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POLISHING APPARATUS
| | 04 HaR z009
BACKGROUND OF THE INVENTION

Field of-the Invention:l

. The present' invention relates to a polishing
apparatus 'for polishinga workpi-ece such as a semiconductor wafer
to a flat nu.rror finish, and more particularly to a polishing
apparatus having a cleaning'apparatus for cleanlng a polished
workpiece and/or a rotary transporter for supplyJ.ng workpieces.
Description of the Related Art-~

In sem:.conductor dev:_ce manufacturlng processes,
semlconductor wafers are pollshed to a flat.mlrror finish in a
semiconductor wafer fabr:l.catlon process, and layers formed on
semiconductor devices are pollshed to a flat mirror finish in
a semiconductor devrce fabrlcatlon process. These polishing
processes in the sem:.conductor wafer fabr:LcatJ.on process and the
semiconductor dev:Lce fabrlcatlon process are performed by a
polishing apparatus._ ' -

Conventlonally P such a pol:.sh:.ng apparatus has been
designed as a dedlcated pollshmg apparatus having a single
function of pollshlng semlconductor'wafers. The semiconductor
wafers which have been pollshed by the pollshlng apparatus are
transported to a next c1ean1ng process by a movable container
in which they are J.mmers ed in water to keep them from drying during
transPortat:L.on. However, the cleanlng process tends to impair
the cleanliness of a clean room, and the polished semiconductor
wafers need to be transported by an operator or a manually

operated transportation means. Further, a large installation
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space is required fortwo_" kinds of apparatuses comprising the

polishing apparatus and acleaning apparatus that is used tocarry
out the subsequent cleanin§ process. o

In an 'effo’rt to make the polishing process clean and
reduce the installation space of the apparatus, there has been
developed a polishing apparatus which performs both a polishing
process and a cleaning process and which is of adry-in and dry-out
type for introducing semiconductor -wafers therein in a dry
condition and remo_ving polished and cleaned semiconductor wafers
therefrom in a dry condltlon.. . _.

Oon the other hand, the polJ.shJ.ng apparatus having a
single functlon of pol.LshJ.ng sem:.conductor wafers has been
improved to allow the cleanl:.ness of a clean room to bemaintained,
and the pollshlng apparatus ‘and the clean:Lng apparatus used in
a cleaning process after pOllShlng have an J.ncreased processing
capability for thereby reduc1ng ‘the number of the polishing
apparatuses used :Eor pol:.sh:.ng processes and the number of the
cleaning apparatuses. As a result, the conventlonal dedicated
pol:.shlng apparatus hav:.ng a srngle funct:.on of polishing
semiconductor wafers can reduce an J.nstallata.on space thereof
to a degree wh:.ch is equal to or smaller than the dry—:o.n and dry-out
type pol:.shlng apparatus. A )

However, J.n the ded:.cated pol:.sh:Lng apparatus having
a single funct:.on of pol:LshJ.ng semlconductor wafers, the
semic¢onductor wafers th.ch have been pollshed by the polishing
apparatus are transported stlll by an operator or a manually
operated transportation means, as before. If the transportation

means is automated, then it is difficult to handle the

————— e —
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semiconductor wafers because the semicohductor wafers are stored
in the movable water tank. Thus, the problems are presented by
the transportation means ih the conventional dedicated polishing
apparatus. . |

Further; | the dry—in and dry-out type polish'ing
apparatus has a processing capa-bilitf p_er unit time and unit
installation area' lower than the conventional dedicated
polishing apparatus hav:Lng a- s:mgle function of polishing the
semiconductor wafers. Thus, the number of apparatuses in the
polishing processes J.s 1arge, nd a large J.nstallatlon space is
required, and the runnrng cost of the apparatuses is high.

The dry-:.n and dry-out type pol:LshJ.ng apparatus has
two clean:.ng apparatus es operable based on two different cleaning
methods for cleann.ng semlconductor wafers which have been
polished, in order to J.ncrease the process ing capabJ.l:.ty per unit
installation area . Such two cleam.ng apparatuses clean a
semiconductor wafer J_n two stages, and are :Lnstalled in asmaller
installation area Wlth m:.nlmum cleanlng funct:Lons. However, as

recent sem:.conductor dev:.ces have smaller circuit elements and

finer J.nterconnect:l.ons 1n J.ntegrated patterns, there has been

a demand for. remov:l.ng pollshed sem:.conductor wafers from the
polishing apparatus 1n a hlgher 1evel of cleanness and therefore

the clean:.ng stages for cleanlng the pol:.shed semiconductor

_wafers have J.ncreased from two stages to three stages to meet

such a demand. Specz.flcally, such three cleaning stages include
a process of remov:mg fJ.ne partlcles attached to the polished
semiconductor wafer ’ a process of remov:.ng metal ions attached

to the polished sem:.conductor wafer ’ and a process of drying the.
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clean polished semiconductor wafer. 1In some cases , twWo or more
types of metal ions attached to the polished semiconductor wafer
are removed by different chenicals ‘supplied thereto, with the
result that a total of four stages are involved in cleaning the
polished semiconductor wafer._ The four cleaning stages may be
performed by respective four cleaning apparatuses, or two stages
of the four cleaning stages may be performed by one of three
cleaning apparatuses. | '

If three or more cleam.ng stages are carried out by
two cleaning apparatuses then two clean:.ng stages are performed
by at least one clean:.ng apparatus, whose process:.ng capability
is thus reduced per un:Lt tJ.me. If three or more cleaning
apparatuses are prcv:l.ded 1.n a xow .:m a pollshlng apparatus, then
the pollshlng apparatus becomes 1arge in s:.ze, and has a reduced

processing capab:.l:.ty per unlt tJ.me. B

SUMMARY OF THE INVENTION

It is therefore an: object of the present :anent:.on
to provide a- pol:.sh:.ng apparatus th.ch can be used as a dry-
in and dry-out type pollshlng apparatus, has a high processing
capablllty pex um.t tJ.me and un:Lt J.nstallatlon area for
process:.ng worka.eces such as sem:.conductor wafers, has three
or more cleaning stages in a clean:.ng process, and is capable
of mak:.ng sem:Lconductor wafers cleaner to meet requirements for
smaller c:.rcu:.t elements and f:Lner interconnections on
semiconductor devices.

Further obj ect of the present J.nventlon is to provide

a polishing apparatus wh:.ch can be used as the dry-in and dry-out
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type polishing apparatus and is capable of greatly jincreasing
a processing capability of workpieces such as semiconductor
wafers per unit t:Lme and uanit area.

To achieve the above objects,’ according to a first

~aspect of the present invention, there is prov1ded a polishing

apparatus comprising: 2 turntable having a polishing surface;
a top ring for holding a' :workplie.ce__ and pressing the workpiece
against the polishing surface to polish' the workpiece; at least
three cleaning apparatuses for cleanJ.ng polrshed workpieces; and
a transfer structure for transferr:.ng the polished workpieces
between the at 1east three cleanJ.ng apparatuses, the transfer
structure being capable of changrng transfer routes between the
at least three clean:.ng apparatuses.;“ The transfer structure
comprises ‘a plural:.ty of robots. _

Accord:.ng to the present rnventron, the polishing
apparatus can change transfer routes to comply with the required
cleam.ng processes for ma:mta:mlng a deslred number of cleaning
stages depending on varlous pol :Lsh:.ng proces ses w1thout reducing
the processing capab:.l:.ty per unit :Lnstallatlon area, and also
to shorten the process:.ng tme of each of the cleaning processes
by assigning the. clean:.ng process wh.‘l.ch needs a long period of
time to at least two cleanlng apparatuses for thereby increasing
the number ‘of processed workp:.eces per unit time, i.e.,
throughput. -

Accord:.ng to a second aspect of the present J.nventlon P
there is provrded a pollshrng apparatus comprlslng- a plurality

of turntables hav:.ng respectlve pol:.sh:.ng surfaces; a plurality

of top rings for hold:.ng workpleces and pressing the workpieces
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aqa:.nst the pol:.shlng surfaces to pOllSh the workpleces a rotary
transporter dlsposed in a pos:.t:.on th.ch can be accessed by the
top rings and having a plurality of portlons positioned on a
predetermined circumference from a center of rotation of the
rotary transporter for holding the workpieces, the rotary
transporter being capable of replacing the workpieces placed at
the portions; a pusher for transferring the workpieces between
the rotary transporter a_nd the top rinés; and a reversing device
for transferring the 'workpieces to and from the rotary
transporter and revers:.ng the workp:.eces.

It is pOSSlble to shorten the time required to
transfera workplece to be pol:l.shed such as a semlconductor wafer,
to the top ring, for thereby greatly :anreas:mg the number of
processed workp:.eces per unit time, i. e. ’ throughput.

Accordlng toa thlrd aspect of the present invention,
there is provided a pol:.sh:.ng apparatus compr:.s:mg a polishing
section for pol:.sh:mg a workp:Lece-:_ a. cleaning section for
cleaning a pollshed workplece, and. a | reversing device for
reversing a workplece to be pollshed and a pollshed workpiece;
the polishing sectlon beJ.ng arranged to pol:l.sh a workpiece while
a surface thereof beJ.ng polJ.shed is dlrected downwardly, and the
cleaning section be:.ng arranged to clean saJ.d polished workpiece
while a pol:.shed surface thereof is dJ.rected upwardly.

In the cleanlng processes the polished surfaces of
workpleces can be processed th.le the pol:.shed surfaces are being
directed upwardly.

Accordlng to a fourth aspect of the present invention,

there is provided a pOllShJ.ng apparatus comprising: a turntable .
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having a polishing surface; a top ring for holding a workpiece

and pressing the workpiece against the polishing surface to

" polish the workp:.ece* a plurality of cleaning apparatuses for

cleaning polished workpieces; and a workplece station having
workpiece supports for holding workpieces in a standby state

while the wcrkp:Leces are cleaned 1n a plurality of stages through

" the cleaning apparatuses.

Inasmuch as pollshed workp:.eces can wait while being
processed in cleanJ.ng processes, a plural:.ty of cleann.ng
processes havrng dlfferent processn.ng tlmes can be performed
parallel to each other on a plural:.ty of pol:.shed workpieces.

Accordlng to. a flfth aspect of the present invention,
there is prov:.ded a pollshlng apparatus compr1.51ng- a loading

and unload:.ng sect:.on for supply:.ng a workplece to be polished

and receiving a polJ.shed workp:Lece, al pol:.shlng section for

polishing the workplece and a cleanmg sect:.on for cleaning the

polished workplece and chambers separated by partitions having
respect:.ve openJ.ngs for allow:Lng the workplece to. pass
therethrough, the 1oad1ng and unloadJ.ng sectlon, the polishing
section, and the cleanmg sect:.on belng housed in the chambers.
- Since the chambers in th.ch cleanllness of atmosphere
is dJ.fferent from one another are separated by the partitions,
the atmosphere 1n a contamlnated chamber is prevented £from
flowing :.nto a clean chamber and hence from lowering the
cleanliness in the clean chamber.
Accordn.ng to a s:.xth aspect of the present invention,

there is provided a pollsh:.ng apparatus compr:.s:.ng a plurality

of turntables hav:.ng respect:.ve polJ.sh:Lng surfaces; a plurality
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of top r:.ngs for holdJ.ng workpleces and pressnlg the workpieces

agalnst the pollshlng_surfaces to pollsh the workpieces; a

plurality of cleaning- apparatuses for cleaning polished

workpieces; and a trausfer“structure_for«transferring the

workp:.eces the polishing surfaces 1nc1ud1ng a polishing surface
for prlmarlly polishing the workplece and a pOllShlng surface

for finish pollshlng the workplece.

The pOIlshlng surface for polJ.shJ.ng the workpiece to
produce a pollshed surface at a hlgher pollshlng rate and the
pol:l.sh:mg surface for polJ.shJ.ng the workplece to produce a fJ.ner
polished surface :m the fan.sh manner at a lower polishing rate
are combined w:Lth each other to eff:.clently pollsh the workpiece
to produce a well pollshed surface thereof.

Accord:.ng to a seventh aspect of the present invention,
there is provided a pollshlng apparatus comprlslng. a loading
and unloading sectlon for supplylng a workpiece to be polished
and rece:.v:.ng a- pol:.shed workplece- “a turntable having a
polishing surface, a top rJ_ng for holdlng a worka.ece and press:Lng
the workplece agalnst the -polishing- ‘'surface to pollsh the
workpiece; at least three cleanlng apparatuses for cleaning
polished workpleces,. at 1east two of the three cleaning
apparatuseshaV1ngan1dent1ca1clean1ngfunctlon,andatxansfer
structure for transferrlng the workpleces.

of the three cleanlng apparatuses, at least two of
the cleanlng apparatuses have identical cleaning modules.
Consequently, cleanlng processes whlch need tc be performed in
a_long'perlod.of time can.be carried out by two or more cleaning

apparatuses, i.e., a tact time can be distributed, to increase.
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the number of processed workpieceS"per unit time, i.e.,
throughput.
AccordingtoaneighthaSpectofthepresentinvention,
there is provided a polishing -apparatus comprising: a plurality
of turntables having respe'ctiv_e polishing surfaces; a plurality
of top rings for holding_ workpieces and__pressing the workpieces
against the polishing surfaces to polish the workpieces; a rotary
transporter dispoSed'_in_'a position which can be accessed by the
top rings and having a plurality of portions positioned on a
predetermlned c1rcumference from a center of rotatlon of the
rotary transporter for holdlng the workpleces, the rotary
transporter beJ.ng capable of J.ndexJ.ng the plural:.ty of portions;
and a pusher for'transferrlng the workpleces between the rotary
transporter and the'topurlngs.-”_“ B
Accord:.ng to a n:.nth aspect of the present J.nventn.on,

there is prov;.ded a pol:l.shJ.ng apparatus compr:.s:.ng- a plurality
of turntables havn.ng respect:we polJ.shJ.ng surfaces -a plurality

of top rings for holdlng workp:.eces and pressrng the workpz.eces
against the polrshrng surfaces to polrsh the workpieces; a
plurality of rotary tranSporters provrded so as to correspond
to the reSpectlve top rlngs and dlsposed in positions which can
be accessed by the respectrve top rlngs and each having a
plurality of- portlons posrtroned on a predetermined
c:.rcumference from a center of rotat:.on of the rotary transporter
for holding the workpleces the rotary transporter being capable

of indexing the plural:.ty of port:.ons, and a pusher for

transferring the workp:.eces between the rotary transporter and

the top rlngs.
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Accordlng to a tenth aspect of the present 1nvent"ion,'
there is provided a polishing apparatus comprls:.ng- a plural;.ty
of turntables hav:.ng respectlve pollshlng surfaces a plurality
of top rings for hold:.ng workpieces and press:.ng the workpieces
against the polishing surfaces to polish the workpleces a rotary
transporter having an lndexrng_functron for transferring the.
workpieces to or from the-top rings:_ﬁ wherein each of the plurality
of top rings is angularly movable about a rotating shaft to a
position over the turntable and a pos ltJ.on over the 1ndex table.

AccordJ.ng to the eJ.ghth through tenth aspects of the
present J.nventlon, J.t 1s p0551ble to shorten the time required
to transfer a workplece to be pollshed, such as a semiconductor
wafer, +o the top rJ.ng, for thereby greatly lncreas:l.ng the number
of processed workp:.eces per un:Lt t.une,' i. e., throughput.

In a preferred em.bodlment, each of the top rings is
angularly movable about a ro’cat:.ng shaft to a position over one
of the turntables and a pos:.t:.on over: the rotary transporter. :

In a preferred embodlment. respective dedlcated

dressers assoc:Lated w:.th the reSpectJ.ve turntables are provided.

Ina preferred embod:.ment the port:.ons of the rotary
transporter comprlses a, 1oad stage for hold:.ng the workpiece to
be polished and an unlo_ad stage for hol_dJ_ng the workpiece which
has been pollshed ' o |

In a preferred embodlment, ‘the pusher is provided
below or on the rotary transporter.

The above and other objects features . and advantages
of the present 1nventlon w:.ll become apparent from the following

description when taken in conjunctlon w:.th the accompanying

10
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drawings which'illustrate'preferred embodiments of the present

invention by way of example.

BRIEF DESCRIPTION OF THE' DRAWINGS

FIG. 1 is a plan view showing a layout of various
components | of a polishing appar'atus according to a first
embodiment of the present :.nvent:.on,

FIG 2 J.s an elevatlonal view showing the relationship
between a top ring and turntables;

FIG. 3 is a dlagram 1llustrat1.ve of a process of
polishing a sems.conductor wafer w:.th the polishing apparatus
shown in FIG. 1,

| E‘IG. 4 is a d:l.agram 111ustrat1ve of the process of
polishing a semlconductor wafer ws.th the polJ.shJ.ng apparatus
shown in FIG. 1; | a .'

. FIG. 5 is a d:Lagram J.llustratlve of the process of
pol:.sh:.ng a sem:.conductor wafer w:.th the pollshJ.ng apparatus |
shown in FIG. 1; ' . : ' .

FIG. 6 is a éia.oram iilustrativ'e of the process of
polishing a semlconductor wafer w1th the polishing apparatus
shown in FIG. 1, | =

FIG. 7°is a dlagram 1llustrat1ve of the process of
polishing a sem:.conductor wafer w:.th the polishing apparatus
shown in FIG. 1; | |

FIG. 8 J.S a dJ.agram 1llustrat1ve of another process
of polishing a semlconductor wafer w:.th the polishing apparatus

shown in FIG. 1,

FIG. 9 is a diagram illustrative of the other process -

11
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of polishing a 'semicendﬁcrer wafer with ‘the polishing apparatus
shown in FIG. 1; | _ |

FIG. 10 is a diagram illustrative of the otﬁer process
of polishing a semiconducj;br wafer with the polishing apparatus
shown in FIG. 1; |

fIG. 11 is a diagram illustrative of the other process
of polishing a semiconductor wefer wit.h._.t_hle polishing epparai:us
shown in FIG. 1; | | _

FIG. _12_is a diagram illustrative of the other process
of polishing a'semicenduc_ror wafer w:.th Fhe polishing apparatus
shown in FIG. 1; - :' | _. :._

FIG. 13 isa dlagram :Lllustratlve of the other process
of pol:.shlng a semlconductor wafer w1th the polishing apparatus
shown in FIG. 1; ' o ' :

FIG. 14 isa dlagram J.llustratlve of the other process
of polJ.sh:Lng a semlconductor wafer with the pol:.sh:.ng apparatus
shown in FIG. 1, ' o o

| FIG. 15 lS a dlagram lllustratlve of still another
process of pollshlng a semlconductor wafer with the pollshlng
apparatus shown in FIG. 1; o

FIG. 16 ig:a;diagram illustrative of the still other
process of polishinéna semiconduetor.wefer with the polishing
apparatus shown in FIG. 1; e

FIG. 17 is a diagram illustrative of the still other
process of pollshlng a semlconductor wafer WLth the polishing
apparatus shown 1n-FIG. 1;

FIG. 18 is a diagram illustrative of the still other

process of polishing a s_emiconduetor wafer with the ‘polishing.

12
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apparatus shown in FIG. 1;

FIG. 19 is a diagram illustrative of the still other
process of polishing a semicondnetor wafer with the polishing
apparatus shown.in FIG. 1;

FIG. 20 is a diagram illnstrative of the still other
process of éolishing a semiconductor wafer with the polishing
apparatus shown in FIG. 1; :

FIG. 21 is a'diaéram iliusfrative of the still other
process of polishing a semiconductor wafer with the polishing
apparatus shown ln FIG. 1- N

FIG. 22 ls a dlagram 1llustrat1ve.of the still other
process of pollshlng a semlconductor wafer with the pollshlng
apparatus shown 1n FIG. IEf*ﬂ':..' o

' FIGS 23A and 233 are front and s:.de elevational views
of a loadlng and unloadlng sectlon-“'” o

FIG 24 is a front elevat:.onal v:.ew of another loading
and unloadlng sectlon,

FIG. 25 is a achematlc dlagram shoW1ng air flows in
a cleaning chamber- | B

FIG 26 1s a s:n.de elevat:.onal view of a transfer robot;

FI1G. 27 1s a persPectlve'v1ew of the'transfer robot;

~

FiG. 28A 15 a front elevatlonal view of a wafer

station; B

FIG. é'__éan.;_:i-s' A side elevational view of the wafer
station; I

FIG. éBCfis a.ﬁieW'of.tne nafer station as viewed in
the direction lndlcated by the arrow I,

FIG. ZBD is a VLEW'Of the wafer station as viewed in.

13
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the direction lndlcated by the arrow 1I1;
FIG. 28E 1s a v1ew of the'wafer station as viewed in
the direction lndlcated by the arrow III;
FIG. 29A.is a. plan view of a reversing device;
FIG. 29B is a side elevational view, partly in cross

section, of the rever51ng devrce,'

FIG. 30 1s a vertlcal cross—sectlonal view of a

lifter;

FIG. 31 is a plan v1ew of a- rotary transporter,

FIG. 32 ls a srde elevatlonal view of the rotary
transporter; | S |

FIG{'iS#iéna'Qérfioai croéé;éectional view of a
pusher;' EE | )

" FIGS. 34A through 34E are vortlcal cross-sectional
views lllustratlve of the manner in whlch the pusher operates;
FIG. 35,15_a §;deﬂe;evatlona1 view, partly in cross
section, of a top.ringi'- : O |
FIG. 36 is a vertical cross-seotional_view of a
diamond dresser; . |
FIG. 37 is a vertical orosé-séc_tional view of a brush
dresser; . y ;
| FIG. 38 is aavertical croaa¥sectional view of a
dresser of a second'turnfable; | ”
FIG. 39 is a srde elevatlonal view of the dresser of
the second turntable,ﬁ o
FIG. 40 is a fromt elevatlonal view of a rotary-type

turntable;

FIG. 41 is a vertical cross-sectional view of a.

14
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scroll-type turntable;
| FIG. 423 is a cross-sectional view taken along line

P - P of FIG. 41;

FIG. 42B is a cross-sectional view taken along line
X - X of FIG. 423;

fIG. 43 is a vertical cross—sectional view of an
overhanging-type turntable; |

FIG. 44A is a;plan view'of.an abrasive liquid supply
nozzle;

FIG. 44B ls a Slde elevatlonal view, partly in cross
section, of the abrasrve 11qu1d supply nozzle'

FIG. 45 is a plan view showrng the p051tlon of the
abrasive liquid supply nozzle w1th respect to a turntable;

FIG. 46 is a schematlc dlagram show1ng an abrasive
liguid supply system, p

FIG. 47 "is a.schematlc dlagram showing another
abrasive liquid supply system,.and

FIG. 48 is a schematic dlagranlshow1ng still another
abrasive llquld supply system

FIG. 49 ls a plan view shoulng a layout of various
components of a pollshlng apparatus accordlng to a second
embodiment of the present 1nvent10n, o

FIG. -5052ls an elevatlonal view showing the
relatlonshlp between a t0p rlng and a turntable-

FIG. 51 1s a plan view show;ng a detailed structure
of a rotary transporter type A,

FIG. 52 is an elevatlonal view show1ng the detailed

structure of the rotary transporter type A;

15
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FIG. 53 is-a‘planﬁview showing”a~detailed structure
of a rotary transporter type B;
FIG. 54 is an elevatlonal view showing the detailed
structure of the‘rotary-transporter type B;
| FIG. 55 is a plan view showing a detailed structure
of a.linearly movable table type;
FIG. 56 is an elevationai’view showing the detailed
structure of the linearly mouable;table_type;
FIG. 57 is a pian view the relationship of top rings,
a rotary transporter, pushers and transfer robots-
FIGS. 58A through 58D are vertlcal cross-sectional
views showing the, manner ln Wthh the pusher is operated;
FIG. 59 J.s a plan v:.ew show:Lng a mod:.f:.ed embodiment
of the pOllShlng apparatus shown in FIG 49 according to the
present 1nventlon, o '_ | |
FIG. 60 'is a dlagram lllustratlve of a process of
polishing a semlconductor wafer'w1th thE'pOllShlng apparatuses
shown in FIGS. 49 and 59; |
FIG. 61 is"a'diagran'iliustrative of the process of
polishing a semlconductor wafer'w1th the pollshlng apparatuses
shown in FIGS. 49 and 59-= - '
| FIG. 62’is a diagram iliustrative of the process of
polishing a semlconductor'wafer-WLth the polishing apparatuses
shown in FIGS. 49 and 59,_
FIG. 63 is a diagram illustrative of the process of
polishing a semicon&uctor wafer'with the polishing apparatuses
shown in FIGS. 49 and 59; |

FIG. 64 is a diagram illustrative of the process of

16
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_polishing a semiconductor wafer with the polishing apparatuses

shown in FIGS. 49 and 59;

FIG. 65 is-.a "plan view showing a layout of various
components of a polishing apparatus according to a third
embodiment of the present 1nvent1.on,

FIG. 66 is an elevat:.onal view showing the
relationship of a top ring, .a turntable and a pusher unit;

FIG. 67 is a diagrarh illustrative of operation of the
rotary transporter according-to another embodiment;

FIG. 68 .'LS a dJ.agram :.llustrat:.ve of operatlon of the
rotary transporter accord:.ng to another embod:.ment-

FIG. 69 J.s a dlagram 111ustrat:.ve of operatlon of the
rotary transporter accord:.ng to another embodlment,

| FIG. 70 is a dlagram 111ustrat1ve of operat:.on of the
rotary tranSporter accordn.ng to another embodlment'

FIG. 71 is a d:.agram 111ustrat1ve of operation of the
rotary transporter accordlng to another embodment F

FIG 72 1s a d:.agram 1llustrat1ve of 0peratlon of the
rotary transporter accord:.ng to another embodiment ;

FIG 73 is'a dxagram 111ustrat1ve of operat:.on of the
rotary transporter accord:.ng to another embod:_ment-

FIG 74 is a dlagram J_llustratJ.ve of operation of the
rotary transporter accordlng to another embodlment,

FIG. 75 is a dlagram 1llustrat1ve of operation of the
rotary transporter accordlng to another embodiment;

FIG. 76 is a dlagram :Lllustrat:.ve of operation of the
rotary transporter _accor_d:.ng to another embodiment;

FIG. 77 is a diagram illustrative of operation of the.

17



10

15

20

25

rotary transporter -acoortling-to another:-embodiment; |

FIG. 78 is a diagram illustrative of operation of the
rotary transporter according;to anothervembodiment;

FIG. 79 i's..’a &iagran’_x illustrative' of operation of the
rotary transporter accordiné to another'embodiment;

“FIG. 80 is- a diagram illustrative of operation of the
rotary transporter accordlng to- another embodiment;

E‘IG 81 is a d:.agram :Lllustrat:we of operation of the
rotary transporter accordJ_ng to another embod:n.ment, and

FIG. B2 is a d:.agram :LllustratJ.ve of operation of the

rotary transporter accordlng to another embodlment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
C A pol:.sh:.ng apparatus accordlng to embod:unents of the
present invention’ w:.ll be descr:.bed below with reference to
drawings. o S |

‘ FIG. 1 shows a 1ayout of var:.ous components of a

polishing apparatus accord:.ng to a. f:.rst embod:.ment of the

present J.nventlon. ‘AS' shown Ain FIG. 1, a pol:Lsh:.ng apparatus
according to the present J.nvent:.on comprlses four load-unload

stages 2 each for plac:.ng a wafer cassette 1 which accommodates

'a plurallty of semlconductor wafers. The load-unload stage 2

may have a mechan:.sm for raJ.sJ.ng and 1ower:.ng the wafer cassette
1. A transfer robot 4 hav:.ng two. hands is provided on rails 3
so that the transfer robot 4 can move along the rails 3 and access
the respective wafer cassettes 1 on the respective load-unload

stages 2.

The transfer robot 4 has two hands which are located.
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in. a vertically spaced relationship, ‘and the .low.er hand' is used
only for taking out a s"emiconductor wafer from the wafer cassette
1 and the upper hand is used only for returning the semiconductor
wafer to the wafer cassette 1. !fhis arrangement allows that a
clean semiconductor wafer which has been cleaned is placed at
an upper side and is not contamlnated. ‘The lower hand is a vacuum
attractlon-type hand for holdlng a semlconductor wafer under
vacuum, and the upper hand is-a- recess support-type hand for
supporting a perlpheral edge of a semlconductor wafer by a recess
formed on the hand. The vacuum attractlon—type hand can hold
a semiconductor. wafer and transport the sem:.conductor wafer even
if the semlconductor wafer is not located at a normal pos:LtJ.on
in the wafer cassette due to a sl:.ght dlsplacement and the recess
support-type- hand can tranSport a semlconductor wafer while
keeping the semlconductor wafer clean because dust is not
collected unlike the vacuum attract:.on—type hand.

| Two cleam.ng apparatuses 5 and 6 are d:.sposed at the

opposite s:Lde of the wafer cassettes 1 w:l.th respect to the rails

~ 3 of the transfer robot 4. ' The cleanlng apparatuses 5 and 6 are

disposed at pos:.t:.ons that can be accessed by the hands of the
transfer robot 4." Between the two clean:.ng apparatuses 5 and
6 and at a pos:.t:.on that can be accessed hy the transfer robot
4, thereis prov:.ded a wafer stat:.on 50 hav:.ng four wafer supports
7, 8, 9 and 10. The cleanlng apparatuses 5 and 6 have a spin-dry
mechanism for drylng a semlconductor wafer by spinning the
semiconductor wafer at a h:.gh sPeed-, and hence the two-stage
cleaning or three—stage cleanmg of the sem:.conductor wafer can

be conducted w1thout replac1ng any cleanlng module.
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An area B in which the cleaning apparatuses 5 and 6
and the wafer statlon 50’ hav1ng the wafer supports 7, 8, 9 and
10 are disposed and an area A in whlch the wafer cassettes 1 and

the transfer robot 4 are dlsposed-are partltJ.oned by a partition

" wall 14 so that the cleanlrness of the area B and the area A can

be separated. The partition wall 14 has an opening for allowing
semiconductor wafers to: pass therethrough, and a shutter 11 is
provided at the open:Lng of the partJ.tJ.on 'wall 14. A transfer
robot 20 haVJ.ng two hands is- dJ.Sposed at a pos:.t:.on where the
transfer robot 20 can. access the clean:.ng apparatus 5 and the
three wafer supports 7 9 and 10, and a transfer robot 21 having
two hands is dlSposed at a pOSltlon where ‘the transfer robot 21
can access the cleanlng apparatus 6 and the three wafer supports
g, 9 and 10. .

