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POLISHING _Al>PARATUS 
04 HAR zaao 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

The pre~ent invention relates to a polishing 

apparatus for polishing a workpiece such as a semiconductor wafer 
. . 

' 
to a flat mirror finish, and more particularly to a polishing 

apparatu~ ~a~ing a ·cieaning apparat~s f~r cleaning a polished 

workpiece and/or a r(?ta_ry transporter for,'supplying workpieces. 

io Description of the Related Arti· ··· 

In semiconductor device manufacturing processes, 

.. . 

semiconductor wafers are polished to a flat mirror finish in a 

semiconductor ~afe~ fabri~ation process, and layers formed on 

. . 

semiconductor devices are polished to a flat mirror.finish in 

• • • & . • 

is a semiconductor device fabrication process. '!'hese polishing 
•' 

processes in the semi~onductor wafer fabrication process and the 

semiconductor device .·fab.ricati.on proces.s are performed by a 

·: .. 
polishing appar~tus. · 

· .. ' 

Conventionally, such a polishing apparatus has been 
.. 

20 designed as a dedic.ated polishing apparatus having a single 

·:"·' .. ·: . 

function of polishing semiconductor wafers. '!'he semiconductor 

. . . 

wafers which have been polished by the polishing apparatus are 

transported to a next cleaning process by a movable container 

in which they are immersed in water to keep them from drying during 

:zs transportation. Ho~ever, the cleaning 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 for two kinds of apparatuses comprising the 

polishing apparatus and a cleaning apparatus that is used to carry 

out the subsequent cleaning process. 

In an ·effort to make the polishing process clean and 

s 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 '111hich is of a dry-in and dry-out 

type for introducing· semiconductor wafers therein _in a dry 

condition and removing polished and cleaned semiconductor wafers 

10 therefrom in a dry co~dition.. · 

on the other hand, tne polishing apparatus having a 
. •. . .. : 

single function qf __ polishing semiconductor wafers has been 
.. : .· .. 

improved to allow the: cl:-~anliness of a clean room to be maintained, 
. . .. ~ . 

and the polishing apparatus and the cleaning apparatus used in 
. . 

.. ~-: . 

15 a cleaning process after polishing have an increased processing 
. ~-

., .·. . ; :-'·.:.' .. 

capability for thereby redu~i:ng ·the number of the polishing 

apparatuses used for polishing processes and the number of the 

cleaning apparatuses. As a result, the eon~entional. dedicated 
. . . . 

polishing apparatus· having a single .function of polishing 

20 semiconductor wafers can reduce an installation space thereof 
.• .... 

to a degree which is equal to or smaller than the dry-in and dry-out 

type polishing appa~~tus. 
.... ~ 

However 1. in the dedicated polishing apparatus having 
. . 

•. 

a single function of polishing semiconductor wafers, the 
. . 

25 semiconductor TN"afers which have been polished by the polishing 
. ·. ;:··. ~ 

apparatus are transported still by an operator or a manually 
. . 

operated transportation means, as before. If the transportation 

means is automated, then it is difficult to handle the 
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semiconductor wafers because the semiconduc:tor wafers are stored 

in the movable water .tank. Thus, the problems are presented by 

the transportation means in the conventional dedicated polishing 

apparatus. 

Further, the dry-in and dry-out type polish.ing 

apparatus has a processing capability per unit time and unit 

installation area lower than the conventional dedicated 

polishing apparatus having· a-single function of polishing the 

semiconductor wafers. Thus, the number of apparatuses in the 

10 polishing processes ·is large, and a large installation space is 

.. ~.:-~·;·'. . ."·~~.,·:·· ;. . ~- _·,·:.: .... 

required, and the running cost of the apparatuses is high. 

·; ;.·. : .. ·· .. · .. 

The dry.;. in· and dry-out type polishing apparatus has 

two cleaning apparatuses operable b"ased ori two different cleaning 
.·. 

methods for cleani~g semiconductor .. ~afers which have been 
. . ... . ~ . . . . : . . 

1s polished, in order to incr~ase the processing capability per unit 

; , I '"; '•. .. • . .· ~·. • . 

installati_on area. · Such two. ·cleaning apparatuses clean a 

I •. · .: • . o• '-.· •: 

semiconductor wafer ,in two stages,. and are installed in a smaller 

installation area. wi:~.h· minimum ci.eanin~ .functions. However I as 

. .. . : .. 

recent semiconductor. ·,devices have smaller circuit elements and 

2.0 finer interconnections in· integrateci" patte:rns, there has been 

i .. 
. .... :··· 

a demand for removing polished s~iconductor wafers from the 

polishing apparatus in a higher level of cleanness, and therefore 

.... ' . . 

the cleaning stages for cleaning the polished ~emiconductor 

_wafers have increased from two stages to three stages to meet 

25 such a demand. Specifically, s~ch three cleaning stages include 

a process of rem?ving fine.particles attached to the polished 

semiconductor wafe~,. a process of remo~ing metal ions attached 

to the polished semiconductor wafer, and a process of drying the. 
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clean polished semiconductor wafer. In some cases, two or more 

types of metal ions attached .to the polished semiconductor wafer 

are removed by different chemicals supplied thereto, with the 

result that a total of. four stages are involved in cleaning the 

s 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 cl~aning sta9es are carried out by 

10 two cleaning apparatus_es, then two cleaning staqes are performed 

.. .i 

by at least one cl~an~~g apparatus_, ~ho~e processing capability 
·.=_·,_.:· .• ... '• . 

is thus reduced per ·unit time_. 
. ; . . ~- ~-. ·.; ..... 

If three or more cleaning 

apparatuses are prov"~~ed in a ro_~- in a po~ishing apparatus, then 

.. 

the polishing apparatus becomes large in s.ize, and has a reduced 

- . 

15 processing capability per unit time. · 
' .. : •.· . 

SUMMARY .OF THE INVENTION 

It is t~erefore an: object of the present invention 

. . . 

to provide a polishing apparatus· which can be used as a dry-
.·. . .. 

20 in and dry.:.out type· poii~b.ing, apparatus·, has a high processing 

; __ 

capability per unit time and unit installation area for 

. . 

processing workpieces such as semiconductor wafers, has three 

or more cleaning stages in a cleaninq.process, and is capable 
. . 

of mak_inq semicondu.ctor wafers cleaner to meet requirements for 

25 smaller circuit -elements and. finer interconnections on 

sem~conductor devices.· 

Fu;-ther object of the present invention is to provide 

a polishing apparatl,ls which can be used as the dry-in ·and dry-out 
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type polishing apparatus and is capable of greatly increasing 

a processing capability of workpieces such as semiconductor 

wafers per unit time and unit area.· 
.. : .. 

To achieile the .-above objects·,· according to a first 

s aspect of the present invention, there is proiTided a polishing 

apparatus comprising; ·a turntab:I.e having a polishing surface; 

a top ring for holding a wo~kpie.ce. and pressing the workpiece 

against the poiishing ·surface to polish the workpiece; at least 

three cleaning appara1:.'ilses· for cleaning polished workpieces; and 

10 

15 

a transfer structure ... for transferr.ing,_t~e polished workpieces 

•' 
.. 

between the at le~st three cleaning apparatuses, the transfer 
. . . 

structure being cap.ab.J,.e o~· ch~nging tran·~fe·~ routes between the 

. . .. ~.:: ~' ... : : .· .'·. . : . : . 

at least three cle~n~ng: ~pp~ratuses. ·The transfer structure 

. • . ~ ... .. ·· . .-./:.:: . . :: : ·: : :. i - .. . • ~=.·· 

comprises ·a plurality'of robots. 

According to the present invention, the polishing 
. -

apparatus can ch.a~~~ transf~r-routes t~· c;~mply '\o/ith the required 
. -

cleaninq processe~·'"frir maintai~fng a de .. s.ired number of cleaning 

stages depending c,~· ~~rious p()iishing proces~es without reducing 

the process;i.ng cap.abi.lity per unit installation area, and also 

20 to shorten the proc~s'sirig time of each ol·the cleaning processes 

by assigning the clea~ing p~o~·ess wh.i~h ~eeds a long period of 

25 

. . . . . . . 

time to at least two. cieanin<iapparatuses, for thereby increasing 

the number ·of processed workpieces.· per unit time, i.e., 

throughput. 
-: ,· 

According to a second ·aspect of the present invention, 

there is provided a polishing apparatus comprising: a plurality 

of turntabl.es having respective polishing surfaces; a plurality 
. . 

of top rings for ho~dinq workpie~es and pressing the workpieces. 
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against the polishing sur~aces 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 

predetermined circumference from a center of rotation of the 

s rotary transporter for holding the workpieces, the rotary 

transporter being capable of replacing the workpieces pla~ed at 

the portions; a pusher for transferring the workpieces between 

the rotary transporter and. the top rings; and a reversing device 

for transferring the ·workpieces to and from the rotary 

lo transporter an·d reversing· the ·workpieces. 
~ -.. . . 

It is possible· to shorten ··the time required to 
. ., •. 

·.! .. . 

transfer a workpiece to be poli~hed, such ~s· a semiconductor wafer, 

to the top ring, fo.r thereby gr.eatly ·increasing the number of 
· .. . . .. . 

processed workpieces per unit time, i.e., throughput. 
. -

15 According to a third ·aspect of the present invention, 

there is provided a polishing apparatus ~omprisin9; a polishing 
. . . . . . . 

section for polishing a_ workpiece;·_ a_ cleai:iing section for 
: .. 

. ... . .· 

cleaning a polished·. workpiece.; and. a rever~ing _device. for 
. . 

reversing a workpiece to be polished and a polished workpiece; 
. . .. . . . . . . . 

20 the polishing section beinq arranged to polish a workpiece while 
.: . ~.·; . :" · .. 

a surface thereof being po.lished is directed downwardly, and the 
... . . • .. 

cleaning section being arran9~d to clean said polished workpiece 
t· . . . . . . 

while a polished surface thereof is directed upwardly. 

In th~ cleaning processes, the polished surfaces of 

25 workpieces can be processed while the polished surfaces are being 

directed upwardly. 

According to a fourth aspect of the present invention, 
. . ~ . . 

there is provided a polishi~g apparatus comprising: a turntable . 
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having a polishing surface; a top ring for holding a wor·kpiece 

and pressing the workpiece against the polishing sur·face to 

polish the workpiece;· a plurality of cleaning apparatuses for 

cleaning polished :workp.ieces; and a workpiece station having 

s workpiece supports for holding workpieces in a standby state 

while the workpieces are cleaned in.a plurality of staqes through 

the cleaning apparatuses. 

Inasmuch a::r pblished·workpieces can wait "7hile being 

processed in cleaning processes, a plurality of cleaning 

10 processes having different processing times can be performed 
. :.· . ' 

parallel to each o-~~er_ pn ~ plurality of_ polished workpieces. 
. . . . . .'·· ..... · 

According to a fifth aspect of the present invention, 

: -~~~ ....... ~· -· ~=--;t-.:~·-_: ··-'~'-·. :- .. · .. 
there is provided a·po1ishing apparatus comprising: a loading 

.\.:r~ .-:. ~ ·~·~· :. :. . . .. 

and unloading section for suppiyinq a workpiece to be polished 

;. . . .· . : ~ . . 

15 and receiving a polished workpiece; a· polishing section for 

. . ·. ~. -~ :. : -~ .· : . . :~ =· ·: ~ . \ ; ' .. : . : ~ .· .. 

_polishing the workpiece; and a cleaning section for cleaning the 

polished workpi~ce.~ -~·nd chambers separat~d by partitions having 
: ~: . .... ·.:. . . ~· . . . : :<: ~ .. 

respective.' openings for: allowing · the. TN"orkpie~e to. pass 

therethrough, the ·1~~ding and. unloading··section, the polishing 

. . -· . 

20 section, and the cleaning section being housed in the chambers. 

-.. . : . -
Since .the .chambers in ~hich cleanliness of atmosphere 

' ~ ·. :· j ·; ~ . --~ . -- : . :· i 

is different from ,on~ another are separated by the partitions, 
:- . 

the atmosphere. in · -~ . contaminated chamber is prevented from 
. ·. 

flowing into a clean chamber. and hence from lowering the 

25 cleanliness in the ·.clean chamber .• 
. : . 

According to a sixth aspect of the present invention, 
! :·· 

there is provided a polishing~ apparatus comprising: a plurality 
. ·, 

of turntables hay~ng re~pective polishing surfaces; a plurality 

'; 
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of top rings for hold~ng· workpi·eces and pressing the workpieces 

against the polishing surfaces- to polish the workpieces; a 

plurality of clea~ing· apparatuses for cleaning polished 

workpieces; and a. transfer·. ·.structur_e· for- transferring the 

s workpieces; the polishing surf aces including a polishing surface 

for primarily polishing the workpiece.~nd a polishing surfac:e 

for finish polishing the· workpiece.· 

The polishing surface for polishing the workpiece to 
. . ~ 

. . . 

produce a polished sur~ace at a ·higher _polishing rate and the 

10 polishing surface f?~ J?Olishinq the workpiece to produce a finer 
.... · '· :.: .. ::. . . 

polished surface in. the finish manner at a lower polishing rate 
: . .. : .• .. ~-. ~. -. . .. ·. . .. :. :- . . .. ~ ~.. . 

are combined with each' other to ·efficiently polish the· workpiece 

to produce a well polished surface thereof . 
. :.~ '· . • :·: • '°( ~ 

·According.to a seventh aspect c;;f the present invention, 

. . . . 

15 there is provided a polishing apparatus· comprising: a loading 

and unloading section for supp~ying a workpiece to be polished 

.. . . . .. 

and receiving a·.·. polisbed workpiec,e; a turntable having . a 
. . . 

polishing surface_; a top. ·ring for holding a workpiece and p·ressi?g 

the workpiece against the ·polishing·· ·surface to polish the 

20 workpiece; at least)three. ·cleaning· ~pparatuses for cleaning 

polished workpieces.; at least two of the three cleaning 

,. 

apparatuses having an identical cleaning function; and a transfer 

structure for transferring -the workpieces. 

Of the three cleaning apparatuses, at least two of 

25 the· cleaning apparatuses ha'7e identical cleaning modules. 

Consequently, cleaning processes which need to be performed in 

a long period of time can be carried out by two or more cleaning 

apparatuses, i.e., a tact time pan be distributed, to increase 
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the number of processed workpieces· ·per ·unit time, i.e., 

throughput. 

