WO 99/ 43465 APPARATUS AND METHOD FOR THE FACE- UP SURFACE TREATMENT OF
WAFERS BACKGROUND OF THE | NVENTI ON 5 PCT/ US99/ 02018 1. Field of the

| nvention The resent invention pertains to the surface e b {

wor kpi eces Yh ¥ 4$#5particular to polishing and the Iike su#?gggggleﬁ ment
operations performed on sem conductor wafers. 2. Description of The

Rel ated Art 10 H gh quality sem conductor wafers are used in the
comerci al production of integrated circuit devices, wth each wafer
ultimately being divided to provide'al relatively | arge nunber of such
devi ces. Repeated detailed processing is required during integrated
circuit 15 production. The inherent value of the sem conductor wafer bl ank
is relatively high, and |ncreases dramatical ly as addi ti onal operations
are perforned on it. One #f A IUE  Ad ETHODC HOR GUCtIOﬂ of integrated
circuit production is tBRCRIVBSURFACE 5t 1O \WAFERP devi ces that can
be obtained froma particular sem - conductor wafer. Wth the continued

m niaturization of electronic conponents the finished size of integrated
circuit devices i s becom ng as_ t he nunber of circuits
(or 25 circuit density) on eTT i Freteases, the spacing
bet ween adj acent el ectronic structures (e.g. conductive Ilnes) is being
dramatical |y redyced d B4 1k Ragbeen found convenient to operate on
the sem conductor wafers 11 t age mass operations, 30 each stage
devel opi g a | ayer of Ti& @icseptt hinveghdon phetaeénsi te wakesprifaca single

oper at i on. $u@at@té@ftafdf0%r%@1%%/e@3éﬁ@ 1n2pBETh HRIQ020180 YRLSAL! v enpl oy
photographlc EF%hnl ver,

e sur ace treatment operations performed on

semiconductor wafers.

2. Description Cf The Related Art

10 High quality semiconductor wafers are used in
the commercial production of integrated circuit devices,
with each wafer ultimately being divided to provide a
relatively large number of such devices. Repeated
detailed processing is required during integrated circuit

15 production. The inherent value of the semiconductor
wafer blank is relatively high, and increases
dramatically as additional operations are performed on
it. One figure of merit for cost reduction of integrated
circuit production is the number of integrated circuit

20 devices that can be obtained from a particular semi-
conductor wafer. With the continued miniatufization of
electronic components, the finished size of integrated
circuit devices is becoming smaller.

Accordingly, as the number of circuits (or

25 circuit density) on a semiconductor wafer increases, the
spacing between adjacent electronic structures (e.g.
conductive lines) is being dramatically reduced in size.
It has been found convenient to operate on the
semiconductor wafers in multiple stage mass operations,

30 each stage developing a layer of circuitry throughout the

entire wafer, in a single operation. Such operations



the relative size of the electronic devices is reduced, the focus and
depth of field of the inmaging processes wused for integrated circuit
production beconmes 5 increasingly sensitive to surface variations on the
sem - condW&YH34Ef er substrate. This has increased the dedicTASYO18

sem conductor wafers with inproved surfaces, especially surfaces having

i nproved flatness. During the fabrication process, |ayers are added to, or
i ncorporated 10 in, the sem conductor wafer surface, with conductors and
dielectric structures being built on top of underlying layers. It has been
found necessary to restore the desired flatness of the resulting exposed

surface afte u ration._ 15 Restoring flatness of a

sem conduct oé%?%?li%%%@%% TR ¢ & ST S | %"f%‘f’?‘S' i% achi eved

usi ng vari oushoaFetapbye skl 7y eectid qiestSucic pEvistdgnd gerahaldd, i ncl udes

attaching ongnsi fecoé ihe agpin conduAtPlomahal i fidd gl dafagnce surface
e exp

of a wafer 20 gafrler or chuck, and pressing t surtace of the
waf er agai nstSeCfFaY PoFsIHA TR triare mAduRs idre bessiieshi ng oper ati on,
both the pol isdiags sngfacee st 1he tovahars W kags Jmbhe dptiated i -made to
undergo relatiyv oscillation.to further_inprove the polishing action. The
25 pol i shi ngé%rﬂ&f%%%rt@apf%%ﬁvs&ﬁﬁfrq 'segh&r%é@satlt%f?@(fecdo the” degiider | at
tabl e. A spetdal $gmiormpdsetbs|vwafershandtty imtesivest] saatirfasiese and/ or . cheni cal
properties iSqd é§g§ i t Rl i.shi ess. The comhi ned.effects
of the pad,ést%é;%fsl urr%ﬂﬁ%e Hrgg'ilgﬁ V@f;%y&g%%ﬁg of° Fhe 336’(\‘%”933 Bgnd

pol i shing surFCES P Rl dF Qe Eh At scIverel éalded rschani dalcanpeataredt  of
the waf ero suif acthe Qemi diIdAYr QRIRG! INS e Pr AR VoA de UG g

oper ati ons ngr jnte rated circuit productiqn is to reduce surf%ce
variations tU-H FoW 1@VEITIE HES ReEDS it ¢, Pt am @lompdealviaggh

subst anti al laeanees MaveddmemeEdandvRicesharyedics de@td)deownche attai nnent

of an extrengly; \Q 99/ 43463 -3 th%cgeg%%%/i%%mé%posed surface after

each such operatiocen.

15 Restoring flatness of a semiconductor wafer
(commonly referred to as "planarization") is achieved
using various wafer polishing technigues. Such polishing

generally includes attaching one side of the semi-
conductor wafer to a flat reference surface of a wafer

20 carrier or chuck, and pressing the exposed surface of the
wafer against a flat polishing surface. During the
polishing operation, both the polishing surface and the
wafer surface may be rotated or made to undergo relative
oscillation to further improve the polishing action. The

25 polishing surface typically comprises a pad attached to a
rigid flat table. A specially composed slurry having
desired abrasive and/or chemical properties is introduced
into the polishing process. The combined effects of the
pad, the slurry and the relative movements of the wafer

30 and polishing surface produce an enhanced chemical/-
mechanical treatment of the wafer surface.

One important objective of practical polishing
operations for integrated circuit production is to reduce
surface variations to a low level (e.g., less than 0.1

35 micron). Although substantial advances have been made

over the years to allow the attainment of an extremely



flat surface, precision processing has required attention to virtually
every conponent of the overall process. For exanple, considerable
attention has been paid to the production and post production enhancenment
of polishi WQ943454ds which are relied upon to perform mechdGTEEP %8 on

t he sem conductor substrate surfaces and to carry the chem cal and
abrasi ve conponents of the slurry. It has been observed that spent
particles devel oped during the polishing process becone enbedded within

t he polishing 10 pad, changing its precisely controlled characteristics
and requiring pad replacenent on a relatively frequent basis. Accordingly,
pol i shing patigrars;consd d t onsumabl e conpanent of the

pol i shi ng operat,isgln. Ho'vv:F{/lg%lsghoerpg)rr(;%g%ssssilﬁl 2‘&& 65?3?11&9 E$SPRGPFeat nent
of 15 the pd9 sShiffg'3Peds, evist YorapEiPanenat i thehevpredils pawcesyr.f ager

properties recegsaly dondimadbithe ddesiied nblappess L9 2 semgonduct or
t 1

wafer, is achieved at a_ considerable cost. Recen ustrial proposal s

have rai se® @K ThGIE FPUBSCLNCILaPRy eRhaneaseng Sémpo20standuct or
waf er si Zes Hadsmw iiaic o rE2 iiedc ipdinafet g rfsi-aeHecEAASAEr abke gost and
t echnol ogi caly, differ - ha en.encountered in the past when

subst ant i al %qenéeggﬁé@%”ﬁdl ;églﬁl%%g&tgi fé@?ﬁ&@@ BBENCPr 6BEE¥EdE8peed
vaf er pol i sEheFicel iamda apredivel compenenng, ofatke 25uibiyoughpuhashas

al ways beenpeferl @b%%&@%da@@akigﬁegghkag iETgsdéévglgoegvgrcone tge
substantial _chal Lenges present&d wi th [arger warer 8fZeS9 #BEhoHE and
appar at us PS’H;}F G PERSESFebep8MEs RMRgIdpdr vi thiar ther ppl dshang onat ed

pol i shi &g opaﬁarghangﬁmgdiseﬁbeeaduél9rc&@i§6§1e§0ch§r98§%ﬁggﬁ%§§ﬁIthese

needs are b - sent, _inyention, SUMVARY. OF THE | t is an
obj ect of PE%“p%S?gﬁfgﬁﬁvgﬁ i6ﬁp¥8033?89i8% Appatat ti¥e ANdi regnedt f or t he

aut omat ed pBRBE3RI-ngAc8STrdfingémi cpniliishdngwpaes sapadeshsi daregopponents. WO
99/ 43465 - BePETeHR89MAROL8 component of the polishing operation.
However, the processing and post processing treatment of
15 the polishing pads, in order to attain the precision
surface properties necessary to impart the desired

flatness to a semiconductor wafer, is achieved at a

of

considerable cost. Recent industrial proposals have
raised a likelihood of substantially increasing semi-

20 conductor wafer sizes from 8 inch to 12 inch diameter
sizes. Considerable cost and technological differences
have been encountered in the past when substantial
increases in polish pad sizes have been proposed. Speed
of wafer polishing, or in a production setting, wafer

25 throughput, has always been of interest and lies behing
the drive to overcome the substantial challenges
presented with larger wafer sizes. Methods and apparatus
to produce improved polishing, particularly rapid
automated polishing of larger sized semiconductor wafers,

30 1is desired, and these needs are met by the present
invention.

SIUMMARY OF THE INVENTION

I

cr

1s an object of the present invention tc
provide apparatus and method for thes automated polishing

35 of semiconductor wafers and similar components.



Anot her object of the present invention is to provide apparatus and

nmet hods which are capable of flexible operation, where different nodes of
surface treatnents can be provided on an ongoi ng, routine_basj 8Anot her
obj ect of WRBt4Sent invention is to provide apparatus aﬁﬁT/r'rk?%gﬁ f or
the surface treatnent of wafers in which multiple individually controlled
processes are perfornmed on each wafer. These and other objects of the
present 10 invention which will becone apparent from studying the appended
description and drawi ng are provided i‘h an arrangenent for polishing a
surface of a sem conductor wafer, conprising: a support structure; is a

carrier table having a al _axis an carried the support structure
for rotation abopt-theA&gglﬁl%‘r a?gjax(fts,o N TS b%/a{‘tﬂveer&e]f Thitfy &
plurality ofPTQEies -2Reayatwgy Podinevmsieadh davrey capaippergt support
surface for supposidNGodhe: S&M canduct of e mafer; n%Qieas Rlaural gy of polishing
positions, each including a polish pad carried by a polishing *head whJch

i s nmovabl e t'OWed NS TR BF AR LSEIFE AT Y @S AT i mont e ket sof

pressi ng £ngagenent W ARoSiest cashied Of W e Gl 119601 193 d Lol i er
o et BRI AT S s Sl LR
control nearst corfiens ,in nghisa dupld dpsthe nigndieddiualand cepaitd ddex table so
bl ural Ty Dar pel n g Feade ik B BSOS PHIONE THE DRAWNGS FIG 1 15
a perspective view of WEFerapBoWer obignrsr sfusheceoredieng to princi pl es
of the mresemveiftidiyeiicanwil YYBHMO/pparen? from studying the
appended description and drawing are provided in an
arrangement for polishing a surface of a semiconductor
wafer, comprising:
a support structure;
15 a carrier table having a central axis and
carried by the support structure for rotation about—the
central axis, the carrier table defining a plurality of
wafer-receiving positions each having an upper, support
surface for supporting the semiconductor wafer;
20 a plurality of polishing positions, each
including a polish pad carried by a polishing head which
is movable toward and away from said carrier table, into
and out of pressing engagement with semiconductor wafers
carried on said carrier table;
25 index means for indexing said carrier table so
that a semiconductor wafer is moved from one polishing
position to another; and |
control meansvcontrolling said polishing heads
and said index table so that a semiconductor wafer
30 carried on said carrier table is polished by a pluralicy
of polishing heads.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of wafer polishing
apparatus according to principles of the present

35 invention;



PCT/ US99/ 02018 FIG 2 is a cross-sectional view thereof taken along the
line 2-2 of FIG 1; FIG 3 is a cross-sectional elevational view thereof

t aken al on‘% the line 3-3 of FIG 2; FIG 4 is a fragmantaré cro§§-§ ctional
view of tWOPHYE hand portion of FIG 3, shown on an enl BFFE?ELS ¢ and
showi ng a polishing head in cooperation therewith; FIG 5 is a
cross-sectional view taken along 10 the line 5-5 of FIG 1; FIG 6 is a
view simlar to that of FIG 4, but _saovvi ng the wafer being renoved;, FIG
7 is a fragnentary cross-sectional view showi ng a portion of Fig. 4 on an
enl arged scale; 15 FIG 8 is a viewsimlar to that of FIG 3 but show ng

an alternative table desggny; agd FL 9: chemati.c fl ow diagrans
show ng theb]szce]quence f operati%n %s%h%&&p%ﬁlg%fn\gl%%p%¢%¥%%. LED
DESCRI PTI ON ®ECTHES PREFERRED EMBOOT MENTS: 20 Referring now to the draw ngs

and initially to Figs.F1s6, 3 appas atHSsd Oséd St Shoyn ggvatdaeoé%lr facs, treat-
ment (GSPGCiéﬂlééleQP'{g}QngglOf sem conduct or wafers an ot her types of
wor kpi eces having a surtace T8 be e redted "1 e%9.51G1 &t ened, polished, or

pl anari zed). Apparat usF1®. 26 imcd uthesgmePr DEeSSrBE e thia @ dlbw of

i nput / out put ¢+ godLy 14, 0GesSe apparajus .12 can be eml oyed in a
number of ways, I—‘%ﬁt ex%rﬁr%{]%?ﬂvxl/aﬁréf or ot raf%a’r SO B &8 @ghplaﬁéedrmnually
| oaded and Rt ¥ElePRdoWeeing ia pel ignimiallead pireferopedathatn t he

i nput / out puttiexckiwe-d4 be provided for 30 automatic mass production

operation. Accordingl Y I ng%t/out put nodule 14 includes an input section
with input cassettes “16° am 4B &rfd FE iSHRITEL [Végd rgkegbaetlonz0. An
i nput grigpperhe2 igre P-4 hef elges 10f the wafer in the manner shown in Fig.