The wafer support | 7 ' is.:'_ used to transfer a
semiconductor wafer between the trans fer robot 4 and the transfer
robot 20 and has a sensor 71 for detect:.ng whether there is a
sem:.conductor wafer ‘or not.. he wafer support 8 is used to
transfer a semlconductor wafer between the transfer robot 4 and
the transfer robot 21 and has a sensor 72 for detecting whether
there is a semlconductor wafer or. not. The wafer support 9 is
used to transfer a sem:.conductor wafer from the transfer robot

21 to the transfer robot 20 and has a- sensor 73 for detecting’

- whether there is a semlconductor wafer or not and rinsing nozzles

75 for supplying a rJ.ns:Lng 1:|.qu1d to prevent a semiconductor wafer
from drying or to conduct rinsing of a semJ.conductor wafer. The
wafer support 10 is used to transfer a semiconductor wafer from

the transfer robot 20 to the transfer robot 21, and has a sensor -
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74 for detecting whether there is a semiconductor wafer or not

and rinsing nozzles 76 for supplying a rinsing liquid to prevent
a semiconductor wafer from drying or to conduct rinsing of a
semiconductor wafer. The wafer supports 9 and 10 are disposed
in a common water-scatter preventlon cover which has a opening .
defJ.ned thereln for +transferring semiconductor wafers
therethrough the opening being comblned with a shutter 77. The
wafer support 9 is d:.sposed above the wafer support 10, and the
wafer support 9 serves to support a semiconductor wafer which
has been cleaned and the wafer support 10 serves to support a
semiconductor wafer to ‘be cleaned, 50 that the cleaned
semiconductor wafer is prevented from belng contaminated by
rinsing water whrch would otherw:.se fall thereon. The sensors
71, 72, 73 and 74, the r:.ns:.ng nozzles 75 and 76, and the shutter
77 are schematlcally ‘shown in FIG 1, and their positions and
shapes are not J.llustrated exactly. -

“The transfer robot 20 and the transfer robot 21 have. '
the respect:.ve two hands th.ch are. 1ocated ina vertlcally spaced
relat:.onshlp. The respectlve upper hands of the transfer robot
20 and the transfer robot 21 are used for transport:.ng a
sem:.conductor wafer whlch has been cleaned to the cleaning
apparatuses or the wafer supports of the wafer station 50, and
the respective lower hands ‘of the transfer robot 20 and the
transfer robot 21 are used for transportlng a semiconductor wafer
which has not cleaned or a semlconductor wafer to be polished.
Since the 1ower hand 1s used to transfer a semlconductor wafer
to or from a revers:mg dev1ce, the upper hand is not contaminated

by drops of a rJ.nsJ.ng water wh:.ch fall from an upper wall of ‘the -
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reversing device. .

A cleaninp apparatus.zz is disposed at.a position
adjacent to the c_leaning-apparatu_s 5 and accessible by the hands
of the transfer robqt_zq;pand“another;cleaning apparatus 23 is
disposed at a position adjacent to the cleaning apparatus 6 and
accessible by the hands of the transfer robot 21.

All the clean:.ng apparatuses 5 6 22 and 23, thewafer

supports 7, 8, ° and 10 of the wafer stat:Lon 50, and the transfer

robots 20 and 21 are placed in the area B. The pressure in the
area B is ad]usted S0 as to be lower than the pressure in the

area A. Each of the clean:.ng apparatuses 22 and 23 is capable

~ of cleaning both surfaces of a sem:.conductor wafer.

The pol:.shlnd.'apparatus has a housrng 46 for enclosing
various components there:.n. The hous:.ng 46 constitutes an
enclosing structure. o The J.ntern.or of the hous:.ng 46 1is
part:.tloned J.nto a plurallty of compartments or chambers

(:anludlng the areas A and B) by partlt:u.ons 14, 15 16, 24 and

47.

A pol:.shlng chamber separated from the area B by the
partitionwall 24 is formed ' and is further divided into two areas
C and D by the: part:.t:l.on wall 47. In-each of the two areas C
and D, there are. provrded two turntables, and a top ring for
holding a semlconductor wafer and pre551ng the semiconductor
wafer against the turntables. That 1s, the turntables 34 and
36 are provided in the area C, and the turntables 35 and 37 are
provided in the area, .D. Further, the top ring 32 is provided
in the area C andlthe top ring 33 is provided in the area D.

Anabrasive liquid nozzle 40 for supplyingan abrasive .
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lquJ.d to the turntable 34 in the area C and a dresser 38 for
dressing the turntable 34 are d:.sposed in the areaC. An abras:.ve
liquid nozzle 41 for supplylng an abras ive 1J.qu1d to the turntable

35 in the area D and a dresser 39 for dressrng the turntable 35

- are disposed in the area D.. A dresser 48 for dressing the

turntable 36 in the area ¢ is disposed in the area C, and a dresser
49 for dressing the turntable 37 in the--area D is disposed in
the areaD. The turntables 36 and 37 may-be'replaced with wet-type
thickness measuring devlces for measuring the thickness of a
layer on a sem:.conductor wafer. If such wet-type thickness
measuring dev:.ces are prov:.ded, then they can measure the
thickness of a layer on a semlconductor wafer J.mmedlately after
it is pol:.shed, and hence :Lt is p0551b1e to further polish the
polished semlconductor wafer or control a pollshJ.ng process for
pelishing a next semlconductor wafer based on the measured value.

) FIG. 2 shows the relat:.onsh:.p between the top ring
32 and the turntables 34 and 36. The relat:.onsh:.p between the
top ring 33 and the turntables 35 and- 37 is the same as that of
the top ring 32 and the turntables 34 and 36. As shown in FIG.
2, the top ring 32 is supported from a top rJ.ng head 31 by a top
ring drive shaft 91’ wh:Lch J.S rotatable. ‘The top ring head 31
is supported by a support shaft 92 wh:Lch can be anqularly
positioned, and the top rJ.ng 32 can access the ‘turntables 34 and
36. The dresser 38 is supported from a dresser head 94 by a
dresser drive shaft 93 whlch is rotatable. The dresser head 94
is supported by an angularly posnlonable support shaft 95 for
moving the dresser 38 between a standby posJ.tJ.on and a dressing

position over the turntable 34. The’ dresser 48 is similarly -
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supported from a dresser head 97 by a dresser drive shaft 96 which
is rotatable. The dresser head 97 is supported by an angularly
positionable support shaft 98 for-movrng'the dresser 48 between
a standby position and.a dressing posrtion over the turntable
36.

As shown in FIG. 1; in'the area C separated from the
area B by the partition wall 24 and at a position that can be
accessed by the hands of the transfer robot 20, there is provided
a reversing device 28 for reversing a semiconductor wafer, and
at a position that,can be accessed by the hands of the transfer
robot 21, there 1s prov1ded a revers:.ng dev:.ce 28’ for reversing
a semiconductor wafer. The.partition wall 24 between the area
B and the areas C,_I) has two openings each for allowing
semiconductor'wafers to pass therethrough, one of which is used
for transferring the semiconductor wafer to or from the reversing
device 28 and the other of which 1s used for transferring the
semiconductor wafer to or from the revers:.ng dev:.ce 28’
Shutters 25 and 26 are prov1ded at the respective openings of
the partition wall 24. The reversing deVices 28 and 28’ have
a chuck mechanism for chucking a semiconductor wafer, a reversing
mechanism for reversing -at.semiconductor wafer, and a
semiconductor'wafer detecting sensor for detecting whether the
chuck mechanism chucks a semiconductor wafer or not, respectively.
The transfer robot 20 transfers a semiconductor wafer to the
reverSLng devrce 28, and the transfer robot 21 transfers a
semiconductor wafer-to the rever51ng device 28°’.

A rotary transporter 27 is ;disposed below the

reversing devices 28 and 28' and the top rings 32 and 33, for .
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-transferring semiconductor wafers between the cleaning c¢hariber

(area B) and the polishing chamber (areas C and D). The rotary
transporter 27 has four stages for placing a semiconductor wafer
at equal angular ..intervals, and can hold a plurality of
semiconductor wafers thereon at the same time. The
semlconductor wafer wh:Lch has been transported to the revers:.ng
device 28 or 28' is transferred to the rotary transporter 27 by.
actuating a 1:Lfter 29 or 29" dlsposed below the rotary transporter
27 when the center of the stage of the rotary transporter 27 is
aligned w;:.th the center of the semlconductor wafer held by the
reversing device 28 or 28" The sem:.conductor wafer placed on
the stage of the rotary transporter 27 is transported to a
pos:.tlon below the top r:.ng 32 or 33 by rotating the rotary
transporter 27 by an’ angle of 90 . At thJ.s t:Lme, the top ring
32 or 33 is pos J.tloned above the rotary transporter 27 beforehand
by a sw:l.ng motlon thereof. .- The | sem:.conductor wafer 1is
transferred- from the rotary transporter 27 to the top ring 32
or 33 by actuat:.ng a pusher 30 or 30 dlSpOSed below the rotary
transporter 27 when the center of the top rJ.ng 32 or 33 is aligned
with the center of the semlconductor wafer placed on the stage
of the rotary transporter 27. |

| The semlconductor wafer transferred to the top ring
32 or 33 is held under vacuum by a vacuum attraction mechanism
of the top ring 32 or 33, and transported to the turntable 34
or 35. Thereafter, the sem:.conductor wafer is polished by a
polishing surface comprrsrng a pOllShlng cloth or a grinding
stone (or a fJ.xed abras ive plate) attached on the turntable 34

or 35. The second turntables 36 and 37 are dJ,sposed at positions -
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that can be.accessed:hy:the'top'rings 32 and 33, respectively.
With this arrangemen-t.,_- a primary polishing of the semiconductor
wafer can be conducted;hy the turntable 34 or 35, and then a
secondary polishing of the semic:onductor-wa_fer can be conducted
by the second turntable 36 or 37. Alternatively, the primary
polishing of the semiconductor.wafer can be conducted by the
second turntable 36 or 37, and then the secondary pollshlng of
the semlconductor wafer can be conducted.by'the first turntable
34 or 35. In this case, 51nce'the second turntable 36 or 37 has
a smaller-diameter pollshlng surface than the first turntable
34 or 35, a grlndlnp stone (or a flxed abra51ve plate) which is
more exPen51ve than.a pOllShlng cloth 15 attached to the second
turntable 36 or 37 to thereby conduct a prlmary polishing of the
semiconductor wafer. On the other hand, the polishing cloth
having a shorter llfe.but being cheaper than the grinding stone
(oxr the fixed abras:Lve plate) is attached to the first turntable
34 or 35 ¢to therehy conduct a flnlsh polishing of the
semlconductorwaferr Thlsarrangementorutlllzatlonmayreduce,
the running cost of the pollshlng apparatus. If the polishing
cloth is attached to the flrst turntable and the grinding stone
(or fixed abra51ve plate) lS attached to the second turntable,
then the turntable system may be prov:.ded at a lower cost. This
is because the grlndlng stone (or the flxed abra51ve plate) is
more expensive than the polzshlng cloth and the price of the
grlndlng stone (or the flxed abra51ve plate) is substantially
proportional to the dlameter of the grlndlng stone. Further,
since the pollshlng cloth has a shorter ‘life than the grinding

stone (or the fixed abra51ve plate), if the polishing cloth‘ls
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used under a relatively light load such as a f:LnJ.sh polishing,
then the life of the polishing cloth is prolonged. Further, if
the diameter of the polishing cloth is large, the chance or
frequency of the contact with the semiconductor wafer is
distributed to thus provide a longer life, a longer maintenance
period, and an improved productivity of the semiconductor
devices.

after a semlconductor wafer is polished by the first
turntable 34 and before the top ring 32 moves to the second
turntable 36, a clean:.ng lJ_un.d is supplled from cleaning liguid
nozzles 1510 dlsposed adjacent to the turntable 34 to the
semiconductor wafer held by the top r:mg 32 at a position where
the top rind 32 is spaced from the turntable 34. Because the
semiconductor wafer :.s rlnsed before mov:.ng to the second
turntable 36, | the transfer of contam:.natlon between the
turntables is prevented to thus .avoz.d cross contamination of the
turntables. A | |

Further, two-stage pol:.shlng can be performed in such
a manner that a pol:Lsh:Lng cloth sold under 'the tradename of
IC1000/SUBA400 manufactured by Rodel NJ.tta corporat:.on is used
for the first pollsh:l.ng surface and a pol:l.shlng cloth sold under
the tradename of POLI‘I‘EX manufactured by Rodel Nitta corporation
is used for the second pollshlng surface , and the semiconductor
wafer is first pol:.shed by the flrst pollshmg surface, and then

pollshed by the second pollsha.ng surface. This two-stage

polishing may be carr:.ed out by the use of the two large-sized

turntables even J..f the small s1zed second turntable is not used.

In the above, although the two-stage pOl.‘LShlng‘ has been described -
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as being conducted by two diff‘ere'nt polishing cloths, it may be
conducted by the same poliShlng cloth or the same grinding stone.
After the semiconductor wafer is polished hythe first polishing
surface and the second bolishing surface, the first and second
polishing surfaces are dressed by the dressers 38, 39, 48 and
49, respectively.” The '_dr_essj.'.n'g process . is. a process for
recovering the polishing_ surface of the turntable which has been
degraded by polishinc_ o_f '_thejse'ljtiic'o:n,d_uctor wafers. This process
is also called conditioning or rectification.

'I'he semlconductor wafer whlch has been polished is
returned to the revers:.ng dev:.ce 28 or 28 J.n the reverse route
to the above. . The sem:.conductor wafer returned to the reversing
device 28 or 29 .'LS rJ.nsed by pure water or chemJ.cals supplied
from rinsing nozzles . . Further, the semlconductor wafer holding
surface of the top r:.ng 32 or 33 from wh:n.ch the semiconductor
wafer has been removed is also cleaned by pure water or chemicals
supplied from clean:.ng nozzles, and :.n some cases;, the
semlconductor wafer hold:l.ng surface of the top ring 32 or 33 is
rinsed for prevent:l.ng the sem:.conductor wafer holding surface
from being dried. A cleanlng nozzle or nozzles for cleaning the
pusher are prov1ded on the part:.t:.on wall. | In order to improve
yield of the semlconductor deVJ.ce or . cleanlng effect of the
semiconductor wafer, the sem:.conductor wafer may be rinsed by
chemicals in such a state that the sem:l.conductor wafer is held
by the top r1ng-32 or 33. Further, the semiconductor wafer may
be rinsed by chem:n.cals in such a state that the semiconductor

wafer is held by the rotary transporter 27. Further, the lifter

29 or 29’ may be: cleaned by nozzles (descrlbed later).
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on the rioht side of FIG. 2, the relationship of the
rotary transporter 27, -the reversing device 28 or 28°, the lifter
29 or 29’, and the pos'her 30=or 30".is. shown. As shown in FIG.
2, the reversing.uni-ts 28 and 28’ are disposed above the rotary
transporter 27, and the lifters 29 and 29° and the pushers 30
and 30’ are disposed below the rotary transporter 27.

Next, ‘transport _rOutes:_._ for transporting
semiconductor waf ers ‘will be described.

All software is constructed such that all units or
devices are freely comb:.ned and set in normal processing routes
of the sem:.conductor wafers J.n the pollshlng apparatus.
Examples of the process.mg routes are the follow:.ng.

1) Method (2 cassette parallel process:.ng) in which

semlconductor wafers J.n one wafer cassette are processed in one
of the two areas c and D, and semlconductor wafers in another
wafer cassette are processed in the other of the two areas C and
b; N : |

2) Method (1 cassette parallel proce551ng) in which
semiconductor wafers in one wafer cassette are distributed into
the area C and the area. D arbltrarlly, and

3) Method (ser:.al proce551ng) in which semiconductor
wafers in one wafer cassette are processed in one of the areas
C and D, and then processed in the other of the areas C and D.

In the cleanlng chamber, pollshed semiconductor
wafers d:.scharged from the pol:.shlng chambers are processed
according to any one of the follow1ng six processes:

A) Process in which semiconductor wafers are cleaned

in two-stages by two arrays of cleaning apparatuses ‘and -
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discharged, i.e., from the -C1_eaning apparatus 22 to the cleaning

' apparatus 5 and from'the cleaning apparatus 23 to the cleaning

apparatus 6;.

B) Process in which semicondu'ct'or wafers are cleaned
in three-staues by one array of cleaning apparatuses and
discharged, i.e., fxom the cleaning apparatus 23 to the cleaning
apparatus 6 and then to the cleam.ng apparatus 5 or- in
three-stages by one array of cleanlng apparatuses and discharged,
i.e., from the cleanlng apparatus 22 to the cleaning apparatus
23 or 6 and then to the cleanlng apparatus 5;

C) Process J.n wh:.ch semlconductor wafers are cleaned

J.n three- stages and dlscharged i. e., J.n one—stage by two

cleaning apparatuses, ' i.e. ’ e:.ther ' one " of the cleaning
apparatuses 22, 23 where no clean:.ng :Ls belrng conducted, and in
two-stages by one array of cleam.ng apparatuses :|. e., from the
cleaning. apparatus 6 to the cleanlng apparatus 5,

D) Process in wh:.ch semlconductor wafers are cleaned
in four-stages by ‘one- array of cleanJ.ng apparatuses  and
discharged, i.e., from the cleanlng apparatus 23 to the cleaning-
apparatus 6 and then to the cleam.ng apparatus 22 and then to
the clean:.ng apparatus 5, R

E) Process J.n whlch sem:.conductor wafers are cleaned
in four-stages by one array of clean:.ng apparatuses and
discharged, ji.e., from the cleanJ.ng apparatus 22 to the cleanlng
apparatus 23 and then to the cleam.ng apparatus 6 and then to
the cleaning apparatus 5; and

F) Process J.n wh:.ch sem:.conductor wafers are cleaned

in three-stages by one array of cleanlng apparatuses and
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discharged, i.e., from the cleaning apparatus 23 to the cleaning
apparatus 6 and then to the f'cleaning apparatus 5, after the
semiconductor wafers which have been polished in a first stage
are cleaned by the cleaning apparatus 22 and then polished again
in a second stage. | |

Combinations of the methods 1).- 3) and the processes
A) - F) provide their respective features as follows:

(1 - A.)z |

This combination _'is _effec_t_ive in a case where
different processes'are carried out for two wafer cassettes and
a case where a plural:.ty of lots of sem:.conductor wafers are
dJ.scharged at a hJ.gh throughput. _ If dlfferent processes are
carr:.ed out for the two wafer cassettes, then an apparatus
configuration or arrangement prov:l.ded by a combination of two
dry-in and dry-out type pol:Lsh:Lng apparatuses, for example , is
employed. s:.nce thJ.s comb:.natlon offers the greatest throughput,
it is used to ach:Leve a: hJ.gher product:.oh capability with the
same process being carrled out-on sem:l.conductor wafers from the
two wafer cassettes. o I
(2 - 2): '

This'- combrhatlon :Ls effect:.ve to process
semlconductor wafers in one wafer cassette in a short period of
time. This comblnat.z.-on also allows.: sem:_.conductor wafers in one
wafer cassette to be .processed in two arhitrary different types
of processes. A |
(3 - A): _

In the case where the tlme. requlred to clean a

semiconductor wafer in at least one of the two cleaning stages
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-is longer than the time required to polish a semiconductor wafer

in either one of the' two polish'ing_stages, if the two cleaning
stages are carried out by one array of cleanlng apparatuses, then
the polishing capab:.llty is 1owered because of the 1ong cleaning
time. In this case, if the two cleaning stages are carried out
by two arrays of '-cleanihg ' apparatuse_s, then polished
semiconductor wafers .ca'n h.e delivered without be.ing affected by
the cleaning time. Thlscomblnat:.on is highly effective in this
case. | “ |
(1 - B): ; Y

Thls comblnatlon .'!.S used 1n a case where three or more
types of cleanlng process are requlred after the pollsh:.ng
process . Since the clean:.ng process is carrled out by one array
of cleaning apparatuses,- the process:.ng capability of the
cleaning process accord:.ng to thJ.s come.natJ.on is reduced, and
the comb:.nat:.on is hlghly effectlve in'a case where the polishing
time is longer thar; the clean:t.ng tme
2 - By Ry : o -

This coﬁhinatioh is ﬁsed in a case where only one lot
is processed, but not a plurallty of 1ots .are processed at once
as with the comb:.natlon (1 - B) P and offers the same advantages
as with the comblnatJ.on (1 - B) . .
(3 - B): R

Th.'LS comb:LnatJ.on J.s -ﬁsed | :Ln a case where three
cleam.ng stages are needed, as w:.th the comb:.natlon (1 - B).
(1 - ) o R R

This co;nbihation offers the same advantages as with

the combination (1 - B). If the cleaning time in the first
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cleanihg stage is longer than the process'i'n'g time in another wafer

processing'unit; then:the first cleaning stage is carried out

by two cleaning apparatuses for preventing semiconductor wafers

from being jammed at the first cleaning apparatus, thereby
increasing the processing capability. |

(2 = C): | |

‘As with the coﬁbination (1 —_C), this combination is

used for the same reason as the comoination (2 - B).
(3 -~ C)s _
| | As w1th the comblnatlon (1 ; C), this comblnatlon is
used for the same reason as the comblnatlon (3 - B).
1, 2, 3 - D, E) e S o

Th:Ls comt::.nat:.on is used ina case ‘where four cleaning
stages are requlred ln addltlon to the use of the respective
pollshlng chambers.-” S I
(3 - F):

In the two-stage pol:.shlng process . this comblnatlon
is used to’ transport semlconductor wafers through a cleaning
process before the second pollshlng stage for preventing the
semiconductor wafers to whlch the abra51ve liquid used in the
first pollshlng stage is attached from being polished in the
second pollshlng stage..

As descrlbed above, 51nce the polishing apparatus
according to the present :anentlon has the two polishing sections
having the reSpective turntables 34 and 35, one of the polishing
sections can be 1nspected and serv:Lced for malntenance while the
polishing apparatus ls in operatlon using the other polishing

section.
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A cleaning sect-i.on'has the cleaning apparatuses 5,
6, 22 and 23 for cl_eaning semiconductor wafers. While the
polishing apparatus. is in operation using at least one of the
cleaning apparatuses, the other cleaning apparatuses can be
inspected and serviced for maintenance.

FIGS. 3 through 22 ‘show processes of polishing a
semiconductor wafer w:Lth the pollsh:.ng apparatus shown in FIG.
1. FIGS. 3 through 14 show a process in th.ch a semiconductor
wafer is taken out from a wafer cassette CSl polished, cleaned,
and returned to the wafer cassette c51, and a process in whlch
a semlconductor wafexrm rs taken out from another wafer cassette
CS2, polished, cleaned and returned to the wafer cassette CS2.
FIGS. 15 through 22 show a process in whrch a semiconductor wafer
is taken out from the wafer cassette CSl, pollshed, cleaned, and
returned to the wafer cassette cs1. | In FIGS 3 through 22, the
wafer cassettes 1 are represented by c51 CSZ CS3 and CS4, the
transfer robots 4, 20 and 21 are represented by RBD, RBL and RBR,
and the cleanlng apparatuses 22 23 6 and 5 are represented by
CLl, CL2, CL3 and CL4.' The revers:.ng dev:.ces 28 and 28’ are
represented by TOL and 'I'OR, . he turntables 34 and 35 are
represented by TTL and TTR,. and the. top rJ.ngs 32 and 33 are
represented TRL and TRR The wafer stages for loading in the
rotary transPorter 27 are represented by LR and LL, the wafer
stages for unloadrng :Ln the- r-otary transporter 27 are represented
by ULR and ULL, and the wafer supports 7 8,9 and 10 of the wafer
station 50 are. represented by DSL, DSR, WS1 and ws2.

FIGS. 3 through 7. show two cassette parallel

‘processing process 1n whlch two stage cleam.ng is performed.
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As shown in FIGS 3 through 7, one semlconductor wafer

is processed in the follow1ng route- the wafer cassette (CS1)

—> the transfer. robot (RBD) - the wafer support of the wafer
station (DSL) —> the transfer robot (RBf.)—> the reversmg device
(TOL) —> the wafer stage for loadmg J.n the rotary transporter
(LL) —> the top rJ.ng (TRL) —> the turntable (T'I'L) —> the top ring
(TRL) => the wafer stage -for unloadlng-1n='the rotary transporter
(ULL) —> the revers:.ng dev:Lce (TOL) - the transfer robot (REL)
-> the clean:.ng apparatus (CLl) -> the transfer robot (RBL) >
the cleaning apparatus (CL4) -> the transfer robot (R.BD) —> the
wafer cassette (CSl). e S

The other s.emlconductor waferhls processed in the
follow:.ng route- the wafer cassette (CSZ) ~> . the transfer robot
(RBD) —> the wafer support of the wafer stat:l.on (DSR) —> the

transfer robot (RBR)-—> the revers:.ng dev1ce (TOR) —> the wafer

stage for load:.ng in. the rotary transporter (LR) -> the top ring

- (TRR) —> the turntable (T'I'R) - the top rJ.ng (TRR) -> the wafer

stage for unloadlng J.n the rotary transporter (ULR) —> the
rever51ng dev:l.ce (TOR) - the transfer robot ( RBR) —> the cleam.ng
apparatus (CLZ) - the transfer robot (RBR) => the cleaning

apparatus (CL3) —>the transfer robot (RBD) => the wafer cassette

" (cs2).

FIGS. 8. thro'ugh- 14 show two cassette parallel

. processing in which th-ree-stage cleaning ' is performed.

As sh‘own.in FIGS. 8 through'14; one semiconductor
wafer is processed in the following rou_t_e: the wafer cassette
(CS1)—> the transfer robot (RBD) = the wafer support of thewafer

station (DSL) > the transfer robot (RBL)—> the reversing device
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(TOL) —> the wafer stage for loading in _the rotary tranSporter-
(LL) => the top ring (TRL) -> the turntable ( TTf.) - the top ring
(TRL) —> the wafer stage for unloading in the rotary transporter
(ULL) —> the reversing device (TOL) —> -the transfer robot (RBL)
-> the cleaning appar-atus (CL1) ~> the transfer robot (RBL) —>
the wafer support of the wafer-s.tation (WS2) > the transfer robot
(RBR) = the cleaning apparatus (CL3) -> the transfer robot (RBR)
~> the wafer support of the wafer stat:.on (WS1) —> the transfer
robot (RBL) —> the cleanlng apparatus (CL4)_—> the transfer robot
(RBD) —> the wafer cassette (CSl) B

The other sem1conductor wafer‘“J.s processed in the
follow:mg route. the wafer cassette (CSZ) -> the transfer robot
(RBD) —> the wafer support of the wafer stat:.on (DSR) —> the
transfer robot (RBR)—> the revers:.ng dev:l.ce (TOR) —> the wafer
stage for 1oad1ng J.n“the rotary tranSporter (LR) ~> the top ring
(TRR) —> the turntable (TTR) - the top r:l.ng (TRR) -> the wafer_

stage for: unloadlng 1n the rotary transporter (ULR) —> the

-reversing device (TOR) - the transfer robot ( RBB.) => the cleaning

apparatus (CL2) - the transfer robot (RBR) => the cleaning
apparatus (CL3) - the transfer robot (RBR) —> the wafer support
of the wafer stat:.on (WSl) —> the transfer robot (RBL) — the
cleaning apparatus (CL4) - the transfer robot (RBD) —> the wafer
cassette (CS2). : L ' o

FIGS 15 through 22 show a ser:.al processrng in which
three-stage cleam.ng ls performed. ‘

As shown ‘in FIGS. 15 through 22 ‘the semiconductor
wafer is processed J.n the follow:Lng route. the wafer cassette

(CS1l)—=> the transfer robot (R.BD) - the wafer support of the wafer
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station (DSL) - .the.._transf_‘,er robot ..(RBL.) - the reversing device
(TOL) => the wafer stahge for loading in;the rotary transporter
(LL) = the top ring -i.'TR_]_:.) - 'the.-turntable {TTL) —> the top ring
(TRL) —=> the wafer -sta_ge-'for _:unloadfng in the rotary transporter
(ULL) = the reversing device (TOL) —> the transfer robot (RBL)
—> the cleaning apparatus_ (CL1) —> the transfer robot (RBL) —>
the wafer suppo.rt of the wafer station (WSZ_) —> the transfer robot
(RBR) = the reversing device (.TIOR) -> the wafer stage for loading
in the rotary transporter (LR) - the top r:Lng (TRR) —> the
turntable (TTR) > the top r.'l.ng (.';T.‘RR) — the wafer stage for
unloading in the rotary transporter (ULR) —> the reversing device
(TOR) —> the transfer robot (RBR) =g the clean:.ng apparatus (CL2)
—> the transfer robot (RBR) - the cleanlng apparatus (CL3) —>
the transfer robot (RBR) = the wafer support of the wafer station
(WS1) = the transfer robot (RBL) — the clean:.ng apparatus (CL4)
-> the transfer robot (RBD) - the wafer cassette (Csl).

In examples shown :|.n FIGS. 3 through 22, it 1is
described that one sem:.conductor wafer 1s taken out from thewafer
cassette (CS1), and another sem:.conductor wafer is taken out from
the wafer cassette (CSZ).- However, the wafer cassettes (CS1l)
and (CS2) may be used for dedlcatedly supplylng the semiconductor
wafers to the turntable (TTL) , and the Wafer cassettes (CS3) and

(CS4) may be used for dedlcatedly supply:.ng the semiconductor

wafers to the turntable ('J.‘TR).-

Next the components of the pollshlng apparatus shown
in FIG. 1 will be descrlbed in detall below.

LOADING AND UNLOADING SECTION

FIGS. 1, 23A_ and 23B are front and side elevational
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views of the loading and unloadlng sectlon.

As shown in FIGS. 1, 23A and 23B, the loading and
unloading section has four load-unload stages 2 each for placing
a wafer cassette 1 (open cassette). The load-unload stages 2
have a positionj.ng mechanism ih the form of a block configurated
to rhatch th-e shape of a lower portion-of the wafer cassette 1,
for holding a wafer cassette in the same position at all times
even when the wafer 'c'a's'l's_ette is repeatedl:y_placed thereon. When
a wafer cassette is"pi.aced in a proper' po'sition, the presence
of the wafer cassette is detected by a button-type sensor. A
pair of transmlss:l.on type l:Lght sensors 351 are pos:.t:.oned above
and below a wafer cassette such that llght between the
transm:.ss:.on type llght sensors 351 1s blocked by any wafer that
projects out of pos:.t_'l.on. Therefore, ‘the transmission type
light sensors 351 can detect any semlconductor wafer that
projects out of p051t1.on and determJ.ne whether semiconductor
wafers are properly placed in resPectJ.ve slots in the wafer
cassette. ‘If any sem:.conductor wafer that projects out of
position is detected then an ;LnterlockJ.ng mechan:.sm is operated
to control the transfer robot 4 and a search mechanism 352 so
as not to access the loadlng and unloadlng sectlon.

Dummy wafer statlons 353 are disposed below the
respective load-unload stages 2. Each of the dummy wafer
stations 353 .'LS capable of plac:.ng one or more wafers thereon,
and can hold a dummy wafer for use in stabJ.lJ.zmg a polishing
cloth before a product wafer J.S processed and a2 OC (quality
control) wafer to be del:.vered for conflrmlng the status or

condition of the pollshlng apparatus. Each of the dummy wafer
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stations 353 has a pa:Lr of wafer detect:.ng sensors 354 for
confirming the presence of a semlconductor wafer therein. Each
of the dummy wafer statJ.ons 353 also has a sensor for detecting

a semiconductor wafer that pro;ects cut of pos:.t:l.on, but the

transmission type light sensors 351 may be also used as such

sensors. If nowafer cassette is placedon the load-unload stage

2, the load-unload stage 2 located above each of the dummy wafer

stations 353 may be .iffted, ' ahd a wafer-may manually be placed
on the dummy wafer .' .station.'-.353-. According to a standard
procedure, after a wafer cassette: Wlth wafers inserted therein
is placed on any one of the 1oad—unload stages 2, wafers are
searched for, and an: J.nstructz.on J.s sent from a control panel
to indicate which wafer J.s to be sent to the selected dummy wafer
stat:.on. Then, the selected wafer J.S deln.vered from the wafer
cassette to the dummy wafer statlon by the transfer robot 4 which
can access both the wafer cassette and the dummy wafer station.