According to an eighth aspect ·of the present invention, 

there is provided a polishing -apparatus com.prising: a plurality 

s of turntables having respective polishing surfaces; a plurality 

of top rings for holciing workpieces and. pressing the wor_kpieces 

against the polishing surfaces to polish the workpiec::es; a rotary 

transporter disposed· in.a position which c:an be accessed by the 

top rings and having a plurality of portions positioned on a 

lO predetermined circ:umfereJic·e f_rom a center of rotation of the 
.. . . . . . . . . ~ ... 

rotary transporter . for · holding the workpieces, the rotary 
'•, ••• ' •p ••• 

transporter being c~pable of indexing the plurality of portions; 
. .: ... ~-·;'I.·. ..\ [· ·:. : .... : ;·. · .• ;. ·• ' ; ... 

and a pusher for transferring the WQrkpieces between the rotary 
. . ~ . ·.. . i~/·.~:: 'i_ ._ .... :.· : :: ·;. ·.::. ; ·. ~ ••. ·.:-~ · •.•.• ~ •. •. • •..••• 

transporter and the· top rings~, 
.. ; . ... . . . ·.· . ; 

Acc~rding t~·'a·n~~-th,:asp~ct of the present invention, 
15 

. . ...:, : ~- :·. ·. ':: . ·. . . . . 

there is provided a 'polishing apparatus comprising= a plurality 
; ~:. : .. ·. .... . .: . . .... . .. 

of turntables having respectiye.:polisbing surfaces; -a plurality. 

,_ . . . ~ .. . . ' 

of top rings for hol:ding workpieces and pressing ,the '""7orkpie~es 
... 

. . . . 

against the polishing ·surfaces . to poli~h the workpieces; a 

20 plurality of rotary -t~arisporters provide'd ·so as to correspond 

to the respective to·p ~i~g~- ~~d ·dis,pos~~ ,in positions which can 

be accessed· by the .. respective top rings ·and each having a 
·' . . ... 

plurality of· pprtions · positioned on a predetermi.ned 

circumference from a center of rota·tion of the rotary transporter 

25 for holding the workpiec~s, the· rotary transporter being capable 

of indexing· the· -p~urality of portions~ and a pusher for 
' . 

- " 

transferring the workpieces between the rotary transporter and 
. . . .· . 

the top rings. 
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. . . . ·. . . . . .... , . 

According __ to a tenth aspect of the present invention, 

there is proV"~ded a polishing apparatus comprising: a plurality 

of turntables having res.p·~ctive polishing surfaces; a plurality 

of top rings for holding workpieces and pressing the workpieces 

s against the polishing surfaces to polish the workpieces; a rotary 

transporter· having an indexing.function for transferring the. 

workpieces to or from the top rings,; wherein each of the p~urality 

of top rings is angularly movable about a rotating shaft to a 

position over the turntable and a position over the index table. 

10 

15 

20 

. . . 

According, to the eighth through tenth aspects of the 

present invention;· ·'it·· is .possible to shorten. the time required 

to transfer a workpf~~·e:to. be p~ii~hed,· ~~C:h as a semiconductor 
. . . ·' . .• .... 

Ylafer, to the top ri~;g.·~ for thereby ·g~eatiy incr.easing the number 

of processed workpieces per unit time, i.e., throughput. 

. . 

In a prefe~red embodiment,· each of the top rings is 

angularly ~ovable about a rota'~i~g sh'a:fi: to a position over one 
..... . .. ··'··. ·. . . . 

of the turntables and a position.over. the rotary transporter. 

In ~ preferred . embodiment,. resl?ective _dedicated 

. ~ : .· '·· .. . . . 

dressers associated with the respective turntables are provided. 

. .• . . . : ·.·•: ... 

In a pre,f~rred embodiment, the po_rtions of the rotary 

; ·. . '. ·.· 

transporter compri~es. a. load stage. for _ho]..ding the workpiece to 

be polished and an unload stage for holding the workpiece which 

has been polished. 

In a preferred embodiment, the pusher is provided 

25 below or on the rotary transporter. 

The above and other _objects, features, and advantages 

of the present inven~ion will· become apparent from the following 

description when· tak~n in conjunction with the accompanying_ 
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dra~ings which illustrate.preferred embodiments of the present 

invention by way of example. 

BRIEF ·DESCRIP'I'ION 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 invention; 

FIG. 2 is an elevationai view showing the relationship 

between a top ring arid turntables; 

.FIG. 3 is. a. dia:gram illustrative of a process of 
·: .. : ...... : : ·:: .._ ..... . 

polishing a semiconductor wafer with the· pol.ishing apparatus 
:···· i:.····~ .. ·· .. ,· :.. .. .. . . . 

shown in FIG. l; 
·. ·.• · .. ··. ,· .·. 

FIG. 4 1s ·a diagram illustrative of the process of 
:" . < .. :·;:~-.·· :~·,:.:~·:·-· . ~.. . . ...... . ... ·· _·.: .•. '· . 

polishing a semiconductor wafer ~ith the polishing apparatus 

15 shown in FlG. 1: 
···.· . • .. · .. 

. , FIG. 5 ·is a diagram ... illustrative of the process of 
. . .. ·.···. · ... ·· . 

polishing a. semiconductor wafer with .the polishing .appai::atus 

shown in FIG. l; 
.. ·. . . 

FIG. 6. is a diagram illustrative of the process of 

20 polishing a semicc.nduct~r. ~afer with the polishing apparatus 

25 

. · .. ..... •.• 

shown in FIG. l; ._. · ·, · .. 

FIG. 7 .. is a diagram.illustrative of the process of 
, : 

polishing a semiconductor· wafer with the poli~hing apparatus 

shown in FIG. l; 

FIG.· 8 is a diagram ~llustrative of another process 

of polishing a semic .. onductor wafer with the polishing apparatus 

shown in FIG. 1; 

FIG. 9 is a c:Iiagram. illust~ative of the other process 
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of polishing a semicbnductor wafer ·with \he -poiishin9 apparatus 

shown in FIG. l; 

FIG. 10 is a diagram illustrative of the other process 

of polishing a semiconductor wafer with the ·polishing apparatus 

s shown in FIG. 1; 

lD 

15 

FIG. 11 is a diagram illustrative of the other proces_s 

of polishing a semiconductor_ wafer with __ the polishing ~pparatus 

shown in FIG. 1: 

FIG. 12 is a d1a9ram illus-trative of the other process 

of polishing a· semiconductor wafer with the po_lishing apparatus 
.. _.... ... . . . . .. ·. . .. ·· ·•. . . 

shown in FIG. _ l; . ;-. ' 

FIG.-13 is a diagram illustrative of the other process 
. :·· . 

of polishing a semiconductor wafer-with_the pol~shing apparatus 

sho~m in FIG. 1; 

FIG. 14 is a diagram illustrative of the other process 

. . . - .. . . 

of polishing a semiconductor w~fer with the polishing apparatus 

shown in FIG. l; 

FIG. 15 is_a -diagram illustrative of still another 

process of polishing a semicon-ductor. wafer with the polishing 

20 apparatus shown in FIG. -- 1; 

FIG. 16 l..~ a diagram illustrative of the still other 

process of polishing a semiconductor wafer with the polishing 

apparatus shown in FIG. 1; 

FIG. 17 is a diagram illustrative of the still other 

25 process of polishing a semiconductor wafer w~th the polishing 

apparatus shown in-FIG. 1; 

FIG. l 8 ~s a diagram illustra17ive of the still other 

process of polishing a semiconductor wafer with the·polishinq_ 
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apparatus shown in FIG. l; 

FIG. 19 is a .diaqram illustrative of the still other 

process of polishin9' ~ sem~co.nductor wafer with the polishing 

apparatus shown.i~ ~IG. _l; 

F!G. 20 is a diagram illustrative of the still other 

process of polishing a semiconductor wafer with the polishing 

apparatus· shown in F.I.G. 1; 

FIG. 21 is a· dia·gram illustrative of the still other 

process of polishing a semicond11ctor wafer with the polishing 

io apparatus shown in.FIG. l; . 

FIG. ·22 is· a diagra~ ~-llustrative of the still other 
. ·- > ~: :. . . . ... ' : 

process of polishing a semiconductor wafer with the polishing 

· FIGS~ l3~(~~d 23B.are front anii°side elevational views 
. . . ' 

lS of a loading and unloading S.ect.ion; 

FIG. 24. is .. a front elevational ~iew of another loading 
. . . 

. . 

and unlc:»ading section; · 
~ . . ; . 

FIG. 25 is a schematic diagram showing air flows in 

a cleaning chamber i . 
. . ... . 

20 FIG.· 26·_is a ~ide _elevational view of a ~ransfer robot; 
: . . .. . ~ . 

FIG. 27:_is .a perspective view .of the transfer robot; 
. . .. .. 

FIG. 2 8A· is a front· elevational view of a wafer 

.· ...... ;.. .. 

station; 
..... ;;;_. 

FIG. 28B.is a side elevational view of the wafer 

25 station; 

FIG. 28C· is a view of the wafer station as viewed in 

the direction indicated by the arrow I; 

FIG. 280 is a view of the wafer station as viewed in. 
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i .. ·~ : :·; 

the direction indicated by the arrow II; 

FIG. 28E is a view of the .wafer. station as iTiewed in 
. • • . • • . J ·• 

the direction ind~ca~ed by:~he arro~_+II; 

FIG. 29~: .is __ a. pla1:i"_ view_ ,of ·~· reversinq device; 

FIG. 29B is a side elevational view, partly in cross 

section, of the reversing device; 

lifter; 

FIG. 30 is a vertical cross-sectional view of a 

FIG. 31 is.a plan view of a-rptary transporter; 

FIG. 3:2 ,._{_~ .a sicie ;elev~t:i"o.riai view of the rotary 

transporter; 
.· ·s··. .. . . ·. ·• ... 

FIG I • 3.3 -_"is" a ·,;.ertical crossO:sectional view of a 
·.·. 

pusher; 

· FIGS. 34A tJ:ir~>\igh.:-34E are vertical cross-sectional 

.· .... •. 

15 views illustrative o.f.:_the m~nnEar :i;.n whj_ch the_ pusher operates; 

20 

FIG. 35. i.?,. a ~~de .eJ..evation,ai ·view, partly in cross 

section, of a top _ring; 

. FIG. 36 is a vertical cross-sectional. view of a 

diamond dresser; . :· .· 

FIG. 37 is a·vertical cross-sectional view of a brush 

dresser; 

FIG. 38 is a vertical cross-sectional view of a 

dresser of a second turpta.ble; 

FIG. 39 is a side elevational view of the dresser of 

25 the.second turntable; 

FIG. 40 is a front elevational '1iew of a rotary-type 

turntable; 

FIG. 41 is a vertical cross-sectional view of a . 
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scroll-type turntable; 

FIG. 42A is a cross-sectional view taken along line 

P - P of FIG. 41; 

FIG. 42B is a cross-sectional view taken along line 

s X - X of FIG. 42A; 

10 

... 
FIG. 43 is a vertical cross-sectional view of an 

overhanging~type turntable; 

FIG~ 4.4A. is a plan view of an abrasive liquid supply 

nozzle: 

FIG. 44B is a ·side elevational view, partly in cross 
. : . ~ 

; 

section, of the. ab,r_~sive _liquid supply _nozzle; 
... · .. ' 

FIG. 45 is a plan view showing the position of the 

abrasive liquid supply nozzle with respe~t.to a turntable; 
.. . .. . . . .. -. 

.:. : . · .. ·. 

·FIG. 46 is a schematic diagram showing an abrasive 

15 liquid supply system; 
... 

-· .. 
FIG. 4 7 is a schematic diagram showing another 

abrasive liquid supply system;.and · 

FIG .. 48 is a schematic diagra}Jl ··showing still a·nother 

abrasive liquid supply system • 
... ,,,:·.. . i .. 

20 FIG. ·49 is. a plan view showing a layout of various 
~ •• · .•• :-·, ~- 'i• 

components of a polishing apparatus according to a second 
: -:.. .. . . . 

embodiment of the present invention; 
' . 

FIG. ·so: is an view sho~ing the 
.. 

relationship between a top ring and a turntable; 

FIG. 51 is a plan view showing a detailed structure 
' . 25 

. . 

of a rotary transporter type A; 
.. . 

FIG. 52 is an elevational view showing the detailed 
;,_ 

structure of the rotary transporter type A; 
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FIG.· 53 is a· pfan 'view showinc;(a· detailed structure 

of a rotary trans po.rt er type . ~; 

FIG. 54 is an eievational view showing the detailed 

structure of the·rota:r.Y tr~nsporter type B; 

FIG. 55 is a plan view showing a detailed structure 

of a linearly mqva~~e table type; 

FIG. 56 ~s ~n elevationai view showi~g the detailed 

structure of the l~n'early movable :tabl~ type; 

FIG •. 57 is a plan view the rel~:tionship of top rings, 
. . . . ·. 

io a rotary transporter~ . pus he.rs ~nd. tran~fer. robots; . . - .• .. 

FIGS. ~~A thro~9h 5~.D are ·vertical cross-sectional 
. . . ~· ·. : · ... -· . . . 

views showing the. mann.~.~ ;.~~? ~~hich th~: p~s_her is operated; 

FIG: s~. +s ·.~.Pi.~~· _view, showi_~~J a modified embodiment 

of the pol·ishtilg ~pparatus s:ho'4n in FIG. 49 according to the 

15 present invention; 
.·.· .... ·· 

FIG. 60-·:i.s a·diagr~·ii.lustrative of a process of 

polishing a semico~ducto~ ~~fer ~ith the.·polis.hinq apparatuses 

shown in FIGS. 49 and' 59; 

FIG. 61 is a di-aqram illustrative of the process Of 

20 polishing ·a semiconductor ·wafer with th~"polishin9 apparatuses 

shown in FIGS. 49· ·and 59·~· , 

25 

. . 

FIG. 62 :is a d·l.ag.iam illustrative of the process of 
. . . 

polishing a semicond.uc;tor wafer with the polishing apparatuses 

shown in FIGS. 49 a·nd 59; 

FIG .• 63 ·is a diagram illustrative of the process of 

polishing a semiconductor wafer with the polishing apparatuses 

shown in FIGS. 49 and 59 ;: 

FIG. 64 is a diagram. illustr~tive of the process of 
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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 

5 embodiment of the present invention; 

10 

FIG. 66 is an elevational view showing the 

relationship of a top ring, .a turntable and a pusher unit; 
.. . 