1. WD 99/43465 - 6 PC—E"I%S.QQGI Q'Lstla8 view similar to that of FIG. 4, but

1

showing the wafer being removed;
FIG. 7 is a fragmentary cross-sectional view
showing a portion of Fig. 4 on an enlarged scale;
15 ) FIG. 8 is a view similar to that of FIG. 3 but
showiné an alternative table design; and
FIGS. 9-11 are schematic flow diagrams showing
the sequence of operation of the polishing apparatus. .

DETAILED DESCRIPTION OF THE PREFERKED EMBODIMéNTS

20 Referring now to the drawings and initially to
Figs. 1-6, apparatus 10 is shown for the surface treat-
ment (especially polishing) of semiconductor wafers and
other types of workpieces having a surface to be treated
(e.g., flattened, polished, or planarized). Apparatus 10

25 includes a process module 12 and an input/output module
14. The process apparatus 12 can be employed in a number
of ways. For example, wafers or other workpieces can be
manually loaded and unloaded. However, it is generally
preferred that the input/output module 14 be provided for

30 automatic mass production operation. Accordingly,

input/output module 14 includes an input section with
input cassettes 16 and 18 and an input for loading robo:
20. An input gripper 22 grips the edges of the wafer ir
the manner shown in Fig. 1.



The wafers are | oaded on a carrier table 26. As shown in the preferred
enbodi nent, carrier table 26 has six wafer-receiving positions 31-36, with
the position opposite the load arm 22 being the first 5 paositi ﬂpich is
identified“?H”Egﬁére 2 by the reference nuneral 31. The rgﬁaﬂﬁ&%&o
positions are identified by reference nunerals 32-36. The wafer positions
31-36 referred to herein have a fixed spatial |ocation, such that a
particul ar wafer undergoes a change 10.in wafer position each time indexing
of the carrier is carried out. The sixth position (see reference nuneral
36 in Fig. 2) is |located opposite an unload arm 40, which renoves wafers

fromcarrier table 26 fhe pueseBt atkoMoh@edaosChUbber; fb@ébfé'%%‘}n' oaded
y, 1npu

wafers are then out put

stored_ip 15 cassettes 46, 48. Preferal _
modul e 14 can Be.adag¥edh?oprsbﬁﬁ§? e8MBpeiBeRon SREITeheamterior  cavity
50 of the inpa&/ suxpusiapdukecbeing pbkledomst a36 suiiablenprotective
fluid, such gssttegtedoyater. RgferLigg Lo g' . 2, carrigr table 26
i ncludes _20 a rotatab?%éannﬁlar r?é%EG *Ca %gk%bﬁqu it AR er positions
31-36. CarriBPStFagR60"RsChotnt edenbEf iadekn nfigune rotat itdre about its
central axi sréfletbcdifeatian of  APROVESMa s Dilq I3 AINGIW 98 stati onary,
remai ni ng atigeqfi fd l.ocati on within process ﬁ%&%fe .A%%éiﬁring to 25
Fig. 3, a gerfPrhy 86 WeshREeTFtee NWreRlyckr- 8  Miteatwafler driven by
mot or 100 whpesi § soreupl €36 the Datthe d CONAMSEOTS HRZ (0 GeRld @gaﬁqw ol unit
88. As notor;JO0-;d4.;$ energi carrier ring 60 is indexed 6 egrees.
Referring to F g 6, eac‘fl .V\t/gkser apo%?{trjo%uhfgl"(ﬁfeesr IEIGORT & HREPE 64
havi ng alhol }oWaiferreriBeom cratihet Bfe pasEagapfofaithef lcawkeviiged by
flexible conehtitidiB.ofs. Wid DES88og: NG, CAILS 3l Shalt 64 is driven for
rotation apﬁft.ig§.centraj axi s and accor |n%%e,%thrfpgfiﬁP@eEBAduit 68
i s provided W tH & 1Dt at’abt® (QRANShPPRRS L @ alnlokdf arev 4i0s eanched
Wi thin an owtemroveraisime fibm QHFi dWUSING &4 irs pyaked Ler potation WO
99/ 43465 r
a scrubber robot 44. Unloaded wafers are then stored in
15 cassettes 46, 48, Preferably, input/output module 14 can
be adapted for submerged operation with the interior
cavity 50 of the input/output module being filled with a
suitable protective fluid, such as treated water.
Referring to Fig. 2, carrier table 26 inciudes
20 a rotatable annular ring 60 carrying the six wafer
~positions 31-36. Carrier ring 60 is mounted for indexing
by rotation about its central axis in the direction of
arrow 54, but is otherwise stationary, remaining at a
fixed location within process module 12. Referrino to
25 Fig. 3, a gear ring 96 meshes with a drive gear 98
rotatably driven by motor 100 which is coupled through
conductors 102 to central control unit 88. As motor 100
is energized, carrier ring 60 is indexed 60 degrees.
Referring to Fig. 6, each wafer position includes a
30 central shaft 64 having a hollow interior 66 for the
passage of air flow provided by flexible conduit 68. As
abcut its central axis and accordingly, the flexibile

conduit 68 is provided with a rotatable coupling 70.

w
w

Central shaft 64 is carried within an outer

P e . . .
tng 74. Outer housing 74 is mounted for rotation



- 7 PCT/US99/ 02018 within ring 60. Quter housing 74 and central shaft 64
are driven for rotation about their comon central axis by a conventi onal
drive arrangenent schematically indicated in Fig. 6 by a notor 80 coupled

t hrough drW@99%468ears 82, 84 to outer housing 74. Motor 8ECTUSTUEBIEd

t hrough conductors 86 to a central control unit 88 (see Fig. 1). Referring
again to Fig. 6, the outer housing 74 includes an outwardly directed
flange 90 coupled to a 10 plurality of actuators 92 nounted to ring 60.
Actuators 92 are operated under contrdl-signals traveling al ong

conductors 94 which couple the actuators 92 to the central control unit
88. When energ'é%ed, actuators 92 |ift the outer housing 74 and the wafer
supported t h&r edh™ 1573 st § ght CaruntoV sl 2he’ 4redmresHdichatsw iitn 6B g. 6, so
as to enabl er¢hérgvéppesr ardmba22on dbdwet | Biash Ancbmht0adnwafiers.; Ref erring
again to Figy.,,6 ler 106.is nounted atop central, shaft 64 and

i ncl udes a p?ﬁr?il ??{1;@% “32CEJDE|“nt%1F]h\é€f aa{?arb%%rg%tgv% SRS ni cating with
it's upper EXPpOSRESG LT dtET . /A Backa mptpad 84 cispmiinttadwtto@ricarri er 106
so as to dirgetly gontact Vi ' t .support, for the

waf ers duri ng a polishi ngté!\ogge%% (jz)%lo{lstll(r)\n% I;1)‘}(;‘9'pr Celfoet?c%lreﬁ%er%ﬁoé’fg)ﬁ?r%te,d t he

backi ng pad TBEPUID TR EFTIRS it I8P porerrt Tl Lok ndie vaiit Bi8oviskerom

central supppid.64d).. Wth reference to Fig. 3, air flow travels along the
conduit 118 and throu i nternal assageways in the hollow central col um
116 to the conduit 6 .eéﬁfrﬁﬁé‘% ear%%‘iny,toasf”%ﬁ/-l 1€ bR S HfET SOMS 18Sf [74i d
slurry conposteiwtes sarenpltoyeedi durd ings et ab | fi 1shidtg 9Ir @eR$Sed @ oproOVi de an
enhanced; ghesd ; [ ishi iJity. Al though the wafers are
present e]Ei@t ?%%jl%gﬁglta&?%%gﬂp%mgﬁ?%&@eﬁ 5% A5 Gé)ppr%&té‘taéffrf’hat even
35 in an unpt? iFffePRATARES Medgaf erontaral quigre lsnmdotaveliAgeceddinggl y, wafers

11-4 have besshdhseimed4d &lIRIPBuple the actuators 92 to the
central control unit 88. When energized, actuators 92
lift the outer housing 74 and the wafer supported thereon

15 a slight amount in the manner indicated in Fig. 6, so as
to enable the gripper arms 22, 40 to load and unload
wafers.

Referring again to Fig. 6, a carrier 106 is
mounted atop central shaft 64 and includes a plurality of

20 internal air passageways 108 communicating with its upper
exposed surface. A backing pad 110 is mounted atop
carrier 106 so as to directly contact wafers 114 to
provide direct support for the wafers during a polishing
operation. In the preferred embodiment, the backing pad

25 110 is sufficiently porous to pass the air flow from
central support 64. With reference to Fig. 3, air flow
travels along the conduit 118 and through internal
passageways in the hollow central column 116 to the
conduit €8.

30 Preferably, as will be seen herein, a fluid
slurry composition is employed during a polishing process
to provide an enhanced chemical/mechanical polishing
capability. Although the wafers are presented to the
apparatus for polishing, it will be appreciated that ever

35 in an unpolished state the wafers are guite smooth.

Accordingly, wafers 114 have been observed to become



WD 99/ 43465 - 8 5 PCT/ US99/ 02018 affixed to the backing pad 110 by suction
forces. As indicated in Fig. 6 and in the other figures, the wafers are
grasped at their outer edges for transport back and forth to the

i nput / out pYO MM e 14. 1t has been found desirable to probFHYSTH25
assist for the unloading operation, as illustrated in Fig. 6. Pressurized
air travels through the hollow central shaft 66, directing pressurized air
t hrough backing pad 110 as indicated by the arrows in Fig. 6, 10 thus
breaking suction forces that would inpair lift-off of the wafer fromthe
process apparatus. If desired, the sane air conduit systemcan be used to

apply a slightriyaguumdoet ]pﬂgéfi}ﬁgj Pty I er_ has, been

| oaded t herepn %al t hough ap%l% cation of a \%U%Jnééoor?hf\g@ sc’en?\rsal portion
of the waf er PREECH0TE berF ¥ourfd 3 ben e cathey £ imsiidd ustheatvedens Fi g. 6,
an addi ti onairei grapess agewaye b2 o GEFEE St 68 M s A8 QUERI-kPeigpher y of

Coupl ed thr GtGHh ordll 1 E06 A HE IS 1o umh 116, AT flowis
coupl ed through a tubelt 128 tieen fi@xidldecondilid tHBGroA\GRCdiMasi-gnal
Ut er peri pReFy o wRodus P TTH e WLy T8 P ASRd SR dbn. in the
manner il | ust¥at & | FPIESEUTA zeRafiar rinayedgnithtangh ghel hodlpwural ity of
pol i sh head eeserbl et meney ald sy dadiAtat al, 130 aLe - tysRended froma
housi ng 138,, being nmounted at the uppéer_~ portion of the support structure
140 of procddS e 30 2@ insigadedh IRy, G iy omsad ragsenbFies are
posi ti oned _Ehuéibﬁﬂhkﬂnd<sﬁdﬂﬂqﬁﬁﬁoﬂdEé#ﬁﬁ%ﬁﬂﬂ??g@nHg@@q? qg?hgggfgfziELSP
%rihgt g? |r :‘:)Incssafr aé}gegl:"?aafgéerd%\-/ﬁot"g% '%' %%%532%%%@5%%%3;61'{#2d)é’ﬁiﬁﬁévi 8hfRg an
i ndependent same air conduit system can be used to apply a slight
vacuum to the backing pad 110 after a wafer has been
loaded thereon, although application of a vacuum to the
15 central portion of the wafer has not been found to be
necessary.
As illustrated in Fig. 6, an additional air
passageway 124 communicates with the outer periphery of
vacuum pad 110. With additional reference to Fig. 3,
20 passageway 124 is coupled through a conduit 126 to the
central column 116. Air flow is coupled through a tube
128 to a flexible conduit 130. A vacuum signal applied
to flexible conduit 130 is applied through passageway 124
to the outer periphery of vacuum pad 110 and the wafer
25 placed thereon, in the manner illustrated in Fig. 7.
Referring again to Fig. 1, a plurality of
polish head assemblies generally indicated at 136 are
suspended from a housing 138, being mounted at the upper
portion of the support structure 140 of processing module
30 12. Preferably, polish head assemblies are positioned
at fixed work stations, located adjacent each active
position of the carrier table (i.e., positions 32-35).
Accordingly, there are four work stations associated with
housing 138, each capable of providing an independsnt

35 polishing operation.