A wafer search mecham.sm 352 is disposed below each
of the load-unload stages 2 and each of the dummy wafer stations .
353, 'if any. The wafer search mecham.sm 352 is vertically
movable with a pa:.r of wafer search sensors 356 mounted on the
tip end thereof by a: er.VJ.ng source 355 comprJ.s.Lng a pulse motor.
While the wafer search mechanlsm 352 is not in a wafer search
operation, the wafer search mechanlsm 352 is kept in a standby
position within the apparatus for av01d1ng lnterference with
other operating members. The wafer search sensors 356 are
disposed in cohfrontfng.relatlon to each other such that light
traveling therebetween passes : horizontaily through the wafer

cassette as viewed from a side of the loading and unloading

39



10

15

20

25

section. While the wafer search mecha'nism -352 is in a wafer
search Operatlon it moves. from a pOSlt.'Lon below the dummy wafer
station 353 to a pOS.‘Lth'n above a final slot in the wafer cassette
in a reciprocating manner, counts the numberlof times that the
light is interrupted by a semiconductor wafer for thereby

counting the number of wafers in the wafer cassette, detects the

| positions of the semiconductor wafers from the pulses of the pulse

motor as the'drivin'g"source,' and determines which slots in the
wafer cassette the semiconductor wafers are placed in. Thewafer
search mechanism 352 also has an obl :Lque wafer detecting function
to detect an obquuely 1nserted wafer when the 1ight between the

wafer search sensors '_ 356 is .' :Lnterrupted for the -time

""y

. corresponding to the number of pulses that is greater than the

number of pulses correSpond:.ng to the spac:.ng between the slots
in the wafer cassette wh:.ch has been stored in advance. .

A shutter 357 that J.s vertlcally movable by an air
cylinder is dlsposed between an openlng in the wafer cassette
and the apparatus for thereby separatlng the cassette placing
area and the 1nter:|.or of the apparatus . The shutter 357 is closed
except when the transfer robot 4 transfers the sem:.conductor
wafers toor from the wafer cassette. A partltlon 358 is disposed
between the load—unload stages 2 arrayed in front of the apparatus
for allowing the operator to access ‘the. processed wafer cassette
for replacement w:.thout touch:.ng an adjacent wafer cassette which
is in operation. .- - ) '

The 1oad-unload stages 2 have respect.we front s:.des

separated from the exter:Lor of the apparatus by a door 360. The

door 360 has a lock mechanlsm and a sensor 361 for detect:l.ng :
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whether the door is open or closed. Whlle a wafer cassette is
being processed the,door 360 is locked by the lock mechanism
to protect the wafer: cassette and avozdbdanger to the operator.
When the door 360 is left~open for.a certain period of time, an

alarm is issued.

w

wea

There are. two methods -of plac1ng'a'wafer cassette in
the loadlng and unloadlng sectlon.- _'

(1) AccordJ.ng to one method, a wafer cassette housing
semiconductor wafers 1s placed dlrectly on a wafer support
portion. ‘I'h:.s process is employed when a chamber of a clean room
facing the loadlng and unloadlng sectlon 1s relatlvely clean,
i.e., has a class.lod-clean room env1ronment or lower[ for
example. SR | e

-(Zl Accordlhc'toﬁanother ﬁ;{ﬁé&, when a chamber of
a clean room faclng the loadlng and ‘unloading section is
relatlvely dlrty, 1 e., has a class 1000 clean room\enVLronment
or hlgher, for example, the wafer cassette is placed in a box
which is controlled in. about class 100 clean room environment,
and dellvered in the'clean room and placed on the loading and
unloading sectlon..hﬁ | - T

If the method (1) descrlbed above is employed, a
filter fan unit 10000 ls mounted on the loadlng and unloading
section for keeping the wafer support portlons clean at all times.,

FIG. 24 shows another loadlng and unloadlng section
which is operated accordlng to the method (2) described above.
According to the method-(Z), a wafer cassette 1 is housed in a

box 367 and placed on a_load-unload stage 2. When the box 367

is placed on the load-unload stage 2, a stage 366 attached to
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the load-unload stage 2 and a bottom.piate 363 of the box 367
are locked and fixed to each other. ‘The bottom plate 363 is
attached to the box 367 so as to fully close the box 367. At
the same time ‘that the stage_ 366 and the bottom plate 363 are
locked to each other, the load-unload stage 2 and the box 367
are held in intimate contact with’ each other, and.the box 367 -
and the bottom plate 363 areVreleaSed from each other and can:
freely detached'fron'each'other;. |

The stage 366 has a lifting mechanism 362 for lifting
and lowering the stage 366 and the bottom plate 363 on which the
wafer cassette 1 J.s placed When J.t is conf:.rmed that the stage
366 and‘the'botton\plate 363 are 1ocked'to each.other, the stage
366 is lowered to :Lntroduce the wafer cassette 1 into an apparatus
interior 364. If'the apparatus lnterror 364 is kept.clean, then
the wafer cassette 1 can be carrled 1nto the apparatus interior
364 without belng exposed to an exterlor atmOSphere 365 which
is dirtier than the apparatus lnterlor 364. By allowing the
transfer robot 4 to move to a p051t10n adjacent to.the wafer
cassette 1 to receive semlconductor wafers in the wafer cassette.
1 located helow the load-unload stage 2, the semiconductor wafer
can be fed lnto the pollshlng apparatus.
CLEANING APPARATUS o | L

of the cleanlng apparatuses mounted in the polishing
apparatus, the cleanlng apparatuses 22 and 23 have a roll-shaped
sponge rotatable about ltS own axis and pressed against a
semlconductor wafer to -clean the - reverse side of the
semlconductor wafer.. For cleanlng the face side (polished

surface) of the semlconductor wafer, the cleaning apparatuses
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22 and 23 may have‘alroll.type cleaning mechanism for rotating
andpressingazmli—shapedspongeagainstthesemiconductorwafer,
or a pencil type cieaning_mechanism for,rotating and pressing
a hemispherical sponge against the .semic_ond'u_ctor wafer. Either
one of the two types can be seiected. Further, a megasonic type
cleaning mechanlsm.for cleanlng the semlconductor wafer with a
cleaning llquld to Wthh ultrasonlc v1bratlon is applledumay be
added. The clean:.ng apparatuses 22 ‘and 23 serve maJ.nly to remove

particles fromthe sem:.conductor wafers . Regardless of the type

of the cleanlng apparatus each of the cleam.ng apparatuses can

ke

supply three or more klnds of cleanlng llquld to the face
(polished surface) and reverse s:.des of the semJ.conductor wafer.
The cleaning llquld may comprlse pure water. |

- Each of the cleanlng apparatuses 5 and 6 is capable
of rinsing the reverse 51de of a semiconductor wafer. For
cleaning the face srde of the semrconductor'wafer, the cleaning
apparatuses 5 and 6 may conduct cleanlng by the pencil type
cleaning mechanlsm for rotatlng and. pre551ng -a hemispherical
sponge against the semlconductor wafer and cleanlng by the
megasonic type cleam_ng mechan:.sm for clean:l.ng the semlconductor
wafer with a cleanlng llquld to whlch ultrasonrc vibration is
applied. Each of the cleanlng apparatuses 5 and 6 can supply
three or more klnds of cleanlng liquid to the face (polished
surface) and reverse sldes of the semiconductor wafer. The
cleaning llquld.may comprrse pure water. A stage for chucking
a semlconductor wafer may be rotated at a high speed, and has
a function for drylng a cleaned wafer.

Instead of the megasom.c type cleaning mechan:.sm,
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each of the cleaning apparatuses may have cavitation jet type
cleaning mechanism utilizing a cavitation effect in which a

cavitation is applied to a.cleaning liquid because it is as

effective as the megasonic type. "

As shown in FIG. 1, the cleaning apparatuses 5, 6,
22 and 23 have respective openings associated with respective
shutters sa, 5b, 6a, 6b,.22a and 23a which can be opened only
when the semiconductor wafers are to be introduced therein or
removed.therefromm The openlngs w1th'the shutters 5b, 6b serve
to allow the cleaned and drled semlconductor wafer to pass
therethrough. - That 1s, the pollshed cleaned and dried
semlconductor wafer‘ may be transferred- from 'the cleaning
apparatuses 5 6 through.the openlngs Wlth the shutters 5b, 6b
to the wafer cassette 1 by the transfer robot 4. Further, the
pollshed, cleaned _and drled semlconductor wafer may be
transferred from the cleanlng apparatuses 5, 6 through the
openings with the shutters 5a, 6a and the wafer station 50 to
the wafer cassette 1 by the transfer robot 4.

Each of the cleanlng apparatuses 5 6, 22 and 23 has
a plurallty of cleanlng llquld supply lines assoclated with
constant-rate. flow valves that can be controlled by an air
preSSure.. W1th the constant-rate flow valves combined with
electropneumatlc regulators for controlllng the air pressure,
the floW'rate in the cleanlng llquld supply lines can freely be
established fron\a.control panel. c1ean1ng liquids supplied to
the cleaning apparatuses, and cleanlng processes and cleaning

time therefor can be set from the control panel.

Guides are mounted on -a base. of the clean:.ng chamber
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(area B), and the cleaning apparatuses aré mounted in the guides,
so that the C1eanih§'apparatuses can easily be replaced with
different type cleaning apparatuses. ‘There are provided
positioning mechanisms '.for - placing replaced cleaning
apparatuses in the same position.
AIR FLOW ' | |

The pollshlng apparatus is d1v1ded into four areas
including the loadlng and unloadlng sectlon (area A), the
cleaning chamber (area_a), the pol;shrng chambers (areas C and

Air flows 1n the pollshlng chambers (areas C and D)
are classified 1nto four alr flows. The flrst alr flow occurs
around the turntables for the purpose ‘o_f .preventlng dust such
as slurry from being scattered The sec.'o'nd air flow takes place
around the pusher for the purpose of preventlng mist of cleaning
llquld produced when ‘the semlconductor wafers, the pusher and
the top rlngs are cleaned “in the pusher reglon from being
scattered. The thJ.rd a:.r flow 1s caused J.n the entire wet region
in the pollshlng chambers;by openlng'doors leading to the wet
atmosphere in the'"polishing chambers . and simultaneously
discharging air from't.:he" entlre wet regdbh for preventing the
wet atmosphere from gorng out . of the pOllShlng chambers when
expendables such as pollshrng cloths are replaced. The fourth
air flow is developed to draw heat discharged from motors and
other control units. 'sihce'all'the air flows are created by
exhausting air in the pol:.sh:.ng chambers to the exterior thereof,
the overall pollshlng chambers develop a negative preSSure

therein as compared w:.th the pressure developed outside the
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polishing chanbers. For producing'the;third air flow, in'order
to discharge air at the same time that the doors are opened, it
is necessary to automat_icaily open dampers in response to signals
from door sensors. To meet such a requirement, actuators are
attached to the dampers for opening and closing the dampers.

lother exhaust air -passages have dampers for
regulating the respectlve amounts of exhaust air. The amounts
of exhaust air in the respectlve exhaust passages are:regulated
by the dampers to achleve an overall discharged air balance. A
pressure sw1tch is dlsposed ln an alr discharge port of the
pollshlngapparatusforenabllngthepollshlngapparatustolssue
an alarm or shuttlng off the pollshlng apparatus if no air is
dlscharged, so that the pollshlng apparatus can be operated
safely. | -

FIG 25 shows aJ.r flows in the cleanlng chamber (area
B). As shown in FIG 25, a structure for produczng air flows
in the cleanlng chamber (area B) 1ncludes a fllter fan unit 194
comprising a fllter 190 (e g., an ULPA.fllter or a HEPA.fllter)
and fans 191 which’ are mounted on the celllng of the cleanlng
chamber (area B), a duct 193 for returnlng air in the cleaning
chamber (area B) to‘the fllter fan unlt 194 to circulate air,
individual air dlscharge passages 197 for dlscharglng air from
the four cleaning apparatuses and an air Lnlet port 195 combined
with the filter fan unlt 194.. A chemical filter may be added
for remov1ng jons (e g., NH,, K", etc ) contalned in the air.

Air is supplled lnto the cleanlng chamber (area B)

through the fllter 190 by the fans 191 of the filter fan unit

194, and 1ntroduced as a downflow adjusted by a mechanism 198
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for regulating the a_.ir flow :r"ate of the f_ar'xs_'191 . The mechanism
198 comprises an invert'er and a tthistor-__-controlled AC power
regulator. Air E discharged_,-from_-.the cleaning apparatuses is
introduced from the__.air inlet port 195 combined with the filter
fan unit 194 into the -_cl.e.a._ui_ing chahtber ( area B). Air F other
than the air discharged from' the cleaning apparatuses is
delivered via the duct 193 to the fllter fan unlt 194 and passes
through the fJ.lter 190 as clean ‘air. that i1s returned to the
cleaning chamber (area B) for air c1rculatlon. The air pressure
in the cleam.ng chamber (area B) .‘LS adjusted by the opening degree
of a damper 192 th.ch is dlsposed in the duct 193.

' The air from the cleam.ng apparatuses is dlscharged
via the individual air dlscharge passages . These individual air
discharge passages may be comb:med together for discharging the

t

air from the clean:.ng apparatuses lf cleanlng chem:l.cals used in

the cleaning apparatuses do not produce an adverse effect due

to a chemical react:.on therebetween.' Dampers are dispdsed in
the respect:.ve air dlscharge passages to produce balanced amounts
of discharged alr.ﬁm;' ' | |

A structure for produc:.ng aJ.r flows in the loading
and unloading sect:.on (area A) is the same as the structure for
producing alr flows in the cleanmg chamber (area B) except that
the individual aJ.r d:.scharge passages from the cleaning
apparatuses are d:n.spensed w:.th ‘The process of regulat:mg the
air flows in the 1oad1ng and unloadmg section (area A) is also
the same as the process of regulat:.ng the air flows in the cleaning
chamber (area B) except that the aJ.r pressure in the loading and

unloading section (area A) is regulated so as to be higher than
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the air pressure in the cleanmg chamber (area B).

The air in the pol:.shlng apparatus is circulated by
the return duct 193 and reused via the filter 190. Therefore,
the amount of clean air 1ntroduced from the clean room into the
pollshlng apparatus is reduced for saving energy.

Air flows in the entire polishing apparatus are
regulated such that the air pressure in the loading and unloading
section (area A) where a highest levei of cleanliness is required
is highest, and progressively lower in the order of the cleaning
chamber (area B) and the polJ.shlng chambers (areas C and D).
the level of cleanl:.ness in the clean room J.S lower than the level
of cleanliness requlred for the semlconductor wafers then the
air pressures in the entJ.re pollshlng apparatus can be regulated
to make the air pressures in the pollshn.ng apparatus higher than
the air pressure in the clean room. If the level of cleanliness
in the clean room is equal to or h:l.gher than the level of .
cleanliness requ:.red for the semlconductor wafers "then the air
pressures in the ent:.re polrsh:.ng apparatus can be regulated to
make the air pressures 1n the pollshlng apparatus lower than the
air pressure in the clean room. -

TRANSFER ROBOT - C

| FIG. 26 is. a s::.de elevatlonal v:.ew of the transfer
robot 4. As shown in FIG. 26 the transfer robot 4 has a 6 -
axis 120 for rotatlng a robot body, an Rl (upper hand) and R2
(lower hand)-axis 121- 1, 121-2. (i.e. x-ax:l.s, Y-axis) for
extending or contract:.ng the hand, a z -axis 122 in a vertical

direction, and an x-ax1s 123 in a dlrect:r.on in whlch the wafer

cassettes are arrayed The Z~- ax:Ls of the robot may be
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incorporated in a robot" hody 124 The Dupper and.lower hands may
have respective vacuum l:mes therein, and may be us'ed as a vacuum
attraction-type hand. E‘urther in order to prevent the reverse
side of the semlconductor wafer 101 from bez.ng contamlnated the
upper hand may comprise a thin recess support—type hand 125 made
of ceramics for supportiné : the-_' peripheral edge of the
semiconductor wafer. ' The thin recess support-type hand 125 is
effective if used in & transfer process for removing wafers from
the cleaning apparatuses 5 and 6 and retur"ning the wafers in the
wafer cassette 1. That .'.LS, the thJ_n recess support-type hand
125 is preferable for transferrlng the sem:.conductor wafers which
have been cleaned.- If there is prov:l.ded a thickness measuring
unit for measur:mé the thJ.ckneSS of ‘a layer on the semiconductor
wafer, then the thln recess support-type hand 125 is used to
transfer wafers to.and from the thlckness measur:.ng unlt. The
lower hand comprlses a vacuum attractlon-type hand 126 made of
ceramics and hav:.ng two support port:l.ons branched from a. hand
body. The vacuum attractlon-type hand 126 has a vacuum line
therein. The hand 126 serves to take out a semlconductor wafer
from the wafer cassette 1 and to trans fer the semlconductor wafer
to the wafer stat:.on 50 ’ | | o

FIG 27 J.S a perspect:.ve v:.ew of the transfer robot
20 or 21. As shown J.n FIG 27 the transfer robot 20 or 21 has

a B-axis 120 for rotatJ.ng a robot body, an Rl (upper hand) and

R2 (lower hand) axn.s 121 1, 121 2 (1nclud1ngx axis, Y-ax1s) for

extending or contractlng the hand, and a Z-ax:.s 122 in a vertical
direction. Further, the upper hand 125 and the lower hand 126

are the recess support-type hand. The upper hand 125 of the
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transfer robot 20 can access the 'clean.mg apparatus 22, the
cleaning apparatus 5, and the wafer support 9 and 10 of the wafer
station 50. The 1ower hand 126 of the transfer robot 20 can access
the wafer Support 7 of the wafer statlon 50, the cleaning
apparatus 22, and the reversing device '28. Further, the upper
hand 125 of the transfer robot 21 can access the cleaning
apparatus __23,' the cleaning apparatus 6, and the wafer supports
9 and 10. of the wafe’_r_ Station 50 The lower hand 126 of the
transfer robot'21-?c'an' 'ac'ce'ss'-th'e‘-w'afer' support 8 of the wafer
station 50, the cleanJ.ng apparatus 23 and the reversing device
28’. In FIG. 27 the upper hand 125 and the lower hand 126 are

shown as holdlng the sem:.conductor wafer 101, respect:.vely.

" WAFER STATION

" FIGS. ZEA through 28E show the wafer stat:.on. FIG.
282 15 a front elevat:Lonal V1ew of the wafer stat:.on, FIG. 28B
is a 51de elevat:.onal v1ew of the wafer statlon, FIG 28C is a

view of the wafer stat:.on as v1ewed in the direction indicated

by the arrow I, FIG ZBD is.a. vn_ew of the wafer station as viewed =

in the direction J.ndJ.cated by the arrow II, and FIG. 28BE is a
view of the wafer stat:.on as v:Lewed 1n the d:Lrect:Lon indicated
by the arrow III. A |

As shown in FIGS ZBA through ZBE, the wafer station
50 comprises the wafer supports 7, 8, 9.and 10 capable of
simultaneously holdlng four wafers. The wafer station 50 is
roughly divided J.nto dry statlons composed of the wafer supports
7 and 8 which are hor:.zontally spaced from each other, and wet
stations composed of the wafer supports 9 and 10 which are

vertlcally spaced from each other.
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The .dry st'.ations. '7'and 8 serve as a wafer support for
temporarlly support:.ng a sem:.conductor wafer before it is
polished. Thedry statlon 8 can be accessed by the transfer robot
4 and the transfer robot_ 21, and allows a semiconductor wafer
transferred from thei transfer robot ¢ to the transfer robot 21
therethrouoh which transfers the semiconductor wafer to the
right—hand_polishing section. Similarly, the dry station 7
allows a semiconductor wafer transferred from the transfer robot
4 to the transfer robot 20 th'erethrough which transfers the
semlconductor ‘wafer to the left-hand polJ.shJ.ng section. Since

the wafer supports are prov:Lded respectlvely for the transfer

robots 20 and 21 ded:Lcated routes to the respectlve pollshlng

- \ . -

chambers are avaJ.lable to supply the sem:.conductor wafers to be
processed to the pollshlng chambers at all times without being
blocked by a longer polJ.shJ.ng tJ_me on one of the turntables than
on the other turntable when the pollshlng tJ.mes in the respective
polishing processes on the turntables dJ.ffer from each other.

The semlconductor wafers taken out from the wafer
cassette under vacuum attractlon by the transfer robot 4 are

transferred to the dry statlons 7 and 8. Since the positional

accuracy of sem:.conductor wafers in the wafer cassette is not

so high, the pos:LtJ.onal accuracy of a semlconductor wafer held
by the vacuum attract:.on hand of the robot is not so high. 1In
order to absorb such pos:.t:.onal accuracy errors and allows
semiconductor wafers to be transferred to and from subsequent
ropbot hands, gu:l.de blocks 78 and 79 for plac1ng semiconductor
wafers thereon have p051tlon1ng tapers 18 0 for centering of the

semlconductor wafers. S:ane wafer dev:.at:.ons in the wafer
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cassette are larger than in other mechanlsms ¢ the vertical length
of the tapers of the guide blocks need to be large. The transfer
robot 4 positions its lower hand within the g.ulde blocks of the
dry stations 7 and 8, and _-p.erfo'rms the vacuum break ¢f the hand
to drop the semiconductor wafers therefrom, and to transfer the
semiconductor wafers- to the gulde blocks: by . which the
sem:l.conductor wafers are centered. : The.dry stations 7 and 8 have
transmission type lJ.ght sensors 71 and 72, respectively, for
detecting whether there is a semlconductor wafer or not in the
dry statlons 7 and 9. | -_ |

Because the dry statJ.ons. 7 and 8 are positioned
lntermedlate between the cleanlng area and the dry area, the
shutter 11 is provrded to separate those areas from each other
.1.n order to prevent the atmospheres in the areas having different
levels of cleanllness from be:.ng mlxed w:.th each other. The
shutter 11 is normally closed, but is. opened only when the
transfer robot 4 galns access to the dry statlons 7 and 8.

. The wet statJ.ons 9 and 10 serve as wafer suppqrts for
supporting the semlconductor wafers th.ch have been polished.
The wet stations 9 and 10 can be accessed by the transfer robots
20 and 21, respectlvely, and allow the senu.conductor wafers to
be transferred between the transfer robots 20 and 21. The wet
station 9 serves as a wafer support for plac:.ng a semiconductor
wafer which has been cleaned at least once, and the wet station
10 serves as a wafer support for plac:.ng a semlconductor wafer
which is subjected to a clean:.ng process whose number of cleaning
stages is smaller than that of the semlconductor wafer placed

on the wet station 9._. Inasmuch as the wet stations 9 and 10 are
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used separately deéendingfon;the level of cleanliness, it is
possible to pretent:contamination from being diffused via the
stations. o |

Each of the wet stations 9 and 10 has a wafer guide
comprising.pins, and is compatible with both a semiconductor
wafer having an orientation flat and a semiconductor wafer having
a notch.. Since the wet stations 9 and 10-are of a structure having
pins for p01nt-to-p01nt contact with the semlconductor wafers,
they are effective to prevent contamJ.natJ.on from being diffused
via the statlons., The wet . statlons 9 and 10 have transmission
type light sensors 73 and 74 respect:.vely, for detect:.ng whether
there is a semlconductor wafer or. not ln the wet statlons 9 and
Lo . _ -

. The Wet statlons have resbectlve nozzles 75 and 76
forpreventlngsemrconductorwafersfrombelngdrledandcleanlng
‘the semiconductor wafers by supplylng“a”cleanlng liquid to both
upper and lower Surfaces of the semlconductor wafers. A local o
alrdlschargellnels;moVLdedforpreventlngmlstofthecleanlng
liquid from be.'Lng scattered around from the :Lnterlor of the wafer
station 50. The cleanlng llqu1d may be ‘any of varlous liquids
including pure water, :Lon water or the lJ.ke dependlng on the type
of layer (fllm) to be cleaned. - |

In order to make the . wet statlons water-tight, the
wet stations have the shutter 77 d:Lsposed at the opening for the
transfer robots 20 and 21 to transfer the semLconductor wafers
therethrough the shutter'77 belng”vertlcally'movable by an air
cylinder 81. The shutter 77 is normally closed and is opened

only when the transfer robots 20 and 21 access the stations.
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' REVERSING DEVICE

FIGS. 29A and 29B show the reversing device.  FIG.
29A is a plan view of a reversing deVibe, and FIG. 29B is a side
elevational view, partly in cross section, of the reversing
device. Since the reversing devices 28 and 287 are of and
identical strncture,~only the reversing device 28 will be
described below. As shown in FIGS. 29A and 298, the reversing
device 28 has a pair of arc'uat'e' arms -23(_) supporting a plurality
of (e.g., slx)'pinsi231 fixed_thereto'nhich have grooves for
clamping a semicondpctOr wafer thereln:wlihe arms 230 can be
opened and clOSed in re5ponserto novement ,of a shaft 234 that
can be pushed and pulled by an air cyllnder 232 and a compress:.on
sprlng 233 When.the a1r'cy11nder 232 1s extended the arms 230
are opened thereby When the air cyllnder 232 1is contracted,
the arms 230 are closed under the force of the compress:.on spring
233. The shaft 234 and a tlp end of the air cyllnder 232 are
spaced from each other by a dlstance, and the shaft 234 is pulled
back until a stopper 235 contacts an end block 236 under the bias
of the compre531on sprlng 233.

The end block 236 is adjusted such that when a
semiconductor wafe_r-lOI is chucked,— a clearance of 1 mm is created
between the stopper'ZSS'ahdzthe end.bloch 236. The stopper 235
has a slit defined therei'n , and a transnlissi'on type light sensor
237 is p051t10ned to detect llght that has passed through the
slit when the sem:.conductor wafer 101 is clamped by the arms 230.
Therefore, when the semlconductor wafer 101 is not clamped or
cannot be clamped proPerly, the transm1551on type light sensor

237 does not detect lJ.ght. Therefore, the transmission type
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light sensor 237.-is. capable of recocnizing whether the
semiconductor wafer 101 is ~present or not in the reversing device
28. o | |

A slide mechanism for_the shaft 234 and a pulley 238
are connected to each other, and the pulley 238 is coupled to
a pulley 240 fixed to a shaft end of a stepping motor 239 through
a belt 241. When the stepning motor 239-is.ener§ized, the arms
230 are rotated about a hOIizontal axis.

As shown in FIG. 1, the shutters 25 and 26 are disposed
between the reversn_ng dev:Lces 28 and 28" and the transfer robots
20and21forseparatlngthepollshlngchamberswrththereverszng
devices dlsposed thereln from the cleanlng chamber with the
transfer robots dlsposed thereln._ :For transferrlng the
semlconductor wafers the shutters 25 and 26 are opened, and the
hands of the transfer robots 20 and 21 move in and out of the
openings. When the hands of the transfer robots 20 and 21 do

not move in and out of the open:.ngs the shutters 25 and 26 are

_closed, providing a water-proof mechan:LSm for allow1ng the

. semiconductor wafers and the chuck flngers fixed to the arms to

be cleaned.

Next, the oPeratJ.on of the revers:.ng device will be
described w1th reference to FIGS 29A and 29B.. .

The transfer robot 20 and the lJ.fter 29 can access
the reversing dev1ce 28 and transfer the semlconductor wafer to
the revers:.ng deva.ce 28. . The transfer robot 21 and the lifter
29' can access the revers:.ng dev:l.ce 23’ and transfer the

semiconductor wafer to the revers:.ng dev:.ce 287,

The revers:.ng dev:.ce 23 waJ.ts for the semiconductor
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wafer which . is conveyed by the transfer robot 20 or the 11fter
29 in such a state that the arms 230 are opened. The arms 230
are closed when the sem:.conductor wafer conveyed by the lower
hand of the transfer robot 20 or. the lifter 29 is positioned in
the same vert:.cal helght as wafer holdlng grooves of pins 231
fixed to the arms 230 and the center of ‘the semlconductor wafer .
is substantially po‘s-'itioned at the center of the pin arrangement
on the arms 230 and after a s:.gnal md:Lcatlve of completion of
movement from the transfer robot 20 or the llfter 29 is generated.
After the presence of the sem:.conductor wafer 10] is confirmed
by a sensor 237, the hand of the transfer robot 20 is lowered
to a certain height and 1s then retracted. Alternat.wely, after
the presence of the. sem:.conductor wafer 101 is confirmed by the
sensor 237, the lJ.fter 29 is 1owered. - In this manner, the
semiconductor. wafer 101 is transferred from the transfer robot
20 or the 1J.fter 29 to the revers:.ng dev:.ce 28. The semiconductor
wafer 101 transferred to the revers:.ng dev:.ce 28 is reversed by
actuating the arms 230 w:Lth the stepp:.ng motor 239. The reversed
semiconductor wafer 101 1s kept in the same condJ.tlon until the
transfer robot 20 or. the 11fter 29 accesses the revers::.ng dev1ce
28 to receive the semlconductor wafer therefrom.

The revers:.ng operatlon of the sem:.conductor wafer
is carried out before and after polJ.sh:Lng of the semiconductor
wafer. In case of revers:Lng the semiconductor wafer 101 which
has been. pollshed, in order to prevent abrasive liquid or
ground-off part:.cles attached to the . sem:.conductor wafer 101
during polishing from belng er.ed on the semlconductor wafer 101,

the semiconductor wafer 101 is r:.nsed by a cleaning liquid during
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or after reverslng of the semlconductor wafer. The cleanlng
liquid used to rlnse the semlconductor'wafer 101 comprises pure
water or a chemlcal 11qu1d, and is applled from spray nozzles
at a requlred rate under a requlred pressure at an optimum angle
for a desired period of time. The rinsing process enables a
subsequenttcleaning process to be conducted .in a sufficient
cleaning performance. While-the-semiconductor wafer 101 is
waitingcn:thereversingdeviéeZshthecleaning1iquidcontinues
to be supplied to the' 's'emicondu'ctor wafer 101. However, in view
of the running cost, the cleanlng llguld may be supplied
1nterm1ttent1y to reduce 1ts amount ln use.

Whlle the reverslng dev1ce 28 1s not clamplng the
semlconductor wafer 101, the‘ grooves for clamping the
semiconductor wafer 101 and surroundlng areas thereof may be
cleaned by the cleanlng llquld to prevent the sem:.conductor wafer
101 from being contamlnated by members that will contact the
semlconductor wafer 101. | o
LIFTER '

FiG" 30 1s ‘a vertlcal cross-sectlonal view of the
lifter. The l:Lfter 29 and 29 have the same structure, and hence
only the llfter 29 Wlll be descrlbed. The lifter 29 comprises
a stage 260 for‘placlng a semlconductor'wafer'thereon and an air
cylinder 261 for 11ft1ng and lowerrng the stage 260. The air
cylinder 261 and the stage 260 are coupled by a shaft 262 which
is vertically movable. The stage 260 has three support portions
263 disposed at angularly equal 1ntervals in a circumferential
direction and extendlng radrally outwardly The three support

portions 263 are arranged .in the angularly equal intervals so

57



 that the semiconductor wafer having an orientation flat can be

ia

15

20

25

held and are'reliahlj transported. The three support portions
263 are disposed at':positions-wher'e they are not aligned with
thepins 231 'for'chu‘cf?:king the sem'iconductor wafer in the reversing
device 28. That J.S, ‘the fJ.rst perlpheral edge of the
sem:.conductor wafer held by the pJ.ns 231 does not correspond to
the second perJ.pheral edge of the- sem:.conductor wafer held by
the support portJ.ons 263 of the lJ.fter 29. The wafer support “
portions 263 of the- llfter 29 th.ch performs the transfer of the
sem:.conductor wafer to the reversmg dev:.ce 28 or the rotary

transporter 27 have respectlve support surfaces for supportlng

the sem:.conductor wafer thereon, and respect:.ve taper surfaces

O Ty

extend.l.ng radlally outwardlir and upwardly from the support
surfaces for ceht-e.rllng the semlconductor wafer when the
semiconductor wafer 1s placed on the support surfaces.