FIG. 67 is a diagram illustrative of operation of the 

rotary transporter according· to another embodiment; 

FIG. 68 is a diagram illustrative of operation of the 
~ .: .: ' :,. .... .· . . . ... · . . ; 

rotary transporter according to another embodiment; 
~:_:::f .. < :,.:· ;., 

FIG. 69 is' a diagram illustrative o_f operation of the 
•. •'1:.:· . .;. .. 

rotary transporter acco~ding _to _another embodiment; 
.. 

· FIG. 10 is a diag·rani illustrative of operation of the 
• ... 

15 rotary transporter according to another.embodiment; 
·:.'.I. 

FIG. 71 is a diagram. illustrative. of operation of the 

rotary tra~sporter acc~rdin9 to . another ... elnbodiment; . 

FIG·. 7 i.is a di.agra~ illustrative ~f· ope~~tion of the 

·-·~ '·· .. . . 

rotary transporter according to another embodiment; 

20 
.': -.; .... 

rotary transporter .. according to another embodiment~ 
.. .. . . . . . . 

FIG. 74 is a diagram illustrative of operation of the 

. . . . 

rotary transporter. accor.din9 to ·another embodiment; 

FIG. 75 is a diagram illustrative of operation of the 

25 rotary transporter according to anothe~ embodiment; 

FIG·. 7 6 is a diagram illustrative of operation of the 
. . . 

rotary transporte~ _a~cor~in9 to another embodiment; 

FIG. 77 ~s a d~agram illustrative of operation of the. 
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.. . . 

rotary transporter according.to another embodiment; 

FIG. 78 is a diagram illustrative of operation of the 

rotary transporter accordi~g-to another· embodiment; 

FIG. 79 is .:a diagram illustr~tive of· operation of the 

s rotary transporter according to another embodiment; 

10 

FIG. 80 is- a diagram illustrative of operation of the 

rotary transporter according to another embodiment; 

FIG. Bl is a ~iaqra·m illustrative of operation of the 

rotary transport.er accord_ing to another embodiment; and 
. .. . ~ 

FIG. 82 is a diagram illustrative o_f operation of the 
...... . . . . ; .. '~ 

rotary transporter according to another embodiment. 
. . . . 

~ . :. . . · ...• : . . . . ..; ·. ·. :• . . . . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
..-: . .~ ... 

· A polishing apparatus according to embodiments of the 
,· .. 

15 present invention:· .~ill be des~~l.bed below with reference to 
·. :. ·: 

drawings •. 
,_.: 

·FIG. 1 S"hows a layout of 'Variou~ ·components of a 
. . ·. 

polishing apparatus ·according . to a . first . embodiment of the 

. . . . . . . . . . . 

present .invention. : As·· s·hown .in FIG. 1, . a polishing apparatus 

. . 

20 according to the presen~. invention comprises four load-unload 
. . 

stages 2 each for placing·.a wafer cassette 1 which accommodates 

·a plurality of semiconductor .. wafers. · 'l'he load-unload stage 2 

may have a mechanism.for raising and lowering the wafer cassette 

1. A transfer robot 4 having two. hands is provided on rails 3 

25 so that the transfer robot 4 can move along the rails 3 and access 

the respective wafe_r. cassettes 1 .on the respective load-unload 

stages 2. 

'I'he transfer robot 4 has two hands which are located. 
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in a vertically spaced relationship, and the lower hc:md is used 

only for taking out a semiconductor wafer from the wafer ca·ssette 

1 and the upper hand is used only for returning the semiconductor 
.. 

wafer to the wafer cassette 1- This arrangement allows that a 

s clean semiconductor wafer which has been cleaned is placed at 

an upper side and is not contaminated. The lower hand is a vacuum 

attraction-type hand for holding a semiconductor wafer unde.r 

vacuum, and the.upper· hand is·~·recess support-type hand for 

supporting a peripheral edge· of a semi~c::mductor wafer by a recess 

10 formed on the hand •. The vacu.um attracti~.n-type hand can hold 

. . . 

a semiconductor.wafer.a11d transport, th~ s~miconductor wafer even 
'I • ' .. :~, • 

• • • •' 

if the semico.nductor wafer is not locate~ at a normal ~osition 
; .... '!", • 

in the wafer cassette due to~ slight_displa~ement, and the recess 
. • ••. t" : . ' ...... : 

support-type hand can transport a semiconductor wafer while 

.. . 

15 keeping the semiconductor wafer clean because dust is not 

-· . ·: . . .. -
collected unlike the vacuum attraction-type hand. 

~ . • :· ~}. -~. . . ;.. .. • i . • • 

!'l'Wo cleaning:· appar~tuses S. and 6 are ·disposed at the 

opposite side of th~:~afer .cassettes l with respect to the rails 

: : : ; ' ' : ' ' ' .• : :.: o: 0 ,•M • ' I,: • ' ' • ' ' 0 

3 of the transfer robot 4. The cleaning apparatuses 5 and 6 are 
·: · ...... . 

20 
• • t· • ~ •• •• • •• :. ~ •• 

disposed at positions that can be accessed by the hands of the 
. ·.·.· . ' 

transfer robot· 4 ... B.et~ee~ the two cl·~a~"inq apparatuses 5 and 
... 

. . . 
6 and at a position.that can be accessed by the transfer robot 

. .· ~ 

4, there is provided a wafer station so havin9 four wafer supports 
•, OMOO 

7, 8, 9 and 10. The cleaning apparatuses 5 and 6 have a spin-dry 
. . 

25 mechanism for drying a. semiconductor. wafer by spinning the 

semiconductor wafer at a high speed, and hence the two-stage 
. : . . . 

cleaning or t~ree-stage cl~aning of the semiconductor wafer can 

be conducted without r~placing_any cleaning module. 
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. \ . . . 

An area B in which the cleaning apparatuses 5 and 6 

and the wafer station s·o: having the wa·f er supports 7, a, 9 and 

10 are disposed and ~n ~rea A."• in which the wafer cassettes l and 

the transfer ~~bot 4. .:~~e di.~po~ed- ar·~ p~·r1:.itioned by a partition 

s wall 14 so that the ·cleanliness 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 opening .o't the partition· wall 14. A transfer 

robot 20 having two· hands .. is disposed ·at· a position where the 

io transfer robot 20 can.acce.s.s.·the. cleaning apparatus 5 and the 

15 

20 

... 
. . ·.··· 

three wafer support$ .. ?,_ 9 and ;~,O, and a transfer robot 21 having 
..... ·~. . . . . . :. . . ;. . . . 

two hands is diS:po~~d at .a··position where ·the transfer robot 21 
.. : .: ;; .. :·· .. \ 

can access the clec3;n_ipg app;;lr,a~µs 6 .and·t.he three wafer supports 
.. ... 

8, 9 and 1·0. 
':_· < : .. 

The wa:fer support :. 7 · is used to transfer a 

semiconductor wafer ~~tween the.tr~nsfer.robot 4 and the transfer 
; ... 

robot 20 and has a sensor 71 for.detecting wh~tber there is a 
. ... . 

. ,. .. ... 

semiconductor wafer or not. ~he wafer support 8 is used to 

transfer a semicon~uctor wafer betwee~' t.·~~ transfer robot 4 and 

. . .. .. ·: . 

the transfer robot. 21 and has a sensor 72 for detecting whether 

there is a seniico~ducto~:~af~r or- not. ·The wafer support 9 is 

used to transfer a. semiconductor wafer from the transfer robot 

21 to the transf~f~':r'~bot 20, and has a·'sensor 73 for detecting. 

whether there is a semiconductor wafer or not and rinsing nozzles 

2s 75 for supplying a rinsing liquid to prevent a semiconductor wafer 

from drying or to conduct rinsin9 of a semiconductor 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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7 4 for detecting whether :there is a semiconductor wafer or not 

and rinsing nozzles 76 for supply.ing a rinsing liquid to pre"7'ent 

a semiconductor wafer from drying or to conduct rinsing of a 

semiconductor wafer. The wafer supports 9 ·and 10 are disposed 

s in a comm.on water-scatter-prevention cover which has a opening 

defined. therein for transferring semiconductor wafers 

therethrough, the opening.being combined with a shutter 77 .. The 

wafer support 9 is dispose·ci ~bbve the wafer support 1 o, and the 

wafer support 9 serves to support a semiconductor wafer which 

10 has been cleaned and the wafer support 10 serves to support a 
• • ~·! ;_"."~ • • •. • '. • • L· 

semiconductor waf·er · to be · cleaned, so that the cleaned 
.... · ·.· 

semiconductor wafer is· prevented from being contaminated by 

rinsing water which would otherwise fall thereon. The sensors 
.t. ~ • • ' ' • • 

~ . . .. . 

71, 72, 73 and 74, the rinsing nozzles 75 and 76, and the shutter 

15 77 are schematically shown in FIG. 1, and their positions and 
... . . . . . - . ~ . . .. 

shapes are .. not illustrated ex~ctly. 
' .. ~- . 

The.tra~sfer.robot.'20.and the.transfer robot 21 have 
. . _;_ ... , .. . : .. : ;. .. . . . . 

the respective two hands.which are located in a, vertically spaced 

relationship. The ~~~p~ctive. upper hands of the transfer robot 
. ~ . . . . .. . : 

2 0 2 0 and the .transf ei:': ~obot . 21 a~~ used for transporting a 
. . 

semiconductor wafer, which has been cleaned to the cleaning 
. . . . 

apparatuses or the wafer supp~rts. of the wafer station 50, and 

the respective lower hands of the transfer robot 20 and the 

transfer robot 21 are used for tran·sporting a semiconductor wafer 

25 which has not cleaned or a semiconductor wafer to be polished. 

Since the lower hand is.used to transfer a semiconductor wafer 
...... 

to or from a reversin~ _device, the uppe! hand is not contaminated 

by drops of a rins_ing water which fall from an upper wall ot°the 
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reversing device. , 

A cleaning apparatus. 22 is disposed at a position 

adjacent to the c.leaning apparat-µs 5 and .accessible by the hands 

of the transfer ·ro~qt_ 2.0., .and .. another .cleaping apparatus 23 is 

s disposed at a position adjacent to the cleaning apparatus 6 and 

accessible by the hands of the·.t.~ansfer robot 21. 

All the cleaning apparatuses 5, 6, 22 and 23, the wafer 

supports 7, 8, 9 a~d 10 of the wafer station so, and the transfer 
·.· .. 

robots 20 and 21 are placed· in the area B. The pressure in the 

io area B is adjusted so as to be lower than the pressure in the 

area A. Each of the cleaning .apparatus_es 22 and 23 is capable 

of cleaning bo.th ~~~l~~~~~:·. -~~- ·:~··· ~-emi~~nductor wafer. 

~·."·.·~::~.,--:;: ~--- ":'·'~···.:. =~- · .. ·.-: ·:·_:. 
The p~lishing apparatus has a h~using 46 for enclosing 

. ..···,_ .. . .. .. ·. 

15 enclosing structure·. The interior . of the housing 46 is 
.. 

partition~d into '·a. :p"i~ralitr·· :~f coiiip~rtments or chambers 
.. . ; .. 

(including:. the areas A _and B) by . parti t;i..ons 14, 15, 1.6, 24 and 

47. 
. . . . 

A polishing .chamber separa~~.d from the area B by the 

20 partition wall 24 is formed, a:·nd is f'!Jrther divided into two areas 

C and D by the ... pa"r£·it.i:on waif:47. In· each of the two areas c 
• :. ," • •w .' • ~ • • I ·. • • 

and D, there are p;r;-ov.ided two -turntables, and a top ring for 
:. '. . . . 

holdin9 a semiconq~~tor wafer ·and pres_s~ng the semiconductor 

wafer against the turntables. That is, the turntables 34 and 

25 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 and the top ring 33 is provided in the area o. 

An·abrasive liquid nozzle 40 for supplying an abrasive. 
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liquid to the turntable 34 in the area C and a dre~ser 38 for 

dressing the turntable 34 are disposed in the area C. An abrasive 

liquid nozzle 41 for supplying an abrasive liquid to the turntable 

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

s are disposed in the area o. _ A dresser 48 for dressing the 

turntable 3 6 in the area c is disposed in the area c, and a dresser 

49 for dressing the turntable 3-7 in the- area D. is dispo-sed in 

the area D. The turntabies 3 6 and 3 7 :maybe-replaced with wet-type 

thickness measuring __ qevic~s for :measuring the thickness of a 

lO layer on a semicondu~tor wafer._ If such wet-type thickness 

measuring devices care provided, then .:they can measure the 
. t :· -~ . • • . : 

thickness of a layer on a semicond1:lctor T,,,T~fer .µnm.ediately after 
" . : ~ . ·,. ·' ; 

it is polished, and. henci_e it. is possi:Ple to further polish the 

polished semiconductor wa-fer or -control a polishing process for 
.. . . 

15 polishing a next semiconductor wafer based on the measured value. 
. . . . 

. . . . : :~ .'· ..... ·:. '· .·· 

. FIG. 2. shows the relationship between the top ring 

.. . .... 

top rinq 33 and the turntables .35 and· ;,__7_ is the. same as that of 

the top ring J2. and th~ turntables 34 ~nd 3(;. As shown in FIG. 

20 2, the top ring 32-.is supported from a top- ring head 31 by a top 

ring drive shaft 9i.-whid1 is iotatabie •. The top ring head 31 

is supported by -a ~upport shaft 92 ,;;~ich can be angularly 
- . . 

positioned, and the top ring 32 can access the ·turntables 34 and 

36. The dresser 38 is supporte~ from a dresser head 94 by a 
- . 

-. 

25 dres-ser drive shaft 93 which .. is rotatable. The dresser head 94 

is supported by an angularly positionable support shaft 95 for 

moving the dresser 38 between ~ standby position and a dressing 
.... 

position over the t~rntable 34. The dresser 48 is similarly -
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supported from a dre.sser head 9"7 by a dresser drive shaft 96 which 

is rotatable. The ··dres~er head 97 is supported by an angularly 

positionable suppo.rt shaft 98 for m~ving· the dresser 48 between 

a standby position a~d ':·a dressi~g position "over the turntable 

5 36. 

As shown in FIG·. 1, iri 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 reversin9 device.2B for reversing a semiconductor wafer, and 
. . 