35 polishing operation. WO 99/43465 - 9 PCT/ US99/ 02018 Referring
additionally to Figs. 4 and 7, the polish head assenblies 136 include a
support 144 with a transverse arm 146 extending therefromin a cantil ever
fashi on. A¥OS¥EH63 n Fig. 7, polish head assenbly 136 5 |ncrﬁﬁg§%ﬂnﬁﬁllsh
head 150 carried at the free end of transverse arm 146. A polish pad 152
is carried on the bottomface of polish wheel 150. Drive nechani sm (not
shown) is contained within transverse arm 146 to drive polish head 150
about its central, vertical axis. A-10 eonventional probe 156 is carried on
the outside of the transverse arm 146 to nonitor the upper surface of
wafer 114. Probe 156 is coupled to control system 88 and pro- vides a
conti nuous update of fﬁ@e§uﬁP§céd@H§ﬂ§@?éﬁWSﬁPc§19§f %aPBE 114therobe 156

may, for exanyliesh M@a@fa&sEWbele£5IGSednbﬂu@@|bsﬁb@?oQBd@@hnk :detgetion.
urry is. illustrated. In

Fron 20 1 neGrancvesd dhay e ErhopRbpeetHeChTR 61 FokaREANSTSD and a
flexible cof@giniored Ps eeepl ed Fagpol’ispoheatt hBAdI astheb2) mRaner
i ndi cated. |iRdiGesta FQQl%%uﬁéﬁdt éekﬁakpﬁgugg t88|%§ ePads13¢ so as to

be i ntroduced between olis & strTace of “waf er 114.
As will be $EERSNEFEENnBTH éﬁlcoﬁdB@ﬁéﬁhwRﬁér15251$ran§re¢dednftbﬂ1one

processi ng $loatioan faeeandt Ber i sRSwhkth dsbfer@BEVQUhEbﬂgﬁlgﬁO@ﬁéées bei ng
performed in tioned above, the different processes nay

ence
require a dif g% nt-SpF°7 F&EedAH&BPHPn§F9ns¥§rS§Cﬁ§ﬁaﬁﬁéagPyd¥hﬂﬁcated in
Fig. 4, a fpedisal heaﬂimsosaboperatedcandealconélrehcaﬂ §ﬁﬂ§l’0|Aunlt 88 to

del i 0 ej t d 164 | 172,
170, This, PR Ioarm PECRE TRE ERaChrraetoBl bhPng brbReet: e val ve

170 is acti V&RBEVEESE P&t 14febd manetorothheuppbrshuhéadeamﬁ wafé:sh pad to
flood t:_ sewl copguekoliswal 8r c¥libilesl PSEcYALLE1SAy88eh Ok CIRY & FOST

vides a continuous update of the surface characteristics
of wafer 114. Probe 156 may, for example, be of a type
15 wused in polishing endpoint detection.

Turning to Fig. 4, an arrangement for
delivering slurry is illustrated. 1In Fig. 4, internal
passageways are provided within polish head 150 and a
flexible conduit 164 is coupled to polish head 150 in the

20 manner indicated. In Fig. 4, the slurry travels through
polish pad 152 so as to be introduced between the polish
pad and the upper surface of wafer 114. |

As will be seen herein, a semiconductor wafexr
is transferred from one processing station to another

25 with different multiple processes being performed in
sequence. As mentioned above, the different processes
may require a different pH value. Accordingly, as
schematically indicated in Fig. 4, a feed valve 170 is
operated under control of control unit 88 to deliver

30 either slurry or rinse water to conduit 164 via feed
lines 172, 174. Thus, if time permits at the end of a
polishing process, feed valve 170 is activated to direct
feed water to the polish head and polish pad to flood th=
semiconductor wafer with rinse water so as to remove mos:

35 of the slurry from the active polish region. Although

the semiconductor wafer will not, strictly speaking, be



35 of the slurry fromthe active polish region. A though the sem conductor
wafer wll not, strictly speaking, be WO 99/43465 - 10 PCT/US99/02018
totally cleaned by the post polish rinse, the transfer of slurr from one
wor k st ati B P@34%hother will be greatly reduced. Turning R&EWYS ?ﬁ%ﬁ 8, an
alternative carrier 5 table arrangenent is generally indicated at 200. A
carrier table 202 is supported from bel ow by a support pedestal 204.
Pedestal 204 includes a gear 206 driven by notor 208 through a gear 210.
Table 202 is mounted at 212 for rofatPon about a support base 214. As with
the 10 precedi ng enbodi ments, six positions are provided on the carrier

tabl e, homevgétappyycgggnég Lg%gpr?é tiol Ié%’%h% m?%régn%glfg?%S lfa%[f(fcg ar |Lt y of

illustration._ A guide ring Ioc

Seni conduct of 1 we¥%rfiam @%e R et atiom & o abice rend willsl p:reesgiwaﬁtlgzad
arrangenment deshedated by the reference nuneral 116. Backing table 116 is
nmounted for rotation about its central axis 224 by conventional ball
bearing arrangenents D1 Pt itehdlir iue atotedit 23®mtdney emxtli@r backi ng

pad for rotatable iartdegetesit eids @err%‘ztall(l@ Gl'i‘ﬁh%%t‘@é bt B Proper speed.
Control unit u d ta not 230 via conductors 232
and to tabl eC§18 #%I:etrr% %%?8 2N f‘?@%&&&%@% elQy bydidc SR Fia. 8,
nmot or 230 i sPeRrRsttad Zthl t hePQﬂﬁimadJ (2@4oflntcalmldaz52&2 dear mowntdmigehegy 240. A

conduit 242 rﬁ&&pumeeq:ﬁltg rin ource of pressurized air
(not shown) located within ed sﬁagl %38 glﬁr es?uf‘l S, B URE Y §%used in

the manner 4idi PG at imny. ahfStho ahélllpploe‘lto\b@lseoﬂltfihe deniwithondect or
waf er friom tgre deatikd NG i rdntisS %ﬁ%f%b%QEQOdsna&Q'ggf gﬁg Hhat ,a
e

conventional , sal.enoid,(not shown 3%15‘36 mounted to . )2 SO as to lift
waf er 214 abdve tie CXUr T odiRfaYs™s ¥ 93§, suRht ROSARA®Sr ishewawhn Fig. 6,
so as to alirowitche gyriqperl aariny 22, i40uskiaeiagcess to the wafer edges.

A guide ring 218 is located within a housing

220. Semiconductor wafer 114 is mounted atop a table and

15 pressure pad arrangement designated by the reference
numeral 116. Backing table 116 is mounted for rotation
about its central axis 224 by conventional ball bearing
arrangements 226. An optional drive motor 230 drives the
backing pad for rotation in the desired direction and

20 with the proper speed. Control unit 88 (see Fig. 1) is
coupled to motor 230 via conductors 232 and to table
drive motor 208 via conductors 234. As indicated in Fig.
8, motor 230 is mounted to the underside of table 202 by
mounting legs 240. A conduit 242 is coupled through slip

25 rings to a source of pressurized air (not shown) located
within pedestal 204. The pressurized air is used in the
manner indicated in Fig. 6 to help removal of the semi-
conductor wafer from thé backing pad. It is preferable
in this regard that a conventional solenoid (not shown)

30 be mounted to table 202 so as to lift wafer 214 above the
surrounding member 220, in the manner shown in Fig. 6, so
as to allow the gripper arms 22, 40, free access to the
wafer edges. _

Certain operational details will now be
35 discussed. The following sequence of operation traces

the path of a single semiconductor wafer through the



Certain operational details will now be 35 discussed. The foll ow ng
sequence of operation traces the path of a single sem conductor wafer

t hrough the WD 99/43465 - 11 PCT/ US99/ 02018 pol i shi ng apparat us.

ment i oned WOdYM346Ehe carrier table 26 and its associated BHVESIEHhg 60
includes six positions for receiving sem conductor wafers to be polished.
Four polishing arrangenents are nmounted in 5 housing 138 above the carrier
table, in alignnment with four of the wafer positions of the carrier table.
At each of the four polishing sités?thé paired conbinations of polishing
arrangenents and wafer positions function as wuniformy spaced-apart work

[ h_10_waf b d | oaded. 16, 18 and
are (ranst BrICO by BBOEI 2 F0 | BRIHG. M SATD Sl B1° Fod190n 31, as

i |lustratedtiahlfi @6 andAst peassoned;ed eovalalerr pusi 0 oinalndes ssi34- 36, as
used herei npoEePBLASs Eb%‘egeb&b%gté%ﬁ@ﬁ&]ﬁ ot AfAd P O phdex ring 60.

In 15 the preferred enbodi nent |ng arns are |ocated above
the wafer pBSiEiFBAS-32FSBruPPhl fatRY a%’é@i‘@?‘ﬁﬁﬁt%l&%ﬁhdﬂ%mﬁq reserved

for wafes |padsand wal@Bevelﬂhéh@aﬁfﬂéﬁnéam@odiml Wed e syadre simul 20
t aneously p | i sheg é t a tinme, but polishin aa;fhl i ndi vi dual waf er
is conplete o'dﬁlﬁ wh8f ‘f’ﬂ e’vﬂa?%?l?‘rh S 1R § %t §eadtt two, and

nost preferabty, oﬁl thef ﬁunro{:olhehnmd;rsmé@ i kpassiwdd aresmbiAcoiratiangl y,

upon start-Hp,g 0 r qnd r 5 fer is
| oaded ont oOthh %H§n ‘I"H%Q%P‘Q’g‘g%%on &Eé etl a’bsrevgeurgrr%‘{loorn %
ener gi zed uhﬁefoﬁﬂhﬁgémﬂ@doéﬁpae‘en‘wﬁt %%EMSBS t@mqmevlﬁdex ri ng 60

degreesipn w&h@rﬁ%‘@tBéC]!)P@Ké\é§§ddéf@ciéé)cfec@fa@ri@w:584 arﬁf—faqréil ngly, the
waf er | oaded at posit is now noved to position 30 3 underneat h the

first polishf#gs rﬁﬁﬁeﬂﬁn’fog%p%?rd‘e%l 193 VR AT mpP 158 “(asfe?er Fig. 1). The
pol i sh headpdSftisn Bbdweaedilwhstrited poh sty pagl. 158 hedmgi gl ed Hen

contact wafer position numbers 31-36, as used herein, remain
fixed in location despite rotation of index ring 60. 1In

15 the preferred embodiment, the four polishing arms are
located above the wafer positions 32-35 with wafer
positions 31 and 36 being reserved for wafer load and
unload.

In the present embodiment, wafers are simul-

20 taneously polished, four at a time, but polishing ef each
individual wafer is completed only when the wafer has
been polished at at least two, and most preferably, all
four of the polishing work stations. Accordingly, upon
start-up of the polishing apparatus, and after the first

25 wafer is loaded onto the index ring 60 at position 31,
index drive motor 100 is energized under management of
control system 88 to move the index ring 60 degrees in
the counterclockwise direction of arrow 54. Accordingly,
the wafer loaded at position 31 is now moved to position

30 32, underneath the first polishing arrangement suspended
from housing 138 (see Fig. 1). The polish head 150 is
lowered, with the polish pad 152 being placed in contact
with the semiconductor wafer, and slurry is introduced
through the polishing pad to the semiconductor wafer

35 suriface.



with the sem conductor wafer, and slurry is introduced through the
polishing pad to the sem conductor wafer 35 surface. WD 99/43465 - 12

PCT/ US99/ 02018 According to initialization procedures in the apparatus and
in control WO\POMMeF 88, pol i shing operations are suspended SFTﬁﬁglng%tions
33-35 during the first polishing cycle, while polishing is carried out
only at 5 work station 32. During this tine, a second wafer is | oaded at
position 31 by |oad arm 22. The progress of polishing at station 32 is
nonitored, preferably continuously; by probe 156. As nentioned, it is
anticipated that the polishing operation will not be. 10 conpleted at
position 32 and it is further recognized that the part_of the polishing
step allotted to the work°TStRd | o I Wl ittt 58 cRAstwasi rddédier ed, and
that adj ustarerdsatos tdred dDWNSSE AN PRI tRIn W, Ho PO TdPperd33-i137dMmy be

required. | Y, . da indi cating the 1 rogress qf polishing at
waf er posit %ﬁgsigygé%?%ge%gi Vﬁorqi hsgt%td%r}soﬁns‘;ﬁpéﬁ?@g‘.g (5%tfbi 5ol i shi ng
operation atPoposhinencd2lemywibel ¢ eraliirtiod eid herrhyed enitr anlsystem 88,
upon processjhgc dat 2 {£,0m § he Mrﬁorﬂhﬂ% er.grtégn\ég e tnhﬁ W53yl tant

determ nation that the assigned pollshing poin as ‘been readi ed.

Al t er nati vel 302881 g PRy & 1ot i Bhikig lowet @umoR2at (o mrogr3ssn®f be

terni nated OfoBishing-Hutscondhit in id mehieh et ;ﬁ}lei%}isat}ﬂ@ 88 mandat es

t hat the mafgr garrier ri be i.ndexed and the wafers advanced to the next
pol i shing st&tion 5 D :l%@ RIS cy ét%e MRt i di, iGarrier ring 60
is indexed iantiwiphtretttilot ofhapadw 5d mndddiat iwaf eri flommer lbe .present at
positio 2 4 t it . pal i shing work stat.ions |ocated
above goo’ssi téiogrhésﬁ%é%%n% 33 a%“equgv\%?éaél?ﬁtto l(ic’pgrllartt%()er{ TT¢ER 86 %ont rol  of
unit 88 and % dtiPPol s iRy pstldshima s epnafldotitedpasi ttihenwd3ki s t hen

carried out.stGaitdlzunidy B8 BY CRP1L @ aROIEINING at ROSHEOoN 33
accor di ng t%&%ustments to the downstream operations at iti
positions
33-35 may be required. In any event, data indicating the
15 progress of polishing at wafer position 32 is stored in
the control system 88. Ongoing polishing operation—at
position 32 may be terminated either by control system
88, upon processing data from the monitoring probe with
the resultant determination that the assigned polishing
20 end point has been readied. Alternatively, an ongoing

pclishing operation at position 32 may be terminated on

[\}]

time-out condition in which control system 88 mandates
that the wafer carrier ring be indexed and the wafers
advanced to the next polishing station.

25 During the next cycle of operation, carrier
ring 60 is indexed in the direction of arrow 54 and the
wafer formerly present at position 32 is moved to
position 33. The polishing work stations located above
positions 32 and 33 are lowered into operation, under

30 control of unit 88 and the second polishing step.on the
wafer in position 33 is then carried out. Control unit
88 may carry out polishing at position 33 according to a
previously programmed arrangement, which preferably

remains unchanged from one polishing cycle tc another.