. The wafer support surfaces of the stage 260 is raised
by actuatJ.on of the aJ.r cyllnder 261 to ‘a ‘position where the
semiconductor wafer J.S held by the revers:.ng device 28.° A
stopper 264 hav:.ng a: shock absorb:.ng functJ.on is provided to stop
raising of the stage 260. When a stopper base 265 f:r.xed to the
shaft 262 contacts the stopper 264, further actuatlon of the air
cylinder 261 is stopped, and the 1J.ft1ng of the stage 260 fixed
to the shaft 262 is s:.multaneously stopped. By adjusting the
location of the stopper 264 the lJ.ftJ.ng height of the stage 260
can be adjusted toa transfer pos.lt:.on of the semiconductor wafer
between the 11fter 29. and the revers:.ng device 28. Sensors 266

and 267 are prov:.ded on the air cle.nder 261 to detect completion

of lifting and lower:.ng of the air cyllnder 261, respectively.
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Next, the operatlon of the llfter havrng the above
structure will be’ descrlbed. The lifter 29 constitutes a wafer
transfer mechanism for transferring the semiconductor wafer
between the reversingldevice-ZS and the rotary transporter 27.
The semiconductor wafer to be poiished is transferred from the
transfer robot 20 to the_reversing device 28. Thereafter, the
semiconductor wafer is reversed by the rever51ng device 28 to
cause a pattern surface (the surface on which semiconductor
device is formed) of the semlconductor wafer to face downward.
The stage 260 of the lz.fter 29 J.s raJ.sed toward the semiconductor
wafer held by the reversz.ng dev:.ce 28 and :.s stopped 1.mmed:|.ately
below the semlconductor'wafer._ When the sensor 266 provided on
thealrcyllnder261detectsthestopofthellfter29atapmsltlon
where the stage 260" ‘is 1ocated 1mmed1ately below the
semiconductor wafer, the reversrng dev1ce 28 releases the
semiconductor wafer by openlng the arms 230 and the sem:.conductor
wafer is placed on the stage 260 of the- lrfter 29. . Thereafter,
the lifter 29 is lowered whlle holdrng the semlconductor'wafer
thereon. While the sem:.conductor wafer is 1owered by the 11fterl
29, the semlconductor wafer 1s transferred to the rotary
transporter 27. At thJ.s t:-.me, the sem:l.conductor wafer is placed
on the plns of the rotary transporter 27. After the
semiconductor wafer is transferred to the rotary transporter 27,
the lifter 29 contlnues to be operated to lower the stage 260,
and then is stopped.when the stage 260 is lowered by the stroke
of the air cyllnder 261

The semlconductor wafer wh:.ch has been polJ.shed is

transferred from the rotary transporter 27 to the reversing
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device 28.by the lifter 29 That is, the semlconductor wafer
which has been pollshed is transported by the rotary transporter
27 to the pos:.tlon above the llfter 29. At thls time, the stage
260 of the lifter 29 is located 1mmed1ately below the rotary
transporter 27. After it 1s confrrmed that the semiconductor
wafer placed on the rotary transporter 27 is located at the
position J.mmedlately above the stage 260 of the lifter 29 and
the movement of the semlconductor wafer is stopped, the stage
260 of the llfter 29 starts to be raJ.sed. 'I'he stage 260 of the

lifter 295 receJ.ves the semlconductor wafer from the rotary

' transporter 27 th.le the stage 260 is llfted Thereafter, the

stage 260 of the lrfter 29 cont:.nues to be llfted. At this time,
the rever51ng dev:.ce 28 waJ.ts for the semlconductor wafer in such
a state that the arms 230 are opened to be ready for cramping
the sem:.conductor wafer . The lJ.ftJ.ng of the semiconductor wafer
is stopped at the posrt:.on where the semlconductor wafer is
hor:.zontally al:.gned w:.th the wafer holdlng grooves of the pins
231 on the arms 230 The complet:.on of l:LftJ.ng of the stage 260
in the lifter 29 .'LS detected by the sensor 266 provided on the
air cylinder 261, - and the detect:.ng s:.gnal by the sensor 266 is
sent to a controller of the pol:.sh:.ng apparatus to allow the
controller to recognJ.ze the completlon of l:LftJ.ng of the stage
260. When the controller of the pOllShlng apparatus receives
the detecting s:.gnal the rever51ng devrce 28 is operated to close
the arms 230. By thJ.s operatlon, the semrconductor wafer is held
by the revers:.ng dev:.ce 28. After it is confirmed that the
semJ.conductor wafer is held by the reversn.ng dev:l.ce 28, the stage

260 of the llfter 29 1s lowered.
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ROTARY TRANSPORTER |

FIGS. 31 and '32 show the rotary transporter, and FIG.
31 is a plan view of t'he rotary transporter and FIG. 32 is a
vertical cross-sectional wiew of the rotary transporter. As
shown in FIGS. 31 and 32, the rotary transporter 27 for
transportlng the semlconductor wafer 101 has four wafer support
stages at angularly equal J.ntervals of 90° , and each of the four
wafer support stages has six pins 201 standlng on the stage for
supporting the semlconductor wafer . at 51x points. The
semiconductor wafer can be supported by at least three pins, but
in this embodlment the sJ.x p:l.ns 201 are prov:.ded for Supporting
both of the semlconductor wafer hav:.ng an or:.entat:.on flat and
the sem:.conductor wafer hav:.ng a notch. ) A taper surface 202

having a taper angle of 15 to 25 from the perpendicular is

formed at the forward end port:.on of the pJ.n 201 to allow the

semiconductor wafer to be centered when the semiconductor wafer

is transferred.

The wafer -detectz.ng sensors 200 ‘are ‘provided at
positions sPaced from the rotary transporter 27. The sensor 200
is a photosensor comprJ.sJ.ng a llght emJ.ttJ.ng element 200a and
a light recez.v1ng element 200b, and .‘LS not moved with the stages
of the rotary transporter 27 | The cond:.t:.ons of the
semiconductor wafers whlch are placed on the stages are
determined in the reSpectJ.ve stages of ‘the rotary transporter
27. To be more spec:.fJ.c the rotary transporter 27 comprises
two load stages (the rlght and left sides) for placing the
semiconductor wafer to be pollshed and two unload stages (the

right and left s:n.des) for plac1ng the semlconductor wafer which

61



10

15

20.

25

has heen polished‘.- The condltlons of the semiconductor wafers
placed on the resPectlve stages are always fixed, and the rotary
transporter 27 has.-a-stage 210 for-plac:mg‘ the semiconductor wafer
to be polished on the turntable 34, a stage 211 for placing the
semlconductor wafer wh1ch has been pol:.shed on the turntable 34,
a stage 212 for plaCJ.ng a semlconductor wafer to be pollshed on
the turntable 35, and a stage 213 for plac:Lng the semiconductor
wafer which has been pollshed on the turntable 35.

Rlnsz.ng nozzles 1501, 1502, 1503 and 1504 for
supplying a cleanJ.ng 1J.qu1d to the sem1conductor wafer are

,‘..

positions spaced from the rotary transporter 27 The rinsing

nozzles 1501 to 1504 are statlonary and are not rotated with the
stages. Pure water or 1on1c water J.s malnly used as a cleaning
liquid. A separator 204 is provn.ded on the rotary transporter

27 So as to separate the wafer support stages 210 to 213 from

one another for preventlng the slurry or the cleanJ.ng liquid used -

for clean:.ng the sem:.conductor wafer or the top r:l.ng from be:.ng

scattered around. The rotary transPorter 27 is coupled to a

servomotor 205, and the semlconductor wafers on the rotary
transporter 27 are transported by dr:LVJ.ng the servomotor 205.
A home pos:l.tlon sensor 206 ‘is prov:.ded on the lower portion of
the rotary transporter 27 ’ and p051t10nlng of the wafer transfer
position is controlled by the home pos:.t:.on Sensor 206 and the
servomotor 205. The transfer pos:.t:l.ons th.ch can be positioned
are three positions at angular 1ntervals of 90° with respect
to the home pOSltlon as a center.

Next, the operatlon of the rotary transporter 27
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having the above structure will be described-. FIG. 31 shows the
home position of +the rotary transporter 27. The rotary
transporter 27 is rotated counterclockwise by an angle of 90°
and the stage 210 is-located.above the lifter 29.

The semiconductor wafer 101 to be transferred to the
top ring 32 is transferred to: the reversing device 28 by the
transfer robot 2.0' The sem:.conductor wafer 101 is held by the
reversing device zé, and then is reversed, i.e. turned upside
down. The reversed semlconductor wafer 101 is received by the
lifter 29, and then lowered. Wh11e the semlconductor wafer 101

is lowered by the lJ.fter 29, the semlconductor wafer 101 is

' centered by the taper surfaces 202 of the pJ.ns 201 on the wafer

support stage 210, and placed on the shoulder of the pins 201.
After the semlconductor wafer 101 .'LS placed on the p:ms 201, the
lifter 29 contJ.nues to be operated to cause the stage 260 to be
lowered until. the stage 260 does not J.nterfere with the Iotary
transporter 27 even when the rotary transporter 27 is rotated.'
Thereafter, the rotary tran5porter 27 is: rotated clockw:.se by
an angle of 90° , and the sem:Lconductor wafer 101 on the rotary
transporter 27 is. pos:.t:.oned above the pusher 30. After
pos:.t:z.onlng of the rotary transporter 27 1s completed s the pusher
30 is operated, and the semlconductor wafer 100 is transferred
to the top ring 32 1ocated above the rotary transporter 27.
The sem:.conductor wafer 101 pollshed by the top ring
32 is moved toward the wafer support stage 211 of the rotary
transporter 27 1ocated below the t0p r:Lng 32 by the pusher 3¢.
The semlconductor wafer 101 transferred from the top ring 32 to

the pusher 30 is centered by the taper surfaces 202 of the pins

63



1o

15

20

25

201 on the waf_er support stage' 211, and then placed on the
shoulders of the pins .'2_0:1'i After the 's_'e'miconduotor wafer 101
is placed on the wafer'suppo'rt sltage 211, the pusher 30 continues
to be operated so that'the pusher 30 does not interfere with the
rotary transporter 27. Thereafter, the rotary transporter 27
is rotated counterclockwise by  an angle of 90° , and the
Semiconductor wafer 101 on the'_stage 2_11_.' is-pos:_i.tioned above the
lifter 29. After posit‘io'nin.g"o”f the rotary transporter 27 is
completed the stage 260 of the llfter 29 is raised, and the
semiconductor wafer 101 :Ls recelved by. the stage 260 from the
wafer support stage 211 and transported to the reversing device

28.

FIG. 33, and I-‘IGS 34A through 34E show a pusher, and
FIG. 33 is a vertJ_cal cross-sectlonal v:.ew of the pusher and FIGS.
34A through 34E are v1ews for expla:.m.ng operat:.on of the pusher.
The pusher 30 and 30 have the same structure, and hence only -
the pusher 30 will be descr:.bed. - :

As shown 1n FIG. 33, a gulde stage 141 for holding
the top rJ_ng is prov1ded above a hollow shaft 140 and a spline
shaft 142 is prov:.ded J.n the hollow shaft 140 A push stage 143
is provz.ded above the spl:.ne shaft 142. An air Cylinder 145 is
coupled to the sp11ne shaft 142 through a. flex:t.ble joint 144.
Two air cylinders are dlsposed vert:.cally 1n Series. The lower
air cyllnder 146 serves to l:Lft and lower the guide stage 141
and the push stage 143, and llftS and lowers the hollow shaft
140 together with the aJ.r cyllnder 145, 'I'he air cylinder 145

serves to lift and ;.lower the push stage 143,
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A linear way 149 movable in directions of an k-axis
and a Y-axis is pIOVided-to allow the top ring guide 148 to have
an alignment mechanism. The guide stage 141 is fixed to the
linear way 149, and the linear way 149 is fixed to the hollow
shaft 140. The hollow shaft 140 is held by a bearing case 151
through a slide bush ;I.SO.' The stroke of the air cylinder 146
is transmitted to the hollow shafti140-through a compression
spring 152. -__'_ . .

The push stage 143 is located above the guide stage
141, and a push rod. 160 extendlng downwardly from the center of
the push stage 143 passes through a sllde bush 147 located at
the center of the gulde stage 141 to allow the push rod 160 to
becentered. Thepushrod160contactstheupperendofthe5p11ne
shaft 142. The push stage 143 1s vertlcally moved by the air
cylinder 145 through the spllne shaft 142, so that the
semiconductor wafer 101 is' loaded on the top ring 32.
Compression sprlngs 159 are provrded at the perlpheral portion
of the push. stage 143.

Three t0p rlng guldes 148 are prov1ded at the outer:
circumferential portlon of the gulde stage 141 - Each of the top
ring guides 148 has a two-step structure, the upper step 200
serves as a contact portlon with the lower surface of the guide
ring 301 of the top rlng 32 or 33 and the lower step 201 serves
as a support portJ.on for supportlng the semlconductor wafer 101.
A taper surface 208 hav1ng an angle of 25 to 35° from the
perpendicular is formed at the upper step 200 for guiding the
guide ring 301 toward the upper step 200, and a tapered surface

207 having an angle of 10° to 20° _ from the perpendicular is
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formed at the lower step 201 for guJ.dJ.ng the semiconductor wafer
101 toward the lower 'step- 201. When the Semiconductor wafer 101
is unloaded from the top ring 32, the top ring guides 148 receive
the peripheral edge.'of: the 'sem‘._icOnductor'-' wafer. |

A guide sleeve 153 is fixed to the guide stage 141
to prevent water frorﬁ enterin.g the central part of the guide stage
141 and to guide the guide stage 141 5o that the guide stage 141
is returned to :Lts or:.glnal posltlon. . A center sleeve 15¢
located inside of the gulde sleeve 153 is fixed to the bearing
case 151 for center.mg the gulde stage 141 . The pusher is fixed
to a motor hous:mg 104 1n the polJ.shJ.ng sect:Lon through the

bearing case 151.

R A -

A V-rlng 155 1s used to prevent water from entering
between the push stage 143 and the gulde stage 141, and has a

lip held in contact w:.th the gulde stage 141 to prevent water

~_frompassing therethrough. When the gulde stage 141 is elevated,

the volume of a port:.on G 1ncreases thus lowerlng the pressure

" to thereby draw water . In order to prevent water frombeing drawn,

the V-ring 155 has a: hole 202 def:.ned :Ln ‘an J.nner side thereof
to prevent the pressure from be:Lng lowered

A shock absorber 156 1s prov:.ded for positioning of
the top rlng gu:Ldes 148 in' a vert:.cal direction and for
shock-absorbing when the top r:.ng guldes 148 contact the top ring
32. 1In each of the air cyllnders 145 and 146, upper and lower
limit sensors are provz.ded for detectlng the position of the

pusher in a vertical dlrectJ.on That J.S, sensors 203 and 204

~are provided on the air cyl.mder 145, and_sensors 205 and 206

are provided on the‘a.lr-cyllnder 146. ~ A cleaning nozzle or
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nozzies for cleaning the pusher are provided to prevent the slurry
attached to the pusher from contaminating the semiconductor wafer.
A sensor for conflrmlng the presence or absence of the
semlconductor wafer on the pusher may be prov:.ded. The control
of the air cylinders 145 and 146 are performed by double solenoid

valves, respectively. The pushers 30 and 30’ are dedicatedly

. provided. for the top rlngs 32 and 33, respectively.

Next, the operat:.on of the pusher having the above
structure will be descr::.bed below. -
1) Loadlng a semlconductor wafer _

As shown J.n FIG 34A the sem.Lconductor wafer 101 is
transported to a pos:.t:l_on above the pusher 30 by the rotary
transporter 27. When the top rlng 32 is located in a loadlng
position above the pusher 30 and does not hold the semlconductor
wafer, as shown in FJ.g 34B the push stage 143 is raised by the
air cylinder 145 When the .completlon of raJ.sz.ng of the push
stage 143 is. detected by the sensor 203, as shown in FIG. 34cC,
the guide stage 141 and the components assoc:.ated with the guide

stage 141 are raJ.sed by -the aJ.r cylinder 146. While the guide

- stage 141 is raised, the gu:.de stage 141 passes through the wafer

holdJ_ng position of the rotary transporter 27. At this time,
the sem:.conductor wafer 101 is centered by the taper surfaces
207 of the top rJ.ng guldes 148 and the pattern surface except
peripheral port:.on of the sem:.conductor wafer is held by the push
stage 143. The sem:.conductor wafer 101 is held by the push stage
143 at portlons except for the perlpheral edge thereof.
While the push stage 143 holds the semJ.conductor wafer,

the top ring guides 148 are ra:.sed w:.thout “being stopped, and
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the guide ring 301 1s gulded by the taper surfaces 208 of the.
top ring guldes 148. The center of the top ring guides 148 jis
allgned with the center of the top rlng 32 by the linear way 149
movable in X and v dlrectlons, and the upper steps 200 of the
top ring guldes 148 contact the lower surface of the guide ring
301 and 1lifting of the gulde stage 141 is stopped.

When the upper steps 200 of the top ring guides 148
contact the 1ower surface of the guJ.de rlng 301 the gu:.de stage
141 is fixed and lS not ralsed anymore. However the air cylinder
146 continues to be’ actuated until the stopper fixed to the rod
ofthearrcylrnder146contactstheshockabsorber156,andhence
only the spllne shaft 142 contlnues to be ralsed because the
compression sprlng 152 lS compressed and the push stage 143 1s
further raised. At thls tlme, as shown 1n FIG 34D, the push
stage 143 holds the semlconductor wafer 101 at portlons except
for the perlpheral edge of the semlconductor wafer 101, and
transports the semJ.conductor wafer 101 to the top ring 32. After
the semlconductor wafer 101 contacts the top ring 32 the lifting
stroke of the air cyllnder 146 is absorbed by the compression
Springs 159 to thereby protect the semlconductor wafer 101.

After the top rJ.ng 32 completes the attractlon of the
semlconductor wafer 101 the pusher starts to be operated and
the gu1de stage 141 and the push stage 143 are lowered to the
position shown in FIG, 34A. When the guJ.de stage 141 is lowered,
the guide stage 141 is centered by the taper portion formed on
the guide sleeve 153 and the taper portlon formed on the center
sleeve 154. Whenthelowerlngoftheguldestage1411scompleted,

the operation of -the loadJ.ng of the sem:.conductor wafer is
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completed. '
2) Unloading a semiconductor.wafer

The semlconductor wafer 101 is transported by the top
ring 32 to a wafer unload position 1ocated above the pusher 30.
When the wafer unload stage of the rotary transporter 27 is
located above the pusher 30 and does not hold the semiconductor
wafer, the guide stage 141 and the components associated with
the guide Stage 141 are raJ.sed by the aJ.r cyl:.nder 146 and the
gu:Lde ring 301 of the top r:.ng 32 is gu:.ded by the tapered surfaces
208 of the top r:Lng gu:Ldes 148. The center of the top ring guides
148 is aligned’ w1th the center of the top ring 32 by the linear
way 149, and the upper steps 200 of the top ring guides 148 contact
the 1ower surface of the guJ.de rJ.ng 301 and the lifting of the
guide stage 141 J.s stopped The a1r cle.nder 146 continues to
be actuated unt:Ll the stopper fJ.xed to the rod of the air cyl:.nder
146 contacts the shock absorber 156. However, Since the upper

steps 200 of the top rlng gu:.des 148 contact the lower surface

_\_lof the quide rlng 301 to cause the gu:.de stage 141 to be fixed

at this position, the aJ.r cyllnder 146 pushes the spline shaft
142 together with the a:.r cyl:_nder 145 aga:.nst urging force of
the compress.lon sprJ.ng 152 thus J.J.ft:Lng the pPush stage 143. at
this time, as shown in FIG 34E the push stage 143 is not raised
to a position hlgher than the wafer holdlng port:Lon of the lower
Steps 201 of the top r.mg guldes 148 In thls embodiment, the
air cylinder 146 is . arranged to be further actuated after the
top ring guides 148 contact the guJ.de rJ.ng 301. The shock at
this time is absorbed by the sprlng 152.

After the_llftlng actuation of the air cylinder 146
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is completed, the.._sém'i;:on_duc.tor wafer 101 is removed frop the
top ring 32. At this- time, the 'semiconductor wafer 101 is
centered by the 1ower tap'éred-éurfaces. 207 of the top ring guides
148, and the Semiconductor wafer. 101 is'.held by the lower steps
201 of the‘top ring guides 148 at the peripheral edge of the
semiconductor wafer 101, After the semiconductor wafer 101 is
held by the pusher, the pusrgér: starts to.be operated to lower
the guide stégé 141. Whlle 'ﬁhe ‘g;.l.::Lde stage 141 is lowered, the
guide stage 141 js c_ent'l_e;"ed.b_y the guide _s__iee__\_re 153 and the center
sleéve 154, 'Whilela_'. '1_:_.1"197... gui@e sta.g.el'_ﬂ_.___'_l.,fl_l_ is Jlowered, the
Semiconductor wafer 1011stransferred fromthe pu#her ‘30 to the

rotary transporter 27, "'EWhejn the l<>w'erir§g'f of the guide stage 141

~ is completed, the opef@ﬁibr_ﬁ of :t__h-'e'ﬁniga@iﬁ'g of the semiconductor

wafer is completed.

Accordinéj_.t'o the pt_z_éhei'_ h_av-i’.xt_eé' '_the Structure shown

in FIG. 33 and FIGs. 342 ‘through' 34E, since the pusher 30 has
a centering mecl_léniém for .é:éihfér'i'r'x"g-';"‘the ‘main coﬁﬁonents of the
pusher with resp'ecf'." to” the fdp”ri'ng 32, ' adjusfment of the

Positional relati'onsﬁi':i.'ﬁ i:éfv&éeh the pusﬁér‘TBd and the top ring

32 can be easily p'ei'fome"_d'.' .’.-'~_The‘iift-ing stroke of the push stage

143 is set to a Position 'h'igh'e(r' than ‘the :'i'o'wer surface of the
top ring 32 by about 2 mm, and thus 'posi’ﬁio'ni'ng in a vertical

direction can be easily p.e'rform__e"d-. At thJ.s .time, the shock of
contact in the vertical directiox_x can be absorbed by the spring.
TOP RING - o o

FIG. 35 is a s:.de \ir.iew-iali_th. a paft_ially crdss—section

showing the top ring. The top rings 32 and 33 have the same

Structure, apqd only the top ring 32 will be described.
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The top ring 32 is held by the top ring head 31 so

‘that the top ring 32 can perform various motions ‘including

rotation, pressing, and swing. The top ring 32 comprises a top
ring body 300 for holding an upper surface of the semiconductor
wafer and pressing the semiconductor wafer against the polishing
surface of the turntable, a guide ring 301 for retéining the outer
periphery of the semiconductor wafer, and a backing pad 302
attached to the iowei .'su.iffa-ce .d'f. i:he top ring body 300 and having
a cushioning funetion between the top ring 32 and the
semicdnductor wafer. The top ring body 300 is made of material
having a rigidity su'ch' as ceramics, ana has a wafe_r. holding
surface which is formed toa flat finish s.urface so that the entire
surface -of the semiconductor wafer can Be uniformly pressed
against the polishing s'urfacel.- waevér, the wafer holding
surface of the top ring body 300 méy have a slightly concave or

convex surface depending on the kind of the semiconductor wafer

to be polished.

. The guide ring 301 has an inner diameter slightly

.larger than the diameter of the semiconductor wafer so that the

semiconductor wafer is. insertéd into the guide ring 301 and
retained by the guide ring 301. The "top ring body 300 has a
plurality o-f through-holes 303 which are open toward the wafer
holding surface and ah opposite surface to the wafer holding
surface. The clean air or nitrogen gas having a positive
pressure is supplied to the semiconductor wafer held by the wafer
holding surface through the through-holes 303, and certain areas
of the semiconductor wafer can be selectively and locally pressed

against the polishing surface. Further, a negative pressure is
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developed in the through-holes 303, and the semiconductor wafer

is attracted under vacuum when the aemiconductor ‘wafer is-'
transported. Further, clean air or nitrogen gas is ejected
toward the semiconductor wafer through the through-holes 303,
whereby the semiconductgr wafer can be removed from the top rlng
body 300. .In this case, the wafer removing force is heighten
by mixing pure water with the clean air;oi’: gae, thereby making
it possible to remove the semiconductor wafer reliably.

An attachment flange 304 is mounted on an upper
surface of the top ring 32. The attachment flange 304 has a
hemispherical hole defined centrally in an upper surface thereof.
Adrive flange 314 fJ.xed to the top ring drlve shaft 91 is disposed
above the attachment flange 304. The drlve flange 314 also has
a hemispherical hole def:.ned thei‘eih. A ball 305 which is hard
and made of ceramics, for example, -is provided in the
hemispherieal holes. A downward pressing force applied to the
drive flange 314 is transmitted via the ball 305 to the attachment
flange 304 dlsposed therebelow.

On the other hand, the top ring head 31 supports the
top ring 32 througl‘l the top ring drive shaft 91 compris ing a spline
shaft. The top ring head 31 is supported by the support shaft
92. The support shaft 92 is rotated by a motor (reference numeral
407 in FIG. 40) coupled to the lower end of the support shaft
92, and the top ring head 31 is swung by the rotation of the support
shaft 92. By this swing motion of the top ring head 31, the top
ring 32 can be moved to a pblishin‘g position, a maintenance
position, and a transfer position. A motor 309 is provided above

the support shaft 92 and on the upper surface of the top ring
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"head 31, and a driving pulley 310 fixed to the end of the shaft

of the motor 309 is rotated by the motor 309 and a driven pulley
311 fixed to the top ring drive. shaft 91 is rotated through a
belt 312. Whén the driven pulley 311 is rotated, the top ring
drive shaft 91 is rotated, and the rotation of the top ring drive
shaft 91 1s transmltted to the top ring 32, thus. rotating the'
top ring 32. _

Further, an air cylinder 313 is fixed to the upper
surface of the top rlng head 31 in such a manner that the shaft
of the air cylinder 313 extends downwardly. The top ring head '
31 and the shaft of the air cylinder 313 are coupled flexibly.
By cbntrolling air préssure éupplied to the air cylinder 313,
the force for raising or lowering the top ring drive shaft 91,
i.e., the force for 'raising'or lowering the top ring 32 can be
controlled. A tensile/compressive load-type cell 322 is
inter_posed,___in the 'junction between the air cylinder 313 and the
top ring head 31 for measuring a vertical thrust force generated
by thé air -'c;__jrlinder 313 fixed to the top ring head 31. Since
this thrust force is equal toa force for pressing a semiconductor
wafer, a feedback circuit may be formed 'using the measured thrust
force for the purpdse of contrdlling the force for pressing the
semiconductor wafer. The body of fhe air cylinder 313 and the
top ring drive shaft 91 comprising a spline shaft are coupled
to each other such that the top ring drive shaft 91 can be rotated.
When the air cylinder 313 is operated vertically, the top ring
drive shaft 91 is simultaneously operated vertically. The top
ring drive shaft 91 has a vertical through hole defined thereln,

with a tube (not shown) disposed in the vertical through hole.
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sinc.e' t’he top ring drive shaff 91 and thel. top ring 32 are rotated,
a rotary joint 316 is mounted on -thel_upp'er‘ end of the tube. A
vacuum, a gas such as N, or clean air and/or liquid such as pure
water is supplied via the rotary joint 316 to the top ring body
300. |

The top ring 32 havihg the above structure aﬁt:acts
the semiconductor wafer which has been transported .to the puéher
30 under vacuum, and holds the semiconductor wafer in the guide -
fing 301 of the top ring 32. Thereafter, the top ring 32 is swung
from the posiﬁion above the pusher 30 to the polishing surface
on the turntable. After the top r:.ng 32 is moved to the position

above the turntable, the top ring 32 is rotated at a given

rotational speed, and then lowered by the air cylinder 313 to

contact the semiconductor wafer with the polishing surface on
the turntable. When the top ring 32 is lowered to the upper
surface of the turntable, a sensor 321 for detecting the lower
end of the stroke of the air cylinder 313 is actuafed to generate
a signal indicating that the downward movement of the air cylinder
313 is completed. 1In response to the signal, the air cylinder
313 is supplied with air under a pressure corresponding to a
desired pressing load fér thereby pressing the top ring 32 against
the turntable 34 to applyh a pressing force to the semiconductor
wafer. At the same time, a vacuum line for developing a negative
pressure to attract the semiconductor wafer is cut off, At this
time, 'depending on the type of the layer to be pclished of the
semiconductor wafer, the negative pressure méy remain developed,
or a valve is operated to control the pressure of the gas to apply

a positive pressure to the upper surface of the semiconductor
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wafer for tnereby controlling the.polished profile of the
semiconductor wafer. The pressure at this time is applied only
to the through holes 303 defined in the wafer holding portion
of the top ring 32; Therefore, depending on which area of the
semiconductor wafer the pressure is to be applied to, the
diameters, number, and positions of the through holes 303 ére
varied to achieve a desired poliShed profile. -

After a predetermined time of polishing, the top ring
32 holds the semiconductor wafer under vacuum. Thereafter, the
semiconductor wafer 101 held by the top ring_32 is moved toward
the onter'periphery of the turntable 34 while the semiconductor
wafer contacts the polishing clotn on the turntable.- Finally,
the’semiconductor wafer 10l projects from the outer periphery
of the turntable 34 in snch a manner that the center of the
semiconductor wafer 101 is located on the turntable 34 and near
the periphery of the turntable 34 as much as possible and about
40% of the surface of the semiconductor wafer projects from the
turntable 34. Thereafter, the.'air cylinder 313 is actnated, and
the top ring 32 holding the semiconductor wafer 101_is raised.
Depending on the polishing cloth which is used, the surface
tension between the slurry on the pollshlng cloth and the
semiconductor wafer may be stronger than the attractive force
of the top ring, tending to leave the semiconductor wafer on the
polishing cloth. 1In order to reduce the surface tension, the
semiconductor wafer is allowed to project from the turntable and
then the top ring 32 is raised.  If more ﬁhan 40 % of the surface
area of the semiconductor wafer projects from the turntable, then

the top ring would be tilted, causing the semiconductor wafer
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to hit the edge of the tﬁrntable and hencé to crack. It is
thereforepreferableforthesemiconductorwafertoprojectabout
40 % of its surface area from the turntable. In other words,
it is essential that the center of the semiconductor wafer is
located on the turntable 34.

When lifting of the top ring 32 is completed, the
sensor 320 detects the completion.of the 1ifting adtion_éf the
aircylinder 313. Thereafter, the top ring 32 starts to be swung,
and is moved to the position above the pusher 30 and transfers
the semiconduétor wafer 101 to the pusher 30. After the
semiconducto:'ﬁafer is removed from the top ring 32, a cleaning
liquid is supplied.to'the iower surface of the top ring 32 from
a nozzle or nozzles located below the toplring 32, and the wafer
holding surface of the top ring 32 and surrounding regions are
cleaned. The purpose of supply of the cleaning liquid is to
prevent the top ring ffom being dried until a next semiconductor
wafer is transferred to the tdp ring, and the supply of the
cleaning liquid may be continued. The cleaning liquid may: be
intermittentlyejectedfrqmthenozzletoreducetherunningcost.
While the semlconductor wafer is being polished, the polishing
time is divided into a plurality of steps, and the pressing force
and rotational speed of the top ring and the method of holding
the semiconductor wafer can be changed in each of the steps. It
isalsopossibletochangethekind,amount,density,témperature,
and sﬁpply timing of the abrasive liquid that is used.