10 at a position that :can-.be .acc~ssed by _the hands of the transfer 
. . .. ·.·· . . '• . 

robot 21, there ._is :.proy~ded· a r~versing· device 2 B' for reversing 
. . .. ~~-. . . .. . ; .. ·. . .. . . . 

a semiconductor w;;t~e.~,. -The partition wall 24 between the area 
.=: : • .:: : ···~ •• . . .. • • ~. . .. ~ • 

B and the areas.· c,_,_.J? . ~as .. t~C? openln9s each for allowin9 
: • • ' .... ~ • :: • • •· • .. I . .• • -~ ' . • • 

semiconductor wafers to pass therethrough, one of which is used 

15 for transferring the .semiconductor wafer ~o or from the reversing 
., :.·'. 

device 28 and the other of whi~h is used for transferring the 

semiconductor waf~r "to ·~r fr~~1t th~ ·~e~ersing de~ice 2 s' . 
. • · .. •. . 

Shutters 25 and 26 are provided at .. the-respective openings of 

the partition wall. 24 •. The. reversing devices 28 and 28 I have 

20 a chuckinechanism f~r·c~~ckinga.s~iconductor waferr a reversing 
.. ·. : .. · ... :.· 

mechanism for·· reversing. ·a · semiconductor wafer, and a 
: < ~·.:·.: .... 

semiconductor wafer .detecti~g .sensor fbr. detecting whether the 

ChUCk mechanism Ch~Ck~ 'a Semic.OndUCtOr'.wafer Or not I respectively o 

The transfer robot 20 transfers a semiconductor wafer to the 

25 reversing device 28, and the t.ransfer robot 21 transfers a 

semiconductor wafer to the reversing device 28'. 

A rotary transpor.ter 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-chaiiiber 

(area B) and the polishing chamber (areas. c and D} • The rotary 

transporter 27 has four stages· for placing a sem.iconductor wafer 

at equal angular .. intervals, and can nold a plurality of 

s semiconductor wafers thereon at the same time. The 

semiconductor wafer which. has been. transported t~ the ;reversinq 

device 28 or 28' is transferred to the.rotary transporter 27 by_ 

actuating a lifter 29 o.t 29, .dispc)sed below the rotary transporter 

2 7 when the center of t:he stage of the rotary transporter 2 7 is 

10 aligned with the center of the semiconductor wafer held by the 
.: .· .:. , . .. . 

reversinq device 2 a· ·or 2 8 ' • · The semiconductor wafer placed on 
. .· ~.- ... ·.- .. 

the stage of the ro_t.ary transporter· 2 7 is transported to a 
.. . ,.· ~ . . .. . .. 

position below the top rinq 32 or 33 by rotating the rotary 

. . . . . . - . . .. ·. ·; .... . . 

transporter 27 by an: angle of 90Q • At this time, the top ring 
~ . .·· .. . . . ... . 

is 32 or 33 is positioned-above the rotary tr~nsporter 27 beforehand 

. :~ ...... '.:..:• ~-., .~·-~ 

by a swing motion thereof •. The semiconductor . wafer is 
: ~ ,i." ~;; " • .~ • I :·.·. ': • • ~ • •' " 

transferred- from the: rotary transporter .. -27 to the top ring 32 
" . . .. . . . ~ . .. .. 

or.33 by actuatin,g.a·pusher: 30 or 30' disposed be;Low the rotary 

transporter 27 when the center ·of .the top ring 32 or 33 is aligned 

20 With the C.enter Of °the: semf~c:.mductor W.af.er .. placed OD the Stage 

of the rotary transporter ·21. 
. . . 

The semiconductor wafer tr an sf erred to the top ring 

32 or 33 is held u~~e_r v:acuU.m by a vacuum attraction mechanism 

of the top ring 32·or 33, and· transported to the turntable 34 

25 or 35. Thereafter, ·the semiconductor wafer is polished by a· 
.·:. :: 

polishing surface comprising a polishing cloth or a grinding 
. ' . . ~ 

. . . . . 

stone (or a fixed abrasive plate) _atta.c)led on the turntable 34 

or 35. The second _t:u_ri:itable~ 3_6 and 3 7 _are disposed at positi.ons 
. ; i . 
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that can be accessed-by the top· rings 32 and 33; respectively . 
. i 

With this arrangement, a primary polishing of the semiconductor 

wafer can be conduct.ed. :by the turntable :·34 or 35, and then a 

secondary polishing of t~e semicondu~toz:- w~fer can be conducted 

5 by the second turntabl~ 36 or 37. · Alternatively, the primary 

polishing of the semiconduct~r wafer can ·be conducted by the 

second turntable 36 or 37, and then the secondary polishing of 

the semiconductor wafer can be conducted by the first _turntable 

34 or 35. In this case,· -since the second turntable 36 or 37 has 
. ... . . ·. . " . 

·~ .-·.. -.: •.. . ' ;. . . 

10 a smaller-diameter pol·ishing . surf,ace than the first turntable 
. :- ~':."{-~\·:.-~--··, .... ·· .. ·.~.·-.. :· .. ··:·_.:.~·:.· .. · ~- .. •. . 

34 or 35, a grinding:stone.(or a fixed abr.asive plate) which is 
".:.~·-.:.{~:-:~~_:.- ....... _ ··.. '.·· .•. :-._~:· :_·. ;~: ·:: :·-:· - -

more expensive "than a po"iishing cloth is·attached to the second 
. .· (,,;,:~.--.~~~·~:··:·::.=·:·· --:-:",~·"" :-·: ~.-_"·. ·.·:_· ... '.·,. 

turntable 3 6 or 3 7 to thereby conduct a: ·primary. polishing of the 
..... ":,.::.:·~···_· ...... :~.·.~-: .:. ": .· .... ·· .; .. :·.· ~. .--~i_. ... ;:·· .... 

semiconductor wafer.·, on the other hand,: the polishing cloth 
~ I .. • 

1s having a shorter lit~·b~t: being cheaper\h.a:n the grinding stone 
.· ... . : r.•:· ·: . - . 

(or the fixed abrasive· p1ate) is attached to the first turntable 
. . . 

34 or 35 to thereby ·conduct a finish polishing of the 
- . 

semiconductor wafer~. This ar~angement or-u'l;ilization may reduce 
... · 

the running cost of.the polisbirig apparatus. If the polishing 
. . 

. . ... .. . ... · -· . . 

20 cloth is attached--to~the·· first turntable -and the grinding stone 
' '. .. . . .. · 

(or fixed ·abra~iv~'.-'plat~) is attac_hed to the second turntable, 
. . ' . . 

then the turntable ·sys1;.em· m~y be provided· at a lower cost. This 
. . 

is because the grinding ston·e (or the. fixed abrasive_ plate) is 

more expensive than the polishing cloth, and the price of the 

25 grinding stone (or the fixed abrasive plate} is substantially 

proportional to the diameter of the grinding stone. ·Further, 
. ' 

since the polishing- cloth has a shorter. life than the· grinding 

stone (or the fix_ed abr.asive plate), if ~he polisb~_ng cloth, is 
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used under a relatively light load such as a fini·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 

s distributed to thus provide a longer life, a longer maintenance 

period, and an. impr.oved productivity . of the semiconductor 

devices. 
. . 

After a S!2llliconductor wafer is polished by the first 

turntable 34 and before _the top ring 32 moves to the second 

10 turntable 3 6 I a Clean~n9 li~Uid is SUpplied from Cleaning liquid 
.: : 

no:z::zles 1510 disposed adjacent to the turntable 34 to the 
. . 

semiconductor wafe;c- held by the t<?p ring 32 at a position where 
... ' . · .. 

the top rind 32 is sp~ce4. from the turntable 34. Because the 
, 

. . ·. . ~ ·-~ - . 
semiconductor wafer is rinsed before moving to the second 

' . . .. ·',\ .. . . 

15 turntable 3 6, the· tra-nsfer of · contamination between the 

turntables. is preve'~ted to thus: .avoid c:ros~ contamination of the 

turntables .. 
;· ~ 

:Further, two-stage p~lishing.ccin be per.formed in such 

a manner that a polishing cloth sold -~nder.the tradename of 
••. f 

20 IClOOO/SUBA400 manufactured by Rodel Nitta corporation is used 
• •I • •.' 

for the first polishing surface and a polishing cloth sold under 

the tradename of POLITEX manu~actured by ·Rode! Nitta corporation 

is used for the sec~rid poiishing surfac~., and the semiconductor 

wafer is first polished by the f.irst polishing surface, and then 

25 polished by the ·second polishing surface. This two-stage 

polishing may be carried out by the use of the two large-sized 

turntables even if the small-sized second turntable is not used. 

In the above, although the two-stage polishing has been described 
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as being conducted by two different polishing cloths, it may be 

conducted by the same polishlng cloth or the "same grinding stone. 

After the semiconduct·o~ ·wafer is polished by the first polishing 

surface and the second poiishing su.rface~ .:the first and second 

5 polishing surfaces are dressed by the.dressers 38, 39, 48 and 

49, respectively. The dress_ing process . is. a process for 

recovering·the polishing surface of the turntable which has been 

degraded by polishing of the.sen\ico:~ductor wafers. This process 

is also called conditi~ning or r~ctifi~ation. 
. . 

. . 
10 The semiconductor wafer w~~ch has been polished is 

":.::\'" ··; ... ·:·. ·' :."-:. :· 

returned to the rever~ing device 28 or 2.8.' .in the reverse route 
. . . .. ·. . ·. . 

.· > < ·... . -~ :. ~ . . . . .. 
to the above •. '!'he sefu~conductoi. w~fer ret;urned to the reversing . . ... . . . . . . . ······ .. 
device 28 or 28' i~ :~i.n~~d ~Y·. pu~~- wat~r ·.or. chemicals supp1ied 

. ... . .... . :" i·. . . ~ :" ~ . - . . ... ·.. . . ... _: . : ... : . . ~ ; ·. 

from rinsing nozzles. Further, the semic_onductor wafer holding 
. . .. .. :· .. . ··.:·;. .-

15 surface of the top.ring 32 or ~3 from w~ich. the semiconductor 

wafer has. been removed is a.lso· ~leaned _by pure water or chemicals 

supplied from cle~ning.
0

.' ri~zzles., ' and···.in some cases i the 

semiconductor waf°er:--~~-~~.i .. n.9·. iu.~·face of~ the top ring·32 or 33 is 

rinsed for prevent.idc;J '~the.' semi.conduct~~-· wafer holding surface 

20 from beinq dried. ·i'cij:~~·n.iriq nozzl~ o'.r:n:~zzles for cleaninq the 

pusher are provid~cf~cir{the .. pa~tition ~~:11·. In order to improve 
•,• .. ·· ;• 

yield of the semi~o~d~ct~~ d~~i~~- or : -~l_eaning effect of the 

semiconductor wafer~ the .semiconductor·~afer.may be rinsed by 

chemicals in such a state that the semiconductor wafer is held 

25 by the top ring 32 or .33. Further, the semiconductor wafer may 

be rinsed by ch~i_cals in s~ch a state that the semiconductor 

wafer is held by the :rotary transport~r. 2 7. Further, the lifter 

29 or 29' may be, cleaned by nozzles (described later) . 
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on the right side of FIG. 2·, the relationship of the 

rotary transporter 27, ·the reversing device 28 or 28', the lifter 

29 or 29', and the pusher 30 ·or 30' .is shown. -As shown in FIG. 

2, the reversing. units 2.e and 2·a' are disposed above the rotary 

s 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 wafers will be· described. 

All software ·is constructed· such that ~11 units or 

lO devices are freely combine_d and.set in normal processing routes 
-· . 

of the semiconductor· wafers in the polishing apparatus • 
.. 

Examples of the proc.ess.ing rou~e:s·· are the following; 
.,•:: : :~ ' • • I ~ .-:• •' ·~ . . • 

1) Method. ( i c_a~sett~ p~rallel process'ing) in which 
• : . ...i' i~ ~:\.:· ..... :::· -~- . . ... •., ,. . , . 

semiconductor wafers in one wafer cassette are proc:es.sed in one 
: ~. ~ ,q"!. • . 

15 of the two areas c -and-o, and semicondu~tor wafers in another 
. . . . . ; . 

wafer cass.~tte are processed in, ·the ·other of the two areas c and 
. :· . : . ·.··· 

D; 
... 

·2) Method (i. cassette parallel p:r;-ocessing) in wpich 
.. 

semiconductor wafers in one wafer cassette are distributed into 
,· . . . . . . 

20 the area c and the area-D ·arbitrarily; and 
· .. · .. ·. .. . 

3) Method ( seria·l processing) ·in which semiconductor 
• • : i • • 

wafers in one wafer .i:::assette are processed in one of the areas 

c and D, and then. processed in the other of the areas c and D. 

In the ~leaning chamber, polished semiconductor 

25 wafers discharged . from the . polishing chambers are processed 

according to any one of the following six processes: 

A) Process in which semiconductor wafers are cleaned 

in two-staqes by two arrays of cleaning apparatuses and 
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discharged, i.e., froni. the cleaning apparatus 22 to the cleaning 

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

apparatus 6; . 

B) Process in which semiconductor wafers are cleaned 

s in three-stages by one array of cleaning apparatuses and 

discharged,. i.e., from the _cleaning __ apparatus 23 to the cleaning 

apparatus ,6 and then to the cleaning apparatus S or· in 

three-stages by one ~r~ay oicle~n1ng apparatuses and discharged, 

i.e., from the cle~ning appara~us 22 to the cleaning apparatus 

10 23 or 6 and then to the cleaning __ ?Appara~us 5; 
.. ~ ..... ,_.· .~ .. ~~.~- --~·; ': ... ·. ~ . . . .. ·. · ....... :_ . : :. ::· .:· .. 

c) Proce_ss_· in which semiconductor wafers are cleaned 

in three-stages and discharged, i.e., _in one-stage by two 
. . ... ·: ,;.. . . : ... . . ·.· ... -:. : ..... 

cleaning apparatuses, ·i.e., either·· one · of the cleaning 
: .. : ....... :·,.. 

apparatuses 22, 23 where no cleaning is b·eing conducted, and in 

15 two-stages by one array of cleaning apparatuses, i.e., from the 
' - .. . .. . . . . 

cleaning apparatus · 6 to the cl.eaning· apparatus 5; 

:· .. D) ·Proc~~-~::'in whi~.11-:."~·~:i.co~ductoz: wafe~s a~e. cleaned 

in four-stages · by'.·brie-· ~rray··· of. cleaning· apparatuses .and 
. . . 

discharged, i.e. , from ·the ci"eari.in9 apparatus 2 3 to the cleaning . 
; ~ . :.. . . . . ~ . . ·~ .. : -

20 apparatus 6 and then. to the .cleaning· apparatus 22 and then to 
,. ·. .. ,· . ... :,: ·, 

the cleaning apparatus· s; . · 
. . ···. . . . . ' .. 