W
m

Alternatively, control unit 88 may call for the

control program to rewrite itself, in effec:, to adjust



previ ously programed arrangenent, which preferably remains unchanged from
one polishing cycle to another. 35 Alternatively, control unit 88 may cal

for the control programto rewite itself, in effect., to adhyst
99/ 43465 -WOPIAHET/ US99/ 02018 the preassi gned program for BEFUSPHE %t
position 33, based upon data collected during the previous polishing

cycle at position 32. For exanple, if polishing at position 32 was
observed to be inconplete, program5 control would respond by recogni zi ng
that increased polishing is required3t position 33 (and perhaps at ot her
downstream positions as well). Accordingly, the polishing pressure applied

to the wafer ,ar t f relative rotation of the wafer and the polish
pad, or 10 68%hF&%§§k%é§F%% ease mtﬁoﬁanﬁﬁﬁgPBF BhePSROFLOFaPP in wafer
processi ng &@sekle upest Cedm podileicord3Burlihgi shgepeeal bysppelesnedst hat
pol i shing atycaesisti @333 ke ganti puou itore rQhe_156 | ocated
at that posiyfqnhaan tha# upon conp?e%%éﬂggg’1ggtﬁ89%gﬁﬁgﬁiﬁé cycle, the
resul tant dEPELtAG cAr MG St RESepY¥rAshPngepibeesslatepoprogvam33 be st or ed

in contrel cemictro88wolgal RespehiasbiyNgeabgROsi L0338 MRY, BEseher N nat ed
ei ther upon_i uccessful attainnent of a

Qdiﬁation bg %robe data of s

pol i shing eREIFSIFAT%rS 26 FBrEEFNAET PRFYL1BBI # hil ABAnB§T BRPE ek i nat ed
premat ur el yothea tiowestueacopdstiionons| asewéhey . evRBtor8ORGIPl trét 88
calls for t cakLLer L Lndex in direction of arrow 54
novi ng t he %S?%?%é?gp EFE%SEQSEBFg?ePthngﬁFp% ? T oR® 341€ 252 ¥ 95 hi ng at
posi tion 34TEALENGeFCERLRER OActbrdiafer oamdptearpabysll padgram or under

cont rol 10f Botacogé@ﬁb@Ddh&E@QsaaceéthEetQppf&PetHétéh'Péiféﬁirﬁb
polishing results_at the ugstrean1p05|t|on. VWhen polishing of the wafer at

tabl e positF8h®34PFSCESHPPE: 88, T2 UBREFeR™ WPPEiBEORa*2s for carrier ring
60 to be indexed in Theidi gentiablpfpassowsd, tiat ngbngshheswaf er to the

position 33 be continuously monitored by probe 156
located at that position, and that upon completion of

15 the polishing cycle, the resultant data indicating the
polishing process at position 33 be stored in control
unit 88. Again, polishing at position 33 may be
terminated either upon indication by probe data of
successful attainment of a polishing end point or,

20 alternatively, polishing may be terminated prematu¥rely c=n
a time-out condition. In either event, control uni: 88
calls for the carrier ring 60 to be indexed in a
direction of arrow 54 moving the wafer at position 33 to
the new position 34.

25 Polishing at position 34 continues either
according to a prearranged program, or under control of a
program modified according to probe data indicating
polishing results at the upstream position. When
polishing of the wafer at table position 34 is completed,

30 control unit 88 calls for carrier ring 60 to be indexed
in the direction of arrow 54, bringing the wafer to the
final work station above table position 35. Surface
treatment is carried out according to a prearranged
program step or according to a program step which is

35 modified to account for surface treatment results at the

upstream work station. In the preferred embodiment,



final work station above table position 35. Surface treatnment is carried

out according to a prearranged programstep or according to a progran1step

which is 35 nodified to account for surface treatnment results at

upst r eam WPR94344%i on. In the preferred enbodi ment, WO 99/H§E%§%”niw

PCT/ US99/ 02018 table position 35 is devoted to cleaning rather than

polishing. As nentioned above, rinse water nay be introduced in the

pol i shi ng heads at upstream positions. However, such rinsing operations

are used to flush the 5 slurry off oflthe wafer before transport to a

downstream 10 work stati on, and is not relied upon for t he necessary

cl eaning of t %_s%yl nduct r. Accordingly, preferred that
?ea

speci al i zed waf er Hi Ry eq i) Heusd Qﬂnﬂyffédnétr@é@@é pésint i on 35.
Upon conpl etddn sdfinche @perrmvltamnai athmbzlee oSl Wake35magOmer 0l unit 88
calls for thewGadd&g N n the direction of arrow 54
and the seniconduct or maggF§3§ﬂ$h %foafaﬁpgtﬁgéﬂtP8ﬁ1§6°nﬁh|ch in
the preferr d®PWEMsddi maifth ’-’c@?ﬁ*ﬁ%é@ﬁﬂ@él@m@pm‘e LSeposit fdnshl ahat ed

opposi t e st r ansivery D 4% Sﬁ@wﬂﬂ¥@%'H@?@fe44r%5§§§§2r§otgedghg ghed waf er
fromtransfer arm %Q t 0 output cassettes ngly, upon a
subsequent "TdEXiST§ HPHhECarkS &PY itied 181 @ﬁﬁﬂyféarﬁh@rnepgssﬁéyented to

t he i nput taﬂb@npmg1uﬁmth&1semlﬁ&n@memﬁ&athErfOrAéchéQhBQ step during the
next cycle L r t.he foll.ow n eratlon

transfer ar%%éfgﬁgg st§ i %gﬁCl Hi S SaeEsF ﬁgFéglﬁﬂtSquﬁﬁﬁeﬁérPFer

equi pnent aﬁmPéHW€dp@§|ﬁﬁ@ﬁe3PO§otubat35he 25 wafer is ready upon indexing
of the garrier ring amgohheonpaxk iBQl 'o?h'tﬂg E¥ELE. 1 INE RreRepl | nvention

cont enpl at es th t certain economes 0O Ion Red by
si mul t aneou¥°SHanggerent CoRtAPL BPIFhQBMEﬁR1§t§Prohbe carrézanpieg it

50 to be indexed in the direction of arrow 54 and the
semiconductor wafer is then moved to table position 36,
which, in the preferred embodiment, comprises the output

15 position, located opposite transfer arm 40. Scrubber
robot 44 transfers the finished wafer from transfer arm
40 to output cassettes 46, 48. Accordingly, upon a
subsequent indexing of the carrier ring an empty carrier
is presented to the input table position 31 in

20 preparation for a loading step during the next cycle of
cperation.

During the following cycle of operation,
transfer arm 22 loads a fresh semiconductor wafer onto
the carrier equipment at table position 31 so that the

25 wafer is ready upon indexing of the carrier ring and the
next polishing cycle.

The present invention contemplates that certain
economles of operation can be obtained by simultaneous
management of all of the work stations. For example, it

30 1is possible using known programming techniques, to
monitor the average throughput rate for wafers being
processed during a particular work shift. 1If a probler

develops at a particular work station where, for purpcss

n

of example, polishing progress is unexpectedly slow, it
35 may be advantageous to terminate further polishing at the

work station in an effort to attain a. consistent averags



30 i s possible using known programm ng techniques, to nonitor the average

t hroughput rate for wafers being processed during a particular work shift.

If a probier- develops at a particular work station where, for pUrpQses=

of exanmpl eVOF8F4%hi ng progress is unexpectedly slow, it 35?Cﬁﬁ§5%318

advant ageous to term nate further polishing at the work station in an

effort to attain a consistent average WO 99/43465 - 15 "PCT/ US99/ 02018

t hroughput rate of the overall nach1n$5 An error flag can be noted for the
er

waf er's out put data and can be trans red to subsequent work stations in

an effort to "make up" the polishing needed during successive cycles 5 of
operation. |dhiyHeCRSS Y t H Rl 1t faallidien & nmaxi querage
t hr oughput rate, é:ha%ﬁ%pi.waf rin qqestioﬁ'béqﬁta eg§§#§%ngﬁé§equent of f
st ream oper a->'t i'Ong:® Furted6dsiiqutEpt detrapnBecabsbeved 10 t hat
pol i shing priosess dryrecbnsi sthandgnamexpaxt edlay ishewiat aa pakbieukar work
station positjgR Lin i i;hle, —and jt .be confirmed by software
revi ew of theaggbfgghfﬁgpgggégnﬁﬁgtn@ﬁéegogﬁéﬁpﬁgSH&SeFSFVFhEYﬁéﬁﬁ station
i's neariﬁb tHe CBFd 3G Ot-s ddefmaly |bief mecBemrinyg 18 bmdsirndot hatathe present
| nvention may o i@fRl yRdade EheRBHAAMERK! T ORIENE §, L OBY, Be

ft I'ng ad F

advant ageous to toregp Jepl acement e poblis p or Sone period of
time, for SEEHIED £F t'FEI8RFE " off ckheuhserushif PLf| Btragmbeppussi bl e in
this event, ttienswi tch the entire machine over 20 to a new pre-programed

operation which ignor 3, th%umgék stati,on.i.n question. Such alternative
operation woul d inevitably F&dFit PPRSAPEIREY - ablr 5% PRrebgRpYedbut, as

proposed,? i thady e igbresdesiocallse iat conegsteatdpenatfpeBrel SspBRNer. 25
As ment i onedtabBoyg,-+S$eheen 0 .ers._Qr . her rkpi eces. processed
t Yert nget oL wak ap Bgs*t 5 gﬁ 3 ?ﬁﬁsbgiﬁbre

according to the present invention are era ea'up
successi ve WEr ktsTaYi BRs CoPhé raBEYVBYdFSEtwsronrévtesedt onhe he

polishing data, that the polishing pad for the work
station is nearing the end of its useful life. Bearing

15 in mind that the present invention may be employed in
clean room environments, it may be advantageous to forego
replacement cf the polishing pad for some period of time,
for example, to the end of the work shift. It may be
possible in this event, to switch the entire machine over

20 to a new pre-programmed operation which ignores the work
station in question. Such alternative operation would
inevitably result in a lower average throughput but, as
proposed, it may be more desirable at times to operate in
this manner.

25 As mentioned above, semiconductor wafers cr
other workpieces processed according to the present
invention are operated upon at two or more successive
work stations. The above discussion focused on the
overall work stations performing similar polishing steps

30 wusing similar polishing equipment. However, the present
invention is also intended for use in more complicated
operating scenarios. For example, the various work

stations can employ polishing slurries of different

35 pH values. The different work stations could also employ

pclishing heads having different abrasion, backing pad



overall work stations performng simlar polishing steps 30 using simlar
pol i shing equi pnrent. However, the present invention is also intended for

use in nore conplicated operating scenarios. For exanple, i Qus wor k
stati ons c‘é’ﬁ’%ﬂg‘ﬁ%y polishing slurries of different abr as?gg%Q#%28&

chem cal properties, especially different 35 pH values. The different work
stations could al so enb=ov polishing heads having different abrasion,
backi ng pad WD 99/43465 - 16 PCTIUS99/ 02018 resilience, cushioning
resilience, and other physical or nech&nical surface treatment properties.
Further, the different work stations could have polish heads and/or wafer

carrier operatddg @, i ff t speeds and/or 5 different directions. Wile
the present invention coﬁ%%hpcgﬁgglfﬁgl SRS U GES ﬁﬁﬁ??ophﬁalﬁ?*pBFishing
pressures at ARG SsirdEiosn t ndiaftiemen o rwprek tseat.| ofsrcharbetbper at ed at

different rangesedlerpobicshi ng IS Fylienoitle 100! Lakigg pads
and/ or the polishing heads can have different Curvatures w (ocal, and
nor e partiCLﬂ%ﬁﬁ%ﬁ Foi5dl BeERaATGy Ayeidid Lareatnsgesdspaniidarng t he wafer
wi t h pads Sof diiffffeercent dduevativngs for vari abl e i ndependently controll ed
times. For exanple, water. .15 palishing may first be carried out using a
convex curved polish %@&lgn&%gtp§e§&%§ed§¥ﬁptépﬁtFBHtEBPﬂgﬁ%ﬁ B¢ ng a
concave curvepnidinusispadniCoviiogs lof, podibhiati presefireshet absye wark at i ons

may be provi dad it he:pelhehing,.4r La09eaRat 00,0t her yariations are al so
possi bl e. For exaggge, a carrier rlng.haV|ng Six warer p Sftfbns and an
A

over | yi ng poldidt e APPgRGe EnPORAPhAHSf PUESSPokEshi Figrshati orlsei s
descri bed.o Cauoliiehinhabbessaadd/pel ksBi pe13LaLhgNaea8600ERIRLFOg di f ferent
nunbers of 2%i£§2$%n arrier ﬁosgtlo@g ind ol i Sh %taélons,_respeci tively,
are possi bl e *Farthar, SAFYRGUYASt Hé “BartPFal - r PR MPEEnbaREbEuIadF LY ot ati on
about an axi glokadopieperibgl being attained by polishing the wafer
with pads of different curvatures for variable
independently controlled times. For example, wafer
15 polishing may first be carried out using a convex curved
polish pad and at a subsequent station polished using a
concave curved pclish pad. Obviously, combinations of
the above variations may be provided by the polishing
arrangement.
20 Other variations are also possible. For
example, a carrier ring having six wafer positions and
an overlying polish head arrangement having four
polishing stations is described. Carrier tables and
polishing stations accommodating different numbers of
25 wafer carrier positions and polish stations, respec-
tively, are possible. Further, although the carrier ring
is mounted for rotation about an axis, a conveyor belt
having an ovoid or race track configuration may be
provided, with wafer carriers located throughout the
30 conveyor belt. The polishing stations may be located at
various positions above the conveyor belt, as desired.
Turning now to Figs. 9-11, operation of the
polishing arrangement will be described with reference teo
various schematic flow diagrams. Beginning with Fig. ¢,
35 a schematic flow diagram tracking the progress of a

single wafer through the polishing arrangement will Dbe



having an ovoid or race track configuration nmay be provided, with wafer
carriers |located throughout the 30 conveyor belt. The polishing stations
may be | ocated at various positions above the conveyor belt, as desjred.
Turni ng noWQ¥44%s. 9-11, operation of the polishing arraf§eMNofe | be
described with reference various schematic flow diagrans. Beginning with
Fia. 9, 35 a schematic flow diagramtracking the progress of a single

waf er through the polishing arrangeqe?t7 will be WO 99/43465 - 17

PCT/ US99/ 02018 descri bed. Control system 88 preferably includes a
conventional mcroconputer, with the usual associated nenory, and suitable

Put/ out put dkBtenbaaes FOn-=conLyol Lhngs 3prp0sk0g produstion processes.