If the current supplied to thé motor for rotating the
top ring is monitored during the polishing process, then the

torque outputted by the motor can be calculated. When the
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polishing of a semiconductor wafer reaches the end point, the

friction between the semiconductor wafer and the polishing cloth

is changed. The end point of the polishing of the semiconductor
wafer may be detected on the basis of a change in the torque of
the motor.;-‘ Similarly, the current supplied to the motor for
rotating the turntable'34 may be monitored, a change in the torque
may be calculated, and the end point of the polishing of the
semiconductor wafer may be detected on the basis of a change in
the calculated torgue. While a semiconductor wafer is polished,
vibrations o.f.the top ring are measured, and the end point of
the polishing of the semiconductor wafer may be detected by
detécting inflection points of the vibration waveform.
Furthermore, an electrostatic capacitance may be measured to
detect the ‘end point of the polishing process. These four types
of detection of the end point of the polishing process are based
on a determination from différent surface irregularities or
different surface layer qualities or the thickness of the
remaining layer before and after the semiconduct;:r wafer 'is
polished. Thé surface of a p-olished' semiconductor wafer may be
cleaned, the amount of a material removed from the semiconductor
wafer may be confirmed, insufficient polishing may be confirmed,
and then tﬂe semiconductor wafer may be polished again to make
up for the insufficient polishing.
DRESSER

FIGS. 36 and 37 are vertical cross-sectional views
of dressers. FIG. 36 shows a diamond dreéser, and FIG. 37 shows
a2 brush dresser. Since the dressers 38 and 39 are of

substantially the same structure, only the dresser 38 will be

77



10

15

20

25

described below.

As shown in FIG. 36, the dresser 38 has a dresser plate

370 having a dressing surface for dressing the polishing cloth,

The dresser plate 370 is fastened to an attachment flange 375
which has a hemispherical hole defined centrally in an upper
surface thereof. A drive flange 371 fixed to the dresser drive
shaft 93.is disposed above the attachment flange 375. The drive
flange 371 also has a hemispherical hole defined therein. Aball
372 which is hard and made of ceramics, for example, is provided
in -th_e hemispherical holes. A downward pressing force applied
to the drive flange 371 is transmitted via the ball 372 to the
dresser plate 370. Diamond particles 373 for corrécting the
shape of the polishing cloth and dressing the polishing cloth
are electrodepositeci on-.a lower surface of the dresser plate 370.
Alternatively, a number of hard protrusions of ceramics, for
example, may be disposed on the. dresser plate 370. The diamond
particles 6r.ha_rd protrusions may be replaced only by replacing
the dresser;...plate 370 for thereby easily p'erforming other types
of dressing processes. In any case, since the surface
configuration of the dresser plate 370 is reflected in the surface
configuration of the polishing cloth that is dressed, the
dressing surface of the dresser is finished to a flat surface.

The dresser drive shaft 93 is supported on the dresser
head 94 (see FIG. 2). The dresser heéd 94 has essentially the
same function as the top ring head 31. The dresser drive shaft
93 is rotated by a motor and vertically moved by a.n air cylinder.
Tl.le details of the structure of the dresser head 94 are

substantially the same as those of the top ring head 31, and will
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not be'illustrated.

FIG. 37 shows the brush dresser having a brush 374

mounted on the lower surface of the dresser plate 370 in place

of the diamond particles 373. oOther structural details of the
brush dresser are essentially the same as those of the diamond
dresser shéwn in FIG. 36.

~ For correcting.the shape of the polishing cloth or
dressing the polishing cloth, the dresser is angularly moved from
a cleaning position above a dressing position on the turntable.
Upon completién of the angular movement of the dresser, the
dresser rotates at a desired rotational speed, and is lowered
by the air cylinder-.'When the dresser is brought info contact
with the upper surface 6f the turntable, a éensor associated with
the air cylinder for detecting thé lower end of its stroke is
actuated to generate a signél indicating that the dresser 38 has
touched the turntable, In response to the signal, the air
cylinder applies a é:essing forée to the dreéser.38 to dréss the
polishingclothontheturntabieunderthedesiredpressingférce,
After the dresser 38 has dressed the polnishing cloth for a desired
period of time, the air cylixider is operéted to lift the dresser
38 away from the turntable. Thereafter, £he dresser 38 is
angularly moved to the cleaning position in which the dresser
3B is submerged in a water container 43, 43’ (see FIG. 1) and
cleaned. Rather than being submerged in the wﬁter tank, the
dresser may be cleaned by a spray éjected from a spray nozzle,
or by being pressed against a brush provided on the bottom of
the water tank and rotated. The water tank 43’ is associated

with the dresser 39;
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When the dresser 38 is submerged in the water
container 43, the cleaning wat_ér in the water container 43 may
be vibrated by ultrasonic energy. If the upper surface of the
dresser 38 were placed in the cleaning water in the water
container 43, then when the dresse;f 38 is dried after being lifted
out of the water container 43, any ground-off material on the
dresser 38 would be solidified and tend to drop onto the furntabl.e
in a polishing process', thus adversely affecting the polishing
process. Therefore, only the lower surface of the dresser 38
may be submerged in the cleaniné water, and the upper surface
thereof may be cleaned by a spray nqzzle.. At this time, droplets
of the spray are liable to be applied to the upper éurface of
the dresser 38. Such dlrople.ts_ of the spray are prevented from
entering the dresser 38 by a water-fesist;nt cap 376 and a V-ring
377 and also a labyrinth 378 co:ﬁprising members 378a and 378b.
The cleaning liquid used for cleaning the dresser may comprise
pure. water;or a chemical liquid. ‘The above structure of the
dresser may be applied to the top ring 32 shown in FIG. 35 or
thé dresser 38 shown in FIG. 37. The dressing operation may be
performed while the current supplied to the motor for rotating
the dresser is being measured, and a certa:.n reference value of
the. measured current may be used as a sign indicative of the end
point of the process of correcting the shape of the polishing
cloth or dressing the polishing cleth.

DRESSING OF SECOND TURNTABLE

As shown in FIGS. 1 and 2, in the polishing apparatus,

there are provided the second turntables 36 and 37 which are

smaller in diameter than the first turntables 34 and 35. These
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second turntables 36 and 37 may be used to slightly scfapé off
the surface of semiconductor wafers, i.e., in a finish polishing
process such as a buffing-off process. The second turntables
are dressed by respective dressers, i.e., the dressers 48 and
49 shown in* FIG. 1. These dressers 48 and 49 will be described
in detail below; While these dressers are collectively referred
to as the dressers 48 and 49 in FIGS. 1 and 2, a portion of a
tip end thereof will be described as a dresser 3000.

FIG. 38 is a vertical cross-sectional view showing
the structure 6f the dresser, and FIG. 39 is a side elevational
view of the turntable and the _dresser. While the dressers 48
and 49 shown in FIGS. 1 and 2 have cirbular piate facing the
turntables, the dresser 3000 shown in FIGS. 38 and 39 has a
rectangular plate facing thé turntable.

~ The dress.er 3000 is retracted in a water container

3020 while a semiconductor wafer is being polished. After the

" polishing of the sexhiconductor wafer is completed, the.dresser

3000 is lifted by an air cflinder 3008. A mechanism for lifting.
and lowering the dresser 3000 will be déscribed below. The
dresser 3000 is coupled to the dre'séer drive shaft 96, which is
splined, at an end of a brush fixing seat 3002 with a dr-ive flange
3019 interposed therebetween. The .dresser drive shaft 96 has
an upper end supported by a bearing 3006 housed in a bearing case
3023 which is fastened to an air cylinder 3008 with a bracket
3007 interposed therebetween. The air cylinder 3008 is fixed
to a lower surface of an upper portion of a base 3009 to provide
a mechanism for transmitting vertical motion of the air cylinder

3008 to the dresser 3000. A guide 3010 for guiding vertical
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linear motion of the air cjrlindér 3008 is mouﬁted on the base
3009, A slider 3018 that is linearly movable _relatively on the
guide 3010 is mounted on the bracket 3007 for guiding motion of
the air cylinder 3008.

A rotary ball spline 3028 for guiding linear motion
of vertical movable components ranging from the air cylinder 3008
to the dresser 3000 is mounted. on the dresser drive shaft 96.
The rotary ball spline 3028 cdmprises a spline ring 3029 and an
outer flange ring 3030. The spline ring 3029 guides linear
moﬁj.on of the d'resser"d'ri've shaft 96, and transmits rotary motion
to the dresser drive shaft 96. The outer flange ring 3030
supports the rotatioﬁ of the spline ring"3029. A pﬁlley 3005
is mounted on the spiine ring 3029 . Thepulley 3005, when rotated,.
rotates the spline ring 3029, whose rotation is transmitted to
the dresser drive shaft 96.

 When the dresser 3000 reaches an elevated position,
a -sensor 3021 for detectiﬁg the'arrivai of the dresser 3000 at
the elevated posifion ‘generates a signal. Thereafter, the
dresser 3000 and the dress_er héad 97 are angularly moved to a
dressing start position bj' a swinging mechanism which comprises
an air cylinder 3016, a crank 3017 for converting linear motion
of the air éy_linder 3016 to rotary motion, Iand a hollow rotatable
shaft 98 coupled to the dresser head 97 and rotatable by the rotary
motion of the crank 3017. Thus, 'the swing mechanism converts
the linear motion of the air cylinder 3016 to the rotary motion
of the holloﬁ rotatable shaft 98 through the crank 3017.

When.the dresser 3000 reaches a dressing position,

a terminal sensor 3024 mounted on the air cylinder 3016 generates
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a signal-, and then the dresser 3000 is rotated about t_he dresser

.drive shaft 96. The dresser 3000 is rotated as follows: A

rotatable shaft 3013 inserted in the hollow rotatable shaft.SB
is connected to a motor 3014. When the motor 3014 is energized,
the rotatable shaft 3013 is rotated. The rotatable shaft 3013
is supported by bearings 3032 disposed on respective opposite'
ends of the hollow shaft 98. When the rotatable shaft 3013 is
rotated hy:the motor 3014,_5 pulley 3011 mounted on the upper
end of the shaft 3013 is rotated, and the rotation of the pulley
3011 is transmitted via a timing belt 3012 to the pulley 3005.
The rotation of the pulley 3005 is trahsmitted via the spline
ring'3029 to the dresser drive shaft 96. -

If the motor 3014 deﬁects when the rotational speed
of the dresser 3000 becomés steady, then the air cylinder 3008.
lowers the dresser drive shaft 96 for the dresser 3000 to start
dressing the polishing cloth.-.If a sensor 3022 for detectihg
the arrival of the dresser 3000 at 5 iowéredfposition does not
generate a signal, then it is determined that the dresser 3000
has not reached the proper lowered position, and an error is
indicated. While the polishing cloth ié being dressed, it is
possible to introduce a liquid such as pure water or.a chemical
liquid froxﬁ a dressing liquid supply port 3031 onto the turntable
36. '

After thedressing process, the dresser 3000 is 1ifted.
After the sensor 3021 for detecting the arrival of the dresser
3000 at the elevated position generates a signal, the rotation
of the dresser 3000 is stopped. After the motor 3014 has

confirmed the stoppage of the rotation, the dresser 3000 is
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angﬁlarly'moved.to a standby position. After'a terminal sensor
3025 of the air cylinder 3016 generétes'a signal, the dresser
3000 is lowered into the water container 3020. Now; a series
of dressing operation is. finished.

The polishing cloth and the fixed abrasive grain plate
(or a grinding stone) are replaceable. A brush body 3001 and
the diamond dresser are also replaceabie.- The dresser 3000 -
comprises the brush body 3001 and the brush fixing seat 3002.
The brush body 3001 is replaceable as an expendable element.

The rotatable shaft 98 and the rotary ball spline 3028
are associated with'respective proteciive outer cas ings_ 3026 and
3027eachcomprisinjaiahyrinthmechanismfbrpreventingliquids
including pure watei, a Slurry and a chemical liquid fromentering
the interior of the protective_oufe'r casings 3026 and 3027 while
the dresser 3000 is in use. '

. The portion of the:dresser 3000 which faces the
turntable is of an elohgated'shépe. since.the dresser 3000 is-
slender and the rotatable shaft is p.osi.tioned at an end fhereof ’
the dresser 3000 has a smaller occupied area and an equivalent
dressing area as compared with circular dressers.

TURNTABLE |

lFIG. 40 is a front view of the turntable. The
turntables 34 and 35 are disposed in the areas C and D,
respectively. Depending on the polishing processes, in order
to improve processing capability of two-stage polishing, the
small-sized turntables 36 and 37 may bé provided in the areas
C and D, respectively as shown in FIG. 1. The polishing tables

34, 35, 36 and 37 may comprise two kinds of turntables, i.e. a
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rotating-type turntable and a scroll-type turntable. Both ty.p'e.s o
can be incorporated in the same area, and various polishing
processes can be selected.

The turntable shown in FIG. 40 comprises the
rotating-type turntable. The rotating-type turntable 34 has a
polishing éurface whose radius is larger than the diameter of
the semiconductor wafer, the turntable 34 and the semiconductor
waf-er are rotated in the same direction, and the semiconductoi
wafer is polished at the position spaced from the center of the
turntable. In this manner, the relative velocity between the
semiconductor wafer and the turntable can be ecjual at any point
on the semiconductor wafer, if the turntable 34 and the
semiconductor wafer ar.e-‘j:otated at the same rotational speed.

" AS shown in FIG. 4.0; the turntabl-e 34 is directly
driven by a motor 401, and has such a si:x::ucture that thrust and
radial shaft loads thereof are supportéd'by bearings of the motor
401. The motor 401 is acc.o'modated in a motor housing 402 which .
is integral with a hbﬁsing 403 that houses a swing shaft for

angularly moving the top ring and a motor housing 404 that houses

‘a swing shaft for angularly moving the dresser. The motor

housing 402 may be direétiy mounted on a base which supports the
polishing épparatus in its entirety or may be integral with such
a base, The motor 401 has a hollpw rotor with a plurality of
pipes passing therethrough. The pipes in the hollow rotor are
connected to a rotary joint 405 connected to the lower end of
the hollow rotor.

The hollow rotor has a méchanism which can operate

in synchronism with the rotation of the hollow rotor. An encoder
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406 is coupled to the mechanism for measﬁring the rotational speed

of themotor 401 at all times. Asignal indicative of the measured

rotational speed is supplied tb a driver which controls the motor
401 for thereby enabling the motor 401 to rotate at a proper
rotational speed. The end point of a polishing prdcess can be
detected by monitoring a current of the motor 401. The mptbr
401 has a stator case having a passage defined therein to allow °
a motor coolant to pass therefhrough so that the motor 401 is
continuously operated under a'high load.

The turntable 34 may have a sénsor for optically
detecting an abnormal cbndition such as dislodgement of a
semiconductor wafer from the top ring 32. When such ah abnormal
condition occurs, the'moto: 401'cén immediate1y stop the
turﬁtablé 34 in response to é”signal from the sensor.

The turntable 34 and the motor 401 are detachably

~installed in the polishing apparatus. The turntable 34 may be

of either the type in which a polishing cloth is attached o the

.turntable 34 or the type in which a polishing cloth is attached

to a cartridge that can be removably mounted on the turntable
34. Whichever type the turntable 34 may be of, the turntable
34 has a surface plate which may be of either a flat, convex,
or concave. shape. If the turntable 34 is of the former type,
then a polishing cioth is attached to the surface plate of the
turntable 34. If the turntable 34 is of the latter type, then
apolishing cloth or a fixed abrasive grainplate (grinding stone)
is attached to the cartridge. If theturntable 34 is of the former
type, then the surféce plate may be made of stainless steel or

ceramics. If the turntable 34 is of the latter type, then the
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 surface plate shape, the polishing cloth, or the fixed abrasive

gfain platé may be changed simply by replacing the cartridge.
If a cartridge type surface plate with a polishing cloth attached
thereto is available for ready use, then the time required for
replacing the polishing cloth oﬂ the surface plate can be
shortened.- The cartridge type surface plate may be of either
a solid structure or a hollow hon.eycomki structure for reduced
weight. The cartridgetype surfaceplate of the hollow honeycomb
structure can reduce the burden on the operator for cartridge
replacement. _
TURNTABLE COOLING AND TEMPERATﬁRE ADJ;USTMENT

' The surface plate has in its lower portion émechanism
for adjﬁsting the temperature of the surface plate. Temperaturé
adjustment water is suppliecii. through a pipe iﬁ the hollow shaft
of the motor 401 to a table cooling- chamber in the lower portion
of thé surface plate. The tab_l.e cooling'chamber has coolant
passages dispoéed therein for uniformly cooling the entire
surface of.the turntable. .Tlhe layout of the coolant passages
differs depending on fhe surface plaf.e that is used.

A pipe for supplying the temperature adjustment water
to the polishing apparatus is combined with a temperature sensor.
When the temperature of the temperature adjustment water deviates
from an allowable tange with respect to a preset temperature,
the process is interlocked. 2 signal indicative of the detected
temperature may be suppliedl to a temperature adjustment water
control unit outside of the polishing apparatus for feedback
control. The pipe for supplying the temperature adjustment

water is also combined with a flow rate meter and a pressure gage,
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“so that the process can be interlocked whe.n the témperat_:ure
adjﬁstment water is supplied a'lt an abnormal flow rate or under
an abnormal pressure. A flow regulating valve and a pressure
regulator are also provided for controlling the flow rate and
the pressure of the t.emperature adjustment water within the
polishing apparatus. According to another temperatu;e cont_fol
proceéé,. the temperature of the polishing surface on the
turntable 34 is measured by a noncontact type temperature sensor,
and a signal indicative of a measured temperature is sent to the
temperature adjustment water control unit to perform feedback
control. |
Next, the turntable other than the fufntable shdwn in FIG.

40 will be described. | |
SCROLL-TYPE TURNTABLE

| FIG. 41 is a cross-sectional view showing the
scroll-type second polishing turntable, FIG. 42A is a cross-
sectional view taken along line P-P of FIG. 41, and FIG. 42B is
a cross-seq_tional.view taken élong line X-X of FIG. 42A.

The scroll-type second turntable 36 has an upper
flange 1751 of a motor 1750, and a hollow shaft 1752 connected
to the upper flange 1751 by bo’lts_. A set ring 1754 is supported
by the uppér portion of the shaft 1752 through a bearing 1753.
A table 1759 is fixed to the set ring 1754, and a polishing table
1755 is fixed to the table 1"759 by bolts 1790. The polishing
table 1755 may comprise a grinding stone (fixed abrasive plate)
entirely, or may comprise a plate made of a corrosion-resistant
metal such as stainless steel and a polishing cloth attached to

the plate. 1In case of using the grinding stone or the polishing
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cloth, the polishing table 1755 may have a flat upper surface.
or a slightly convex or concave upper surface. The shape of the
upper surface of the polishing'table 1755 is seleeted.depending
on the kind of the semiconductor wafer 101 to be polished. The
outer diameter of the polishing table 1755 is set to a diameter
having the}diameter of the semiconductor wafer plus distancelze
(deséribed :'below) .or larger. That_ is, the diameter of the
polishing table 1755 is arranged such a diameter that when the
polishing table 1755 makes a translational motion, the
semiconductor.waferl does not project from the outer periphery
of the polishing tahle 1755. The translatlonal motlon may be
called scroll motion or orbital motion.

The set ring 1754 has three Or more supporting
portions 1758 in a c:.rcumferent:.al direction, and the table 1759
is supported by the supportlng pcrtlons 1758. A plurality of
recesses 1760, 1761 are formed at pos:LtJ.ons correspondz.ng to the
upper surface of the supporting portions 1758 and the upper end
of the cylindrlcal member 1795 at angularly equal intervals .in
a circumferential dlrectlon, and bearlngs 1762 and 1763 are
mounted in the recesses 1760 and 1761. As shown in FIGS. 41 and
42, a support member 1766 having two shafts 1764 and 1765 whose
central axes are spaced by "e" is supported by the bearings 1762
and 1763. Specifically, the two shafts 1764 and 1765 are
inserted into the bearings 1762 and 1763, respectively. Thus,
the pelishing table 1755 makes a translational motion along a
circle having a radius "e" by the motor 1750.

Further, the center of the shaft 1752 is off—cente:ed

by "e" from the center of the motor 1750. A balancer 1767 is
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fixed to the shaft 1752 for provid-iﬁg a balance to the load caused
by eccehtricity. The supﬁly of the abrasive liquid onto the
polishing table 1755 is conducted through the insides of the motor
1750 and the shaft 1752, a through-hole 1757 provided at the
central poa:‘tion of the table 1759, and a coupling 1791. The
supplied abrasive liquid is once stored iﬁ.a space 1756 defined
between the polishing table 1755 and the table 1759, and then
supplied to the upper surface of the polishing table 1755 through
a plurality of through-holes 1768 formed in the polishing table
1755. The number and position of the through-holes 1768 cén be
selected depending on tﬁe kind of processes. In the case where
the polishing cloth 1s attach'ed. to £he polishing tablé 1755, the
polishihg cldth has thfough-holes at positions corresponding to
the positions of the thfough—hoies 1768. In the case where the
polishing table 1755 is made of a gri@ding stone in entirety,
the uppetﬂsurface of.the éoiishing table 1755 has grid-like,

spiral, of-_'___ radial grooves, and the through-holes 1768 may

communicate:with such grooves.

The supplied abrasive liquid may be selected frqm pure
water, chémicals, or slurry, -and,. if .necessary, more than one
kind of the abrasive liquid can be supplied simultaneously,
alternatively, or sequentially. 1In ordéf to protect a mechanism
?Eor performing a. translaﬁional motion Ifrom the abrasive liquid
during polishing, a flinger or a thrower 1769 is attached to the
table f1759 « and forms a labyrinth mechanismtogether with a troﬁgh

1770.

In the turntable having the above structure » the upper

- and lower bearings 1762, 1763 are axially interconnected by the
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support member 1766 comprising a cranked joint having the upper
and lower shafts 1764, 1765 that are fitted respectively in the
upper and lower bearings 1762, 1763. The shafts 1764, 1765 and

hence the upper and lower bearings 1762, 1763 have respective

axes horizontally spaced from each other by a distance “e”. The |

cylindrical member 1795 for supporting the lower bearing 1763
is fixed to:the frame, and hence is stationary. When the motor
1750 is energized, tl;se shaft 1752 is rotated by the radius of
gyration (e) about the central laxis of the motor 1750, and thus
the polishing table 1755 makes a circulatory translational motion
(scroll motion) through the cranked joint and the semiconductor
wafer 101 attached to the top rlng 32 J.s pressed against a
pollshlng surface of the pol:.shlng table 1755. The
semiconductor wafer 101 is polished by the abrasive liquid
supplied through the through =hole 1757 ‘the space 1756 and the

through—holes 1768. The semlconductor wafer 101 is pollshed by

the. relatlve circulatory translational motion having a radlus'

rer between the polishing surface of the pol:.sh:.ng table 1755

and the semiconductor wafer 101, and the semiconductor wafer 101
is uniformly polished over the entire surface of the
semiconductor wafer. if a _aurface, to be polished, of the
semicondud:or wafer 101 and the polishing eurface have the same
positional relationship, then the polished semiconductor wafer
is affected by a local difference in the polishing surface. 1In
order to eliminate this influence, the top ring 32 is rotated
at a low speed to prevent the semiconductor wafer from bei:ng
polished at the same area on the polishing surface.

OVERHANG-TYPE TURNTABLE
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FIG. 43 isa c:ﬁSs-secfional view of the overhang-type
second turntable. The overhaﬁg-type second turntable 36 has a
plate 1700 coupled to a motor 1705 through a flange 1704. The
plate 1700 is rotated by the motor 1705. The rotational speed
of the plate 1700 is méasured By counting the number of times
in which a:dog 1707 attached to the plate 1700 passes ;hroﬁgh
a proximity switch 1708,.and is indicatéd. The overhang-type
turntable is protected from the siurry or pure water used for
polishing or dressing by a labyrinth 1701, O-rings 1702 and 1703,
an& a second labyrinth 1710 provided inside of the labyrinth 1701.
A vent port 1709 is formed in the ho{:sing 1706 so that high load
polishing, or continuous polishing for'a.long period 6f time can
be performed. That is, heat in the gap between the housing 1706
and the motor 1705 1s dlscharged from the vent port 1709, and
the load of the motor 1705 ‘is reduced. .

_The overhang-type turntable has iﬁs center located
in the diéﬁéter of the semiconductor wafer to be polished. By
rotating the semiconductor wafer and the turntable in the same
direction, the relative velocity of the semiconductor wafer and
the turntable is equal at #ny'point on the semiconductor wafer.
The plate 1700 is disposed on the upper surface of the turntable,
and a poliéhing cloth or a grinding stone may be attached to the
plate 1700. The abrasive liquid; chemicals, or water can be
supplied to the plate 1700 £rom a nozzle or nozzles located above
the piate 1700. |
ABRASIVE LIQUID SUPPLY NOZZLE

An abrasive liquid supply nozzle is a device for

supplying an abrasive liquid to the polishing surface such as
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the poli#hing cloth on tﬁe turntable.

FIGS. 44A, 44B, and 45 show the abrasive liquid supply
nozzle. FIG. 44A is a.plan view of the abrasive liquid supply
nozzle, FIG. 44B is a side elevational view, partly in cross
section, of the abrasive liquid supply nozzle, and FIG. 45 is
a plan view showing the posiﬁion of the abrasive liquid supply
nozzle 40 with respect to the turntable 34.

As shown in FIG. 45', the abrasive liquid supply nozzle
40 can move to a supply position F for supplying the abrasive
liquid onto the turntable 34, a first retracted position E, and
asecondretractedéositionih The abrasive liquid supply nozzle
40 rotates about a rotatable shaft 3051 tb bring the.tip end of
a hollow liquid supply afm 3050 to one of the positions.

- A mechanism for rotating'ﬁhe abrasive liquid supply
nozzle 40 will be described below.

..The rotatéble shaft 3051 is rotated when a swing arm
3052 at:tac?i‘;ed to the lower end of the rotatable shaft 3051 is
angularly moved about the axis of.tfxe rotatable shaft 3051.  The
swing arm 3052 and air cylinders 3053 and 3054 jointly constitute
a link mechanism. When rods of the air7cy1inders 3053 and 3054
are extended and conﬁrécted linearly, the swing érm 3052 is
angularly.moved to rotate thé rotatable shaft 3051 that is
positioned at the center of rotation of the swing arm 3052. The
air cylinder 3054 is fixed to a cylinder bracket 3056 fixed to
a base 3055. The air cylinder 3053 is connected by a pin to the
tip end of the rod of ﬁhe air cylinder-3054 such that the air
cylinder 3053 can rotate with respect to the end of the rod of

the air cylinder 3054. The rotatable shaft 3051 is rotatably
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supported by bearin§s 3057 housed in. a bearing case 3058.
| Operation of the two air cylinders 3053 and 3054 will
be described below.

When the tip end of the liguid supply arm 3050 is
positioned over the turntable 34,.e.g., at the center of the.
turnteble 54,.the rod of the air cylinder 3053 is extended, and:
the rod ofnéhe air cylinder 3054 is contracted. At this time,.
a position sensor 3066 of fhe air cylinder 3053 and a position
sensor 3068 of the air cylinder 3054 generate respective signals.
Iflsuch signals are not generated, then a control computer
determines that the abraeive liquid supply nozzle 40 is not in
a normal position, displays an error, and interlocks the process.

" When the tip end of the liquid supply arm 3050 is
located in'the position E, boﬁﬁ the feds.of the air cylinders
3053 and 3054 are contracted. At this time, a position sensor
3067 of the alr cyllnder 3053 and the p051tlon sensor 3068 of

the air cyllnder 3054 generate respect:.ve s::.gnals for the control

. computer to recogn:.ze the pos:.t:.on of the abrasive liquid supply

nozzle 40.

‘When the tip end of fhe liquid supply arm 3050 is
located in the position D, the roé'ef the air cylinder 3053 is
contracted; and the rod ef the air cylinder 3054 is extended.
At this time, the position sensor 3067 of the air cylinder 3053
and a position sensor 3069 of the air cylinder 3054 also generate
respective signals'fer the control cohputer to recognize the
position of the abrasive 1iquid_supply.nozzle 40.

Next, a sensor 3064 attached to the liquid supply arm

3050 will be described below.
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| When a scattering prevention cover 3070 around the
turntable 34 is installed in a normal position, the sensor 3064
senses a dog 3065 mounted on the scattering prevention cover 3070
directly below ‘the sensor 3064, and generates a signal.
Therefore, a failure to J.nstall the scattering prevention cover
3070 or a pos:.t:n.onal mJ.sal:Lgnment of the scattering: prevent:.on
cover 3070 can easily be detected. Spec1f1cally, the scattering
prevention cover 3070 is vertically movable, and is lowered when

the turntable 34 is inspected and serviced for maintenance. If

 a semiconductor wafer were polished on the turntable 34 with the

scatterlng prevent:.on cover 3070 belng 1owered then the abrasive
1J_qu:1_d would be scattered around. Because of a 51gnal generated
by the sensor 3064 ‘the motor f.or rotatlng the turntable 34 is
prevented from being energized in error, and hence the abrasive
liquid is prevented from be:.ng scattered around. |

The lJ.un.d supply arm 3050 has .an arm body 3059 on
which a flinger 3060 is mounted as a protective mechanism for
protecting:a mechanism for rotating the rot_atable\ shaft 3051 .
against liquids including an abras ive 1iquid, a chemical liquid,
purewater, etc. The flinger 3060 and a polisher pan 3061 jointly
constitute a 1abyr1nth mechan:l_sm.

Operatlon_ of the liquid supply arm 3050 will be
described below. | |

In the liquid supply position F, four tubes 3063 in
the liquid supply arm 3050 are positioned in alignment with the
center of rotation of the turntable 34, and one of the four tubes
3063 discharges the abras:Lve liquid. The discharged abras:.ve

liquid drops onto the center of the turntable 34, spreads
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uniformly over the entire'surfaée of fhe turntable 34 to thus
cover the polishing surface thereon. The tubes 3063 are inserted
in the hollow liquid supply arm 3050, and fixed thereto by a fixing
member 3062 to direct the tip ends of the tubes 3063
perpendicularly to the turntablé 34.

‘-When the polishingISurfac'e is dressed, one of the four
tubes 3063£discharges the dressing ligquid. The discharged
dressing liquid also drops perpendicularly onto tﬁe center of
the turntable 34 and spreads uniformly over the entire polishing
surface of the turntable 34.

With the iiqﬁid Supply arm 3050, theréfore, a liquid
discharged from any of the tubes 3063 is supplied perperidicularly
to the center of the tufntable 34 e-xacti)} at',the desired position
on the polishing surface qn-thé turntabie 34.

Rather than difeéting the tip.ends of the tubes 3063
perpendiculariy downﬁardiy -tov‘ﬂar-d the turntablé 34  liquids can
be Supplied;perpendiéﬁlarly to fhe_turntable 34 by regulating
the flow rates of the liquids with flow rate regulating val&es
V, and V, disposed between liqliid tanks T, and T, and the tubes,
such that the liquidé discharged from the tip ends of the tubes
3063 immediately flow ﬁérpéndicularly to the turntable 34.

'For replacing the polishing éloth on the turntable
34, the liquid supply arm 3050 is anguiarly mo?ed to the first
retracted position E by the 1link mechanism including the two air
cylinders 3053 and 3054. Since the liquid supply arm 3050 is
no.longer present over the turntable 34, the polishing cloth
thereon can easily be replaced. At this time, the tip ends of

the tubes 3063 at the tip end of the liquid supply arm 3050 are
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positioned directly above a reéess 3071 in the scattering
prevehtion dover 3070. Any 1iquids discharged from the tubes
3063 at this time drop through the recess 3071 into a container
positioned therebelow, and do .not contaminate components
surrounding the turntable 34.

-;Fhe tubes 3063 may.be connected to a source of pure
water and'éleaned by pure water flowing therethfoﬁgh without .
contaminating surrounding components.

If a maintenance process thét cannot be performed at
the positions E and F, e.g., a process for measuring the rate
of a discharged liquid or a process of inspecting components
around the turntable is needed, then the liquid supply arm 3050
is moved to the second sténdby positioh 'D'by' the link mechanism.
Since the liquid suppiy arm 3050 is no longer positioned above
the turntable 34 and the scattering prevention cover 3070, the
above maingenance process can easily beﬁcarfied out.