E) Process in which semiconductor wafers are cleaned 

in four-stages by one ·a·rray of clea·ning apparatuses and 
.. 

discharged, i.e., from the cleaninq apparatus 22 to the cleaning 

25 apparatus 23 and then to the cleaning apparatus 6 and then to 

the cleaning ~pparatus 5; a~d 
: ,. 

F) Process in which semiconductor wafers are cleaned 

in three-stages ~y· o~e array of cle:aning apparatuses and 
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discharged, i.e., froin the cleaning apparatus 23·to the cleaning 

apparatus 6 and then to .the ·cleaning apparatus 5, after the 

semiconductor wafers which have been polished in a first stage 

are cleaned by the cleaning apparatus 2 2 _and then polished again 

s in a second stage. 

Combinations of the methods 1 ). - 3) and the processes 

A) - F) provide their respective features as follows: 

( 1 A): 

This combination is effective in a case where 

io different processes ___ are ~arrieo out .for .two wafer cassettes and 

a case where a pl~~~-~:i.ty of_ .Jots of semiconductor wafers are 
.· ... ~ ;. . . ~. . . . 

discharged at a hi_gh: ~hroug~J?ut ... If different.processes are 
·.: ... : · .. : 

carried out for the two wafer cassettes, then an . apparatus 

configuration or arrangement provided by· a combination of two 

is dry-in and ·dry-out .·type. polishing appar~tuse.s, for example, is 
~ ~ .. •. . •. ·... . . .. . . 

employed. Since this combination offers the greatest throughput, 

it is used: to achie\ie. a. hi.gher ·.p"roduct·i~n capability with the 
. . . . . " . 

same process being carried out·on semiconductor wafers .from the 

two wafer cassettes. 

20 (2 -A): 
'. 
• .... 

This · combination is effective to process 
; .. · .. 

semiconductor wafers .in, "one waf e.r cassette in a short period of 
. . .. 

time. This combination also allows, semiconductor TJafers in one 

wafer cassette to be processed in two arbitrary different types 

25 of processes. 

( 3 - A) : 

In the case where the time· required 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 polishing stages, if ·the two cleaning 

stages are carried out by one ar~ay of cle'aning. apparatuses, then 

the polishing capabJ.lity i.s i~wered becau~~ of the long cleaning 

s time. In this case, if the two cleaning staqes are carried out 

by two arrays of ·cleaning apparatuses, then polished 

semiconductor wafers ca·n be delivered without being affected by 

the cleaning time. . iih..is ·combination_ is .}lighly effective in this 

case. 

10 ( 1 - B) ; 
: .--·i. 

. ·: '·.·- .. 

This combination is us~d i~ a ~ase where three or more 
•. ·.·= ,_· •. : · .•. . . . ~ . ·. 

types of cleaning pr:o~ess:. are requi~ .. ~d. _atter the polishing 
. ·~. . ' .. · :_.: .. ·• :·. ·: 

process. Since the cle.a~~ng pr,oces~ is ca~ried out by one array 
. . . .. 

0£ cleaning apparatuses, the processing capability of the 
~ ~ : . . . . 

15 cleaning process accordi~g to tp,is comb~nation is reduced, and 

the combination is\iighly ~:fi~~tive in--~ case where. the polishing 
.,_·.. ..... \_.. • - . .·: ... -.~. :.:.' ~.,' . · .. • : i. . 

time is longer th.an, ~h~ cleaning . time. · · 
. ~. ~\. :.': ... 

.. 
~ - . .. 

{2 - .B): 
' . 

This cotnb.inatiori is t°ised in a case where only one lot 

20 is processed, but not a plurality of lots-:.are processed at once 

as with the. combinat,i~~- ( 1· - ·a>"~·:and offers the same advantages 
: . . · 

as with the comhina."tion ( 1 - B). 

(3 - B): 

'I'his combination is used in a case where three 
.... : :. ·.· ... · ... ' ' 

2s cleaning stages are needed as with the combination (l - B). 

(1-C): 

This combination offers the same advantages as with 

the combination (l · '."" B).. If the cleaning time in the first 
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- . 
cleaning stage is longer than the processing 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 

s increasing the processing capability. 

(2 - C): 

·As with the combination ( 1 - c) , this combination is 

used for the same reason·as the combination (2 - B). 

(3 - C): 

10 As with ~he combination ( 1 - C), this combination is 
' .)._';_ .. ~·: ~ .. ·.:. . ·:· :" · .. • .·: 

used for the same .reason as ·the ·combination ( 3 - B) • 
..... , .... · . . . . .· 

(1, 2, 3 - D, E): 

T.his co~~i~~~i~n is ~sed in ~-;~~s·e.where four cleaning 
... · ... · ·.'·. ::· ·:: 

stages are required-:in addition to the use of the respective 
... 

15 polishing chambers .. 

(3 - F): 
: ... 

. :::1n the two . ..:.staqe polishing .process, this combination 
. . ' 

is used to>·.:tr?a.nsport semiconductor wafers through a cleaning 

process before the· sec.ond polishing ·stage for preventing the 
. ·, .\ ·. ... ,·· .. 

20 semiconductor wafers ··.to. which the abrasive liquid used in the 
.... · .. 

first polishing stage is attached from bein9 polished in the 

second polishing -s~age.·. 
~- . . . 

As d.escribed above, since the polishing apparatus 

according to t~e present invention h.as the two polishing sections 

25 having the respective turntables 34 and 35, one of the polishing 

sections can be inspected and serviced for maintenance while the 

polishing apparatus.is in operation using the other polishing 

section. 
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A cleaning section has -the cle·aning apparatuses· 5, 

6, 22 and 23 for cleaning semiconducto~ wafers. While the 

polishing apparatus is .in operation usj_ng at least one of the 

cleaning apparatuses, the other cleaning apparatuses can be 

s inspected and serviced for maintenance. 

FIGS. 3 through 22 ~how processes of polishing a 

semiconductor wafer with the polishing_ apparatus shown i_n FIG. 

1 • FIGS • 3 through i 4. show a: process in which a semiconductor 

wafer is taken out from a wafer cassette CSl, polished, cleaned, 

10 and returned to the wafer cassette CSl, and a process in which 

a semiconductor wafer is taken out from another wafer cassette 
.. -. ~ . : . .·... . . .. : . ~ . . ·· .. 

CS2, polished, cleaned; _and returned to the ~a~er cas.sette CS2. 
. .• ~ ~. ~ . . ..' .· . -.. ; · .. :· .. .. 

FIGS. 15 through 22 show a process in which a semiconductor wafer 

is taken out from the wafer cassette CSl i polished, cleaned, and 
·, .! •. ;.o,... .• • • •. • .~ •• •. -· ) 

15 returned to the wafer cassette CSl. In FIGS. 3 through 22, the 

20 

wafer cas_s_ettes 1 :·a~~; :~~pi~s~rit~d by cs"i': CS2 I CS3 and CS4 I the 
~ . . . ..,. . . 

- ... i~· ·-=-:. ; ;·_: .. ·.: . . ..... . : . :.._·. ~.. : : :_.. . 

transfer robots 4, 2.0' .. and·21 ,_are.repres.ented by RBD," RBL and RBR, 

and "the cleaning a0pp~~~~-~se~: i~·;· ·. ·2;~, 6 ~1:l~i'"s are represen~ed by 
. . . ~ ·.. .· .. . . .. .. .. . . . . .. .· 

CLl, CL2, CL3 and CL4. The reversing .devices 28 and 2e• are 
.i , •.• 

represented by TOL;- and TOR,. . the turntables 34 and 35 are 
... · .. ; ... ·.· ,· : . ,; · ... ' 

represented by TTL .. · and . 'I'TR ,_ and · the. top rings 3 2 and 3 3 are 
. .. . . . 

represented TRL and T~R. ·'l'he . .wafer stages for loading in the 
.. .. 

rotary transporter 27 are represented by LR and LL, the wafer 

stages for unloading in the r-otary _transporter 2 7 are represented 
: . .• • •• •,· - ~ . ! 

25 by ULR and ULL, and the wafer supports_ 7, a I 9 and 10 of the wafer 

station 50 are represented by DSL, DSR, WSl and WS2. 
~: .. ·' :1:. . • !.· • • . ... '4 •• 

FIGS. 3' . through . 7. sho-w . two cassette parallel 
·.·.··.·:·.:.: 

·processing process in· which two-stage cleaning is performed .• 
·.·' : ' 
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·.L 
.. · 

· .... · 
. ' .... · . . _,. . . . . 

As shown in FIGS. 3 through 7 , one semiconductor wafer 
. ';)! ... 

is processed in the following route: th7·wafer cassette (CSl) 
.. . 

~ the transfer robot: ( RBD) --7> the wafer·. support of the wafer 
. . 

~ I. .. 

station (DSL} --7> the.transfer robot (RBL)--7> .. the reversing device 

s ( TOL) --7> the wafer stage · fo:t loading in ·the rotary transporter 

(LL) --7> the top ring (TRL) ·--7> the turntable (TTL) --7> the top ring 

( TRL) ~ the wafer stage for unloading in··the rotary transporter 

(ULL) ~the reversing device (TOL) ~·the transfer robot (RBL) 

~ the cleaning app~ratus ·(cLl) ~ the ·tr_ansfer robot (RBL) ~ 
.. 

io the cleaning apparatus .-(CL4l ~.the· transfer robot (RBD) --7> the 
{ . ·~ . .. : .~ .. : ./ ... ~- . '; 

wafer cassette (CSl.)·,~: .·.:·.-·. ::)·,.-._.:' .... · .... = . 

. . . ;::. ? •: -·~ .·: . . .. •. .. . ·. ~- \ · .. 

The other-semiconductor.wafer.is processed in the 
· ... · '. ..... _.... ;. 

following route: the '.w.afer. cas·s.ette: ( c;s2) :-+.the transfer robot 
.. ·•. :." ··. ·· .. ' ... 

(RBD) 4 the wafer support of the wafer· station (DSR) -7 the 
·. •.· :. : 

15 transfer robot (RBR.)-+· the. rev~rsing device (TOR) ~ the wafer 

20 

25 

. ; . . . ... ···· 
stage for loading in ·the rotary. transporter (LR) -+ the top ring 

. . . .. ; ... · ... :-. . 

(T~) -+ the turntable (T'I'R) -+ th~ top ring (TRR) ~th~ wafer 
·• . 

- . -
stage for unloading in · the . rotary transporter ( ULR) ~ the 

~-:.-: . . . -·. . . . . . -. . 
~eversing device (TOR)-+ the trans.fer robot (RBR) ~ the cleaning 

. ':' .: • ~ •.-~ :: • • . • • . ...: . '. i~ • ·: ~ .•••.• • . - • 

apparatus (CL2) -+ .. the· .transfer robot (RBR) ~ the cleaning 
. ~:} -·--·:· .. ': ... 

apparatus ( CL3) ·-7>the. transfer robot ( RBD) -+ the wafer cassette 

(CS2) I 

~. . . : .. 
FIGS. 8 . through 14 show two cassette parallel 

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

As shown in FIGS. a through 14, one semiconductor 

wafer is processed in the.foilowing route: the wafer cassette 

(CSl)-+ the transfer robot (RBD)-+ the wafer support of the wafer 
. . 

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 (TTL) -+ the top ring 

( TRL) -+ the wafer stage for unloading in t_he rotary transporter 

(ULL} -?·the reversin9 qevice (TOL) -+·the transfer robot (RBL) 

s -+the cleaning apparatus (CLl) -+the transfer robot (RBL) ~ 

the wafer support of the wafer station (WS2) ~ the transfer robot 

{RBR)-+ the cleaning _apparatus (·CL3) ~ the transfer robot {RBR) 

--;,. the wafer support of the wafer ·station (WSl) ~the transfer 

robot (RBL) -7 the cleaning apparatus ( CL4) ~ the transfer robot 

10 (RBD)-+ the wafer cassette (CSl). 

The other semiconductor wafer is processed in the 
...... . . 

following route: the wafer cassette (CS2.) -7 the transfer robot 
. ·. •. . :' . .. . . . ~ . 

(RBD) ~ the wafer support of the wafer station (DSR) ~ the 

transfer robot (RBi')·~ '~th·~. ~e~erslng device (TOR} -7 the wafer 

is stage for loading .,,):_~-"t.he. r~t-ary· tra·n.spo~-t:-er (LR) -? the top ring 
. ·., :•;.. . -~ . . . 

(TRR) --;,. t~e turntable (TTR) -7_ the .top ring {TRR) -+ the wafer 
. . . :" ~. ~ .. : :. . i ·.·· . . . . : . . : . . . : ·. . . . '.'" . 

stage for: unloading., in the ·rotary· transporter (ULR) -..;;.. the 

·reversing device (TOR);-7: th~:tr~ns:fer:~ob~.t {RBR) ~ the cleaning 

apparatus (CL2) ~- '-th.e ·tran.sf.er rob~t (RBR). ~ the cleaning 
. ~ 

apparatus ( CL3) -7 th~ .transfer rob_ot (~BR) -7 the wafer support 
. -

of the wafer station (WSl} 7 the transfer robot (RBL) ~ the 
..:. ..·. . .. . 

cleaning apparatus (.CL4·} .-? the tr an sf er robot ( RBD) -..;;.. the wafer 

cassette (CS2). 
.-.'. :; ..... · ... . : 

FIGS. ~5 throuqh 22 show .a serial processing in which 

25 three-stage cleani.ng. is. pe~formed. 
: : • ~ ~.. !;. • • • 

As shown ·in FIGS. 15 through 22, the semiconductor 
··, .. I ~-

wafer is processed in the following route: the wafer cassette 
. ' .~ . . . . "; .... . . 

( CSl) ~ the transfer-robot ( RB:Q) ~ the_~afe:r;- support of the wafer 
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station {DSL)-+ the .. transf~er ·robot (RBL)-+ the reversing device 

(TOL) -+ the wafer_ stage ·for loading in; the rotary transporter 

{LL)-+ the top ring (.TRL) -+·the turntable (TTL) -+ the top ring . ... . 

( TRL} -+ the wafer stage. for _:unloading in the rotary transporter 

s (ULL) -+ the reversiz:ig device (TOL} -+the transfer robot {RBL) 
•. 