At power 5 on of the assenbly indicated e conputer is
initialized GRESFPEABTEOf PhaF RCEBALFDT  oF 1l stlepn B3ual cap$eeiiary t hat t he

associ at ed datacrppubndeyiCesbds einSuELOsShit | ynOPLF At H0soaNd that the
so-cal |l ed hagjg}quggll?ggpgn nts of the sgstem%%see bl ock 30412 are
initialized or ~set o theP T o HoPeR T YU T VP T P03 E§Ons. AFdOVedxanyl e,
carrier rpngoBOcfsthetasoenbhy ethed srar exd doy hoheck posi | i e adshpaptdxonal |y,
the absence of semtsondch dingul@te HBY. e SONLLITRA & Sach of d he

ar dwar e 2 &

. e sLe
carrier positions.  As a further inrtra at 1 on ep, tsl‘?é presence

15 of waf er sSSPRELRBINGptiRak ashetaeeoaiat ehdammt inpumdieviores afreout put

cassettes atsuwatesstualpfepesdiidn by MBYaPehE U iddedhg al At h
desired operation of transfer arms 2 0._ Further, the work stations are
[

2, 4 wor K
initialized CCORPTITRI AT RS (R T | SHehtRCharP 4 etazr tidl i 7@dom 20
the carrier ¢absetand optiontidys" tde 'abdddyy whsitioms s Fkd6 to oscillate

the polish hgad 150 b ith _the desired. range of. nption may be
verified.. Furt h%? ' |?§1K‘?ﬁ%d mlialﬁ{e‘# h6cd:;wrlrsu IS 12 ¢ &%ﬁ%%ﬁ%ﬁm%mq‘ﬁe
ability of PReleh?PRiId QRFnnally t Hheaahiseatte ctfatsomatorshesdmay 25 be

verified, aloagems thafhse atbdd {pmd dhe& LA rdLredd Nhrd @y PRK diRnkhe

desired ”anﬁfé'a further hardware initialization step, the presence

15 of wafers in the input cassettes and the empty condition
of output cassettes at wafer transfer station 14 may be
confirmed, along with desired operation of transfer arms
22, 40. Further, the work stations are initialized,
confirming that the polish heads are retracted away from

20 the carrier table and optionally, the ability of the arms
146 to oscillate the polish head 150 back and forth with
the desired range of motion may be verified. Further, if
the wafer carriers are rotatably driven, the ability of
the carriers to attain the desired rotational speed may

25 be verified, along with the ability of the carrier ring
to index in the desired manner.

Next, as indicated in step 306, the operator
enters process variables in control system 88. ‘As
illustrated in Fig. 1, the control system includes a

30 video monitor for communication of output data to the
operator. The video monitor is preferably of the touch-
screen type, allowing the operator to input informatior

into the software control system. The process varizile

n

entered by the operator may, for example, identify
35 certain polishing specifics for each work shift. For

example, the relative hardness, surface characteristics



Next, as indicated in step 306, the operator enters process variables in
control system88. As illustrated in Fig. 1, the control systemincludes a
30 video mpnitor for conmunication of output data to the oqperator. The

vi deo noni Y4465 eferably of the touch- screen type, all &% 718
operator to input informatio into the software control system The process
variab es entered by the operator nmay, for exanple, identify 35 certain
pol i shing specifics for each work shift. For exanple, the relative

har dness, surface characteristics WO 98/ 43465 - 18 PCTI US99/ 02018 and
material type can be entered for the wafers to be processed. Initially, or

further on inp khe operati pgeLi o he oper at or y ad] ust_system
pol i shing pressures or s ggﬁg,g%%rg%xéﬁg Egge??ﬁeFH%nwﬁgé5§e?%J?e 5 basis
or for each PAGF¢#P&&al Pktseatvonor Fiutbeer oheinpthatopecaninqivoke t he

nmode of opepatiied,tenbecgarst 86 A4 g@guggns%ggé%u§&l#gﬁiﬁ ntrol system
if a particular work station is out” of Operation or It other special
condi ti ons nBSESBBYESKBR FPREBS ot SAd™BYe t helhbet wak 2R oPYe Ll It i s

gener al | yspr eheisedrt hat etbe processuspesbik CsPaf apgters such as polish
under

pressure, rotation sp a particular process be naintained
managenent of the gontgg tg%gten1%899$T%t?£epa%p%?%?%? ProviisiPhi gh | evel
comands. Ho@RP®ERL1Phetd5b®0osaThi¢d tyutal mmd exast Snétmtict hehopssrad@l can
“train" the gpgtkshiagsmaghi ng 19| i 0 ogr of oper.ation

SPREPELL IS RED ORI D SO O e o

whi ch can be thereafter Tepeated or_autonmatl er software
control . OpeP&t Fon°bReT hBPPE}F & 7 PRASELeRN Mesthobe realtsn 20t admunt

initiatedp abd the vefewasarcdetral. the fig deral DPUl-LOSHId PR 30
reference nuggralrgéeég_glg..g% is raised in the manner indicated in Fig.
6, to preparé Tof Crecei Proots = RIS FUHY 3R 1T RIS WEM 22, as
i ndi cat ed i nrotatkoB0Spedd vhen et stem B oddes 25 amiineliddang 50 is
i ndexed to byj 8¢ tASnA§WIn! 988 e control system 88 with the
operator providing high level commands. However, the
15 possibility also exists that the operator can "train" the
polishing machine tec learn various programs of operation
which can be thereafter repeated or automatically
adjusted under software control. ‘
Operation of the polishing system is now ready
20 to be initiated, and the wafer carrier at the first or
input position (see reference numeral 31 in Fig. 2) is
raised in the manner indicated in Fig. 6, to prepare for
receipt of a wafer carrier by input transfer arm 22, as
indicated in block 308. 1In the next step 310, the
25 carrier ring 50 is indexed to bring the newly loaded
semiconductor wafer to the next position, underneath the
first work station. Polishing is then initiated at the
first work station as indicated by block 312. as
mentioned above, all of the work station positions will
30 eventually be filled with semiconductor wafers as machine
process is continued. Block 312 indicates that those
work stations having semiconductor wafers available will
proceed according to a programmed process and eventually
all four work stations 32-35 will be simultaneously
35 operational. Progress of the surface treatment is

checked in block 314 and process continues until an end



sem conductor wafer to the next position, underneath the first work

station. Polishing is then initiated at the first work station as

i ndi cated by block 312. As nentioned above, all of the work station
W\(l’lﬁw“?"ffé eventual Iy be filled with seniconduct or PRAUEPYRL

positions

machi ne process is continued. Block 312 indicates that those work
stations having sem conductor wafers available will proceed according to a
programed process and eventually all four work stations 32-35 will be

si mul t aneously 35 operational. Progrelss of the surface treatnent is
checked in block 314 and process continues until an end WO 99/ 43465 - 19

PCTI US99/ 02 ach%gche% é this, 0|nt the carrier ring 60 as
i ndexed and “t he uﬁ1 50Siti oftS( §Ft?8 FREFCGTTAPT FdPPaPledSand t he
waf er unIoad@@eﬁﬁ@r@mwomhenumh@amapnentlbndlpabedlbﬂ BEginbrigr as

i ndi cat ed |q§ﬂﬁgyg°%1@nc5bﬁft%r %Qeuﬁgexegg ggggfm%fe&n4§8unloaded from

carrier 36, the carrjier ring accord enpty
carrier is no\VWeFa§%3dsi Fitn §1 oropposhdécahedi apublocandfiér arm 22. As

indicated in Fig. 9 hyciheaer @\é/m?zééndhhgopr%?é?' ng BH@ésiﬂQé Fhgy
operation 10 is. repg%teg at block 308 wth the raising oadi ng of the
waf er carri &P7&ESFosieri GREIFATFASH| 54RI3E4 ésdé6§§¥6ﬁ f#adppdecasdt o whet her

t he seni condugtler, Wwhakeempnyquestien haSmbvéMetéeﬁoahtleﬁ 3ihe desired

processi ng t S n ntro 15 transferred to bl ock 310

where the c§$%?§?kglkgelénkﬁaeggan th ?ﬁ@ ferABeFﬂalﬁﬁF?3e+%df%% a new,

downst r eam WoPK §@8t?6ﬁOWPBé§esShﬂgpaocehelngmphask oﬁtaheoopeﬁamnntlnued

under cavtrak ebpbheel ai2nioBxesbyaylyn ORCT sLopibkoghqSidadetects that
u

the 20 sem nduc%or waf er has been success y processe t%e fina
wor k statlo S5WESEE BRYTISY ahdP@Fihian 3ubsequent i ndexing of the carrier

ring the finished wafarbilschreseniedet9sposi 15002886 £Se€oRierfdy Where the
waf er Carri@Eei§e%§£8§gugggrunlgggegnlguégglgg "Mat traversed all of
the desired processing work stations. If not, control is
15 transferred to block 310 where the carrier ring is
indexed with the wafer being delivered to a new,
downstream work station. Processing at the new work
station is continued under control of block 312.
Eventually, decision block 314 detects that the
20 semiconductor wafer has been successfully processed at
the final work station 35 (see Fig. 2) and with a
subsequent indexing of the carrier ring the finished
wafer is presented to position 36 (see Fig. 2) where the
wafer carrier is raised and unloaded in the manner
25 indicated in Fig. 6.
If additional wafers are to be processed,
carrier ring 60 is indexed as indicated in control block
320 and control is then transferred to block 308 as
indicated by arrow 318. When all of wafers have been
30 processed, control is continued as indicated by arrow 324
at the bottom of Fig. 9. The shut-down steps indicated
by arrow 324 may include, for example, a final revision
to the control program, based upon an averacing of
observed performance data. Alternatively, the shut down
35 process could merely comprise a check cf the carrier

positions to verify that the wafers have been removed and



25 indicated in Fig. 6. If additional wafers are to he processed, carrier
ring 60 is indexed as indicated in control block 320 and control is then
transferred to bl ock 308 as indicated by arrow 318. Wen all _ of fers
have been Y¥@%¥f¥8%ssed, control is continued as indicated ]69”5{?%96’%\‘%24 at
the bottomof Fig. 9. The shut-down steps indicated by arrow 324 may

i nclude, for exanple, a final revision to the control program based upon
an averagi ng of observed perfornmance gaga. Al ternatively, the shut down 35
process could nerely conprise a chec% of the carrier positions to verify
that the wafers have been renoved and WO 99/ 43465 - 20 PCT/US99/ 02018 t hat

the positionsaarehenpéyic Fomd here sty dowy d involve
flushing the_sl u&)}g lines with eWash V\}/gter ,uzgc;]rg&fgéggu&r% he polish heads

to a home PORFIFORTS SCFUrAi Y Molf tid Fina Ghey slohermtlinadi agrdm  showi ng
sinplified wpshataonr pfatdiec Ovsraldn pold YHINEL HIAWENY Wdd be

descri bed. aggaéy emis powered up in block 360, the conputer and contro
systemare “initialized in block 362, apparatus is initialized in 10 bl ock
364 and process vari abesing exentter d g.n 10,0ek sHifemaas desadRed above with

o an o g e g oogtac SR eRa T PR Beanat erred t o
bl ock 370 V@ A IH LN 4 hRe fassrideds sThensivisempds ttwvefredeupi g. 6) .
The | oad iim dolpmsi t3am ah@/%dmt@aclsh@gcom%ﬁms?&%gl a%f%“ be applied to
20 92_ SO asj.[ﬁlochira}al'iszeedgl’igp%ltockagrgzz,za%rplarll* ?:uas Vﬁsf eini‘?:a:lia'l'I ddesI red. a
conduit 58 to help tzed in
10 block 364 and process variables are entered in block 366
as described above with reference to blocks 300-306 of
Fig. 9. The carrier ring 60 is then indexed in an initial
step indicated in block 368.
Control is then transferred to block 370 which
15 sends instructions to solenoids 92 so as to raise support
pad 110 (see Fig. 6). The load arm 22 brings a wafer
into position above the backing pad. 1If desired, a
vacuum signal can be applied to conduit 58 to help
establish and maintain control over the wafer during the
20 loading process. Solenoids 92 are then energized to
lower the carrier support and wafer within the guide ring
116 to attain the position illustrated in Fig. 7. The
wafer is now ready for polishing.
In block 372 any necessary initialization steps
25 are performed to prepare the apparatus components for
polishing. For example, control unit 88 can load a
program module for controlling polishing at the indi-
vidual work station of interest, if this has not been
done previously. Apparatus needed to be rotated can be
30 brought up to speed and the slurry feed lines charged
with the proper slurry component. Further, the position
of switch 170 needed to connect the slurry feed line 172
to the feed conduit 164 can be verified. During initial
operation of the polishing machine an adjust flag would

35 not be present andg, accordingly, control block 374 would



establish and maintain control over the |oading process. Sol enoids 92 are
then wafer during energized to the lower the carrier support and mafer

wi thin the gylde ring 116 to attain the position illustrated in Fl%

The waf erWPM#Fready for polishing. In block 372 any neB&LTASR20
initialization steps 25 are perfornmed to prepare the apparatus conponents
for polishing. For exanple, control unit 88 can |load a program nodule for
controlling polishing at the indi- vidual work station of interest, if this
has not been done previously. Apparatus needed to be rotated can be 30
brought up to speed and the slurry feed |lines charged wth the proper
slurry conpgnent Further, the position _of switch 170 needed to connect

the slurry $&BTCHiRECIFA™ FoRthe! fRAsE WRfl 3 1%4 e RS fied. During
initial opeoatsoingfptbeepsl ishiag et e ian caﬁwtsdl fkila:g:}d/\@éod 35 not be

present and, accordin ntr ol 74 woul d 99/43465 -
PCT/ US99/ 02018 di rectgﬂgo%cggﬁé%%ﬁroﬁaé(a&l B0 VEB . 1 R pa?cstllfd‘l poI i shing

process is arshedn out Fhg cohtand ¢ﬂ&xﬁeé§ﬁhd'ﬁﬂﬂqnﬂmngnpn;duﬂmi 150 is
moved ing o POSi1é@Noashshowkel i@ and the I %Sdr{]%f% Rld 4G Ry essure

is 5 applied to the wafer surface. it Totation o e carrier ‘support is
required, cOMPRIYT uhftTEBUETRE gi SEEIRY v itot&® @®nd aas A ehe waf er

support in méeofeemeto bt asé r@ieedyaﬂéxFlsG}p;ﬁ)rtFlﬂrI b&{e n@%{de&g the polishing
operati on, referre torln obe 15 ontinuously, or at

i
speci fi ed tl%%u?% rAl d?ﬁ%d %ai 't WqﬁFQ: QWﬂO hings  This
col | ect ed deperaaiobe mjsmi Preveli e | yhato medjiusir itrlee yelbes 1 5@r ocess. For

exanpl oo i tcdmys e Ross! ble 4o datersmde het her . Rolishiag 4 3 proceedi ng

at a rate which i1s eater or esser an t ied 6 arget pol i sh
rate. The back to the control unit 88. This collected data can be

used immediately to adjust the polish process. For
example, it may be possible to determine whether
polishing is proceeding at a rate which is greater or

15 1lesser than the desired or "target" polish rate. The
polish pressure exerted by head 150 and/or the relative
speed(s) of rotation can be adjusted "on the fly" such
that the desired end point toward the work station will
be achieved within the allotted time.