~2§n the abdve'emhodiment, the liquid supply arm 3050
is selecti?ely stdpped in the three positions by the link .
mechanism including the air cylinders_3053 and 3054, and the
1iquidsupplyarm3050maybestoppadinatleéstoneliquidsupply
position and at least one retraéted position.

FIGS. 46 through 48 show various abrasive liquid
supply systems. | '

The polishing apparatus has a plurality of polishing

surfaces to which a plurality of slurries or abrasive liquids

- can be supplied. There are a plurality of abrasive liquid supply

systems including a system for stably supplying an abrasive

liquid at a flow rate required for a polishing process from an
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external source, a systein for 'supplying an abrasive liquid under
a pressure which is not controlled at a constant level, at a flow
rate which is not controlled at a constant level, and a system
for drawing an abrasive 1i<juid from an abrasive liquid tank

installed outs:.de of the polJ.shJ.ng apparatus. If the abrasive

‘liquid is supplled stably, then as shown in FIGS. 46 and 47,

three-way va,lves are connected to primary inlet ports of supply
lines for the abrasive liqu_id',.-ari—d'?when no abrasive liquid is
to be supplied to the polishing surface, a valve 420 out of the
three-way valves is closed, and a valve 421 out of the three-way
valves is opened to return the .'abrasive li'qu.id outside of the
polis'hing apparatus for eircul.ation. When the abras:.ve liquid
is tobe Supplled to the polJ.shJ.ng surface the valve 420 is opened
and the valve 421 is closed.

In additien to the | valves, pressure sensors are
prov1ded in the supply 11nes for the abrasn_ve l:.qu:.d to monitor
the pressure of the abrasrve llqu:l.d. ‘If the pressure of the
abrasive l:Lun.d is too hJ.gh or no abras:.ve lquJld is supplied,
the detected pressure is used to .J.nterlock the process.
Constant-rate valves' may-.be providedlc.iov'mstream of the above
valves for prec:.sely controlllng the flow rate of the abrasive
liquid supplled to the pol:.sh:.ng surface at positions near the
polishing surface. The system may be constructed to control the
constant-rate valves with electric signals to vary the flow rates
of the 'abrasive liquid through the constant-rate valves, so that
the flow rate of the supplied abrasive liguid may be varied each
time a semiconductor wafer is polisued, er a semiconductor wafer

is polished in a stepwise manner by combining various rotational
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speeds and various flow rates.

After the polishing process, pure water may be
supplied instead of the abrasive liquid to polish or clean the
semiconductor wafer. Thus, pure water lines are provided to

supply such pure water. The timing of supply of the pure water

‘is controlljféd by opening and closing a valve 426. The pure water

lines may be used to supply pure water to the polishing surface
when the polishing cloth is to be dressed.

If the flow rate of the abrasive liquid to be supplied
is not constant or the abrasive liquid.is drawn Ifrom the tank
disposed outside of the pol.;i.shing ap];;aratus, then as shown in
FIG-. 48, pumps 430 and 432 a:&é prévidéd in supply lines for the |
abrasivé liquid. T.h.e- pﬁmpé 430 and 432 should | preferably
comprise ti_.lbing pumpé that are. oftén used as medical equipment
because they af_e small in .s ize and can con'veniently be used. The
pumps 430 and 432 are effective to hake the flow rate of the
supplied aé’grasive' iiquid constant, vary the flow rate of the
supplied aiiéca’sivé liquid each time a semiconductor wafer is -
polished, or polish a semiconductor wafer in a stepwise manner
by combining wvarious rotationai speéds and flow rates at
different stages. .

In order to mix two or more kinds of abrasive liquid

or dilute the abrasive liquid with pure water immediately before

the abrasive liquid is supplied to the polishing surface, valves

440 and 441 may be added as shown in FIG. 46. Constant-ratevalves

and pressure sensors may be incorporated in lines connected to

these valves 440 and 441 for supplying the abrasive liquid at

a freely varied concentration.
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All the systéms shown in FIGS. 46 through 48 include
a flushing line and valves 424, 425 for removing any remaining
abrasive liguid from the abrasive liquid supply lines with pure
water so that such rema‘ining abrasive liquid will not be dried
and solidified The valves 424 and 425 may be opened for a certain
period of’ tlme to clean the supply lJ.nes each time the process
of pol:.shlng a semiconductor wafer 1s finished, or at certain
intervals whlle the pollshlng' apparatus is waiting for a next
process to begin. |
CLEANING OF Ti-!E SEMICONDUCTOR WAFER _ _

FIG. 32 J.S a schematic xriéw showing a cleaning
oper-ation of the seniiconductor wafer and various devices for

handling the semiconductor wafer. The semiconductor wafers

‘which are transported by'th'e rotlar'y transporter 27, the pushers

30 and 30’, the lifters 29 and 29", the fdp rings 32 and 33, and

the reversing devices 28 and ‘28’ are cleaned during their

'-transportatlon conducted after pol:.sh:mg. The semiconductor

wafer to wh:Lch the abras:l.ve lJ.un.d and the ground-off particles
are attached during polishing is cleaned in an early stage, and
unnecessary etching or oxidization By chemical component in the
abrasive liquid is prevented. If the abrasive liquid or the
ground-off.particles are dried_on the semiéonductor wafer to
adhere to the semicsnduct.or wafer firmlf, then they aredifficult

to be removed by cleaning. Thus, the semiconductor wafer is

'reun_red to be transported to the cleanlng apparatuses without

being dried. The five units for transporting the semiconductor

wafer are also required to be cleaned because they contact dirty

semiconductor wafers.
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The pusher 30 and 30° 'transpf)rt the semiconduétor
wafers between the top rings 32 and 33 and.the rotary transporter
27, respectively. The semiconductor wafer to be polished 1is
transported to the position above the pusher 30 or 30’ by the
rotary transporter 27. The pusher 30 or 30’ transports the
semit;onduct,ér Qrafer to the top ring 32 or 33 . The semiconductor
wafer which-;;has been polished is transported form the top ring.
32 or 33 to the rotary transporter 2'7' through the pusher 30 or
30’'. The semiconductor wafer which has been polished has the
abrasive 1iquid or the groundéeff particles attached thereto,
and hence the abras:.ve 11qu1d or the ground-off particles tend
to be attached to the pusher 30 or 30’. Therefore, if the pusher
is not cleaned, the pusher contaminates s‘ubsequent semiconductor
wafers to be polished.- Furth-er, if the pusher is not cleaned
and is left as it is for a leng period of time, the abrasive ligquid
or the ground—off particles areisolidif-ied to form large grains
and such graJ.ns are attached to the semiconductor wafer. If the .
semlconductor wafer is polished in this state, the semlconductor
wafer is damaged due to the attached grains. Therefore, it is
necessary to clean the pusher 30 or 307, esPeciaily the stage
of the pusher 30 or 30’ for placing the semiconductor wafer
thereon.

As shown in FIG. 32,-a cleaning liguid such as pure
water, chemicals, ionic water or ozone water is ejected from tﬁe
spray nozzles 1500. The cleaning is performed by ejecting the
cleaning liquid from.the nozzles 1500, after the semiconductor
wafer 101 which has been polished is received by the pusher 36

or 30’, lowered, and then transferred to the rotary transporter
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27 and further lowered until receiving a signal indicative of

‘completion of lowering the pusher 30 or 30’ from a sensor.

The rotary transporter 27 holds the semiconductor
wafer thereon and transports the semiconductor wafer by its

rotation between the transfer position with the lifter 29 or 29-

~and the tr,;insfer positioh with the pusher 30 or 30’. In the .

transfer of the semiconductor wafer after polishing, the
semiconductor wafer to which the abrasive liquid or the
ground-off particles are attached is transported, and hence the

pins 201 and therearound are contaminated by the abrasive liquid

- or the ground-off particles. - The semicem_:luctor wafer which has

been polished is transferred onto the”pin.s 201 on rhe rotary
trans;:orter 27 by wa'y. of the pusher 30 or 30’. After the
semiconductor wafer is trans ferred to the:rotary t_rans;:orter 27,
a cleaning. liquid such as pure water, chemicals, ionic water,
or ozone water is supplled to the upper and lower surfaces of
the sem:.conductor wafer to clean both surfaces. of the
sem:.conductor wafer. The spray nozzles 1501, 1502, 1503 and 1504
fixed to the polJ.sher pans 80 and 80' or the partition wall 24
are used to supply the cleam.ng 11qu1d, and the semiconductor
wafer can be cleaned under a desired flow rate and a desired
pressure of the cleaning liquid, and a desired angle of the nozzle.
The cleaning of the upper and lower surfaces of the semiconductor
wafer is simultaneously condﬁcted, and an air operating valve
for sﬁpplying a cleaning liquid may be shared. In this case,
a pipe is branched at the downstream side of the outlet of the
air operating valve, and the cleaning liquid from the branched

pipes may be supplied to the upper and lower surfaces of the
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semiconductor wafer. Further, since the pattern s.urfar..:e of the
semiconductor wafer faces downwardiy, yield of the semiconductor
wafer .is improved if the lower surface of the semiconductor wafer
is more intensively cleaned than the upper surface thereof.

Therefore, it is desirable that the nozzle for

" supplying to the lower surface of the semiconductor wafer can

-flow a larger amount of cleaning liquid than the nozzle for

supplying to the upper surface of .the semiconductor wafer, or
the diameter of the pipe for supplying the cleaning liquid to
the lower surféce of the semiconductor wafer is larger than fhat
of the pipe for supplying the cle;ning ligquid to the upper surface
of the semiconductdr' wafer. "It may also be possiblé that two
air operating valves aré disc&:étély used for the upper surface
and the lower surface of the semiconductor wafer.

Further, when fhe rotary transporter 27 does not hold
the semiconductor wafer, the wéfer_ suppori: =pihs 201 may be cleaned
by the abof?’e nozzle for cleanii‘xg'the semiconductor wafer.

-“The lifters 29 and l29' transport the semiconductor
wafer between the reversing device 28 and 28’ and the rotary
transporter 27, respeétively. The semiconductor wafer to be
polished is tran’sfer’r'ed. fo the reve_rsing device 28 or 28’ by the
robot. Thé lifter 29 or 29’ transfers the semiconductor wafer
from the reversing device 28 or 28’ to the rotary transpdrter
27. The éeiniconductor wafer which has been polished is
transborted by the rotary transporter 27 to the position above
the lifter 29 or 29’, and the semiconductor wafer is transferred
to the reversing device 28 or 28’ by the lifter 29 or 29’. The

semiconductor wafer which has been polished is cleaned on the
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rotary transporter 27 so that f.he abrasive liquid or the
ground-off partieles may be removed_. However, this cleaning is
not sufficient to remove the abrasive liquid or the ground-off
particles ent‘irely., and thus the 1ifter 29 or 29’ which transports

the semiconductor wafer may be contaminated. Therefore, the

'_stage 260 (see FIG. 36) for placing the semiconductor wafer

thereon is required to be cleaned in_the intervals between the
transfer of the semiceac-luc':to'r wafer. In this case, the cleaning
liquid such as pure water or chemicals may be sprayed from the
spray nozzle '1505. Particularly, it is effective to start

cleaning of the pollshed semlconductor wafer 101 when the .

‘semiconductor wafer is transferred to the reversmg device 28

or 28’, the lifter 29 or 29' is lowered, and then the sensor 267
issues a signal inéicatlve .o-f-"t':-he' c.ompl_etion of lowering of the
lifter 29 or 28°. |

_The toé rinés 32 éﬁd 33 are- cohtaminated by the
abrasive l:i.._,quid or .the érouaé;off i:art;icles in each polishing.
Therefore, it is necessary that 'Ellé top rings 32 and 33 are cleaned
after removing the pol:.shed semiconductor wafer therefrom and
before receiving a subsequent sem:.conductor wafer to be polished.
After the sem:.conductor wafer is removed from the top ring 32
or 33, the v;rafer_ holdiag éﬁrface 32a or.33a is exposed. The wafer
holding surface 32a or 33a is cleaned ro remove the abrasive
liquid or the ground-off particles 'before polishing the
subseé;uent semiconductor wafer, thereby preventing the abrasive
ligquid or the ground-off particles from entering between the
wafer holding surfaee 32a or 33a and the- semiconductor wafer.

As shown in FIG. 32, the cleaning liquid such as pure water,
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chemicals, ionic water, or ozone water is supplied from the spray

nozzle 1506 to the wafer holding surface 32a or 33a. Further,

before the semiconductor wafer which has been polished is removed

from the top ring 32 or 33 and transferred to the pusher 30 or

' 30, the pattern surface of the semiconductor wafer may be cleaned

by the cleaning liquid supplied from the nozzle 1506.

| The reversing .devices 28 and 28’ reverse a
semiconductor wafer during the transfer between the robot 20 and
21 and the lifter 30 and 30, respectlvely. Since the polished
semiconductor wafer is subjected to only a simple cleaning
operation before it is transported to the revers:.ng device 28
or 28', while the semlconductor wafer stays in the reversing
device 28 or 28, . the cleanlng lJ.un.d such as pure water,
chemicals, ionic wzater, or ozone water is supplied to the
semiconductor wafer from the spray_nozzles 1507 and 1508. After
the polished semicondnctor wafer. is transferred to the reversing
device and reversed thereby, the semiconductor wafer faces the
pattern surface upwardly. ‘The reversed semiconductor wafer
waits for the robot te which it will be t.ransferred. In some -
cases, the reversed semiconductor wafer waits for the robot for
a long period of time depending on processing time for polishing
or cleaning. In such cases, the supply of the cleaning liquid
is mainly to prevent the semiconductor wafer from being dried.
Among the cleaning apparatuses 5, 6, 22 and 23, in the case where
the cleaning time in one or more cleaning apparatuses is extremely
longer than the polishing time, the semiconductor wafer 101 may
stay in the stages 211 or 213 (see FIG. 31) on the rotary

transporter 27. In this case also, the spray nozzles 1503 and
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1504 may be used for supplying the eleening li'quid for preventing
the semiconductor wéfe_r en the rotary transporter 27 from being
dried. |

In the above, the cleaning in the rotary transporter
and the various units around the rotary transporter has been
described. In summary, the sem__iconduqter wafer which has been
polished is cleaned in the following seguence:

1) cleaning on the top ring 32 or 33
2) cleaning on the rotary transporter 27
3) cleaning in the reversing device 28 or 28°

In order to prevent the semiconductor wafer frombeing
eubjected to unnecessery etchiﬁg or oxidization by. the abrasive
liquid, 1t is des:.rable that the clean:Lng by chemicals is
conducted lmmed.l.ately after complet:.ng ‘the pollshlng of the
semiconductor wafer. Therefore, it is more effective to clean
the semiconductor wafer on 'Ehe tbp -ring er the rotary transporter
by chemicals than pu'r'e wai:er. o .

In contrast thereto, cleanlng in the reversing device
is conducted for preventlng the sem:.conductor wafer from being
dried rather than cle_anJ.ng, because the semiconductor wafer is
cleaned beforehand to some deéree. L

| Therefore, if semicenductor wef-ers are cleaned on the
top ring and the rotary transporter with chemicals, and in the
reversing device with pure water, then the semicenductor wafers
can be cleaned optimally at a minimized cost.

If a certain time elapses to .clean semiconducter
wafers on the top ring end the rotary transporter, it directly

affects the processing time for semiconductor wafers. However,
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the.cleaning of semicdﬁductor wafers in the reversin§ device
duriné the waiting time does not affect'the procéssing time of
the polishing apparatus. Accordingly, it is preferable toapply
cleaning water on the top ring and the rotary transporter
intensively in a short time, and to clean semiconductor wafers
in the reversing device with pure water at a rate enough to prevent
the semiconductor wafers from being dried, e.g., to clean
semiconductor wafers in the reversing device intermittently with
pure water.

Acéording to.the-pfeSent invention, the. polishing
apparatus can change ’E_r’a'ns fer routes to cbmply with the required
cleahing processeé ,foi méihﬁéinin’g a desired number of cleaning
stagesdependingoﬁﬁﬁriouspéiishiﬁgprodesseswithoutreducing
lthe processing capaﬁility per unit installation area, and also
to shorten the proces'sirié ;(:ime of each of the cleaning processes
by 'assigning the cléaning p'r_o'_cess' ‘'which needs a long period of
time to at least two cleaning apparafuses » foxr thereby increasing
the number of. processed workpieces per unit time, i.e.,
throughput. |

'Furthermpre, it isﬁpossiblg to shorten the time
required to transfer a wbrkpiecé to'bé polished, such as a
semiconductor wafer,_to'the top iing, for thereby greatly
increasingthenumbefofprodéséedworkpiécesperunittime,i.e.,
throughput.
' Moreover, inasmﬁch as polished workpieces can wait
while being processed in cleaning prodesses, a plurality of
cleaning processes-havihé different processing times can.be

performed parallel to each other on a 'plurality of polished
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workpieces. 'Specifically, the transfer routes will not be

‘blocked by the cleaning processes'which need a long period of

time, and polished workpieces can be supplied uninterruptedly
to the cleaning processes.

In addition, since chambers in which cleanliness of
atmosphere 1is different from one another are separated by
partitions, the atmosphere in a contaminated chamber is prevented
from flowing into a clean'chamber and hence from lowering the
cleanliness in the clean chamber.

FIG 49 shows ‘a layout of various components of a
polishing apparatus accordlng to a second embodlment of the
present invention. As shown in FIG. 49, a pollshlng apparatus
accordiug to the present ;nventlon comprlses two rotatable
load-unloadstages501eachforplacinganmierCassette540which
houses a number of semiconductor wafers.' A transfer robot 502
having two hands is\&isposea atpa position where the transfer
robot 502 can access the respectiue wafer cassettes 540 on the
respective load-unload stages 501. | |

The transfer robot 502 has two hands which are located
in a vertically spaced relationship, and the upper hand is used
only for handling a clean and drj semiconductor wafer and the
lower hand is used only. for ﬁandling a dirtj and wet semiconductor
wafer. Two cleaning apparatuses 503 are disposed on both sides
of the transfer robot .502 for cleaning and drying the
semiconductor wafer which has been pollshed. The cleaning
apparatuses 503 are dlsposed at pOSltlonS that can be accessed
by the hands of the transfer robot 502. Two reversing devices

504 and 505 for reversing semiconductor wafers are disposed at
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positions which are symmetric about _a center 502c of the transfer
robot 502 with respect to the load-unload stages 501 and can be
accessed by the hands of the transfer robot 502. |

. The reversing device 504 has a chuck mechanism for
chucking a semiconductor wafer and a reversing mechanism for
reversing the semiconductor wafer, and handles only a clean and
dry semiconductor wafer. The revers ing device 505 has a rinsing
mechanism for cleaning a semiconductor wafer, in addition to the
chuck mechanism and the reversing mechanism, and handles only
a dirty and wet'semicondu'ctor wafer. A transfer robot 506 having
two hands is disPosed in such a manner that the transfer robot
506 and the transfer robot 502 are symmetrlc with respect to a
line 1, 1nterconnect1ng a center 504c of the semiconductor wafer
chucked by the reversing device 504 andva center 505¢ of the
semiconductor wafer chucked by the reversing.device 505. The
transfer robot 506 is disposed at a position where the hands of
the transfer robot 506 can access the reversrng devices 504 and
505 and stages of a rotary transporter 519. The two hands of
the transfer robot 506 are 1ocated in a vertically spaced
relationship, and the upper ha-nd is used only for handling a clean
and dry semiconductor ﬁafer and the lower_hand is used only for
handling a.dirty and wet semiconductor wafer,

Two cleaning apparatuses 507 for cleaning a
semiconductor wafer which has been .poli‘shed are disposed on both
sides of the transfer robot 506. ﬁach of the cleaning
apparatuses 507 performs a cleaning process different from the
cleaning process in each of the cleaning_apparatuses 503. The

cleaning apparatuses 507 are disposed at positions that can be
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accessed by the hands of ﬁhe frénsfer robot 506. Two transfer
rob.ots 508 havi'ng’ a single hand .a'_re. disposed at the opposite sides
of the reversing devices 504, 505 with i:espect to the respective
c¢leaning apparatuses 507. The transfer robots 508 are disposed
at positions where the hands of the transfer robots 508 can access
the cleaning apparatuses 507 and a stage of the rotary trans;mrﬁe_r-
519. | -
The poiis'ﬁir'lg' app:slfatﬁs has a housing 530 for
englosing various apparatuses and components therein. The
housing 530 constitutes an enclosing structure. The interior
of the housing 530 is partitioned into a plurélity of compartments
or chambers (ihclﬁ;ling a polishi-ng. céhamber and a cleaning
chamber.) . The cleaning chamber 530A extends from an area where
the two transfer rébots 508 are lo¢a£e&.to an area where the
load-unload étages -5'0 1.' are located. A..-partitiqn wall 531 is

provided adjaéent to the transfer robots 508 in the cleaning

~ chamber 530A, and a polishing chamber 530B is located at the

opposite side of tﬁe E:leéning cha:ﬁber 5302\ with respect to the
partition wall 531. ~ In the polishihg chamber 530B, two
turntables 509 anc'i-510, and two top rings 512 are provided, and
one of the top rings 512 holdé a -semicohduétor wafer and presses
the _semicoﬁductor wafef agai_rist the'turn.ta-ble 509 and the other
of the top ring 512 holdé a semicdnductbr wafer and presses the
semiconductor wafer égainst the turntable 510.

FIG. 50 shows. the i:elationship between the top ring
512 and the turntable 509 or 510. As shown in FIG. 50, the top
ring 512 is supporte_d by a rétatable shaf’lc..532 which is suspended

from a top ring arm 511. The top ring arm 511 is supported by
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ele\}ating mechanism so that the pusher 517 can move vettically

between a wafer transfer posj_.tion for transferring the

.semi'conductor wafer to the top ring 512 and a supply position

for supplying the semiconductor wafer to the pusher 517. Between
the pushers 517 and the cleaning chamber 530A, there is provided
a rotary tr;nsporter 519 wh?.ch constitutes a transfer mechanism
for transferring the semiconductor wafers between the pusher 517,
and the transfer robot 506 and the trassfer robots 508 (see FIGS.
49, 51 and 52).

The rotary tsansporter 519 is rotatable horizontally
through 360°, and cofnprises an indexing mecﬁsnism and four stages
515, 516 for placing_Sezﬁicenduetor wafe_fs. The two stages 515
and the two stages S_iG sre.pesitioned aloﬁg a circle having a .
certain radius from a ro*lt'a-tien_ center of the retsry transporter

519 at equally angular intervals. The two stages 515 serve as

~a load stage for plac:.ng the sem.l.conductor wafer to be pollshed

and the two stages 516 serve as: an unload stage for plac:.ng the
semiconductor wafer wh:.ch has: been pol:.shed. : The stages 515 and

516 are not necessarily assigned to the load stage and the unload

stage, respectively.

As shown in FIG. 49, the rotation center of the rotary
transporter 519 is disposed at a.pos ition w_here the transfer robot
506, the transfer robots 50-8' and the top rings 512 can access
the respective stages .515 and | 5l6. In this embodiment, the
rotary transporter 519 » the turhtables 509, 510 and the top rings
512 are arranged such that the distances between the rotating
shaft of the rotary transporter 519 and the rotating shafts of

the turntables 509, 510 are equal and the distances between the
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rotating shaft of_the rotary transporter 519 and the rotating
shafts 533 of the top rings 512 are equal. A cover 521 is provided
80 that the rotary transporter 519 is located in the polishing_
chamber 530B. 'The c0ver,52'1 has an opening for all_owing the
semiconductor wafers to pass therethrough so that the
semiconductor wafers are transferred to or from the rotary
transporter 519, and a shutter 518 is provided at. the opening.
Cleaning nozzles 543 for supplying cleaning liquid to wafers to
clean the wafers are provided along wafer transfer routes to or
from the robots in the cover 521, Cleanlng nozzles 542 for
supplying cleaning l:.qu:.d to the top rings 512 after polishing
to clean them are prov:.ded on or adjacent to the pushers 517.
The cleaning nozzles 542 for cleanlng the t0p rings 512 may be
used for preventlng the top r:.ngs 512 from being dried while the
top rings do not perform a poiishing process.
2) ROTARY TRANSPORTER TYPE B | -

FIGS 53 and 54 show a detalled structure of the rotary
transporter type B, and FIG. 53 is a plan view of the rotary

transporter type B and PIG. 54 is an elevatlonal view of the rotary

transporter type B. As shown in FIG. 49, between the top rings

512 and the cleaning chamber 5304, there is provided a rotary
transporter 519 whicn constitutes a transfer mechanism for
transferring the semiconductor wafers between the top rings 512,
and the transfer robot 506 and the transfer robots 508. The
rotary transporter 519 is rotatable horizontally through 360°,
and has an indexing mechanism. The rotary transporter 519 has
four pushers 515, 516 constituting a wafer, transfer mechanism

for transferring the semiconductor wafers to or from the top rings
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512. The four pushers 515, 516 are mounted on - the rotary
transporter 519 so as to be rotatable together wit.h the rotary
transporter 519. The two pushers 515 and the two pushers 516
are positioned along' a circle having a certain radius from a
rotation center of the rotary transporter 519 at equally angular
intervals .v The two pushers 515_ serve as a load pusher for placing
the semiconductor wafer to be polished ‘and the two pushers 516
serve as an unload pusher for placing the semiconductor wafer
which has been polished. The pushers 515 and 516 are not
necessarily assigned to the load pusher and the unload pusher,
respectively. |
The pushers 515, '516 have an elevating mechanism so

that the pushers 515, 516 can move vertlcally between a wafer
transfer pos:.t:.on for transferrlng the semlconductor wafers to
the top rings 512 and a supply position for supplying the
semlconductor wafers to the pushers 515, 516. As shown in FIG.
49, the rotation center of the rotar;cr transporter 519 is dJ.sposed
at a position where the transfer robot 506, the transfer robots
508 and the top r:Lngs 512 can access the respect:.ve pushers 515
and 516. The cover 521, the shutter 518, the cleaning nozzles
for cleaning the semiconductor wafers., and the cleaning nozzles
for cleaning the top rings have the same structures as those in
type A, and hence descr:.pt:.on thereof Wlll not be made.
3) LINEARLY MOVABLE I‘ABI.E TYPE

| FIGS. 55 and 56 show a detailed structure of the
linearly movable table type, and FIG. 55 is a plan view of the

linearly movable table type and FIG. 56 is an elevat:n.onal view

of the llnearly movable table type. As shown in FIGS. 55 and
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56, 1.;on pushers 517 are f:rovided along swipg loci of the top rings
512, respecf.ively. Each IIOf the pushers 517 constitutes a
dedicated wafer transfer mechanism for transferring a
semiconductor wafer to or from the top_ ring 512. Each of the
pusher 517 has an elevating_ mechanism so that the pusher 517 can
move vert;:eally between a wafer transfer position for
transferring the semiconductor wafer to the top ring 512 and a
supply position for supplying? the semiconductor wafer to the
pusher 517. Between the pushers 517 and the cleaning chamber
530a, there are provided two transfer mechanism 525 for_
transferring the semice'nducter vﬁafers i:etween the pushers 517,
and the transfer roboﬁ 506 and the transfer robots 508, One of
the transfer mechanisms 525 is p‘r_o'vided_?fo-r the turntable 509
and the other of the transfer mechanisms 525 is provided for the
turntable 510. The two tranefer mechanisms 525 have a stage 515
and a stage 516, respectively. The stagee 515 and 516 are located
above the pushers .5.l17, respecﬁively, end.movable linearly and -
individually in respeclti\-re horizontal pianes. The stege 515 is
a load stage for traﬁsferring the semicenductor wafer to the top
ring, and the stage-516 ié an unload stege for receiving the

semiconductor wafer from the top ring 512. The two transfer

- mechanisms 525 are linearly movable between the transfer position

‘to and from the top ring 512 and the transfer position for the

transfer -robot 508 located in line with the pusher 517 and the
centrally located transfer robet 506. The transfer mechanisms
525 have two straight rails 526, respectively which are
positioﬁed at different heights. Each of the rails 526 supports

the stage 515 or 516 which is slidable along the rail 526. The
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two stages 515 and 516 1n each of the transfer mec.han'isms 525
are positioned so that they do'_not interfere with each other
vertically, and movable individﬁally in a horizontal direction.
The stages 515 and 516 are movable along the rails 526,
respectively by a ball screw mechanism and a motor (not shown).
By this 'arr.vangement, when the two stages 515 and 516 move, the
p051tlons of the two stages 515 and 516 can be replaced in plan.

The moving mechanism of the transfer mechanism 525 1nc1udes a

| positional mechanism. When the stages 515 and 516 on which the

semiconductor wafers are placed move to wafer transfer positions
to the top rings 512, the pushers 517 located below the respective
top rings 512 push the semicon&ﬁctor wafers upwardly to transfer
the semiconductor wafers to' +the resnective top rings 512.
Conversely, when the stages 515" 516 on wnich the semiconductor
wafers are not placed move to the same pos:.t:.ons, the pushers
517 recelve the sem:.conductor wafers from the respective top
rings, and move downwardly for thereby plac:Lng the sem:.conductor
wafers on the respectlve stages 515 and 516.. _

The transfer mechanlsms 525 are located in the
polishing chamber -5;305. -T_he partition. x;lall for defining the
polishing chamber 530B has an openlng for transferring the
semiconductor wafers to or from the transfer mechan:.sms 525, and
a shutter 518 is prov1ded at the open:.ng. Cleaning nozzles for
supplying cleaning liquid to wafers to_ clean them are provided
along wafer transfer routes to or from the robots in the chamber
530B. Cleaning nozzles for supplylng cleanmg liguid to the top
rings 512 after pollshlng to clean them are provided on or

adjacent to the pushers 517 The clean:.ng nozzles for cleaning
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the top rings :51-2.'may bé used for preventing the top rings 512
from being driea wh_ile the top rings do -not perform a polishing
process. | | _

Next, the operation of the polishing apparatus having
the above structure will be described below. Semiconductor
wafers to be polished are housed in thé wafer cassette 540, and
the wafer c_éésette 540 is placed on.the load-unload stage 501.
After the whole p’roces'_sing conditions in the polishing apparatus
are inputted, the polishing. apparatus starts automatic operation.
In this polishing'apparatus,-some polishing processes can.be
performed, and in the following description, in the case where
the number of semi_cbndﬁctor Q‘afe’rs counted from the uppermost
position of the wafer t-:ass'ett'e is odd, such odd numbers of the
semiconductor wafers are polishéd on thé tur}ﬂ:able 509 one after
another. Further, in the case where the number of semiconductor
wafers counted from the u'ppermo.s.t positibn of the wafer cassette
is even, sﬁch eGen numbers of the semiconductor wafers -are
polished on the turntable 510 ;:>ne after another. WNext, the
polishing processes v&ill be described belpw.

'In this case, with regard té the pusher unit, the
rotary transporter typé A is basically déscribed, and the rotary
transportei: type B i‘s described in parenthesis. Further, with
regard to the pusher unit of the linearly movable table type,
the rotary motion o.f the rotary transporter 519 is replaced with
the linear motion of the table, and other motions are the same
as the rotary transporter types A and B.

l. The. load-unload stage 501 is angularly

positionally adjusted, and the wafer cassette 540 turns its front
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face to the ciirection in which the transfer rohot 502 can transfer
the semico‘nductor wafers to or from the wafer cassette 540. |

2. The transfer robot 502 adjusts its angular position
and height position, and the hand of the transfer robot 502 holds
the semiconductor wafer in the wafer cassette 540 under vacuum,
and takes out the semiconductor wafer from the wafer cassette
540. 1In this case, in the transfer robot 502, the hand for
handling a clean semicohductor wafer is used.