-7 the cleaning apparatus (CLl ). --?: the transfer robot (RBL) -7 

the wafer support of the wafer station (WS2) ~ the transfer robot 

{RBR) -7 the reversing device· (TOR)-+ the wafer stage for loading 

in the rotary tra.~s~~r~et (LR>,.-+ the 'top ring {TRR) -+ the 

io turntable ( 'I'TR) ·.-+ ·the top ring (TRR.} ·-+ the wafer stage for 
.s_\;. ~·,. :: - .. : ,. . . .-:· ." . ._. :; . . . ·. . ·. . ~ . 

unloading in the rotary transporter (ULR) -+.the reversing device 
'. :·; .. :· ·:. ::. :· -~--~ . ·.. . . ~ : -:-., . 

(TOR)-? the transfer· robot (RBR) ~ the cleaning apparatus (CL2} 
. : . . . . . .-

·, • ... oi:· .,• •• '.-· • • .. : •· . • . • ;. . ~. • •. • • 

-+ the transfer robot.' fRBR) -+ the. cleaning· ·apparatus (CL3) -+ 
.. . ... . ·,; :· · .. ·.. . . . . ·. ·.'. -.:,,..:·-. 

the transfer robot (RBR) ~ the wafer support of the wafer station 
. ·' · .. 

~ ~ . . 

15 (WSl) ~the transfer robot (RBL)""" the cleaning apparatus (CL4) 
- -· .... -

~ the traijsfer robot (RBD) -+ the wafer :cassette (CSl). 

in example.s · ~hown in FIGS~ · 3 through 22, it is 

described that one semi~onductorwafer is takeri out from the wafer 

cassette (CSl), and'another'semiconductor wafer is taken out from 

20 the wafer cassette .. (CS2) ~- · However, the wafer cassettes (CSl} 

and ( CS2) may be used .. for· dedicatediy supplying the semiconductor 

wafers to the turnta_ble (TTL) , and the wafer cassettes ( CS3) and 

25 

• .. 

( CS4) may be used for dedicatedly supplying the semiconductor 

wafers to the turntable (TTR).· 

Next, the components· of the polishing apparatus shown 

in FIG. 1 will be described in detail below. 

LOADING AND UNLOADING SECTION 

FIGS. 1, 23A and 23B are front and side elevational 
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... : 

views of the loading and unloading-section~ 

As shown in FIGS. 1, 23A and 23B, the loading and 

unloading section has ·fou·r load-unload stages 2 each for placing 

a wafer cassette 1 (open cassette). The load-unload stages 2 

s have a positioning mechanism in the form of a block configurated 
1.. • . ' 

to match the shape ·of a lower portion of the wafer cassette 1, 
. ~ ·.· . 

for holding a wafer ~assette· in the same _position at all times 

even when the wafe.r; cassette is repeated~y_placed thereon. When 

a wafer cassette is. pl.aced, _in a proper position, the presence 

10 of the wafer casse~te is . dete~ted by a· l;:>utton-type sensor. A 

pair of transmission .. type light sen_sors ·3.51 are positioned above 
:.'. · .... 

and below a wafer .. cass.ett~ such that light between the 
·. · ... : .. ~ ·.; . . ·- . . . 

transmission typ·~ light s.ensor~ 351 is bi~cked by any wafer that 
. : .. . ~ : :.-:":. .. . . . . : . .'.. . .. ·. . ·. . . : . . . . 

projects out of position. Therefore, the transmission type 

15 light sensors . 3s(':~«ih. :detect.' a~y s~.j..conductor wafer that 
. :·, ,r; ·... .. . ·, 

projects qut o~ posi"t:ion ·a:nd det-~"=anine 'whether semiconductor 

wafers are :properly:::~la~ed · i.n: re~pec"t.i.Je ·slots in the wafer 

cassette. 'If any ·se;miconductor. ·wafer.:= :that projects out of; 
•'·. ·_;·_ .. 

position is detected, then. an interiockirig mechanism is operated 
. . . 

20 to control the transfer. robot 4 and a ·search mechanism 352 so 

as not to access the loading and unloading section. 
. · ·.· . 

Dummy wa·fer ·stations . 353 are disposed below the 

respective load-unio,ad stages · 2. Each of the dummy wafer 
. ·. : 

.. : ~. . 

stati~ns 353 is_ capable of placing one or more wafers thereon, 

2s and can hold a dummy wafer. for use in stabilizing a polishing 
~ . ·. : . ' . 

cloth before a product wafer is processed and a QC {quality 
., ... . . . . . 

control) wafer to be delivered_for .c~n~irming the status or 

condition of the po_lishing apparatus. Each of the dummy wafer 
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. : ~: .: . 
stations 353 has a pair of wafer detecting s~nsors 354 for 

confirming the pre.sence ·of a semiconductor wafer therein. Each 

of the dummy wafer stations 353 also has a sensor for detecting 
.. . . 

. . 
a semiconductor wafer that projects out of position, but the 

s transmission type.light sensors 351 may be also used as such 
'" 

sensors. I-f no wafer cassette is placed on the load-unload stage 

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

stations 353 may be .i:ifted, · a~d a wafer- m~y manually be placed 

on the dummy. waf:~r .. station. : 353., According to a standard 

10 -procedure, after a·"'1'.afer cass:ette-with wafers inserted therein 
... · . ·• 

is placed on any .one:. of the· load-µnload.· stages 2, wafers are 
-. . -· .. . 

searched for, and an.~·ins.truction .is s.ent. from a control panel 
. :,. . ..... 

to indicate which ~a.f~r J.s. to. be sent to th~ .selected dummy wafer 
. I • • • 

station. Then, the selected wafer is delivered from the wafer 

15 cassette to the dummy wafer station by the transfer robot 4 which 
. ..,. ,.. 

can access both the wafer casse:tte and ·the dummy wafer station. 
:· ·.·. 

A wafer search ~echanism 352 is disposed belo~ each 
.. • y"'. 

of the load-unload stages. 2, .and· each of th~ dummy wafer stations . 

353, ·if any.. The;· wafer sea~~-h mechanism 352 is vertically 

20 movable with a pai~:···of wa.fer sea~ch sei{so.rs 356 mounted on the 
: ~ - . 

tip end thereof by ·a .. driving source. 3ss c'omprising a pulse motor • 
. . . •' 

While the wafer search. mechanism 352 is. not in a wafer search 
·.·. 

operation, the wafer search mechanism 352 "is kept in a standby 

position within the apparatus for avoiding interference with 

25 other· operating members. The wafer search sensors 356 are 
.. 

disposed in confronting rela~ion to each other such that light 

traveling therebetween passes.horizontally through the wafer 

cassette as viewed from a side of the loading and unloading 
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section. While the wafer search mechaI).ism 352 is in a wafer 

search operation, it. moves .. fro~ a position b.elow the dummy wafer 

station 353 to a position a:boy-e a final ~lot in the wafer cassette 

in a reciprocating ma~ne.r, counts .the number' of times that the 

s liq ht is interrupted by ~ semiconductor wafer for thereby 

counting the number of· wafers in the llclafer cassette, detects the 

positions of the semiconductor·wa-fers_ from the-pulses of the pulse 

motor as the driving" source,· and determines which slots in the 

wafer cassette the semiconductor wafers are placed in. The wafer 

10 search mechanfsm 352. also-has' an oblique wafer detecting function 
• .. ·. . · .. 

to detect an obliquely inserted wafer when the light between the 
·. ..: •. " ·. . .. . - .. · .. ~ . ! . ;'I: .. . • • 

wafer search sensors· 356 is interrupted for the ·time 
. ., ·.'. :·. "t •• •· : :: • • :: •. ;._: .'·~ •••. ; • .. • • 

. corresponding .to the ""nrimber -of pulses t~at is greater than the 

number of pulses co~r-~~i)6ndi~-~ -i~ -~he. ~~acing between the slots 
. ': ·:· ·;:~(~ . :;.·. : ···:· •·. . ·: ,. ;· .· 

15 in the wafer cassette which has been stored in advance . 

~.-.·~-···"': .···.~ 

cylinder is disposed~ b~tween- an. ·openi~g in ·the wafe~ ·cassette 

. ' .... : ·... . . : . 

A shutt~r-- 3.5-7 that :1-s vertically movabl~ by an air 

...... 

and th~ apparatus for thereby: ·~-eparatin9 t~e· cassette placing 
~ . · .. 

area and the inter.io·r-of the ap-paratus •. The.shutter 357 is closed 

20 e;,ccept when the transfe~ -~·obot· 4 transfers the semiconductor 
:·-·· 

wafers to or from tn:e·,waf.~r cas-sette~ 
. .. . .. 

.· ... ,·· 

A partition 358 is disposed 
·· ........ . 

between the ~oad~uni~_-~_d_ stag.es i -~_rr~yed in front of the apparatus 
.. . . 1. ' : . : • . : : • • .~.- ·•: 

for allowing the opera_tor to access the processed wafer cassette 
. . ~ :. . . . .. ~ . ./' 

for replacement without touching an adjacent wafer cassette which 
.. : . ~ . 

2s is in operation. 

The load7unload sta_ges 2 h~ve respective front sides 
: . ~ .. .. 

separated from the ext~rior of the appar~tus by a door 360. The 

door 360 has a lock mechanism and a sensor 361 for detecting 
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.. ;;. -·· .... .:· ... 

whether the door is open or closed. While a wafer cassette is 

being processed, the .door 360 i.s l.ocked· by. the lock mechanism 

to protect the wafer: cassette and ·avoid da·nger to the operator. 

When the door 360 is l~ft open for ·.a certa·in period of time, an 

s alarm is issued. 
·., 

There are two methods ·of placing a wafer cass.~tte in 
. . - . .... ,,. 

the loading and un~oading section~ 
. . ·: ·'·. 

(1) According to one.method, a wafer cassette housing 
: . ·· .. . . . . 

semiconductor wafers . -is ·placed directly on a wafer support 
-.. :. · . .-:· ··.· 

10 portion. This process is employed when a chamber of a clean room 

facing the l~ad.ing ·a~d··unlo~ding section:is relatively clean, . . 
.. • . __ .... • •. , •• !- .:· .• : :.:.· .: ·~ ~ .;· :·· ,· ... 

i.e., has a class 100 c·lean room environment or lower, for 
. :~ ~ .~: ... · . .-·/.~.~ .. t •. ~- •. .·• ~;. .r..::;:· ! 

example. 
... :.· ... . ·i• ;: ' .:·· ·~· 

(2) According· to another method, when a chamber of 

15 a clean room facing. the · loading and : unloading section is 
... :~ . 

relatively_ dirty, ±:. e., .ha·s .a .class 100,0 clean room environment 
...... 

or higher,. for example~· the wafer· cassette is placed in a box 
. . 

which is controlled, in .. about.·cl~ss ioo clean room environmen~, 
:=·: ': ·: ~· .; 

and delivered in the·c:lean room .and placed on the loading and 
.. · ;.' 

20 unloading section •. · · 
. . . . . 

If .the J;R.e.thod ( 1) .described ·;above is employed, a 
. ~ . 

filter fan unit 10000. is -mounted on the ... loading and unloading 

section for keepinq th~ wafer support portions clean at all times. 
. ' 

FIG. 24 shows another loadinq and unloading section 
. . . 

25 which. is operated according to the method ( 2) described above. 

According to the method (2), a wafer cassette 1 is housed in a 

box 367 and placed on a .l?a_d-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 plate 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 arid th·e bottom plate 363 are 

s locked to each othe·r, the load-unload stage 2 and the box 3 67 
...... 

are held in. intimate contact with each other, and.the box 367 

and the bottom plate 363 are· released from each other and can 

freely detached· from each other.· 

'I'he stage 366 has a lifting _mechanism 362 for lifting 

10 and lowering the stage 36.6 and the bottom plate 363 on which the 
.·.· ... ; .·: .. 

wafer cassett~_· 1 i~ J?~at:e~. when. it is confirmed that the stage 
.. · . ;~. . . 

.366 and the bottom :plate 363 a:c:e locked tc::>. each other, the stage 
.. ~ . ~: .. ·· ... . . :·: . . . . . ~.. . .. 

366 is lowered to lntrociuce the wafer cassette 1 into an apparatus 
'•.··;: . . . . . 

·;·- ~-v=--- :-. ~· .. _· . . .. 
interior 364. If the apparatus interior 364 is kept clean, then 

. . .. . . . ·~· 

15 the wafer cassette 1 can be carried into _the apparatus interior 
•.. -:·· • : : • .... • . • • .. , ?. • .. • 

_364 without being exposed to ap. exterior atmosphere. 365 whieh 
~ ' 

is dirtier. than the. appar.atus ··int~rior. 364. .By allowing the 

transfer robot 4 to move. •to a :position adj-acent .to ._the wa~er 

cassette 1 to receive semiconductor wafers in the wafer cassette 
. . . . . . 

20 1 located below the l~ad-unload stage 2 ,. the semiconductor wafer 
; .. =.· .- •• 

can be fed into the .. polishing· apparatus • 
. ~ ; ~ .. : 

CLEANING APPARATUS 
. . 

Of the cleaning apparatuses mounted in the polishing 

apparatus, the cleaning .. apparatuses 22 and·23 have a roll-shaped 

2s sponge rotatable about its own axis ·and pressed aqainst a 
. ,. 

semiconductor wafer to clean the .. reverse side of the 

semiconductor wafer. For cleaning the face side (polished 

surface) of the semiconducto.r wafer, the cleaning apparatuses 
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·--.. ~ .. . : ... ·. - . 

22 and 23 may have a. roll type cleanin.g meeha~ism for rotating 

and pressing a roll-.s_b~ped sporig:e against the semiconductor wafer, 

or a pencil type c+~aning .~echanism for. ro_tating and pressing 

a hemispherical sponge ~ga-?-nst the semic~nducto~ wafer. Either 

s one of the two types can be seJ,.ected. Further, a megasonic type 

cleaning mechanism for cleaning·the-semiconductor wafer with a . . . . ... 

cleaning ii,quid to· which u.ltrasoriic vibration i~ applied may be 

added. The cleaning ~-pparatuses 22 :and 23 serve mainly to remove 
. · .. · . 

particles from the semiconduc·tor wafers. Regardless of .the type 

10 of the cleaning app~;~t~s ~.each of the c-l~aning apparatuses can 
}.~.-::·.-:':·~ :. --.: .. : .. : ... - .. ·· :::.·i.-~·: 

supply three or more· kinds Of. cleaning ·liquid to the face 

(polished surface) a~~-~~ve'r~e· ~id~~ of i:he.·s~iconduc.tor wafer. 