20 Polish progress is mcnitored in block 380 to
determine if the desired end pcint has been reached (see
block 382). If desired, the polishing operation can be
controlled on a time basis as indicated in block 384.
For example, overall system management may be provided in

25 control unit 88 to ensure that the highest throughput
rates possible are maintained for the overall system.
Polishing at the various work stations must be completed
or otherwise terminated in a controlled manner before the
carrier ring 60 (see Fig. 2) is indexed to move the

30 wafers to the downstream work station. Accordingly, it
may be desirable to establish a preset time limit for
each of the work stations, and to check progress at the
work station against the time interval remaining.

In some instances, particularly where slurr

35 from one work station should not be transferred to

another wcrk station, the polishing process mus:t be



polish pressure exerted by head 150 and/or the relative speed(s) of
rotation can be adjusted "on the fly" such that the desired end point
toward the work station will be achieved within the allotted tine. 20

Pol i sh prodYQ¥3e npnitored in block 380 to determne if R{HHENYRd end
poi nt has been reached (see block 382). If desired, the polishing
operation can be controlled on a tine basis as indicated in block 384. For
exanpl e, overall system managenent may, be provided in 25 control unit 88
to ensure that the highest throughput™ rates possible are maintained for
the overall system Polishing at the various work stations nmust be

conpl et ed ctrexam@rt\udsqr; %rava@@tee@fl Rha %q%rteteee@l%@n@%e&%@retehe
carrier rin 2{ %*(Q is indexed to nove the 30 wafers to the
downst r eam § Gt RTASC SRt by usined ﬁéyrﬁéséésﬁFgﬂléhﬁowé§ﬁébl|sh a

preset tineﬂdﬂuﬁefuhe vedelr dfs &h@nw&bkréﬂabyOﬂ&de&ﬂﬂgt0 ghieck progress at

th k t { t | t

par ti oul ar T ard iyt JETRe SR o ROTRUSER: PancoRoara Rabhe. o
transferred 38, @voitherl wer k renstfiegwedt Méapekirshi Agsptocesstmudt be WO
99/ 43465 - %aOA%SQi@S%@kQ%D%%etg&%bgg%eqs'Bgﬁéyﬁﬂga of ?hgnag gtted tine

interval, to allow the slurr | ush rinsed from the wafer
before the ﬁﬁF@F|QQn@ﬂ§ﬁ§PePﬁe@eﬁ?CtﬁéekPngloPﬁ 38Rf peilent tei petiedmi ns, as

conput ed bycmﬁnbEOEhQI@Q&m1&t&&6£1&@nbéghoas Ebﬁﬂ%&@rﬁ@dt¥hﬁs€é£9&6388 to
control bl%ckb§78 mgg tthe proces contlnui |Lf an en

condi tion i s dErEE 51 6EK3; %FI tMEoTESELRE SBE bPet érgérnitted
tinme peﬂwodwqmﬁn§m@tlp$ posnsfienr.ed Furohbkropk138Aihg tecehdnt he tine
results for cihechige gtl%ocwgggggt%ﬁbgg 99§|tagnpfgggkgggogoko§hlng i's then

suspended in control reparat ransfer of the wafer
to the nexttﬁBP§f§FaP¢oﬁh§yWaﬁﬁée%pngh@fn@hé varki ekaring 9. |f desired, a

flushing of iblexshyr by themchheiwaf eingapobe perfeLiedaasaasriushing
of the slurry from the wafer can be performed as a
15 condition preéedent to indexing.

Referring again to control block 386, if a
time-out condition is reached before polishing end point,
control is transferred to block 396 whére proéess results
are recorded by control system 88, so that the process

20 short fall can be made up at downstream work stations, if
desired. Accordingly, an adjustment flag is set in
control block 398 to indicate to a downstream work
station that the desired results have not been obtained
in preceding operations. The "adjust" flag can be used,

25 for example, to trigger a program self-modification
routine in which the operating program for the downstream
work station is adjusted to make up the particular
process short fall encountered. Control is then
transferred to block 402 which ensures that all work

30 stations have been set to the home position and that the
polish heads are cleared from the wafer carriers.

Control is then transferred as indicated by arrow 404 tc
further wafer processing control blocks needed to finish
the wafer processing as desired.

35 Turning now to Fig. 11, detailed control steps

as experienced by & particular semiconductor wafer are



15 condition precedent to indexing. Referring again to control block 386,

if a time-out condition is reached before polishing end point, control is
transferred to bl ock 396 where process results are recorded bg caont r ol

syst em 88, W937#H4T the process 20 short fall can be made uPCHUSYIRS: ream
work stations, if desired. Accordingly, an adjustment flag is set in
control block 398 to indicate to a downstreamwork station that the
desired results have not been obtained in preceding operations. The
"adjust" flag can be used, 25 for'éf?nﬁle, to trigger a program
self-nodification routine in which the operating programfor the

downstream pworkyskat i [ .U d e_up the.particular process
short fall e cou?{tered.q.ﬂ %grol'?fqlgl §:5L§ ?%gngﬁ r%ﬁ%f’%?ré ?8w‘5¥%§koﬁ02 whi ch

ensur es t hat 8l FORBHke3028CafPBREChasEs berno§eastoct Aeefodet posbts on and

that the pakishibeadszage eheanggdafreogst he k€ ol is
then transf grred as . ndi ca%ﬁg Egig?row 404 t%\m?ﬁ?gﬂ%%&vé %rs%g%éssi ng
S

control bl ocRS“nBEd&4 B>t t RECG&F &r V¥ trlebes nyraseresie@d. a5

Tur ni ng howdescEigedlapodet ai Nedt coth& ota Bt £9S rﬁg%ezﬂgirr}%%g%%%%%

particul ar } duet f are WO 99/ 43465 -
revi ened. | %SEFgQESHglgii% fg%% é§s?%n¥? TGHWET B PO rEMP § 1 RIS €° and
control systBf biraSsotpatedodét benofsee iseferdnad i zedin theg apparat us is

initializedrRadcsetite abOfARePOSLEI OHS; AN, t geess; variables are
entered, as,65,described above. Nextlg the car:{r]lger’ﬁjierrl1 nlgs:]ajisseclg rdexstf under

control of bFbtR F3BSER GE t9 Bi¥ive: & THRBOXARA@rll® is heifsadst, | oad
posi ti oh0 (seeovefeortagendi +indi0i62) .1f S GAId | &Fadlud Myt @ position is
s 15 apove SBrral tE AELSLINS, [ A e Bt e i 4 o
t he backi ngitpaRPsHt bprlers t bnpet wrmndiemafer 23 rdloSidiOn s waraut transfer
ar][n 22 del iyersnd hei Maf efaripod W?og.{t{is n,Cac{er}goesri 1%% t'c:ihoen’wadfc_'\eprosointi ng the
vater on the support pad 110. The carrier is then lowered to
15 attain the operating position illustrated, for example,
in Fig. 7, thus completing the steps called for in
control block 420. _
In control block 422, control system 88 indexes
the carrier ring to bring the wafer into position at the
20 first work station (see reference numeral 32 in Fié. 2)
If necessary, an operating program for the first werk
station is loaded and the processing apparatus is made
ready for operation of the first work station. An
adjustment flag from a proceeding operation is not
25 expected to be detected in control block 424 and,
accordingly, control is transferred past control block
426. 1If desired, an error in feeding the semiconductor
wafer due to a malfunction of transfer arm 22, load robot
20 or input magazine 16, 18 may cause an adjust flag to
30 be set and subsequently detected in control block 24,
indicating absence of a wafer.
Ordinarily, control is transferred to block 428
where the treatment process is carried out on the wafer
surface. For example, the polish head 150 is set in
35 position as illustrated in Fig. 4, with the polish pad

pressed against the wafer surface with a desired polish



t he support pad 110. The carrier is then lowered to 15 attain the operating
position illustrated, for exanple, in Fig. 7, thus conpleting the steps
called for in control block 420. In control bl ock 422, control system 88

i ndexes tWO®41%er ring to bring the wafer into positionPCTASYHAE o0
first work station (see reference nunmeral 32 in Fig. 2) If necessary, an
operating programfor the firs-L wr- station is | oaded and the processing
apparatus is made ready for operatlgn of the first work station. An
adjustnment flag froma proceedi ng op #ation is not 25 expected to be
detected in control block 424 and. accordingly, control is transferred

past controprbbogke 4283, 1L d§§'5899u§9e§r{§5ou$ eeqa%gﬁtg§0§§$1fﬁnS$Ctor

waf er due to a mal function f trans arm
magazi ne 16P°1BShupadap8e ARcaBpusshfhegdtand0cder bet el Jscutbsmmemi ly

detect ed | ncrensesirbhioskedds. |8dicohing) abssnce, of A WRl&L Qdinarily,

control is transferred to,block, 428 where the treatnent process is carried
out on the WaferPrReF Fatel SFBPRLYGHPE LY t BEPRR 3 FAPIBULRSG set in 35
posi ti onSaspetrfostaatedisncéingardd sgéindheppdd SiledafarPrassed agai nst

the wafer s Wi e olish [ 43465 - 24 PCT/ US99/ 02018
pressure. #%%gg?s %@%dﬁ%ﬁé%%%?lgug%e%oh%ﬁgf Céﬁ 4 937 PHATETIRA and
t he polish heatdemel £dar anérgaget i by aamy eridrine desin ethspeeds. At control

bl ock 430 spefpsemikeal thdBNIcPELYEESSq] S PN orveaq b%nc{)er abe 156 and
ongoi ng 5 per% rmRnce. i s conpared against predet i ned a set s.

desired, tH&® FrSbA %’E%"i‘)ti rP’EfPSE)’é%mBF&@) AU ararfpdd an @djd@ttl fy and
guant i fyo anjlagrsance toommépeged Perderaie dhatpicyamecged. If the

vart ance [ eS{icenlly greal. progamed sont o Sen St an adjust 10
bl ock 426. If the conpartilsencompdnt bedn 430 sk diIndileailel indicate
an end point condition has been attained, control is
transferred to block 432 where the time for the first
15 process step is recorded for future use. If. for
example, the end point condition is prematurely and —
consistently reached, the work station apparatus and
particularly the associated sensors can be analyzedofor
possible faulty operation. Control is then transferred
20 to block 434 which holds the wafer in preparation for
carrier indexing. Control block 434 can initiate a wafer
rinsing operation with water flowing through the polish
head so as to prevent slurry from being transferred to a
downstream location. The polish head would then be
25 retracted to a home position and the wafer position held
inactive in preparation for indexing of the carrier ring
to be carried out in control block 436.
Returning again to block 431, if an end point
condition is not reached, the program timer for the work
30 station is checked in control block 440 to determine :¥
sufficient time remains to continue the processing
operation as determined by control block 442, in which
case control is transferred as indicted by arrow 444 tc
control block 428. Control block 442 may, for example,
35 take into account the time required for rinsing the semi-

conductor wafer to prevent transfer of slurry to a



an end point condition has been attained, control is transferred to bl ock
432 where the time for the first 15 process step is recorded for future
use. If. for exanple the end point condition is prenaturel and -

consi st ent WP P43#ed, the work station apparatus and part iFIEPPP%e
associ ated sensors can be anal yzed for possible faulty operation. Control
is then transferred 20 to bl ock 434 which holds the wafer in preparation
for carrier indexing. Control block 4 can initiate a wafer- rinsing
operation with water flow ng through the polish head so as to prevent
slurry frombeing transferred to a downstream | ocation. The polish head

woul d” t hen BewﬂEtlﬁéhfﬂaQbeat&@na h@ﬁeape%ueﬁta@gn&b@w@ffé @ﬁié%%ér)‘?. 23' gut

i nactive in, Bregaﬁ 50% % |ndeX|gg of the carrier ring

in control BfoSk" &PGFni ‘ARG’ af onBCBFECkS4B{em?¥uéﬁlbnﬁt?ﬁw¢@

condi tion i sndotheeaohedplthe ptogéa§1fegﬁlt§0éréhﬂeM@f&ed39nS$PééP” i's

checked in t C t ermn uffi nt time remains to
@Bt LAk Pho gdéﬂgt p14s! L deFer%ﬁ‘n%ff’ e

continue_the processing eratlon trol block 442, in
which case control |§1Fhaﬁbﬁepﬁéa8hsngnUe@deﬁbtmaemedwtdAﬂtéchom@ntroI

bl ock 428. §BQ£Eanb|@§krﬂég PRYg £67iEXAHDL € ? e d 3KEad DO, ACLOUNY the

time requir g@; 5|n5|n the sem conduct or er to prevent transfer
slurry to aOVeF 8ot 28463 QSSeSOF@HVQESQ¥©@©EQPcﬁﬁﬁkﬁanunmdnﬁﬁneﬁb | f a