3. The transfer robot 502 adjusts again its angular
position and height position while the transfer rcbot 502 holds
the semiconductor wafer, ‘and transfers the semiconductor wafer
to the rever51ng device 504.

4. The rever~51ng device 504 chucks ‘the semiconductor

wafer transferred from the transfer robot 502, and after it is

- confirmed that the semlconductor wafer lS normally chucked, the

semiconductor wafer is rotated through 180° to make the surface
thereof to be pol:.shed facz.ng downward.

5 After J.‘t is. conf:.rmed that the reversing device
504 is normally rotated through 180°, the transfer robot 506
adjusts its angular p051tlon and he:.ght posrt:l.on. Thereafter,

the chuck of the revérsing device 504 is opened and the hand of

- the transfer robot 506 receives the semiconductor wafer from the

reversing device 504.. In Ith.is case, in the transfer robot 506,
the hand for handling a olean semiconductor wafer is used.
6. The transfer robot .506 adjusts again its angular
position and height p-o'sition, and after it is confirmed that the
semiconductor wafer ie not placed on the stage 515 (pusher 515)

of the rotary transporter 519, the shutter 518 is opened and the
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semiconductor wafer is transferred to the stagé'SlS (pushei 515).

| 7. After it is c.:.onfi;med that the semiconductqr wafer

is transferred.tc.o the stage 515 (pusher 515), the shutter 518

is closed and the rotary transporter 519 is rotated through 90°

or 270° to allow the stage 515 (pusher 515) to move to a wafer
transfer pésition to the to§ ring 512. |

‘8. After it is conf:i__rmed that the stage 515 (pusher

515) moves .to a positiori whére the top ring 512 can access the

stage 515, the pusher 517 is elevated to receive the semiconductor

wafer from the stage 515, and further elevated to chuck the top

ring 512 (the pushe.r' 515 is elevated to chuck the top ring 512).

‘Thereafter, the stage of the pusher 517 onwhich the semiconductor

wafer is placed is further 'e.-levatl:ed,:t'he‘_"'ba'.ckside surface of the
semiconductor wafei;" 'é:ént'actS'tlie w"ajer holding surface of the
top ring 512, énd_aﬁ the same time,- the top ring 512 holds the
semiconductor wafer under vacuum, |

9. After it is- confirmed that the top -ring_ 512 holds
the semiconductor wafer normally: undér..vacuum,“ fhe pusher 517
is 1owered.h‘ After it‘_is confirmed i:haf_ lowering of the pusher
517 is completed, the rotary tran'5port:er'-519 is rotated in the
direction opposite to the above rotatin§ direction through 90°
or 270°. At this time, 'the'unldad_ sta.ge' 516 (pusher 516) is
located at a wafer transfer pbsition from the top ring 512.
Further, at the same time that the rotary transporter 519 is
rotated, the rotating shaft 533 for supporting the top ring arm
511 is rotated, and top ring 512 moves to a polishing position

on the turntable 509.

10. After it is confirmed that the top ring 512 moves
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~ to the polishing position, the turntable 509 and the top ring

512 are rotated in the same direction at predetermined speeds,
and a polishing liquid is supplied onte the turntable 509 from
the polishing liquid supply nozzle 513 in a predetermined kind
and amount . Thereafter, the top ring 512 is lowered, and after
it is confii‘med that the top ring 512 reaches the turntable 509,
the semiconductor wafer is pressed against the turntable 509 by
the top ring 512 under a predetermined pressure and the
semiconductor wafer is polished for a predetermined time. The
above predeterin_j.ned speed, ki_nd, amount, pressure, time, and the
like are inputted in. advance, While the semiconductor wafer is
polished, a subsequent semlconductor wafer to be pollshed is
transferred in the same manner descrlbed above, and the
subsequent'semlconductor w_afer is transferred to the load stage
515 (pusher 515). .

11. After polJ.sh:Lng of the semiconductor wafer is
completed, the supply of the pollshlng l:l.un.d from the polJ.shJ.ng
liquid supply nozzle 513 is stopped, and the top ring 512 holds
the semiconductor wefer under vacuﬁm. After it is confirmed that
the semiconductor wafer is held by the top ring 512 under vacuum,
the shaft 533 for supportlng the top ring arm 511 is rotated so
that the top ring 512 moves to a position where the top ring 512

projects from the outer periphery of the turntable 509 by about

"half.

12. After it is confirmed that the top ring 512
projects from the outer periphery of the turntable 509 by about
half, the shaft 533 for supporting the top ring arm511 is rotated,

and at the same time, the top ring 512 moves to a wafer transfer
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poeition of the'top_riné'glzliocated above the pusher 517 while
the top ring 512 is being elevated. At this time, the unload
stage 516 (pusher 516) i.s..locat_ed at the wafer transfer position
from the top ring 512 because the rotary transporter 519 remains
in the state of the above etep 9.

.13. After it is oonfirmed that the top ring.512 is
positioned above the pusher 517 (pusher 516), the pusher 517
(pusher 516) is elevated to allow tne pusher 517 (pusher 516)
to chuck the top ring 512, and at the same time, the vacuum is
shut off. Then, air or nitrogen and pure water are blown from
the lower surface of the top rJ.ng 512, and the semlconductor wafer
is removed from the top rlng 512 and placed on the pusher 517
(pusher 516). '

- 14. After the semiconductor wafer is removed from the
top ring 512, the pusher 517 is lowered to a p051tlon below the
stage (the pusher 516 is lowered to a pos:.t:.on where the transfer
robot 508 can transfer the semiconductor wafer).

15 The pusher 517 (pusher 516) is lowered, and after.

. it is conflrmed that the semlconductor wafer is placed on. the

stage 516 (pusher 516), the rotary transporter 519 is rotated
through 90° or 270°;, Thua, a subsequent semiconductor wafer,
to be polished,_which has been transferred to the stage 515.
(pusher 515) moves to a wafer transfer position to the top ring
512, and is transferreo in the same manner as described above
and polished. At the same tine, pure water (deionized water)
is ejected from the rinsing nozzles to clean the top ring 512,
and the pure water (deionized water) ia supplied to the wafer

placed on the stage 516 for preventing the wafer from drying.
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Between the finish of the preceding wéfer-p_o_lishing and the start

 of the subsequent wafer-polishing, the dressing is conducted by

the dresser 514 to recover the optimum polishing sﬁrface of the
turntable 509 or 510. |

16. After the subsequent semiconductor wafer is
transferred to the top ring 512, the-fotary' transporter 519 is
rotated, agd-after it is confinﬁed that the stage sis {pusher
516) moves to a position that cah‘ be accessed by the transfer
robot 508, the shutter 518 is opened and the transfer robot 5oé
adjusts its angular position and height position to receive the
s_emiconductor wafer fromm f_he{ s.tagle 516 '(pusher 516).

17- After th'e.' transfer robot 508 recéives the
sem'iconducto:.; wafer from the s-tage_516 (Pﬁsher 516), the shutter
518 is closed and the transfer robot 508 adjusts its angular
position and hei.gh.t:p-»osi'tion' t;a;tr'lansfer t:l'xe semiconductor wafer
to the cleaning appargtﬁs 5'(.)7., and at the éame time, the cleaning
apparatus 507 chu'cks"_the sémicohdﬁctor:'_#afer. -

. 18. After it is .confir.med-th'ﬁa"t'.-'.the éleaning apparatu-é
507 chucks the semir.édhdﬁcfor w-a'fer. riorrqéxli_Lf, Ia érimary cleaning
of the polished sémicb_riduétor wafer is ,donducted.

19. 'Af"t.er tﬁe cleaning procéss of the cleaning
apparatus .507 is c-on‘duc'-c.ed,' fhe transféf robot 506 moves to a
position where the transfér robot 506 can access the cleaning
apparatus 507, and ét tlr;e same 'time, the transfer robot 506
adjusts its angular éosition and height position and receives
the semiconductor wéfer by the hand. In this case, in the
transfer robot 506, the hand for handling a dirty semiconductor

wafer 1is used.
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20. 'rhe;..trans'fer rdbot__ 506 'adjusts again its angular
position and height 'pt_),'sition' and transfers the semiconductor
wafer to the reversing device 505, and at the same time, the
reversing device 505 chucks the semiconductor wafer.

21. After it is confirmed that the reversing device
505 chucks the semiconductor wafer normally, pure water is
ejected frqm the rinsing nozzles .attached to the reversing device

505 to prevent the semiconductor wafer from being dried. At the

' same time, the reversing'device 505 is rotated through 180° to

make the polished surfaee of the semiconductor wafer facing
upward. _ AR o .

22. Afterhit is éenfirned that the reversing deviee
505 is rotated normalij through 180°, the transfer robot 502.
adjusts its angular position and height pesition to receive the-
semiconductor wafer from the reverSLng device 505 by the hand,
and at the same time, the rever51ng deVice 505 opens the chuck
mechanism. ' In this case, in the transfer robot 502, the hand
for handling a dirty semiconductor wafer is usedr

23. The transfer robot 502 adjusts its angular
position and height 9051t10n, and transfers the semiconductor
wafer to the cleaning apparatus 503, and at the same time, the
cleaning aéparatus 563 chucks the semiqonductor wafer.

24. After it is confirmed that the cleaning apparatus

503 chucks the semiconductor wafer normally, a secondary cleaning

of the polished semiconductor wafer is conducted.

25. After cleaning of the semiconductor wafer by the
cleaning apparatus 503 is completed, the transfer robot 502

adjusts its angular position and height position to receive the
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' semi'conductor wafer from the cleaning apparatus 503 by the hand.

'In this case, in the transfer robot 502, the hand for handling

a clean semiconductor wafer is used.

26. The transfer robot 502 adjusts again its angular
position and height position, and transfers the semiconductor
wafer to the wafer cassette 540 in which the pol:.shed'
semJ.conductor wafer is returned to its orng.nal position stored
before polishing. | ' |

27. Even numbers of the semiconductor wafers counted
from the uppermost position of thewafer cassette after the second
semiconductor wafer are transferred to the turntable 510,
pollshed, cleaned and returned to the wafer cassette one after
another in the same manner as descrlbed above. -

Next, the operati'on of the pusher unit of the rotary
transporter type A w:Lll be described below with reference to FIGS.
57 and 58. FIG. 57 is a plan view show:mg the relatlonshlp of
the top ring, the rotary transporter the pushers and the transfer
robots, and FIGS. 58a through 58D are views show1ng the manner
in which the pusher is operated. )

As shown in FIG 57 the semicbnductor wafer 602 to
be transferred to the top ring 512 is transferred to the rotary

transporter 519 from the dJ.rectJ.on shown by an arrow 710 by the

transfer robot 506. The semlconductor wafer is placed on

shoulders of pins 601 fixed to the rotary transporter 519 by the
robot hand 660. At this time, the wafer hold:Lng portion of the
robot hand 660 and the pins 601 contact the sem:.conductor wafer
602 at different positions of the outer per:.phery of the

semiconductor wafer 602. Thereafter, the rotary transporter 519
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is rotated by a motor 700 (see FIG 52), and the semiconductor
wafer 602 is moved to a transfer posxtlon 715 to the top ring
512 and positioned above the ‘pusher 517.

FIG. 58A shows the state in which the semiconductor
wafer 602 is placed on the rotary transporter 519 and transferred
to a p051t10n above the pusher 517. In FIG. 58a, the top ring
512ispmsitionedabovetherotarytransporterSlS;andthepusher
517 is positioned below the rotary transporter 519.

Next, the pusherl517 is elevated by an air cylinder
605 to push.the semiconductor wafer 602 placed on the shoulders
of the pins 601 upwardly, and the semiconductor wafer 602 is
transferred to the stage 606 of the pusher 517. At this time,
the stage 606 contacts the- sem:.conductor wafer 602 at a position
different from pos.'Lt:Lons where the plns 601 contact the
semiconductor wafer 602, but the contactlng portJ.on between the
stage 606 and the semlconductor wafer 602 is common partly to
a position where the robot,hand 660 contacts the semiconductor
wafer 602. FIG. 58B shows thefstate in'which.the air cylinder
605 of the pusher 517'isﬂoperated, and the semiconductor wafer
602 on the rotary transporter 519 contacts the stage 606 of the
pusher 517. At .this tin'ne- a centering g‘uide- 607 and a centering
guide 608 of the pusher 517 contact with each other, and hence
the stage 606 and the stage 609 are located at a fixed position.

FIG. 58C shows the state in which the air cylinder
605 is further operated to push the sem:.conductor wafer 602 from
the rotary'transporter 519 upwardly, and the stage 609 contacts
the top ring 512. When the stage 606 receives the semiconductor

wafer 602 from the rotary transporter 519, the centering guide
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607 and the centering guide 608 are brought out of contact with
each other, and hence the stage 606 can freely move horizontally.
This centering action can be carried out by incorporating linear

guides which are perpendicularly provided to each other in

section A (see FIG. 583).

A gﬁide 610 of the stage 609 has a tapered surface,
and when the top 'ring 512 contacts the guide 610, the pusher 517

is guided so that top ring 512 is positioned in the guide 610.

That is, the pusher 517 has a function for adjusting the position

of the pusher.517 n;ith respect to the top ring 512. In order

to cushion impact cau'sed“by contact b.etwe'en the stage 609 and

. the top ring 512, the springs 611 and 612 are incorporated, and

a shock absorber 613 1s incorpdrated to adjust a contact position
between the stage 609 and the top rihg 512.

FIG. 58D s.hows the state in which the air cylinder
614 is further operated from the state shown in FIG. 58C to elevate
the stage 606 on which the semiconductor wafer 602 4is placed,
and the semicondu_ctdr wafer 602 contacts the holding surface of
the top ring 512. Even in this state, .the springs 611 and 612
have such a function that the stage 6:06 does not press the
semlconductor wafer 602 aga:mst the top rlng 512 under a pressure
more than necessary | '

By a series of operations '.described above, the
semiconductor wafer 602 on' the rotary transporter 519 is
transferred to theitop.ring 512,

In the case .where the semiconductor wafer 602 is
transferred from the top ring 512 to the rotary transporter 519 ’

the pusher 517 is operated in the state shown in FIG. 58cC, and
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the semiconductor wafer 602 is removed form the top ring 512_in
this state. After the semiconductor wafer 562 is removed from
the top ring 512, the pusher 517 is operated in the order of FIG.
58C, FIG- 58B and FIG. 58A in a series of operations which are
reverse to a serles of operations inwhich the semiconductor wafer
is held by the top ring under vacuum. In this manner, the
semiconductor wafer 602 held by the. top ring 512 under vacuum
is transferred to the rotary .trans.porter 519. At this time, the
semiconductor wafer 602 is placed on the pins 601 of the rotary
tran5porter 519. Thereafter, the'rotary transporter 519 is
rotated by the motor 700 to a wafer remov1ng position, and then
the semlconductor wafer 6 02 is trans ferred in the d:LrectJ.on shown
by an arrow 711 by the robot hand 689 of the transfer robot 508.

FIG. 59 is a plan viet;_r-'showing" a modified embodiment
of the polishing apparatus'accordino to the present invention.

_In this embod:.ment two load pushers 515 are disposed
along a d1agonal 11ne of the rotary transporter 519, and two
unload pushers 516 are dlsposed alongsanother diagonal line of
the rotary transporter 519. The total of four pushers 515 and
516 are provided on the rotary transporter 519.

FIGS: 60 through_64 are dragrams illustrative of a
process of.polishing a semiconductor wafer with the polishing
apparatus shown in FIGS. 49 and 59. To be more specific, FIGS.
60 through 64 shon a process in which a-semiconductor wafer is
taken out from a Qafer cassette CSl1l, polished, cleaned, and
returned to the wafer cassette Csi,.and a process in which a
semiconductor wafer is taken .out from another wafer cassette CS2 ’

polished, cleaned, and returned to the wafer cassette CS2. In
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'FIGS. 60 through 64, the wafer cassettes 540 are represented by
CsS1 and CS2, the transfer robots 502, 506 and.SOB are represented
by RB1, RB2, RB3 and RB4, the cleani.ng apparatuses 503 and 507
are represented by CLl-1, CLl1-2, CL2-1 and CL2-2, and the
reversing devices 504 and 565 are represented by T. ovl and T.
*ov 2, the turntables 509 and 510 are represented by TT1 and TT2,
the top rings 512 are represented by TRl and TR2, the load Stages
(or pushers) of the rotar'y'.tr'ans'porter 519 are' represented by
In-1L and In-2L, and the unioad stages (or pushers) of the rotary
transporter 519 are represented'by In-1UL and In-2UL.

As shown in FIGS 60 through 64 one semiconductor
wafer is processed in the follow:.ng route. the wafer cassette
(CS1)~—> the transfer robot (RBl) - the reversz.ng device (T, ovl)
—> the transfer robot (RBZ) - the load 'stage (or pusher)(In-
1L) —> the top rJ.ng (TR1) —> the turntable (‘I‘Tl) —> theunload stage
(or pusher) (In-lUL) - the transfer robot (RB3) > the cleaning
apparatuse'- (CLl 1) - the transfer robot (RBZ) —> the reversing
device (T. ov2) - the transfer robot (RBl) —> the cleaning
apparatus (CL2-1) —> the transfer robot (RB1) = the wafer
cassette (CSl). .

' The other semiconductor wafer is processed in the
following route the wafer cassette ( CSZ) —> the transfer robot
(RB1) = the revers:.ng dev:.ce (T ovl)—> the transfer robot (RB2)
—> the load stage (or pusher) (In-2L) = the top ring (TR2) = the

turntable (TT2) = the unload stage (or 'pusher) (In-2UL) = the

- transfer robot (RB4) —> the cleanJ.ng apparatuses (CL1-2) ~> the

transfer robot (RBZ) -> the reversing device (T. ov2) -> the

transfer robot (RBl) — the cleaning apparatus (CL2-2) —> the
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transfer robot (RB1) '—>_.the wafer cassette (CS2).
As shown in FIGS. 60 through 64 among the four stages .
of the rotary transporter 519, the two stages transfer the
semiconductor wafer to be supplied to the turntable 509, the
remaining two stages transfer the se'rniconductor wafer to be
supplied to the turntable 510. . The wafer which is polished 5y
the turntable 509 and the fuafer which is polished by the turntable
510 are commonly hanoied b'f the 'rotary transporter 519 and the
robot 506, the robot 502, and the rever51ng dev1ces 504, 505.
FIG 65 shows a 1ayout of var:.ous components of a
polishing apparatus accord:.ng to a th.'l.rd embodJ.ment of the
present invention. As shown in FIG 65 a pol:l.shlng apparatus
accordlng to the present J.nventlon comprlses two rotatable
load-unload stages 501 each for placlng a wafer cassette 540 which
houses a number of sem:.conductor wafers. A transfer robot 502
hav:.ng two hands is- d:.sposed at a p051t10n where the transfer
robot 502 can access the resPectJ.ve wafer cassettes 540 on the
respect:.ve .load-unload stages 501. |
The transfer robot 502 has two hands, one of which

is used only for handlz_ng a.clean semlconductor wafer and the

other of which is used only for handling a dirty semiconductor

wafer. Two cleaning apparatuses 503 are disposed on both sides
of the transfer robot 502 for cleaning and drying the
semiconductor wafer which has been polished. The cleaning
apparatuses 503 are dJ.sposed at positions that can be accessed
by the hands of the transfer robot 502. Two Ieversing devices
504 and 505 for reversing semiconductor wafers are disposed at

positions which are symmetric about a center 502¢ of the transfer
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robot 502 with respect to the load-unload stages 501 and can be
accessed by the hands of the transfer robot 502.

The reversing device 504 has a chuck mechanism for
chucking a semiconductor wafer and a reversing mechanism for
reversing the semiconductor wafer, and handles only a clean
semiconductor wafer. The reversingl' device 505 has a rinsing
mechanism for cleaning a semiconductor wafer, in addition to the
chuck mechanism and the reversing mechanism, and handles only
a dirty semiconductor wafer. A transfer robot 506 having two
hands is dz.sposed in such a manner that the transfer robot 506
and the transfer robot 502 are symmetrlc with respect to a line
L, 1nterconnect1ng a center 504c of the semiconductor wafer
chucked by the reversing defrice 504 and a-center 505c of the
semiconductor wafer c'hucked by the reversing device 505. The
transfer robot 506 is dlsposed at a position where the hands of
the transfer robot 506 can access the revers:.ng devices 504 and
505. The transfer robot 506 has the two hands, one of which is
used only for handling a clean semiconductor "wa.fer.--'and'the other
of which is used only .for'handling a dirty 'semiconductor wafer.

Two cleaning apparatuses.=507 .for cleaning a
semiconductor wafer which has been pclished are disposed on both
sides of 'the transfer robot 506 . Each of the cleaning
apparatuses 507 performs a cleanJ.ng process different from the
Cleaning process in each of the cleanJ.ng apparatuses 503. The
cleaning apparatuses 507 -are d:.sPosed at positions that can be
accessed by the hands of the transfer robot 506. Two transfer
robots 508 having a _sfngle hand are disposed.alt the opposite sides

of the reversing devices 504, 505 with respect to the respective
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cleaning apparatuses -507 . 'i'he transfer robots 508 are di5posed
at positions where the hands of the transfer robots 508 can access
the cleaning apparatuses .507, respectively. Between the two
transfer robots 508, ther:e_ 1s Lz;rovided a wafer station 520 having
a rinsing mechanism. 1In order.to preuent rinsing water from
being scattered around, a cover is provided to enclose the wafer
station 520, and has three shutters on three'side surfaces.
The pol:Lsh:Lng apparatus has a houslng 530 for
enclosing various apparatuses and components therein. The
housing 530 constltutes an- enclos:.ng structure. The interior
of the housi J.ng 53 0 .'LS partltloned into a- plurallty of compartments
or chambers (J.ncludlng a polJ.shJ.ng chamber and a cleaning
chamberj The clean:Lng chamber 530A extends from an area where
the two transfer robots 508 are 1ocated to an area where the
load-unload stages 501 are located. A partition wall 531 is
provided adjacent to the transfer robots 508 in the cleaning
chamber 530A, and a pollshlng chamber 5305 is located at the
opposite side of the cleanlng chamber 530A ‘with ‘respect to the -
partition wall 531. | In the pol‘lsh:n.ng chamber 5308, two

turntables 509 and 510, and two top rJ.ngs 512 are provided, and

~one of the top rlngs 512 holds a sem:.conductor wafer and presses

the semlconductor wafer agaJ.nst the turntable 509 and the other
of the top ring 512 holds a semiconductor wafer and presses the
semiconductor wafer: against the turntabie 510.

In the _. po]_.ishih_g chamber 530B, +two rotary
transporters 519 are provided §0 as to correspond to the two top
rings 512, respectively. . Each of the rotary transporter 519 has

a load pusher 515 for transferrlng a semlconductor wafer to the
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top ring 512 and an unload pusher 516 for transferring a
semiconductor. wafer from the top ring 512 thereto. The load
pusher 515 and the unload pusher 516 are positioned along a circle
having a certain radius.from.a rotation center of the rotary
transporter 519 at equally angular intervals. A set of the load
pusher 515 and the unload pusher 516 are provrded on the rotary
transporter 519. That is, the 1oad pusher 515 and the unload
pusher 516 are preparxed for each of the turntables 509 and 510.
By rotating the index.t'able 519 for supporting the respective
pushers, the load pusher 515 and the unload pusher 516 can move
to a first p051tlon where they can transfer the semlconductor
wafer to or from the transfer robot 508, ‘and a second position
where they can transfer the sem:.conductor wafer to or from the
top ring 512. The load pusher 515 moves to substantially the
same position as the ‘unload pusher 516,.and at the same time,
the unload. pusher 516 moves to Substantlally the same position
as the load.pusher 515. Thus the top r1ng 512 and the transfer

robot 508 can access s:.multaneously the load pusher and the unload

- pusher. Further, the two rotary transporters 519 can be

controlled independently from each other.

Further , the load pusher 515 and the unload pusher
516 have an elevat:.ng mechanlsm S0 that they can access the top
ring 512 and the transfer robot 508. The load pusher 515 has
an automatic centering mechanism which is operated only when the
load pusher 515 is elevated to reach the top ring 512 for thereby
transferring the semiconductor Wafer;- The load pusher 515 is
movable within such an area that an J.nstallatJ.on error of the

top ring 512 can be absorbed, and hence the load pusher 515 can
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transfer the semiconductor wafer to the top ring 512. Further,

when the transfer robot 508 transfer the semiconductor wafer to

the load pusher 515, the load pusher 515 is located at a lowermost
position and is fixed to be stationary. | |

The unload pusher 516 has an automatic centering
mechanism nhich is operated only.when the unload pusher 516'is
elevated-to reach the top ring 512 for thereby receiving the
semicondﬁctor wafer. The unload'pusher 516 is movable within
such an area that an installation error of the top ring 512 can
be.absorbed, and hence the unload pusher 516 can receive the
semiconductor waferffron:the'top rinnglZ. Further, when the
transfer robot SOB.recelves the semiconductor wafer from the
unload pusher 516, the unload pusher 516 is located at a lowermost
position and is f:.xed to be statlona:y The pushers 515 and 516
have Substantlally the same structure and are operated in the
Same manner as that shown in FIGS 58A through 58D.

RlnSLng nozzles for supplylng cleanlng liquid to
wafers are. provrded at the flrst p051t10n to clean the wafers
transferred from the top rlng 512. Cleanlng nozzles for
supplying cleanlng llquld to the top rlngs 512 are provided at
the second pos:.t:.on for cleanlng the top r:.ng 512 which releases
the semlconductor'wafer. Sensors are prov1ded at the first and
second pOSltlonS for detecting'whetherlthe semiconductor wafer
exists or not. The oartition wall haS'openings to allow the
semiconductor wafer to pass therethrough at a position between
the load pusher 515 and the transfer. robot 508 and a position
between the unload pusher 516 and the-transfer robot 508, and

shutters 518 are provided at the openings.
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FIG. 66 shows'the relationship between the.top ring
512 and the turntable 509 or 510 As shown in FIG. 66, the top
ring 512 is supported by a rotatable shaft 53'2 which is suspended
from a top ring arm_' 511. The top r:'l_.ng arm 511 is supported by

a rotating shaft 533 which is angularly positionable, and hence

. the top ring 512 can access the turntable 509 or 510. Each of

the top rings 512 can press the semiconductor wafer against the
turntable 509 or 510 under a desired pressure by an air cylinder

provided in the top ring arm 511. A polishing liquid supply

nozzle 513 is.proVided'for supplyin§ a'polishing liquid to a

central portion of the turntables 5'09 or 510. A dresser 514 for
dresslng each of the turntables 509 and 51() is pI‘OVlded adjacent
to the turntable 509 or’ 510. A pollshlng cloth or an abrading
plate (a flxed-abrasn.ve plate) is attached to the upper surface

of the turntable 509 or 510. ‘I'he rotary transporter 519 having

the load pusher 515 and the unload pusher 516 is prov:.ded adjacent

to the rotatlng shaft 533 of the top r1ng 512.

~.Next, the operatlon of the polishing apparatus.having
the above structure will be described below. Semiconductor
wafers to be polished are" housed in the wafer cassette 540, and
the wafer cassette 540 is placed on the load-unload stage 501.
After the whole process:mg conditions in the pol:LshJ.ng apparatus
are inputted, the polishing apparatus starts automatic operation.
In this polishing'_apparatus, some. polishing -processes can be
performed, and in the foliowing description, in the case where
the number of sem:.conductor wafers counted from the uppermost
position of the wafer cassette is odd, such odd numbers of the

semiconductor wafers are polished on the turntable 509 one after
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another. . Further, in the case wnere the number of semiconductor
wafers counted from the uppermost position .of the wafer cassette
is even, such even numbers of the semicondﬁctor wafers are
polished on the turntable 510 one after another. WNext, the
polishing _processes will be deseribed below.

| 1. The load-unload stage 1 is angularly positionally
adjusted,. and the wafer cassette 540 turns its front face to the
direction in which 'the transfer robot 502 can transfer the
semiconductor wafers to or-from the wafer cassette 540.

2. The transfer robot 502- adj\ists its angular position
and height posrtlon, and the hand of the transfer robot 502 holds
the semlconductor wafer in the wafer cassette 540 under vacuum,
and takes out the semlconductor wafer from the wafer cassette
540. In th:Ls case, in th_e transfer _robot 502, the hand for
handling a clean semicondﬁcter ﬁafer:is used.

. 3. The transfer robot 502 adjusts again its angular
position and height posrtlon whlle the: transfer robot 502 holds-
the semlconductor wafer ’ and transfers the semiconductor wafer
to the rever51ng dev1ce 504. | |

4. The re.vers:.ng ‘device 504 .chucks' the semiconductor
wafer transferred from the transfer robet 502, and after it is
confirmed that the semicon_ductdr wafer'-is_ normally chucked, the
semiconductor wafer is rotated through 180° to make the surface
thereof to be polished facing downward;

. 5. After it' is confirmed that the reversing device
504 is normally rotated threugh 180", the transfer robot 506
adjusts its angular posJ.tlon and he:.ght position. Thereafter,

the chuck of the revers:.ng device 504 is opened and the hand of
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the transfer robot 506 receives the semieenductor wafer from the
reversing device 504. In this case, in the transfer robot 506,
the hand for handling a clean semiconductor wafer is used.
6. The transfer rebot 506 adjusts again its angular
position and height position and transfers the semiconductor
wafer to the wafer station 520. After it is confirmed that the
semiconductor wafer is transferred to the wafer station 520
normally, in the case where the load pusher 515 is located in
the first position and the semiconductor wafer is not placed on
the load pusher 515, the _shut’ter 5_18' is opened and the
semiconductor wafer i's‘.transfeirred to't'he load pusher 515.
7. After it is cenfir_xned tha_.t the semiconductor wafer
is transferred to the loaa pdsher 515€-the rotary transporter
519 is rotated to allow the load pusherl5.15 to move to a second
position, i.e. a wafer transfer'position to the top ring 512.
.8. After it is conflrmed that the load stage 515 moves
to the wafer transfer pos:.t:.on, the 1oad pusher 515-is elevated_

to chuck the outer per:l.phery of .the top r:.ng.512. - Thereafter,

" the stage on which the semiconductor wafer is placed is further

elevated, and the’ back51de surface of the semiconductor wafer
contacts the wafer hold:.ng surface of the top ring 512. At this
time, a sock absorber us:.ng a spring provided at the lower part
of the stage is 0perated to prevent the senu.conductor wafer from
being damaged. The load pusher 515 is elevated by a
predetermined distance, and stopped. .Then, the top ring 512
holds the semiconductor wafer.under vacuum.

9. After it is confirmed that the top ring 512 holds

the semiconductor wafer normally under vacuum, the rotating shaft
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533 for supporting the top ringl'arm 511 is rotated, and top ring
512 moves to a polishing position on the turntable 509.

10. After it is confirmed that the top ring 512 moves
to the polishing position, the turntable 50§ which has been
rotated at an idling speed and the top ring which has been stopped
are rotated in the same direction at predetermined speeds, and
a polishing liquid is supplied' onto th_e.turntable 509 from the
polishing liquid suppi}; nozzle 5.'13 "in a predetermined kind and
amount. Thereafter, the top ring 512 is lowered, and after it
is confirmed that the top rJ.ng 512 reaches the turntable 509,
the semiconductor wafer is pressed agaJ.nst the turntable 309 by
the t0p ring 512 under a predetermlned pressure and pollshed for
a predetermlned tlme. The above predetermlned speed, kind,
amount, pressure, tJ.me, and the 1J.ke are J.nputted in advance.
After this polishing process, a further polJ.shJ.ng process may
be carried out th.le dlfferent pol:.sh:s.ng lJ.un.d is supplied or
ligquid conta:.m.ng no solid- mater:.al is suppl:.ed.