The cleaning liquid.·: ~ay·:~6inpri~e·.·pur~. ·:~~ter • 
.. ·· _ .. , . 

·Each of the ·91·e~-ning apparatuses s and 6 is capable 

15 of rinsing the . reverse · sj_de. of.· a sei;n"i_conductor wafer. For 
'·. 

cleaning the face side of the:~~icondu'ctor wafer, the cleaning 

apparatus~-~-· 5 a~d -~--~~y···~ond~~t: ~le.ani~g by. the pencil type 

cleaning mechanism;. f:6:r .. rot·a:ti~g· and. p:r:~ssing· a hemi"spherical 
.: ·-:· ... -

sponge agains_t the _s;emj,conducto"r w~fe:r.·· ~nd cleaning by the 
... ~ . . . . 

20 inegasonic type clea~.~~9-1nechan;ism ·for ciea~lng the semiconductor 

wafer with a clean~~9: iiquid t~ wh.ich.· uit~~_sonic -..ribration is 

applied. Each ~f .the cleqning appara~~~es 5 and 6 can supply 

three or more kinds of.cleaning liquid. to the face (polished . ~ . . . ; 

surface) a~d reverse sides of the semiconductor wafer. The 

25 cleaning liquid may comprise pure water. A stage for chucking 

a semiconductor wafer may be rotated .at a high speed, and has 

a function for dry~ng a cleaned wafer. 

Instead of the megasonic type cleaning mec~anism, 
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10 

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 S, 6, 

22 and 23 have respective openings associated with respective 

shutters S~, Sb, 6a, 6b, 22a and 23a which can be opened only 

when the semiconductor wafers are to be introduced therein or 

removed therefrom. The openings with the shutters Sb, 6b serve 

to allow the cleaned and dried semiconductor wafer to pass 
:· ... ·' :: ... .. 

therethrou9h. That is, the polished, cleaned and dried 
~ -~· -~:- . : 

.. ···• 
'•' ~ 

semiconductor ·wafer. ·may be transferred from the cleaning 
.! . · .•.. .' ~ . . 
.. ~ I • • .a•• • • •• ' ·~ .. •: "• 

apparatuses 5, 6 through the openings with the shutters Sb, 6b 
. . . 

>:=· ... -··.~·· ... · .. ·.· . . . :· 
to the wafer cassette .1 by the trans fer. robot 4. Further, the 

·.• :· .. ;._ . . ; . 

15 polished, cleaned. and dried · semicon.ductor wafer may be 
. ·· ...... . 

transferre,~ from the cleaning apparatuses 5, 6 through the 
.. . . 

openings with the shutters ·.Sa, 6a and· the wafer station 50 to 
• • • .a." ' 

the wafer. cassette 1 · by the .. transfer. robot 4 • 
. ···.' 

Each of the cleaning apparatuses 5, 6, 22 and 23 has 

20 a plurality of cl~~~ing: ·liquid supply lines associated with 
·. -~ . : ::. 

constant-rate flow ·:valves that ·can be controlled by an air 
..... 

pressure. With the ·.constant-rate flow valves combined with 
. ~ .•. ·- ." \,, .... 

electropneumatic regulators for controlling the air pressure, 
.. .:-- _; . 

the flow rate in the cleaning liquid supply lines can freely be 
. . 

25 established from a control panel. Cleaning liquids supplied to 

the cleaning apparatuses, and cleaning processes and cleaning 
.. ; ~ 

time therefor can be set from the control panel. 

Guides are mounted on ·a base of the cleaning chamber 
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{area B) , and the clean'ing apparatuses are mounted in the guides, 

so that the cleaning· apparatuses can easily be replaced with 

different type cleaning apparatuses~ ·There are provided 

positioning mechanisms . for placing · replaced cleaning 

s apparatuses in the same position. 

10 

AIR FLOW 

,:The polishing apparatus is divided into four areas 

including the loadi~g .··and."· unioading. section (area A) I the 
.... . . . - . 

cleaning chamber (ar~a B), the_polis~~n9 chambers (areas C and 

D} .. 
-- .· .. •'·.· .. 

. . . ~ .... · .. ... . . 
Air flQ~~ in the.polishing cham't:>ers (areas c and D) 

·: .. ··. ;" : . . . .·· •. . .· 
are classified into. four air flows. The· first air flow occurs . . 

.. 

around the turntables for.the purpose of preventing dust such . . . . . . 

as slurry from being scattered. The second air flow takes place 
... ; ·.: .... .- . ·. . - : 

is around the pusher for the.purpose of prev~nting mist of cleaning 

liquid produc"ed when' the semiconductor W'afers, the pusher and 
·:.... . . ·; :·· . . . . .. 

the top rings ·'ar·~, ·C:.iean~d,. l~:.-··the' pu.sher ·region from being 

scattered. The th.irti"'"air-.fio_w.is caused :in the entire wet region 

in the polishing ch·~~ber~ by openin9. doors leading to the wet 

20 atmosphere in the ·polishing chambers . ,and simultaneously 

discharging air from·the entire wet regiori for preventing the 
. . 

wet atmosphere from going out of the·polishing chambers when 

expendables such as· polishing cloths ·are replaced. The fourth 

air flow is developed to draw heat discharged from motors and 

25 other· control units. Since all the air flows are created by 

exhausting air in the polishing chambers ~o the exterior thereof, 

the overall polishing ch~mbers develop a negative pressure 

therein as compared with the pressur~ developed outside the 
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polishing chambers. For producing the third air flow, in order 

to discharge air at the same time· that the doors are opened, it 

is necessary to automatically open dampers in response to signals 

from door sensors. -To meet such a requirement, actuators are 

s attached to the dampers for opening and closing the dampers. 

10 

Other exhaust air ·passages_ have dampers for 

regulating the respective amounts of exhaust air. The amounts 

of exhaust air in the resp·ective exhaust passages are regulated 

by the dampers to achieve an overall di~charged air balance. A 

pressure switch ~s disposed- in an air discharge port of the 
. . .· . 

. ·· .. 

polishing apparatus for enabling the polishing apparatus to issue 
. · .. :: ~. ' .. . . . :... _; .. '. . .· . ,·. · .. : . . . . : . 

an alarm or shutting off the polishing apparatus if no air is 

discharged, so that the po~ishing apparatus can be operated 

safely. 
.... .. . ,, . 

15 FIG. 2 5 shows air fiows in the. cleaning chamber {area 
->· ,·. · .. '·· 

B). As sh9wn in FIG. 25 ~ a st;ructure: :f~··r producing air flows 
' .. . .. . .. ·. . ··' ·~ .. 

in the cleaning chamber .. (area B >. includes a filter fan unit 194 

comprising a filter 190.,(e.g., an ULPA filter or. a HEPA filt~r) 
. . . . . . . 

and fans 191 which· are mounted on the ceiling of the cleaning 

20 chamber (area B.) , . a d~c:( l 9:J .for retu~nin9 air in the cleaning 
j"• : • •• 

chamber (area B) to. the. fiiter· fan' unit 194 to circulate air, 

individual air di~~ha~~~ p~ss~g~s 197 for discharging air from 
~. . . . . 

the four cleaning apparatus~s, and ·an air· i~let port 195 combined 

with the filter fan unit. 194 •. A chemical fi~ter may be added 

25 for removing ions (e.g., NH4 ·, K~, etc.} . contained in the air. 

Air is supplied into the cleaning chamber (area B) 

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

194, and introduced as a downflow adjusted by a mechanism 198 
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for regulating the air tlow: rate o:e the fans. 191. The mechanism 

198 comprises an inverter .an~ a thyristo~ ... controlled AC power 

requlator. Air E dischargec\. f~om,. .the cleaning apparatuses is 

introduced from the..a~r inle:t_ ,port 195 combined with. the filter 

s fan ·unit 19 4 into the cle.aning chamber (area B) . · Air F other 
. . . 

than the air discharged from_ the ~leaning apparatuses is 

delivered via the duct 193 to the filter fan unit 194, and passes 

through the filter 190 as clean.air. that is returned to the 

cleaning chamber (area B) for air circulation. The air pressure 
. ··~ ... 

10 in the cleaning chamber. (area B) is adjusted by the opening degree 
. . . ... . . . . :·· ·. :' :· . ~ 

of a damper 192 which is dispo~ed in the duct 193. 

'l'he air from. the cie~ning app·~~-~tuses is discharged 

via the individual air di~charge passa.ges. These individual air 
.• ·~_-_.'. ·:. . :·: . . ... -," I ·. . . .. . . . • : . . : .: . 

discharge passages may be combined together for discharging the 
• .• ~ •• ··. . • ~- . .:. : . . t ... . • • . 

15 air from the cleaning apparatuse.s if cle~ning chemicals used in 

20 

the cleaning appar~tus.es ··do .n:~:t: p:~~duce an adverse effect due 
•. i : .. -·:. ;. ~ . ; 

to a chemical reaction therebetween .. · Dampers are disposed in 
: .·! 

the respective air discharge p.ass~ges .. t~ p~od~ce balanc.ed amount~ J 

' ~ :. . .. : 

of discharged air .... 
. . . .. : ~ -

A structure .fo~ producing-air flows in the loading 
·- . . . ~ 

and unloading section (area A) is ~he same as the structure for 

producing air flows in th_e cleaning chamber (area B) except that 

the individual ~ir , discha~ge passages from the cleaning 
. ;- . 

apparatuses are dispensed with. The process of regulating the 

25 air fiows in the loading and unloading section (area A) is also 

the same as the process of regulating the air flows in the cleaning 
, .. 

chamber (area B) except that the air 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 cleaning chamber (area B ) .. 

The air in the polishing a~paratus is circulated by 

the return duct 193 and reused via the filter 190. Therefore, 

the amount of clean air introduced from the clean room into the 

s polishing apparatus is reduced for saving energy. 

Air flows in the entire pol;ishing apparatus are 

regulated such that the air pressure in. the load.l,ng and unloading 

section (area A) where a ·highest level of cleanliness is required 

is highest, and progressively lower in.the order of the cleaning 

io chamber (area B) a~d the polishing chamber·s (areas c and D) •. If 

15 

. •. : .. 
the level of cleanliness in the cl~an ro·om is lower tha·n the level 

of cleanliness required for.the ~~ico.nductor wafers, then the 
. :·; · .. · . 

air pressures in the ·ent~re polishing app~ratus can be regulated 
~-.. ' .. : .. ·. 

to make the air pressures in the polishing apparatus h.igher than 
. : . •. . . : . 

the air pressure in the clean room. If the level of cleanliness 
. . 

in the cl~an room is equal tp .or higher than the level of. 

cleanliness required "to~: the, semiconductor wafers,. then the air 

pressur~s· in the entire polishing apparatus can be regulated to 
. . . ·.. . 

make the air pressure_~ ·iri. the polishing ~pparatus lower than the 
. : ·: t ' ; : ~ ~ • 

20 air pressure in the .clean room • 
• : • ··~:·, I "' • • 

TRANSFER ROBOT · 
. : . . :-:· ... . . 

FIG. 26 is a side elevational view of the transfer 
.. 

robot 4. As shown in FIG. · 26, the transfer robot 4 has a 8-
.. 

axis 120 for rotating a robot body, ,~n ~l (upper hand) and R2 

2s (lower hand)-axis 121-1, · 121-2. (i.e. X-axis, Y-ax·is) for 

extending or contracting the hand, a z-axis 122 in a vertical 

direction, and an X-axis 123 in a direction in which the wafer 
:, .. •. 

cassettes are arrayed. The z-axis of the robot may be 
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incorporated in a robot body .124. The upper and lower hands may 

have respective vacuum line.s therein, and may be used as a vacuum 

attraction-type hand. Further, in order to prevent the reverse 

side of the semiconductor wafer 101 from being contaminated, the 

s upper hand may comprise a thin recess support-type hand 125 made 

of ceramics for supporting the peripheral edge of the 

semiconductor wafer. The thin reces.s support-type hand 125 is 

effective if used in .a_<transfer p~ocess ·for. removing wafers from 

the cleaning apparatuses 5 and 6 and retur"ning the wafers in the 

10 wafer cassette 1. That is, the thin ·r~cess support-type hand 

125 is preferable for transferring-the semiconductor wafers which 
.... : . · .. :'· ., •· .. 

have been cleaned.·. ·1:i:· ther·e ~::;; provi~ed a thickness measuring 
. : ~ .... : .. · .. _; ::· ; ~.; ... ;· . 

unit for measuring the thickness of :a layer on the semiconductor 
. -~. . . 

. . 

wafer, then the thin recess support-type hand 125 is used to 

15 
: : ~~: .~::· : . ... . .. . . . . .· . 

transfer wafers to ·.and from the thickne~s ·measuring unit. 'I'he 
·'-:'. .. ~- r .· ~ · .. : . . . . . ·.. . . = .. 

lower. ban~. comprises a .. vacu~m attraction-type hand 126 made of 
.· .. : 

ceramics and. having'·:~~o . s~pport. portions ' ... :branched from a. hand 
; . '! 

body. The vacuum attraction-type·· ha:rid' .. 1.26. ha=;; a vacuum line 
.... · 

. -
therein. The hand 126 serves to take out a semiconductor wafer 

20 from the wafer cassette. l.a~d to tran~fer the semiconductor wafer 
.. ···: ... : 

to the wafer station 5 O • . 
. . ..... 

FIG. 27. «is a .perspective view of the transfer robot 
. . : .::·=·:.' ·.-·. . . .- .. ·:. . 

20 or 21. As showr{ in F·IG. 27,. the transfer robot 20 or 21 has 
·.· . 

a 8-axis 120 for rotating a robot body.., an Rl (upper hand) and 

25 R2 (lower hand)-axis 121-:1, 12·1-2 (including x-axis, Y-axis) for 

extending or contracting the hand, and a z-.axis 122 in a vertical 

direction. Further, ._the upJ_)er hand 125 and the lower hand 126 

are the recess supp.art-type hand. The upper hand 125 of the 
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transfer robot 20 can access the cleaning apparatus 22, the 

cleaning apparatus S, and the wafer supp!Jrt 9 and 10 of the wafer 
. . . . : 

station 50. The lower hand 126 of the transfer robot 20 can access 

the wafer support 7 of the wafer ~tation SO, the cleaning 

s apparatus 2 2 , and the reversing device. · 2 8 . Further, the upper 

hand 125 of the transfer robot 21 can access the cleaning 

apparatUS 23 I the Cleaning apparatUS 6~ arid the Wafer SUppOrtS 

9 and 10 of the wafer station SO.· The lower hand 126 of the 
' 

transfer robot. 21 : c:an ·access'. the' wafer supp9rt 8 of the wafer 

10 station so, the cle_aning apparatu~ ·23 ,· and the reversing device 
. .· . : --~ . ~ 

28'. In FIG. 27 I 1::l1:e. upp~r h:and 125 and "the Tower hand 126 are 
... : ·. 

shown as holding the. semiconductor waf·er: 1O1, respectively . 
. ·' ..... 