ti me-out Coﬁdrtem@mp$edeb?Cieﬁeréﬂc§0ﬂﬁﬁ@fap|9§Ku4%%z the prpgess is

prematurely nc | et cess results are recorded in

bl ock 446 gﬁéepﬁgd%%?ggtigﬁ %h %?n$ £§£kx§5@ﬁ&9n\ﬂﬁrP??R?{ﬁﬂlfﬂﬁ'ng head

retract el t® pew 9@m@esﬁosgtcpﬂratammlerIflmqpéﬁbaﬁytfuﬂe|f§&uxkéﬂukn

control of @ap@fd&§§ 1O 05|t|on i.ndi cat for
Ve O rT T e Sl AP [0 495 ¢ he

exanpl e, erence_nuner al tont ol
second vvorkl%"’f &Fon 15 IrepriBEED fh@alﬁe@?t{tﬂ@c%issnmg:@pm@}t itdmeK f

necessary, 43w, regglipeshgram for the second work station is adjusted
in control block 456, preferably in a manner which will
15 make up for the processing short .fall in the preceding
work station. Control is then transferred to block 458
where processing at the second work station is carried
out. For example, if the second work station reguires a
slurry different from that of the first work station, tne
20 wafer will have preferably been rinsed at the upstream
work station and made ready to receive the new slurr
The polishing head is positioned and the
slurry is fed in the manner indicated in Fig. 4. The
process parameters (e.g., performance indicators) are
25 then reviewed in control block 460 and an end point
condition is checked in block 462. If desired, control
block 460 can be used to set an adjust flag and
performance data is stored for use when control is
transferred to block 456. If the end point condition is
30 detected, control is transferred to block 464 where the
time results are recorded and the wafer is then held in
an idle position in control block 466. If the end pcint
condition is not reached, the remaining time is evaluazed
in the contrel block 470 and a time out condition is
35 checked in control block 472. 1If sufficient time

remains, control is transferred back to block 458, as



individual nmodul ar programinstructions are |ocated and |oaded. If an
"adjust” flag is detected in control block 454, the programfor the second
work station is adjusted in control block 456, preferably in a manner
whi ch wi | IWOP843Re up for the processing short fall in thgcﬁﬂﬁgg%PHb wor k
station. Control is then transferred to bl ock 458 where processing at the
second work station is carried out. For exanple, if the second work
station requires a slurry different Jgomthat of the first work station,
the 20 wafer will have preferably been rinsed at the upstream work station
and nade ready to receive the new slurry. The polishing head is positioned
and the sl uringdijcatfead bivn arhreowramer lifndicsated bloEkJasd. 1 EheseRr 6€SS

par anmet ers g. dicators) .are_ 25 then reviewed in control
bl ock 460 a%%taﬁméﬁﬁ{ﬁg%ﬂ?ﬂ%gh&%t PoRPPE 3L RERKERTT RTBEBER 362USFMeREs| red,

control bl GEROA66 "darraFe hese¢routset tantadheserf bagraol tpecbatpance dat a
is stored f@lodxeawhaen control is transferred to block 456. |If the end
point condition is 30 etected, control is transferred to bl ock 464 where
the time results arelfeford®8 SH& cRediaien is dacechedidinncomnrodl e

posi tion i nkderkr al72h| dalkt466. pkbcbﬁglﬁgdlgohggtegoggat{9@ fés Pﬁsreached

t he renalnl _g % g%d|§h§%aluate in the cgn trol block 470 and out

condition i S 38 EREckETS E3EoREFoF e 6P5ER43D. CPPt§9¥fP%?%ht47$ne Amenalns

control is ﬂﬂdﬁ§ﬁ§ﬁP@d05achetprbbesblﬂgEshGStVEh99/ﬂ§ bven 26y

PCT/ US99/ 0248+ i Adi e n 4 is.used to set
thRdi ¢ak gd?ﬁs@& 9%’%1& 1A & nE %Egiocka $§w?%§4 can be

an adju % fla g i n_preparafiaon pro ram a ju
rerouted”’to“P éﬁgﬁeﬁscéﬁﬁpéﬁeFﬁeéohPrbﬂOCbI@&k wbdh the fcartie® piig

condi t i on |sodbémgednaaxéantb%rlb OgKe iR et UEL NEY I's_halted
and the resg#g?hogb# d th s far gre ?ecor%e %n S%Eérdfsﬁ+ggk 478. An

i ndi cation 6 %Pﬂg Short Yark ssagicermwieeetd i kecatrd adj ust nent
flag in con@b@Vebpoaktﬂeﬁ aadin Fig. 2).

Control is then continued at successive

15 downstream work stations, with the control steps at each
work station being substantially the same as that
described above for control blocks 452 -through 482. 1In
the preferred embodiment, six carrier positions are -
provided in the carrier table and of these two positions

20 are used for loading and unloading. Further, in the
preferred embodiment the fourth work station, located
‘opposite position 35 in Fig. 2, is dedicated to a final
cleaning of the semiconductor wafer in preparétion for a
final indexing to position 36 and then unloading of the

25 wafer for storage in magazines 46, 48.

In the preferred embodiment, control is
transferred from block 42 directly to block 492 where
initialization of the third work station, opposite
position 34 in Fig. 2, is carried out by control block

30 492. If an adjust flag is detected in block 494, control
is transferred to block 496 which modifies the program
for the final work station (herein assumed to be work
station number 3, located opposite position 34 in Fig.
2). The process is then carried out in control block 455

35 with a desired polish pressure, relative rotational



10 control is transferred to block 482 wth the carrier ring 60 being

i ndexed to bring the wafer to the next work station position (i.e., work
station nunber 3 |ocated above position 34 in Fig. 2). Control is then
conti nued YO WB#Sssive 15 downstream work stations, with &8 steps
at each work station being substantially the sanme as that described above
for control blocks 452 through 482. In the preferred enbodi nent, six
carrier positions are- provided in the~carrier table and of these two
positions 20 are used for |oading and unl oading. Further, in the preferred
enbodi nent the fourth work station, |ocated opposite position 35 in Fig.

2, is dedi caseeed® and isialrrel Beed nee Dig theowame oI ey padfear i n
preparation for,a final indexing to position 36 and then unloading of the
25 wafer for storage in magazines 46, 48. In the preferred enbodi nent,
control is transferr&pfiomanorkdgrtsects ynarg trmek KO reher @56

initializatigmgofs the,tdidd mordst.ati am jte itian in Fig. 2,
is carried out <$%: _cont%rol bllock 30 12%1295%?&2%& usItfp% agn%spg)éFéct ed in
bl ock 4947 cOMTIVICT &£ T EsRdt PIRTeke Wos Sitate lnddi tirenst-he program

for the finafemmrd tst Ak (U9 GiHe RS YHEHA S Walle it akibeaanwpber 3,

| ocat ed oppogi jtdon 34 in Fig.., 2). .The process is then_carried out
in control b o%:l%eZi%!aélélsvﬁst‘h agod'éts’i%r]ed“)pcﬁl’ieéh tg‘raé’ssiﬁré",edr EPaPLPE%r ot at i onal
WO 99/ 43465 S0 WhiRQT/Ma3ed 02GLR dieedsandsland waffeed fbei Agapkengded, as
descri bed ahouse Rarfor ma I i's istored by probe 156 and is
reviewed jn control block ggs% %&dﬁ%}ﬁd &or?nmilogkc%ﬁgi’tlgﬁﬁstwa F&cted in

bl ock 50%° vt e JiFagtass-thmauady the Fddie80® Weade tohélpsbcessttine i s
stored for dfutuiee sAN@Iys ifSorCAH Qlafey BT AdANSHEN r e E%s@%gﬁk 508
t he

whi ch nekes é’kga%tihg}g%ar _rd'ner and wafer for indexin to rnal rinse
position. At S SR 1S ,ePI $& eafter be removed and the wafer
accelerated to a "spin dry" speed. Thereafter, the wafer
is held in an inactive state awaiting final indexing,
15 under control of block 510.

If an end pcint condition is not detected in
block 504, the remaining time is evaluated in block ©14
and a time out condition is tested in block 516. If
sufficient time remains, control is transferred to block

20 498 as indicated by arrow 520. If the comparison process
in block 502 is used to indicated that an adjustment to
further programmed processing is necessary, arrow 520 can
be rerouted to control block 494.

If a time-out condition is detected in block

25 516, control is transferred to block 524 where the
process results are recorded for future use, and an
adjustment flag is set in control block 526. In a
preferred embodiment, where the control block 526 is
associated with evaluation of the process attained at the

30 final polishing work station 34, control block 526 can
send an error message to the operator inquiring if the
operator wishes to override programmed control so as to
assure that a satisfactory final wafer condition has be=sn
achieved. It may be desirable, in certain instances, tc

35 indictate in control block 526 that the final results

attained may be unsatisfactory and to "tag"” this result



10 may be directed through the polishing head to flush nost of the slurry
fromthe wafer surface, and, if desired, the polish head can thereafter be

renmoved and the wafer accelerated to a "spin dry" speed. The , the
wafer is WO an inactive state awaiting final indexi nECT)’ng%%g@r
control of block 510. If an end point condition is not detected in block
504, the remaining tine is evaluated in block 514 and a tine out condition
is tested in block 516. If sufficiegg time remains, control is transferred
to bl ock 20 498 as indicated by arrow 520. If the conparison process in

bl ock 502 is used to indicated that an adjustnent to further programed

processi ng wstlmetd%sﬁanrrya,i arg oy SRbeaie hes rerautied n{a(g;a%qrﬁtersol%bl ock 494.

If a tinme-ouf condition is detected in block 25 516, control is
transferred to bl ock 524 where the process results are recorded for future
use, and an adj ust nEfRntficlg is tden iUrarrsrﬁerzcﬁed)lt@clbl&@: shio &hipheferred

embodi ment , ; WBESs e GRIHWl: Plgek £26 4 5, ,85%96) . ate ;ﬁ'lg eval uation of
St &

t he process attal ned at the 30 final polis |ng Wor S control
bl ock 528 CHPEARF arf WRGSafess dgaralo aleardpar @tt@rtllonqunr lthg if the

oper at or Wi e 1t D \eedd denegitogr @B}&qfdlorltsr Q'he%ot Ts@er?%é“"t% that a
sati sfact ory; 4 fi nag1 vvaf er condi ti 2125[ s been _ achi evecri1 may be desirabl e,
in certain Tritantds " YRS S &hen dawd Glesnias 9§6tbﬁab’a§ﬁé final

results atattalmtrman B urzsat |Fs.fgact20r,y andd the ret@gert Bvsicesylt WO
99/ 43465 - S final fer storage position in
s%ﬁ:sep i %%d%%(%% Végh E‘J}% 3t éred totﬁl %El%ng Bp‘ﬁhf"éﬁerl ndexes

magazi nes 46, Frand
the wafdt tbﬁt'e Mnrgré?la@/\mol{slﬁl@tﬂ @ﬁ Vil dig.a®.5 fMereehedy,conprises a

final cleanifgsHeat 20 it kR deRr efeihed §Fbg n Oo S en
transferredagf% %I ock 12 "Wwhi cr? cont rtol S t%he ?I %g( %1 %\E\Bl’et}s {'hg waf er

at positiorf EETFiICGE SRITARY Pﬁéﬂé&%ﬁlé\ﬁalsf%u&ber rObOt 44

thereafter storlng the wafer .in either magazine 46 or 48.

The present invention contemplates an overall

15 simultaneous control of all of the work stations, with
indexing being carried out at controlled times. For_
example, the final indexing for the wafer tracked in Fig.
11 between positions 35 and 36 in Fig.'z would be carried
out only when a master contrcl overview of the process at

20 work stations 32-34 indicates that those work stations
are also ready for an index to occur. 1In this instance,
the "index table" signals of the various control blocks
described above may be considered as a "permissive"
signal, with actual indexing commands being carried out

25 when so-called "permissive" signals are received from
each of the work stations involved.

As can be seen from the above, the present
invention makes possible an effective division of labor
for each wafer, to be spread across multiple work

30 stations. The description above has assumed that maximum
throughput of the overall system is the controlling
operational interest. However, other operational modes
may be desired, such as the complete attainment of a
desired partial processing step at a particular work

35 station, regardless of the amount of time required. 1In

this instance, there will be little or no regard for



subsequent indexing of carrier ring 60 to bring the wafer 10 to the unl oad
position 36 in Fig. 2. Thereafter, transfer arm 40, under control of block

512, renoves the wafer fromthe carrier position with scry 44
t hereaft er WXB¥?#g the wafer in either nagazine 46 or 48. fﬁ&%?g@gﬁ’{

i nvention contenplates an overall 15 sinultaneous control of all of the
work stations, with indexing being carried out at controlled tinmes. For_
exanpl e, the final indexing for the wafer tracked in Fig. 11 between
positions 35 and 36 in Fig. 2 would be carried out only when a naster
control overview of the process at 20 work stations 32-34 indicates that
those work SLEPRVASE Rrecassing eailye§ Owhachi MELXbé Or&§EUFed |4t s
instance, {heiohRdgx kablel;signals of the various control blocks

descri bed above nmay be considered as a "perm ssive" signal, wth actual

i ndexi ng conmands bei Migr el ¥ i ear bations ahenabeo qabseibl'per &S ve" signal s

are 1 ecei vedxhnplie, oAtk fi £ Nexaior ket ot | Qs L fyAly el A5 can be seen from
errec

t he abovg, thg.gkrlesq?t %n%jgp i on makes possi bl e an SNVEDi vi si on of
| abor for BAcHh Wafd?s ¢ R AT eREuTRS taplommdd i3hisigat | ons. The
descri pti onheddyechadi tfmered dinata e STUWBu TGt RIg t he overal |

systemis th rodli,j erational interest._ Howevéer, other operational
nodes nay b(gwgd\gé;%'r eidé, suc%losgos RIe IR PERLdS HafeoPad 1désired

partial prot¥ET PEREY a1 eB pad ishdvar, ik S&angilad,i am miedak]l gss of the
amount of thaReideHd &fbsilfeg t ;S ddstanc re vvillgb l'ittle or no
regard for WO 99/ 43465 299 'Pﬁ%@%ﬁg‘}cﬂr{?ﬁﬁsﬂeI r§€§§§ieﬁg times
whi ch ney S SHRRUE f2dshd 14 &nchwafiger icastritsmons.08Fwarhee wadeat i ons ar e

al so possi bi® beforeacamlemovtiate oot diele,CULYALULES gre desired,
S polish pads. f }piofff el imn curvatur es and/ or polishing “heads of different
curvat ures woul'd bé erpl Oy eF  BoVers (AL fitexanso Gpeyaithrest gapr bei de waf er

pad 110 or Stored at the operational location. If such measures are
employed, it may be necessary to keep track of the
15 position of each individual wafer carrier and such can be
easily attained using conventional equipment during the
initialization and indexing steps mentioned above.
The drawings and the foregoing descriptions are
not intended to represent the only forms of the
20 invention in regard to the details of its construction
and manner of operation. Changes in form and in the
proportion of parts, as well as the substitution of
equivalents, are contemplated as circumstances may
suggest or render expedient; and although specific
25 terms have been employed, they are intended in a
generic and descriptive sense only and not for the
purposes of limitation, the scope of the invention
being delineated by the following claims.