11 After pol:.shlng of the semlconductor wafer is
completed. the supply of the polJ.shJ.ng l:.un.d from the polishing
liquid supply nozzle 513 is st0pped, and the top ring 512 holds
the sem:.conductor wafer under vacuum. The shaft 533 for
supporting the top rJ.ng arm 511 is rotated so that the top ring
512 moves to a position where the top r.rng 512 pro;ects from the
outer perlphery of the turntable 509 by about half. Next, the
top r:Lng 512 is raJ.sed and the top rJ.ng 512 is further rotated
to the second p051tlon.

12. after it is confirm_ed that the top ring 512 is

located above the second position, the unload pusher 516 is raised
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to chuck the top ring 512 and_the raising of the top ring 512
is stopped. At this time, the stege for placing the
semiconductor wafer in the_unloed pusner 516 is located so as
to keep a certain.gap oetween the.stageiand_the semiconductor
wafer held by the top ring 512. Next, the top ring 512 shuts
off vacuum,  blows air or nitrogen and pure water to remove -the
semiconductor wafer therefrom and transfers the semiconductor
wafer onto the pusher 516.

13. After the semiconductor wafer is removed from the
top ring 512, the unload pusher 516 is lowered.

14. The unload pusher 516 is- lowered, and after it
is confirmed that the semlconductor wafer is placed on the unload
pusher 516, the.rotary transporter 519,15 rotated to move the
unload pusher"SlG'to'tne.first_position, In this state, pure
water is ejected fron'the rinsing nozzles 542 to clean the top
ring 512, and at the same tin-xe,' 'a 'cleani.ng"'liquid is ejected from
the rinsing nozzles 543 to.cleanzthe Semiconductorxuafer. At
this time, a semiconductor-wafer.to.be.polished has been
transferred to the 1oed pusher 515 by the transfer robot 508.
Further, the load.pusher 515';5 located at the second position,
and pure water is ejected from the rinsing nozzle 544 to the
semiconductor wafer for rinsing pureuwater which has fallen
thereon. Therefore, a polishing.process_is carried out in the
same manner as described above.

'15. After.rinsing-of the top ring 512 and the
semiconductor'wafer'is completed, the shutter 518 is opened and
the transfer robot 508 adjusts its angular position and height

position to receive the semiconductor wafer from the unload
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pusher 516. After it is confirmed that the load push_er 515
transfers the semiconductor wafer to the top ring 512 , the rotary
transporter 519.is rotated to move the unload pusher 516 to the
second position. | B

le6. 'Afte.r the transfer robot 508 receives the
semiconductor wafer from the unload pusher 516, the transfer
robot 508 adjusts its angular position and height position to
transfer the se_miconductor wafer to the cleaning apparatus 507,
and at the same time, the cleaning apparatus 507 chucks the
semiconductor .wafer ‘ _

17. After .'Lt is conf:.rmed that the cleaning apparatus
507 chucks the semlconductor wafer normally, a primary cleaning
of the pol:.shed sem:.-conductor wafer is conducted to clean both
surfaces of the semiconductor'wafer.‘ -

18. After the cleanlng process of the cleaning
apparatus 507 is completed the transfer robot 506 adjusts its
angular position 'and helght pos1tlon and - Teceives the
semiconductor wafer by J.nsert:.ng the hand-into the clean:Lng .
apparatus 507 through another openlng. In this case, in the
transfer robot S-OEI,che hand for handling a dirty semiconductor
wafer is used. o I |

19. The 'tran'sfe'r robot 506 adjusts again its angular
position and height '[.)o.sition and transfe‘rs. the semiconductor
wafer to the reversrng dev:Lce 505, and at the same time, the
revers:Lng device 505 chucks the sem:l.conductor wafer.

20. After it is conflrmed that the reversing device
505 chucks the semlconductor wafer normally, pure water is

ejected from the rinsing nozzles attached to the rever51ng device
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505 to prevent the éemiconductor wafer from béj.ng dried: At the
same time, .the reversing_device 505. is rotated through 180° to
make the polished surface of the semiconductor wafer facing.
upward. |

21. After it is confirmed that fhe reversing device
505 is rot_;\ted normally through 180°, the transfer robot 502
adjusts its-angular position and heig_ht position to receive the
semiconductor wafer from the reversing device 505 by the hand,
and at the same time, the _reversiﬁg device 505 opens the chuck
mechanism. In this case, in_the't_ransfei robot 502, the hand
for handling a d:l.rty 's.emic‘o.nductor._ waféi_‘. is used.

22. Th.e. tr.lan's-'fe'zl ) ,iolb-ot': 502 adjusts its angular
position and height.'p'osit'i'o'nl, éna trahsfe,rs the semiconductor
wafer to the clean:‘i.n'g'appa;catu’s_'503, and at the same time, the
éleaning apparatus 503 chucks' the semiconductor wafer.

., 23 Affe:'r'it is con:_fzihrmeé that the cleaning apparatus
503 chucké t,he semicdn&uctdr wafer normally, a secondary cleaning
of the poliéhed semiconductor i«rafer is '-con'ducted.

24. After cleaning of the semiconductor wafer by the
cleaning apparatus: 503_:-is_ ﬁompletéd, the transfer robot 502
adjusts its angular _'po's i'tion_.ahd height position to receive the
semiconductor wafer from-the'_c_:le.ani.ng apparatus 503 by the hand.
In this case, in the transfer robot 502, the hand for handling
a clean semiconductor wafer is used. o

25. The trénsfef robot 502 adjusts again its anqular
position and height position, and transfers the semiconductor
wafer to the wafer cassette 540 in which the polished

semiconductor wafer is returned to its original position stored
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before polishing.

26. Even numbers of the semiconductor wafers counted

‘from the uppermost position of the wafer cassette after the second

semiconductor wafer are transferred.to the turntable 510,
polished, cleaned and returned to the wafer cassette one after
another in:the same manner as -described above.  In this case,
the top ring 512 is moved in the direction opposite to the top
ring 512 for the turntable 509.

| In the operations describec in the steps 1 to 26 and
described in the first embodiment, the odd numbers of
semrconductor wafers are assrgned to the turntable 509 and the
even numbers of semlconductor wafers are a551gned to the
turntable 510. However, the software may be provided so that
the semiconductor wafers in one wafer cassette are assigned to
the turntable 509, and the sem:l.conductor wafers in another wafer
cassette are assz.gned to the turntable 510. Further, two or more
wafer cassettes may be assrgned to each of the turntables, or :
the pollshlng apparatus may have such'a structure that the;
semiconductor wafers'are processed ohewby.one.

Although the pushers are provrded on the rotary
transporter in the embodlment shown in FIG 66, the pushers may
be provided below the rotary transporter in the same manner as
theembodlmentshownlnFIG 52. Further therotarytransporter
is not necessarily required to have the shape of table, and the
rotary transporter may have-such a shape that the load pusher
and the unload pusher.are fired to a rotating shaft.

FIGS. 67 through.82 are diagrams illustrative of

operation of the rotary transporter according to another
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embodiment. l'In FIGS._ 67 through 82, the transfer robots 506,
56_8 and 508 are repre_'s_ented by Robot No. 2  Robot No. 3 and Robot
No. 4, the -load stages of the rotary transporter 519 are
represented by LD stage for 1 and LD .stage for 2, and the unload
stages of the rotary transporter 519 are represented by ULD stage
for 1 and ULD stage for 2. Further, the top rings 512 are
represented-by TR1 and TR2. In the initia'l state shown in_ FIG.
67, the two load stages LD are located adjacent to the respective
top rings TRl and TR2, respectively, and two unload stages ULD
are located ad-jacen_t'l to the respective Robots No. 3 and No. 4.
Each of stages are'arrangedtsu'ch that & 1oad stage for the first
turntable, an'unloa_t.l._ stage for the first' turntable, ‘an unload
stage for the "second'turntlable,-' and a load stage for the second
turntable are located in a'elOERQise.direction around a rotating
shaft of said'rotary:transporter.

Next, the operat:.on of the rotary transporter w:.ll
be descr:.bed with reference to FIGS. 67 through 82.

dIn step 1 as shown in FIG. 67 the robot No. 2 holds
the wafer 1 to be polished at the first turntable (TT1).

In step '2., as' shown in FIG. 68, the rotary transporter '
turns through an anéle of 90° from the state shown in FIG. 67
in the cloc-kwise direction. Then, the robot No. 2 transfers the
wafer 1l to the LD stage for 1.

In step 3, as shown in f‘IG. 69, the rotary transporter
turns back to the-state shown in FIG. 67.

In step 4, as. shown in FIG. 76, the pusher is raised
to receive the wafer 1 from the stage and transfers it to the

TR1. Then, the TR1 starts polishing of the wafer 1. The robot
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No. 2 holds the wafer 2 to be pollshed at the second tuintable
(TT2) .

In step 5, as shown in FIG. 71, the rotary transporter
turns through an angle of 90° from the state shown in FIG. 70
in the countercleckwise.direction. Then, the robot No. 2
transfers the wafer 2 to theltD stage for.z. '

in step 6, as shown in FIG. ‘72 » the rotary transporter
turns back to the state shown in'FIG. 70 (= FIG. 67). lThe robot
No. 2 holds the wafer 3 to be polished at the first turntable
(TT1). '

In step-%, as shown ih FIG. f3i the pusher is raised
to receive the wafer 2 from the stage and transfers it to the
TR2. Then, the TRZ starts pollshlng of the wafer 2.

"In step 8 as shown in FIG. 74 the rotary transporter -
turns through an angle of 90° from the state shown in FIG. 73
in the clockw.l.se dlrectlon. Then, the robot No. 2 transfers the
wafer 3 to; the LD stage for 1.

«In step 9, as shown. in FIG 75 the rotary transporter
turns through an angle of 180° from the state shown in FIG. 74
in the counterclockw1se direction. The robot No. 2 holds the
wafer 4 to be pOllShed at the second turntable (TT2).

In step 10, as. shown in FIG. 76 after polishing at
the first turntable (TT1), the pusher is raised to receive the
polished.wafer l.fromrthe-TRl ahd.trahsfers it to the ULD stage
for 1. The robot Noi 2 transferstthe.wafer 4 to the LD stage
for 2.- o - |

Instepll, as shown in FIG. 77, the rotary transporter

turns through an angle of 90° from the state shown in FIG. 76
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in the clockwise d-'irect-ion., Then, the polished wafer 1 is
cleaned by pure water (deioniied water) in this position. The
robot No. 2 holds the wafer. 5._to be polished at the first turntable -
(TT1). | |

In step iz, as shown in FIG. 78, the pusher is raised
to -receive fthe wafer 3 from.th_e stage and transfers it to the
TR1. Then ,:; the TR1 starts polishing of the wafer 3. The robot
No. 3 takes the polished v}afer 1 from the ULD stage for 1 after
cleaning. | N

In step 13 as shown in FIG. 79 the rotary transporter
turns through an angle of 90 from the state shown in FIG. 78
in the clockwise d:.rect:.on. Then, the robot No. 2 transfers the
wafer 5 to the LD stage for 1.. |

"In step 14, as shown in FIG BO after polishing at

the second turntable (TTZ) » the pusher is raised to receive the

polished wafer-z from the TR2 and transfers it to the ULD stage
for 2. r o o |

In step 15, as shown in FIG. 81 the rotary transporter
turns through an angle of 90° from the state shown in FIG. 80
in the counterclockwise dire_ction. Then, the polished wafer 2
is cleaned by pure raater (deionized water) in this position. The
robot No. 2 .h'olds_ the :.waf.er_ 6 .t_obe polishetl at the second turntable
(TT2). | | |

In step. 16, as shown in FIG. 82, the pusher is raised
to receive the wafer 4 from the LD stage for 2 and transfers it
to the TR2. Then, the TR2 starts polishing of the wafer 4. The

robot’ No. 4 takes the polished wafer 2 from the ULD stage for

2 after cleaning.
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As describedi above, according to the present
invention, it is possible to shorten tne time required to tran'sfer
a workpiece to be polished, such as a semiconductor wafer, to
the top ring, for thereby greatly increasing the number of
processed workpieces per unit time, i.e., throughput.

-.f'urther, in the conventional polishing apparatus, the
number of top rings is increased and the workpieces are
simultaneously polisned for 'thereby increasing throughput.

Thus, the workpieces cannot be uniformly polished due to the

. difference of individual top rings caused by increasing of the

top rings. 1In contrast thereto, in the present invention, by
J.ncreas.mg the transfer speed of the workpleces, throughput can
be increased by a reduced number of top rlngs.

.'Although certain preferred enbodMents of the
present invention nave'l-'seen sho{m and '_'des'c.ribed in detail, it
should be. understood that var:.ous changes and modlf:l.catlons may
be made there:.n wa.thout depart:.ng from the scope of the appended o

claims.
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What is claimed is:

1. A polishing apparatus comprising:

a turntable having a polishing surface;

a top ring for holding a workpiece and pressing the
workpieceagainstsaidpolishingsurfacetopolishthewcrkpiece;

.at least three cleaning_apparatuses for cleaning
polished workpieces; and B |

a transfer structure for transferring said polished
workpiecesbetﬁeensaidat1eastthreecleaningapparatuses,said_
transfer structure being'capable.of changihg transfer routes

between said at Ieast'three cleaning apparatuses.

2.4 poiishing apparatus accord-ing toclaim 1, wherein
said at least three cleanlng apparatuses are capable of cleaning

said pollshed workpleces in at. 1east three—stages.

Lt
kTN

3.A poliéhing apparatus according to claim 1, wherein
said transfer structure is capable of transferrlng polished
workpieces between sa:.d cleanlng apparatuses along two parallel
transfer routes, and sald at least three cleaning apparatuses
are capable of'cleaﬁing polished“wcrkpieces in at least two-

stages.

4. Apolishing apparatus according toclaim 1, wherein
at least two of said cleaning.apparatuses have a spin-drying
function to dry said clean polished workpieces by spinning said

clean polished workpieces.
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5. A polis.hi'ng apparatus according to claim 1,

wherein said transfer structure comprises a plurality of robots.

6. A polishing apparatus comprising:
a turntable having a;polishing surface;
a top ring for holdlng a workplece and pressing the
workpleceagalnstsaldpollshlngsurfacetopollshtheworkplece,
at least three cleaning apparatuses for cleaning
polished workﬁieces;-and '
| at least two robots for transferring said polished
workpiecesbetweénééidatléastthreecléaningapparatﬁses,said
at least two foﬁots béing capable df'chaﬁéiné transfer routes

between said at least three cleaning apparatuses.

. 7.A pollshlng apparatus accord:.ng toclaim 6, wherein
said at least three cleanlng apparatuses are capable of cleaning

said polished workp:.eces in at least three-stages. _

'8.Aa poiishixig apparatu.s according to claim 6, wherein
said at least two roioﬁs.are capable of frahsferring polished
workpieces between said éleaﬁing épparatﬁ'ééé along two parallel
transfer routes, ahd said at least three cleaning apparatuses

are capable of cleaning polished workpi'eces in at least two-

stageé.

9. Apolishing apparatus according to claim 6, wherein

at least two of said cleaning apparatuses have a spin-drying
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function.to dry said clean polished workpieces by spinning said

clean polished workpieces.

10. A polishing apparatus comprising:

apluralityofturntableshavingresPectivepolishing
surfaces; | |

a piurality of top rings for holding workpieces and
pressingtheworkpieoesagainstsaidpolishingsurfacestopolish
the workpieces;

a rotary transporter disposed in a position which can
be accessed by said_ top r:.ngs and “havim’;'a plurality of portions
positioned on a predetermined circumference from a center of
rotation of said rotary transporter for holding the workpieces,
said rotary transporter belng capable of rotatlng'WLth at least
one workpiece placed thereon, -

apusherfortransferrlngthewmrkplecesbetweensald_.
rotary transporter and sald top rings; ‘and

a revers;ng dev;ce for transferrlng the workpieces

to and from said rotary transporter and reversing the workpieces.

11. A'polishing apparatus according to claim 10,
wherein each of said'top rings is angularly movable about a
rotatable shaft to at least.a poSition over at least one of said

turntables and a position over said rotary transporter.

12. A poiishing apparatus.according to claim 11,

-wherein each of said top rings is angularly movable about the

rotatable shaft to positions over two of said turntables.
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13. A polishing épparatus according to claim 10,

wherein one of said turntables comprises a scroll-type turntable.

14. A polishing apparatus according te claim 10,
further comprising respective dedicated dressers associated
with said respective turntables and respective mechanisms for

cleaning said dressers.

15{-A polishing apparatus according to claim 10,
wherein said top ring is angularly movable to an overhanging
position 'spaéed 'from'o.he of -sai-d 'tui:n'tabl-és"a.nd adjace.nt to said
turntable after the v;ork.pie;:e ﬁas been pol.ished., and a cleaning.
liquid is supplied to the workpiece held by said top ring in said
overhanging position frdin;a; r.xozzle.dispos.ed adjacent to said the

turntable.

16. A polishing apparatus according to . claim 10,
wherein said portions of said '.rotary transporter include a
loading stage for Shéi:orting the workpiece before being polished

and an unload_ingstégé for sﬁbporting the workpiede after being

~ polished.

17. A polishing apbaratus aééor_ding to claim 10,
wherein said reversing device is positionéd above or below said
rotary transporter, and transfer of the workpiece between said
reversing device and said rotary transporter is conducted by a

lifter which holds the workpiece and is vertically movable. = -
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18. A polishing apparatus adcdrding to claim 10,
wherein said reversing device is capable of reversing said
polished workpiece to direct-a,polished surface upwardly, and
said polished workéieée is cleaned with said polished surface

directed upwardly.

19. a poliéhing apparatﬁs comprising:

a pollshlng sectlon for pollshlng a workpiece;

a clean:.ng sect:.on for clean.mg a polished workpiece;
and | ' | -

a rever51ng de&lce for reﬁer51ng a Qorkplece to be
polished and a pOllshed workplece, |

‘said pollshlng sectlon belng arranged to polish a

workpiece while a surface thereof belng pollshed is directed

downwardly, and sald cleaning sectlon belng arranged to clean

said polished workpzece whlle a pollshed surface thereof is

directed upwardly.

20. A_poiishiné éppérﬁtus cbﬁprising:

a turntable having a polishing surface;

a top rihg'for hblding a workpiece and pressing the
workpiece against sa'ifl polishi_ng_ surface to polish the workpiece;

a pluraiity of cleaning apparafuses for cleaning
polished workpieces; and

a workpiece station having.wotkpiece supports for
holding workpieces in a standby state while the workpieces are

Cleaned in a plurality of stages through said cleaning
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21. A polishing apparatus according to claim 20,
wherein said workpiece station has a nozzle for supplying a
cleaning lJ.un.d to the workp:.ece in the standby state to prevent

the workp:.ece from beJ.ng er.ed

22. A polishing apparatus according to elaim 20,
further comprising a cassette -for housing a plurality of
workpieces, said workpiece station bein"g.disPosed between said
turntable and said.cassette and having a w‘orkpiece support for
holding the workplece to be pollshed in a standby state before

the workpiece is transferred to said turntable.

23. A poliehing”apparatus acéording to claim 22,
wherein said workplece statlon has a workplece support for
holding the polished workpiece. in a standby state before the

workpiece 1s_transferred to said cassette.

24. A pelishing apparatus according to claim 22,
wherein said workp.:i'ec”e station has a _shutter for separating an
area including said cassette and an area including said cleaning

apparatuses from each other.

25. A pol:.sh:.ng apparatus accordlng to claim 20,
wherein said workpz.ece statJ.on has at least one workpiece support
for dedicatedly holdJ_ng the workplece to be polished in a standby

state and at least one workpiece support for dedicatedly holding
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the polished workpiece in a standby state.

26. A polishing apparatus'according to claim 23,
wherein said workplece station includes at least two workpiece
supports for holding the workpieces to be pollshed in a standby
state and at least two workpiece supports for holding polished
workpieces in a standby state, said two workpiece supports for
holding the workpieces to be polished being spaced horizontaliy
from each other, said two workpiece supports for holding the
polished wnrkpieces being disposed below said two workpiece

supports for holding the workpieces to. be polished.

27.- A polishing apparatus according to claim 26,
wherein said two workpiece supports for holding the polished
workpieces are vertically spaced from.each other and located at
an intersection between areas where two transfer robots can

transfer the workpieces.

28. A poiishing apparatus according to.claim 26,
wherein said two workpiece supports for holding the polished
workpieces are vertically spaced from each other as upper and
lower workpiece supports, said upper workpiece support being
capable of holding the workpiece which has been cleaned at least
once by at least one of said cleaning apparatuses in a standby
state, said lower workpiece support being capable of holding the
workpiece to be cleaned by at least one of said cleaning

apparatuses in a standby state.
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29. polishing apparatus comprising:

a loading and unloadiﬁg section forVSuppiying a
workpiece to be polished and receiving a polished wbrkpiece;

a polishing section for polishing the workpiece;

a cleaning section for cleaning the polished
workpiece;-and |

.chambers separated 5y partitions having reséective
openings for allowing the woikpiece fo pass'therethrough, said
loading and unioading. sectio'n, said polishing section, and said

cleaning section being housed in said chambers.

30. A pdliShing apparaﬁus according to claim 29,
further'comprising oéenable‘and closable shutters disposed

respectively in said openings in said partitions.

,31. A polishing abparatus according to claim 29,
wherein air pfessufés in said chambers are controllable

independently of each other.

'32. A polishing apparatus according to claim 29,
wherein a plurality of said polishing sections are provided, and

said polishing sections are separated by at least one partition.

33. A polishing épparatus according to claim 32,
wherein while at least one of said polishing sections is in
operation, the other of said polishing sections is capable of

being serviced for maintenance.
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34. A polishing apparatus according to claim 29,
wherein said cleaning section comprises a plurality of cleaning

apparatuses for cleaning the workpieces, and while at least one

of said cleaning apparatuses is in operation, the other of said

cleaning apparatuses is 'capable of being serviced for

maintenance.

-35. A polishinélapparatus according to claim 29,
wherein said loading and unloading section is capable of placing
a plurality of'cassettes for housing a plurality of workpieces
to be pollshed, and has partJ.tJ.ons separatlng the cassettes from

each other.

"36. A pollshlng apparatus accordlng.to claim 35,
wherein said loadlng and unloadlng sectlon is capable of placing
at least four cassettes for housing a plurality of workpieces
to be polished,-and said.polishing apparatus is capable of
processing the workpleces housed in at least two of said four

cassettes in parallel to each other.

37. aA pelishihg'apparatus eemprisihg:

apluralitfoftmrntableshavingrespectivepolishing
surfaces; |

a pluralitf‘ef top riﬁgs for holding workpieces and
pressing the workp:.eces aga:l_nst said polishing surfaces to polish

the workpieces; and

a plurality of cleanlng apparatuses for cleanlng

pollshed workpleces;
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saidpolishingsurfaéesincludinga;mlishingsurface
for primarily polishing the workpiece and aipolishing surface

for finish polishing the workpiece.

38. A polishing apparatus according to claim 37,
wherein at least one of said polishing surfaces comprises a

polishing cloth, and at 1eas£ one of said polishing surfaces

-comprises an abrading plate.

39. A ppIiShing'apparatus according to claim 37,
wherein said turntables include at least two turntables having

different diameters.

+40. A polishing apparatus according to claim 38,
wherein a workpiecé is p'o.'.l.is”he'dﬂin a first stage by the polishing
surface comprising an abradihgfpiaﬁe,fand thereafter polished
in a second stage by ’;:hé poiisihning' jé:uffac.é .com'priéirig a polishing

cloth.

41. A pollshlng apparatus comprLSLng.

a loadlng and unloadlng section for supplying a

‘workpiece to be polished and_rece1v1ng a pollshed workpiece;

a turntable hav1ng a pOllShlng surface;

a top ring for holding a workpiece and pressing the
workpiece;galnstsaldpol;shlngsurfacetogmllshtheworkplece;

at least three clé&hing éppératuses for cleaning
polished workpieces, at least two of said three cleaning

apparatuses having an identical cleaning function; and
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a transfer structure for trans ferring the WOrkpieces .

42. A poilish_ing-apparatus according to claim 41,
wherein said transfer structure comprises a plurality of robots,
one of said robots having two ‘hands for transferring workpieces
to and from a cassette placed in said 1oad1ng and unloadlng
sect:.on, one of said hands comprls:mg a vacuum attractlon—type
hand for holding the workplece under vacuum, the other of said
hands comprising a recess support-type hand for supporting a
peripheral edg'e of th'e workpieoe by a recess formed on the hand,
said vacuum attrafot.'ion-tirpe hand be.ing.- used' to receive the
workplece from saJ.d cassette, sa:Ld recess Support-type hand being

used to return the workpz_ece to said cassette.

43. A p.—ok]‘."i'shing -apparatus aocording to claim 41,
wherein said trans fer structure compr:l.s es a plural:.ty of robots,
at least one of sa:.d robots hav:.ng two hands wh:.ch are vertically
spaced from each other as an upper hand for hold_mg the workplece
which has been cleaned at least once and a lower hand for holding

the polished workpi_ece which has not _been cleaned.

44 A polJ.sh:mg apparatus accord:.ng to claim 41,
wherein at least two of saJ.d clean:l.ng apparatuses are capable

of cleaning both surfaces of the workpiece.

45. A pollshlng apparatus accordlng to claim 42,
further compr:.s:.ng a workpiece support for holding a workplece

in a standby state, said workpiece support being operable such
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that said vacuum att.:r:action—type hand is positioned above said
support whilé& holding the'_workpiece, and thereafter performs a
vacuum break i:o release. the workpiece therefrom and to center
the workpiece by being guided by said support, and transfers the

workpiece to said support.

46. . A polishing apparatus comprising:

a plurality -of turntables héving respective polishing
surfaces;

a'pluraiify of top rings for holding workpieces and
pressingtheworkpieéesagéinstsaidﬁolisﬁ;ngsurfacestopolish
the workpieces; . - B | |

a réfary .frér;§porfer disposed 'in a position which can
be accessed by said.tc')p rJ.ngs and hévirig a plurality of portions
positioned on'a pre&étérmined circumference from a center of
rotation of said rotary transporter for holding the workpieces,
said rotary __transpoi:t.er. béing_capable of -in"c.iexing said plurality
of portions;gand - ' | '

a pusher for transferrlng the workpleces between said

rotary transporter and ‘said top rlngs.

47. A polishing apparatus according to claim 46,

wherein each of said top rings is angularly movable about a

rotating shaft to a position over one of said turntables and a

position over said rotary transporter.

48. A polishing apparatus according to claim 46,

further comprising reépective dedicated dressers associated
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with said respective turntables.

49. A.poiishing apparatus according to claim 46,
wherein said portions of said rotary transporter comprises a load
stage for holding the workpiece to be polished and an unload stage

for holding the workpiece which has been polished.

50. A.pblishiqg apparatus-according to claim 46,

wherein said pusher is provided below said rotary transporter.

51. A.polishing apparatus according to claim 46,

wherein said pusher is.provided on said rotary transporter.

52, 'Amééiishing ;ﬁﬁaratﬁ;:éomprising:

aplﬁraliﬂféfturnﬁaﬁleshavihgresPectivepolishing
surfaces; o o -

:é plurality of top rings for.holding'workpiéces and
pressingtheworkpiecésaééinétsaidpoiishingsurfacestopblish
the workpieces; o o ’

| a.plurality'of‘rotary'fransporters provided so as to
correspond to said reébec.:tive- top-'rings"'-and'disposed in positions
which can bé acceéée&ubf;said-ie#éective.top.rings, and each
having a plurality of portions positioned on a predetermined
circumference from a center ;pf rotaﬁion of said rotary
transporter for holdihgﬁ -the workpieces, said rotary transporter
being capable of indexing said plurality of portions; and
apusherfortiansferringthewbrkpiecesbetweensaid

rotary transporter and said top rings.
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53. A polishing apparatus according to claim 52,
wherein each of said top rings ‘is angularly movable about a
rotating shaft to a position over one of said turntables and a

position over said rotary transporter.

54. A polishing apparatus according to claim 52,
further comprising respective dedicated dressers associated

with said respective turntables.

55. A polishing apparatus according to claim 52,
wherein said portions of said rotary transporter comprises a load
stage for holding the wofkpieée to be polished and an unload stage

for holding the workpiéée which has been polished.

56. A polishing a_ppar'atus according to claim 52,

wherein said pusher is provided bé_iow said rotary transporter.

57. A polishing apparatus according to claim 52,

wherein said pusher is provided on said rotary transporter.

58, A- polishing apparat‘;:s. compi:is ing:
a pluralify of furhtables haviﬁg respecfive polishing
surfaces; | |
- a plurality of top rings for holding workpieces and
i:ressing the workpiéc_es against said polishing surfaces topolish
the workpieces; and |

a rotary transporter having an indexing function for
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transferring said workpieces to or from said top rings;
wherein each of said plurality of top rings is movable
to a position over said turntable and a position over said rotary

transporter.

59. A polishing apparatus according to claim 58,
wherein each of said plurality of top rings is angularly movable
about a rotating shaft betwéen said position over said turntable

and said position over said rotary transporter.

60 . A POllShlng apparatus accordlng to cla:Lm 58,
further comprJ.SJ.ng respect:.ve dedlcated ‘dressers associated

with said respect:.ve turntables.

61. A pollshlng apparatus accordn.ng to claim 59,
wherein the dlstance between a rotatlng shaft of said rotary

transporter and said rotatlng.s-hafts of.sa:.d top rings are equal.

62. A nolishing apparatlis according to claim 58,
wherein said rotary transporter compr:.ses a first stage for
transferring the workp:Lece to be pollshed ononeof said plurality

of said turntables, and a second stage for transferring the

workpiece to be polished on another. of said plurality of

turntables.

63. A polishing apparatus according to claim 62,
wherein each of said first stage and said second stage comprises

a load stage for holding the workpiece to be polished and an unload
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stage'for holding the workpiece which has been polished.

64. A polishing apparatus according to claim 62,
wherein said rotéry'trénsporfer comprises four stages for
supplying the workpiece to the first turntable and the second
turntable, and said stages are arranged such that a load stage
for the first turntable, aﬁ unload stage for the first turntable,
an unload stage for thg second turntable, and a load stage for
the second turntable are located in a clockwise direction around

a rotating shaft of said rotary transporter.

65. A poiishing apparatus coﬁprising:

a turntable havxng a pollshlng surface;

a top rlng for holdlng a workplece and pressmng the
workpleceagalnstsaldpollshlngsurfacetopollshtheworkplece,

a robot for transferrlng the workpzece in said
pollshlng apparatus, and o

a llnearly ‘movable table for transferrlng the
workpiece between a transfer position for said top ring and a
trénsfer position f'or‘: said robot; | |

wherein said llnearly movable table moves linearly

between sald two p051tlons.

66. Aipolishing apparatus.comprising:
a turntable'having'a polishing surface;
a top ring for holding a workpiece and pressing the

workpiece against said polishing surface to polish the workpiece;

and
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a transporter for treps‘ferring the workpiece between
two'positions inside Of-said"pdlishing apparatus;

wherein ‘said transporter comprises at least two
stages for holding the workpiece, respectively, and said at least

two stages are positioned at different heights so that said stages

are movable individually in respective horizontal planes.

67. A polishing apparatus according to.claim 66,

wherein a pusher is provided below said transporter.

68. A pol:.shlng apparatus accordlng to claim 66,
wherein said transporter comprlses a 1oad stage for holdlng the
workpiece to be pollshed and an unload stage for holding the

workpiece whlch has,been pollshed.
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