAECLAMhded to define the scope of this invention. WO

01/ 54862 PCT/US01/01044 -15 WE CLAIM 5 10 15 1. A sem conductor wafer

pol i sher conprisihg: aArsamicabtiectanfvaferqeolisher compiisijga waf er recei vi ng

surface for

r el easabl at apl e

S . d For:
pol i shing pad carrier ﬁé@fﬁtﬁgﬁ‘gl"g%ﬁﬁgﬁ&% Og{ﬁ‘légé ?V[@?;‘%A@r&%reyﬂi%%o 5% qry
parall el to theaysi@rfetbRfifd i tthisohd@t6r wafbreconfigured to novably position

the polishing pad at a plurality of partially overlappi(’%positions W th

respect to t
rot at es agai

he seni conduotadablggialishingHeadecarrienbapibpis polishingoad onieatad

and

and

fi f f f . ) duct. fer; d
ot at abl o panr el aBugl S et Bothaly PR BRA Hbhaly=teopr & ng
pad condi ti opbsilol®ie pbRshing padtrd plagalief of partialy bebHAEhIRG PosHIASSiTD
assenbly positioned substantially coplanar with the surface of the
seni conduct ofespgrtio the senicpafeeior wefere whefgiathe polipling fagt eantactsand

dressing _2SRRIRAAAFooRR GULAMG & heinRaRkl AR fbdbengo! T ohi ng

pad, while a 'Seco

n of e pa

2. 10he polisher of cl aamofatableqrl dreisbingraysanatily Gapivl s Burigeda0mprising

15

20

25

a polishing pad conditioning material, the surface of the polishing pad
dressing assembly positioned substantially coplanar with the surface of the
semiconductor wafer on the wafer carrier, wherein the rotatable pad dressing
assembly rotates and contacts a first portion of the polishing pad, while a

second portion of the pad polishes the semiconductor wafer.

2. The polisher of claim 1, wherein the rotatable polishing pad
carrier comprises a linear index mechanism configured to move the polishing

pad in a linear, radial direction with respect to the semiconductor wafer.

3. The polisher of claim 2, wherein the polishing pad carrier further
comprises a polishing pad carrier head removably attached to a spindle.

4, The polisher of claim 3, wherein the polishing pad carrier further
comprises a spindle drive assembly connected with the index mechanism and
the spindle, the spindle drive assembly configured to rotate the spindle and

move the polishing pad against the semiconductor wafer.

5. The polisher of claim 1, wherein the wafer receiving surface of
the rotatable wafer carrier comprises a plurality of fluid orifices for receiving
one of a vacuum and a pressurized fluid, wherein the semiconductor wafer is
releasably attachable to the wafer receiving surface.

e sem conductor wafer.



carrier conprises a |linear index mechani smconfigured to nove the polishing
pad in a linear, radial direction with respect to the sem conductor wafer.

20 3. Thewwnliisagar of claim 2, wherein the polishing pad (pmr/u']@ﬁ/o_i(mt her
conprises a polishing pad carrier head renovably attached to a spindle. 4.

The polisher of claim3, wherein the polishing pad carrier further
conprises a spindle drive assenbly conne¢tttied with the i ndex nechani sm and
the spindle, the spindle drive assenbly configured to rotate the spindle
and nove the polishing pad against the sem conductor wafer. 25 5. The
pol i sher of clai mbl, whdteepelishies ohalelén 4, sdwreintfedudexsechanisnhis r ot at abl e

waf er carrier i k1, i If O receivi.n one of
A vacuum anacaRELIBIAYE i Batninbal 8 At BESeiBly PO Gng o

rel easably apbsitivakivitt thet ifauef sfithe &vfer bng tise phaResiy @LHB48Sdm a
PCT/ US01/ 01044 -16_6. The polisher of claim4, wherein the index nmechani sm

is confi gur Sstesitionevbeee ihe pdishing prdihas agreptargartion ef theapad i | v

ovegl appi ng j & i t s essi ng
ur Pace 1 oo WA bR DN LR Mlonniafh 1R Sad AR s e fa
portion of tkecpad positibnaamnract grdatidr pdﬂﬁoﬂwfwft])aﬁﬁwiﬂé pfakleis\p@%ﬁibnbbaﬂev\/;ﬁ@ t he
pad dressing syrface to a second position ere a greater portion o

pol i shi ng paﬂaagrﬁﬁgpgis&ﬁf@&eébﬁ theygurfacgiobtheswaled: surface than the surface
of the wafer. 7. A nmethod of providing controlled regional polishing of a

ser conduct or_vaf g1 COPRisHaor AR OBABISPRGSRIISkRYer on @ waf er

receiving surface of a rotata carrier atin .
sen conduct osemadaduciorowatey icogpaispral:i shi ng pad nounted on a rotating

Li-shi n ad carrier against the rqotati ng.sem conductor wafer in a
P 1 B 1 aari e GSnG smep b h P S b R OTaIaT oeiViag SHEBE &f a he

sem conduct ofotBdIRé wafet Barri@aﬁé%féfﬁhg"fhé Qeﬁh@orﬁﬁldt@ﬂhﬁ%rpéﬁd 8. The method
of claim?7, further conprising noving~the polishing pa ’to_a'second
partially overl appi ng poeving a@palishing parperiunted bhe sdatirag polishing pad

carrier against the rotating semiconductor wafer in a partially overlapping

manner, wherein only a portion of a surface of the semiconductor wafer is in

15 contact with the polishing pad.