waf er supports 1.08 (as shown, for exanple, in Fig. 6) as having the
desired, differing curvatures. If desired, 10 the support pads 110 and
wafer carrjers 108 can be nade to be readlly renovabl e fromthe c% ier
tabl e and YO V4P68ty of conponents having different curvat HELAYH

stored at the operational location. If such neasures are enployed, it may
be necessary to keep track of the 15 position of each individual wafer
carrier and such can be easily attagmed using conventional equi pnent
during the initialization and indexing steps nentioned above. The draw ngs

and the fore80|ng descriptions are not intended to represent the only
forms of t regard to the details of its construction and
manner of operation. Changes in formand in the proportion of parts, as
wel | as the substitution of equivalents, are contenplated as circunstances

may suggest or render exﬁ%dﬁéﬁ@ngﬁﬁﬁnélﬁ@@ugﬁﬂgﬁﬁﬁﬂﬁl@-E@rﬁ@cﬁs have been

enpl oyed, tdiey afemidurededr WaZerdeRRmpsidthgdescriptive sense only and
not for the purposes of limtation, the scopé of the invention being

del i neated by the fold GHERGE asutr’fé‘CtMéeg9/ 43465 - 30 WWHAT IS CLAIMED I S:
PCT/ US99% 02018 1. An aameangenrentbiler haolinghiangeatsdnf ages ahga

sem conductQfy Waf £y, Q%%p%%%$%%i 2+ SUR %%; %%UE%EBEPPDSF %eggtable

having a central _axi's and carrie €for
rotation alSGRtTEHe aXdént fthie &%Kglerhéabéerdeﬁlmabbead@ﬂumamgty pofurality of

waf er - r eceiwd g -peYctivang 9@%Ethéﬁbngaéﬂ HaREh gﬁpﬂ%ﬁ%r,sgﬁ 389 for

supporti ng th& sem_conduct or waf er: Pural ity i shi ng"posrtions,
each incl G AGCE FSFi §Hpsaat&aerba 59m&CBBﬁP§ﬁPﬁgwﬁé8§ whi ch is novabl e
toward1@nd away fromesaildreattiebf polishing positions, each

including a polish pad carried by a polishing head
which is movable toward and away from said carrier
table, into and out cf pressing engagement with
semiconductor wafers carried on said carrier table;
15 index means for indexing said carrier table
so that a semiconductor wafer is moved from one
polishing position to another; and
control means controlling said polishing
heads and said index table so that a semiconductor
20 wafer carried on said carrier table is polished by a
plurality of polishing heads.

2. The arrangement of claim 1 further
comprising load means for loading wafers to be polished
onto said carrier table.

25 3. The arrangement of claim 2 further

comprising unload means for unloading wafers from said
carrier table.

4. The arrangement of claim 3 wherein said

load means and said unload means are operated substan-
30 tially simultaneously.



table, into and out of pressing engagenent with sem conductor wafers
carried on said carrier table; index neans for indexing said carrier table
so that a seniconductor wafer is noved from one polishing

anot her; an8%¥%#fT ol neans controlling said polishing heaﬁgﬁyﬁ%ﬁggﬁd i ndex
table so that a sem conductor 20 wafer carried on said carrier table is
polished by a plurality of polishing heads. 2. The arrangenent of claim1l
further conprising |load nmeans for-loading wafers to be polished onto said
carrier table. 25 3. The arrangenent of claim2 further conprising unload
means for unloading wafers fromsaid carrier table. 4. The arrangenent of
cl aim 3 wherein said 5| oad'ree &ty sanyreaitd ofnlcdad mmaandearcd nopeddt ed

subst an- 30 dJaldys.Sl M4 aneonshyto W0:99143463 BCTLLSA0L02018 - 31 5. The

arrangen‘ent of clalm4 wherein sai nmeans an Sal oad neans are
al i gned wi tIPSREE @ 256 S A isdlinshipegisaensi ushs bR tt 15at dsapadl oad

nmeans, sai dnéé[}{é)a(bam&ﬁfiﬁllm sRihsPaniss Riang peadsnang heaRer ated

subst antj al S|ng%tqgggusl %a,The rrangeiment of C€laim 1 further

conpri si ?ﬁ%?%ﬁ? ri %ﬂﬁ%@lf SHTNVIERGERUSH¥ast  one of said polish head
and said support surface to establlsh a polishing notion between the

polish pad 10 carried on d _and.the sem conductor wafer
surface. 7. The arra%benent 0 m%%%hgief%a§glg gbgﬁﬁfﬁing positions
i ncl ude a SAYPOTHLS grInHOL iy 638»‘94\'@9 metan@ polri diriyatgagai Aeesthe

seni conductdife W %ralsyrﬂ@qesh oo abhe s@&aagaﬁg‘%% Qhy ¢! %'emt% further
conprising dri neans far rotationally driving t pol i sh head and hence
t he pollsh \gi sq%yg motion between the polish pad

10 carried on sald polish head and the semiconductor wafer

surface.

7. The arrangement of claim 1 wherein said
polishing positions include a support arm for pressing
the polish pad against the semiconductor wafer surface.

15 |

8. The arrangement of claim 7 further
comprising drive means for rotationally driving the
polish head and hence the polish pad with respect to

the semiconductor wafer surface.

20 9. The arrangement of claim 8 wherein said
semiconductor wafer surface has a predetermined size

and said polish pad has a smaller size.

10. The arrangement of claim 9 further
comprising oscillating means for moving the polish head
25 and thus the polishing pad back and forth across said
semiconductor wafer surface. '

11. The arrangement of claim 5 wherein said
polishing positions, said load means and said unload

means are spaced about a common circular path.



t he sem conductor wafer surface. 20. 9. The arrangenment of claim8 wherein
said sem conductor wafer surface has a predeterm ned size and said polish
pad has a snaller size. 10. The arrangenent of claim9 further conprising
osci | | ati nyIB4A%5f or noving the polish head 25 and thus tﬁgTﬂnggﬁB%g pad
back and forth across said sem conductor wafer surface. 11. The
arrangenent of claimb5 wherein said polishing positions, said | oad neans
and said unload neans are spaced abqut a common circular path. WO 99/ 43465
- 32 PCT/US99/ 02018 12. The arrangenént of claim 11 wherein said

plurality of support surfaces are spaced about the comon circul ar path.

13. The arrangenent ofcl afga 1 whes &?ﬁgﬁkgiiiéﬁﬁifﬁﬂ&g&;&fﬁiégF,are

independently operated, one from ano e ‘ar rangement of" claim 1
wherei n saild "% ljr@és?foﬁép%‘?r%ﬁlﬁrliﬁﬂﬁ%kﬁ#ﬁg Srehs @fPwaitdiepol | shing pads
have di ff ercomgmaont oteubaf fiegers. 10 15. The arrangenent of claim 1 further
conprising slurry supply neans for supplying a polishing slurry to said
plurality of polishing positions. 16. The arrangenent of claim 16 wherein
said 15 polishing sli#ri e€bhalidfmngnerft ab alelihen whbrelhe saikangenent of

clai m 165 whgs £] ih 53 s 5%3' [ sjurries have different pH val ues. 18. The
arrangement” of clgﬁm T %I?%i%g%all’gieﬁfo dleéfﬁ':i% PELRS S pﬂ?edi%frP@ri ng

pol i shi ng pAeREhfi%es. 20 19. The arrangement of claim 6 wherein-said
pol i shing heads are operated at differing speeds. 20. The arrangenent of

claim11 further )
14. The arrangement of claim 1 wherein said

at least one of said polishing heads and said polishing

pads have differing contour surfaces.

10 15. The arrangement of claim 1 further
comprising slurry supply means for supplying a
polishing slurry to said plurality of polishing
positions.

16. The arrangement of claim 16 wherein said
15 polishing slurries differ one from another.

17. The arrangement of claim 16 wherein szid

polishing slurries have different pH values.

18. The arrangement of claim 1 wherein said
polishing heads apply differing polishing pressures.

20 19. The arrangement of claim 6 wherein. said

polishing heads are operated at differing speeds.

20. The arrangement of claim 1 further
comprising monitoring probes associated with said
polishing positions to monitor the semiconductor wafer

25 surface being processed.

21l. The arrangement of claim 19 wherein said

monlitoring probes are coupled to said control means



conprising nonitoring probes associated with said polishing positions to
noni tor the sem conductor wafer 25 surface being processed. 21. The
arrangement of claim 19 wherein said nonitoring probes are coupled to said
control WA/ 43465 - 33 PCT/ USO9/ 02018 with data f PERUSHAS
nonitoring probe of one polishing station being enployed to alter control
of the polishing head at a downstream station receiving said

predet er mi ned sem conduct or wafer upes Lndexing of said 5 carrier table.
22. The arrangenent of claim 15 further including cleaning water flow
means for directing a flow of cleaning water to said slurry supply neans
subsequent witla ¢gmta shioy operedn towing malbdes ihepnd bqiasddimen. 23. An

ar r angenent . poli shi rfac f sem.conduct qr, waf er, conpri sing:
a support s?%%%%%?eﬂfég%%g?r??%%%%bﬁe% aﬁlatvel ngcoéqtcreoﬁt roaflt Q%ﬁ s and 15 carried
by the suppepiishingtheadfat 3 cleunsnressostathon cemeaiatimaxisssia he carrier

tabl e def | npAgidr Sl Rbd el cot@eos shaiad REAOTIANSLach gy ng an -
upper, support . surface for supporting the sem conductor fer; a plurality
of pol i shi NPPOsTE | @ligned 20 with said carrier table so as to be

| ocat ed adj acent- respective ones of said carrier table positions, each

polishing position i udi a polish pad rried hy | i shing head

whi ch is novabl e .tovvarﬁr%d' anlf}geav% %rfgoerﬂep aiogaf&taﬁ"brlst %b’lrg?%qrnto and out of

pressi ng ergagjerdbing X5l exnings ord won dlictwo mesafse rfo rc atireed ioy @ai d carri er

table; 30 neghs ) aGeH waast f Jer I ositions for

| oadi ng and unl oadi ng vvalflﬁérs to antgiwﬁ‘a(rléimtslslgllr caéruﬁllpérﬁ} 't%%bal%es? and
subsequent” to a polishing operation at a polishing

10 position.

23. An arrangement for polishing a surface
of a semiconductor wafer, comprising:
a support structure;
a carrier table having a central axis and
15 carried by the support structure for rotation about the
central axis, the carrier table defining a plurality of
wafer-receiving positions each having an upper, support
surface for supporting the semiconductor wafer:;
a plurality of polishing positions alignead
20 with said carrier table s0 as to be located adjacent
respective ones of said carrier table positions, each
polishing position including a polish pad carried by a
polishing head which is movable toward and away from
said carrier table, into and out of pressing engagement
25 with semiconductor wafers carried on said carrier
table;
means adjacent at least one of the carrier
table positions for loading and unloading wafers to and
from said carrier table; and
30 © index means for indexing said carrier table
SO as to move a semiconductor wafer from one polishing

position to another.



i ndex neans for indexing said carrier table so as to nove a sem conduct or
wafer fromone polishing position to another. WO 99/43465 - 34

PCT/ US99/ 02018 24. The arrangenent of claim 23 wherein said neans for

| oadi ng anWORM%8i ng wafers conprises a | oad neans adj acERT/USHEO i er
tabl e position and an unload neans for unloading wafers adjacent a second
carrier 5 table position. 25. The arrangenent of claim24 wherein said

| oad nmeans and sai d unl oad neans are operated substan- tially

si mul t aneously. 26. The arrangenent 3t clai m 23 wherein said 10 pol i shi ng
positions include a support armfor pressing the poli sh pad agai nst the

seni conduct or wafer syrfagg, %Zraﬁ Smé‘ﬁE?ﬁﬁeg?ﬁrgﬁi %% oa]t her

conprising oscillating neans vin us the
pol i shi ng ‘B%ﬂnﬁaERraﬁBa%PEhaaér B§%°§@i—@|9 W %%mmmsmf@rlmface. 28.

The arrangaaent; @ajgbahtn d3ef Hatheer €QPDEI SO0 NI 4,04 1 0 B ODES
associated with osi t| ns to nonitor the sem conductor

ol i,shi ng p
waf er 20 sﬂ??gie EIHB 8&835 giers a acent a second carrier
5 table position.

25. The arrangement of claim 24 wherein said
load means and said unload means are operated substan-
tially simultaneously.

26. The arrangement of claim 23 wherein said
10 polishing positions include a support arm for pressing
the polish pad against the semiconductor wafer surface.

27. The arrangement of claim 26 further
comprising oscillating means for moving the polish head
15 and thus the polishing pad back and forth across said
semiconductor wafer surface. |

28. The arrangement of claim 23 further
comprising monitoring probes associated with said
polishing positions to monitor the semiconductor wafer

20 surface being processed.