8. The method of claim 7, further comprising moving the polishing
pad to a second partially overfapping position with respect to the surface of
the semiconductor wafer, wherein the polishing pad is in continuous contact
with the semiconductor wafer while the pad is moved.

20 9. The method of claim 7, further comprising moving the polishing
pad along a radius of the semiconductor wafer to a second partially
overlapping position with respect to the surface of the semiconductor wafer,
wherein the polishing pad is in continuous contact with the semiconductor

wafer while the pad is moved.

25 10.  The method of claim 8, further comprising rotating a pad
dressing surface against a portion of the polishing pad while the polishing pad
is in contact with a portion of the surface of the semiconductor wafer, whereby
the polishing pad is continuously reactivated by conditioning and cleaning

during each rotation.



the sem conductor wafer, wherein the polishing pad is in continuous contact
with the sem conductor wafer while the pad is noved. 20 25 9. The net hod of

claim?7, $wydimsgs2conpri sing noving the polishing pad al ongmagdoadids of the
sem conductor wafer to a second partially overlapping position with
respect to the surface of the sem conductor wafer, wherein the polishing
pad is in continuous contact with the seffeonductor wafer while the pad is
noved. 10. The nethod of claim8, further conprising rotating a pad
dressing surface a?alnst a portion of the polishing pad while the polishing

pad i swlnn cont acfl Twi t Ahg methodgf daim Bewhereinthe @@ll&fmg padiiz oseillziedr
f
Condi 11 oni ngoier Bfedietrimelhatte Bch OF LRI o AR ZAEangS 1) 01044

-17 11. The pesitiods.of cl ai m 8, wher ein the polishing pad is oscillated
over a predeterm ned path at each of the plurality of partially overlapping

positions. 12. The2zpol ThBYIolisheCbBEIBIN 1, WhEEShthé hetataBlavalibecayber carrier
5 conprises a support positioned to nai ntain the sem conductor wafer in

fixed plana€oposises arsuppesrpasitianeas jconairdaindhasesticerdudter watesdn fiwed f | ex

acsenbly. - 1aPnR EESHBLN R e ah PP RRIN b Bk b Kb Bhas

circul ar beatd Meuﬂ:ﬁ%éz]ool@hmgmbsmrﬁ@ﬁ t6é padh chrrighgsRinblihe pol i shing pad
conprises a fixed rasive material. 15. The polisher of claim1, wherein

the polishing pad{Bs CORbigHIEREr of QRINYIS, threnﬁ@héaugéw%oﬁwsbga 16. The
polisher of claim1, wherein the polishing pad conditioning 15 material of

t he pad dresslirﬁdalabe@u’IQy conprises a plurality of juxtaposed nateri al
sections, each of the material sections having a different material
coggosition. 14.  The polisher of claim 1, wherein the polishing pad comprises a

fixed abrasive material.

15.  The polisher of claim 1, wherein the polishing pad is configured

for use with an abrasive slurry.

16.  The polisher of claim 1, wherein the polishing pad conditioning
15 material of the pad dressing assembly comprises a plurality of juxtaposed
material sections, each of the material sections having a different material

composition.

17.  The polisher of claim 1, wherein the surface of the polishing pad
conditioning assembly further comprises at least one fluid transport orifice
20 positioned to transport a fluid against a polishing surface of the polishing pad.

18.  The polisher of claim 6, wherein the linear index mechanism is
operable to oscillate the polishing pad assembly in a linear fashion at each of

the plurality of partially overlapping positions.

19.  The polisher of claim 1 further comprising a processor in
25 communication with the polishing pad assembly, an in-situ end point detector
positioned adjacent to the semiconductor wafer and a memory containing

instructions for the processor, wherein the processor is operative to instruct



17. The polisher of claim1l, wherein the surface of the polishing pad
condi tioning assenbly further conprises at |east one fluid transport
orifice 2@0opAagugdoned to transport a fluid agai nst a poli Huagoeseidsace of
t he polishing pad. 18. The polisher of claim®6, wherein the |inear index
mechanismis operable to oscillate the polishing pad assenbly-in a |linear
fashion at each of the plurality of parflBally overl apping positions. 19.
The polisher of claim1l further conprising a processor in 25 conmunication
with the polishing pad a an_in-situ end point detector positioned

adj acent to theep@mr&a@dnéﬁée terlingrdy dndrsnbasedeninfprmation frest thecinr ons
for the proc e processor is operative to instruct WO

01/ 54862 Pﬁgﬁggéﬁj@%ﬁﬁﬁﬁgpt he polishing pad assenbly to linearly index
based on information fromthe in- situ end point detector. 20. The polisher

of claim 1, wherepa. thEhemsa@ﬂ@fMamn waerdiethe estatible eafer gdrrdeal ity of
nabl e between a 5 first position, where

waf er I|ft|n shafts vabl
t he wafer 8?mﬁds§$1§f 'éraélF &ggwgﬁha#stfﬁe%@!wpsw&ﬂﬁb@r betyeesdl y, and
a sgcond posfuts‘t ?Bsn’uﬁ/ﬂewﬁel"é1 V‘@EFérr |h|r{$téHH}tssé]%fr%§e§§%oefﬁda the WLl AT ReANAY

fromthe wafer receilving su aceo rotatabl e water carrier
assembly, and a second position, where the wafer lifting shafts extend a

distance away from the wafer receiving surface of the rotatable wafer carrier.