WAFER STATION 

· FIGS. 28A through ·2sE show the wafer station. FIG. 
. . . . 

15 28A is a front elevational view of the ~afer station, FIG. 28B 

20 

is a side ~levatio-~ai ~.iew ~f· th.e wafer·· station, FIG. 28C is a 

view of the. waf~r ~~~t.i.6n.·.·.as. viewed in. the direction .indicated 
~-. . . . . . .· 

by the arrow I, FIG •. _28D is a.view.of the·.waf.er station as viewed 
·.:.•I; ~_.: : " . ", • {. 

in the direction indicated by.the arrow II, and FIG. 28E is a 
. . ' . ~ ; . 

view of the wafer static~. as ~iewed in the direction indicated 
... ~. 

by the arrow I.I I • · 
~ .... -:;· '. 

As shown in FIGS~ 28A through 2BE, the wafer station 

SO comprises the wafer supports 7, 8; 9. and 10 capable of 

simultaneously holding four wafers. The wafer station 50 is 

25 roughly divided into dry stations composed of the wafer supports 

7 and 8 which are h~r~~ontal~y spaced ·from each other, and wet 

stations compo.sed of the wafer supports 9 and 10 which are 

vertically spaced from each other. 
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The dry st.atiQns 7 and 8 serve as a wafer support for 

temporarily supporting ;a .se~iconductor: wafer ·befo.re it is 

polished. The dry.statiqn 8 can be accessed by the transfer robot 

4 and the transfer robot. :21', and allows a semiconductor wafer 

s transferred from the transfer robot 4 to the transfer robot 21 

therethrough 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 therethrou9h which transfers the 

10 semiconductor ·wafer to the left-hand polishing section. Since 

15 

20 

.... "!.' •:. : ; .•• ·: • 

the wafer supports.a:re provided respectively fo~ the transfer 
. .. '\-..!.-_:..(:·_~ •. :~ .. :, _._:·~-·., .. : . ··' ·.·· . 

robots 20 and 21, dedicated routes to the respective polishing 
:::.i , .. 

chambers are ·availab~e to supply the semiconductor wafers to be 

p~ocessed to th~ ;~Ii~·hin~ ,~hambers at ·all times without being 
. . : i . .. ~ .. ~;" ·,. :."· .. •: t. .• 

blocked by a longer polishing time on one. of the turntables than 
. .;. I·"·· i.•. o• ·• • • • • 

on the oth~r turntable when .the p~li~hin9 times in the respective 
.. , -. 

polishing processes. c:>n .-the, ·t{irntables dfffer from each other -
• • • . • 1. • . • ~ ! ' 

The semiconductor .. wafers. tak~n. out from the wafer 
·. -· 

cassette under vacuum attr~ction by the transfer robot 4 are 
-- .. .... 

transferred to the .dry. stations 7 and -8. Since the positional 
. . 

.:;. ; .; ·;.... ... ~ ... 

accuracy of semicon.duc:to~ waf er-s· in .th~ ~a fer cassette is not 
. . ·:. 

•:: ..... ." •r •. '• ! • : • 

so hiqh, the positional :accuracy of a ,semiconductor wafer held 
. • .. 

by the vacuum attr~ctioll hand of the:robot is not so high. In 
: :· . ·.~ .. : ' .• . . 

order to absorb such positional accuracy errors and allows 

is semiconductor wafers to be transferred to and from subsequent 

robot hands, guide blocks 78 and 79 for· placing semiconductor 

wafers thereon have p_ositio~ing tapers -1~0 for centering of the 

semiconductor wafers. · Since .·wafer deviations in the wafer 
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cassette are larger than in other mechanisms, the vertical length 

of the tapers of the guide blocks need to be large. The transfer 

robot 4 positions its lower hand within the guide blocks of the 

dry stations 7 and B, and .performs the vacuum break of the hand 

5 to drop the semiconductor wafers therefrom, and to transfer the 

semiconductor wafers to the guide blocks by. which the 

semiconductor wafers are centered. The dry stations 7 and 8 have 

transmission type lfght sensors 71 and 72, respectively, for 

detecting whether there- is a semiconductor wafer or not in the 
· .. ~.. . . . 

io dry stations 7 and a .• · 
· ... · .. · ... . ··:-- :/. ·. . : ... ·: •, 

Because· the dry stations 7 and 8 are positioned 
·,·, ;_ ~ <~·: ~ ·; .. 

intermediate between.the ·cleaning area and the dry area, the 
. . . · ... 

~ .. :• . .. .. ~ . ~ . 
shutter 11 is prov-ided to separate those areas from each other 

..... :.. . 

in order to prevent the atmospheres in the areas having different 
. ,. 

~ .· . . ... .. .. . 

15 levels of cleanliness from being mixed with each other. The 

shutter 11 is normally· .~los
0

ecf., but is. opened only when the 
. • :. -· · .• ··. . ...... ·· .. = . .-···. • • • .. . 

transfer robot 4 gains access to: the.dry stations 7 and 8. 
. . "; . :. : 

. The· wet stations 9 and 1 O serve as wafer suppqrts for 

supporting the semi~bnductor"w~fe~s which have been polished. 

20 The wet stations 9 and .10 can be accessed by the transfer robots 
. . . . . 

20 and 21, respectiv.eiy-, and "a11o'w the. semiconductor wafers to 

be trans fer red between the trans fer robots 2 o and 21 . The wet 
. . . . . . 

~tation 9 serves as a wafer support for._pl-acing a semiconductor 

wafer which has been cleaned at least once, and the wet station 
.. 

25 10 serves as a wafer support for placinq a semiconductor wafer 

which is subjected to a cleanin.g.process .whose number of cleaninq . . . ; :: ... 

stages is smaller than that ·of the semiconductor wafer placed 
. ' 

on the wet station 9 •. Inasmuch as the wet stations 9 and 10 are 
.... :.-
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used separately depending on the level of ~leanliness, it is 
. . 

possible to prevent contamination from being diffused via the 
t• 

stations. 

Each of the wet stations 9 and 10 has a wafer guide 

s comprising pins, and is compatible with both a semiconductor 

wafer having an orientation flat and a sem,iconductor wafer having 

a notch .. Since the wet stations 9 and 10 are of a structure having 

pins for point-to-point contact with .the semiconductor wafers, 

they are effective to prev~nt contamination from being diffused 

io via the stations ..... ·~he w~t ._stations 9 -~·nd 10 have transmission 
·.;· ·\.;,·_~·. . . .. .. . . . 

type light sensors __ 7_3 __ ~nd }_41 . ~~spectively, for detecting whether 
. -? •• • • • • ~- • • • • • • • •• 

there is a semiconductor wafer or. not in the wet stations 9 and . .... .. . .· . . . ·. . . : . 

10. 
. ... . . : ·~· .. ~ .:. .: . .. ,, ., : :,. . '. . .. . .. • . ' . 

·The wet stations have.respective nozzles 75 and 76 
. <;.) .. :. :·· .... ... :·.-:: . . · · ....... ~ . :• ~ .• ·._:· .. '·:· .. , 

15 for preventing semicond_uctor wa~ers from }?eing dried and cleaning 
· ..• - . - . . • . .. .•. ., . ·. : .:··~<'.:-:·:: ·1 '·. · ... 

·the semico~ductor wafers by supplying _a cleaning liquid to both 
. ·: ~ ··,,,.~~-. . : .,. ; . ·.• 

upper and l_ower surfaces. of the s~iconductor wafers. A local 
. ;.•,. . 

air discharge line is provided for p~~ve~~-i~-9 ~ist of ~he cleaning 

liquid from being ~catte~·~·d. arou~d from'-th~ inte~ior of the wafer 
~ ~: . · .... :'. ·..... . .. . . . . ... 

20 station 50. The c+eaning liquid may be any of various liquids 

including pure water·,:) ion ~at.er.or. the iike depending on the type 
.. . ... ··· ...... ~: : ... ... . 

of layer (film) to.be· cl~a~ed. 
. . . 

In order.:to· make ·the wet st.ations water-tight, the 

wet stations have the shutter 7 7 disposed at the opening for the 
. . . ...... ·. 

25 transfer robots 20 and· 21 .to transfer the semiconductor wafers 
• .... 

. .. 

therethrou9h, the shutter 7_7 .being verti_cally 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 device, and FIG. 29B -is a side 

elevational view, partly in cross section, of the reversing . . 

s device. Since the ~eversing devices 28 and 28' are of an 

identical .structure,· only the re-yersing device 28 will be 

described below. As shown in.FIGS. 29A. and 29B, the reversing 

device 28 has a pair of° arC:uat~ arms 230 supporting a plurality 
. . . . . 

of (e.g., six) pins· 231 fixed thereto which have grooves for . . .. 

10 clamping a seinicondu·ctor wafer therein. '!'he arms 23 O can be . ' . . . . . . · .. 

opened and closed in.response to movement.of a shaft 234 that . .( ~- . ·. . ,. . . 

can be pushed and pulled by a~r air cylinder 232 and a compression ··. . ,•· . . . .. . -
. . . . . ~ 

spring 233. When the air cylinder 232 is extended, the arms 230 
. . . . . 

:. ,· 

are opened thereby;· When the air '.=Ylinder 232 is contracted, 
. .. . . ~ 

15 the arms 230 are closed under the force of_ the compression spring 

20 

": ..... 

233. The shaft 234 and a:tip !=!nd.of.the air cylinder 232 are . . . . . 
. ~.. •. =. !. • :· 

spaced from each other by a distance·, and the shaft 234 is pulled . . . . 
-. ' . 

back until a-stopper·i3_5 contacts. a.·n·end biock 236 under the bias 
• .- : .:·' .. I ' 

of the compression· spring ·233 •· 
. . . 

The end ·block 236 is adjusted· such that when a 

semiconductor wafer 101 is -~bucked; a clearance of 1 mm is created 

between the stopper· 235 a·nd .. the end biock 236. The stopper 235 

has a slit defined therein,· and a transmission type liqht sensor 

237 is positioned.to.detect light that has passed through the 

25 slit when the semiconductor water 101 is clamped by the arms 230. 

Therefore, when the semiconductor wafer 101 is not clamped or 
. . . 

cannot be clamped_ p~operly, the transmis_sion type light sensor 

237 does not detect light •. Therefore, the transmission type 
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light sensor 237 is. capable of recognizing whether the 

semiconductor wafer 101.is·present .or not in the reversing device 

28. 

A slide mechanism ~or the shaft 234 and a pulley 238 

s are connected to each other, and the pulley 238 is coupled to 

a pulley 240 fixed to a shaf.t end .of a stepping motor 239 through 

a belt 241' • When the stepping motor 2-39 ·is .energized, the arms 

230 are rotated about a horizontal axis. 

As shown in FIG. l, the shutters 25 and 26 are disposed 

10 between the reversing devices 20· and 28, and the .transfer robots . . 
. . . . . _-;.. _..;;.. . . . .. :.~· : ., . ; . . . . .. 

20 and 21 for separating the polishing c.hambers with the reversing 
~ ·_::_.::. ·. : .... ; ~ .. ~ .... ~ ''. .:·. . : . . : ~... . . , .;: . --~ ... ~-.. . 

devices disposed therein from the cleaning chamber with the 

transfer robots · ~i~pos.ed · therein. For transferring the 
• •• • ..:~· .:. . • :'· • ·'. .• ' •• ..: •. •· -': ,· .... 1· 

semiconductor waf~rs·, 'the shutters 25 and 26 .are opened, and the 
.... : 
;, ~ ~ . ~ . '_. ~· fi.. ~ ... 

15 hands of the transfer robots 20 and 21 move in and out of the 
,: ·:;..'. . (.<.· .. 

openings.· When the- hands of tJle .. transfer robots 20 and 21 do 
. . . .· . . .. . .. , 

not move in and out of the,~peningsr·.the shutters··2s and 26 are 

. closed, providing a ··wat~~~proof .. mechanism .for allowing the 

semiconductor wafers ·and the chuck fingers fixed to the arms to 
; . . : '·: .: ... : •. 

20 be cleaned. 
• •' : • ~- ·:·: ," • • •, •I • - • 

Next, the:operation of·the.rev~rsin9 device will be 
• . : ·'~I ,". •: , • • -"•'. • 

described with reference to.FIGS. 29A and 29B .. . 
; } ... :.- ~:· . : . !.•' 

The transfer robot. 20 and· _the lifter 29 can access . .. . . . . 
: : ... · .. ·;, 

the reversing device 28 and transfer the ·semiconductor wafer to 
.• .. 

25 the revers:i.n9 device 28, The t:i;-ansfer :r;obot 21 and the lifter 

29' can access the reversing device 28' and transfer the 

semiconductor wafer to the reversing device 28'. 
·. , .. 

The ~eversing ~evice 28 waits for the semiconductor 
... 
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• .. .. 

wafer which is conveyed. by ·.the transfer robot 20 or the lifter 

29 in such a state that the arms 230 ·are opened. The arms 230 

are closed when the semiconductor wafer conveyed by the lower 

hand of the transfer:robot 20 or the lifter 29 is positioned in 

5 the same vertical. height as wafer holding grooves of pins 231 

fixed to the ams 2_30 and the center of ·the semiconductor wafer. 

is substantially pos.it.ioned at the center of the-pin arrangement 

on the arms 230 and:.after· a· signal indicative of completion of 

movement from the tran~fer.r9bot20 o.r the lifter 29 is generated. 

io After the presence. 9f :tpe s~mic.ond.uc~or -wafer io1 is confirmed 

15 

.. · =1· .. · .. · - • •. ~ • • .i . • 

by a sensor 23 7, 't;pe hand-. ()_f· the tran,s.fe.r_ robot 20 is lowered . ·.·. . . . . 
to a certain height and is then retracted.. Alternatively, after 

... .,. 

the presence of th~,:f?.~m~condu~tor·~afer·:_ lOl is confirmed by the 
. -: . · .. ·: . . ~-· ·.•··· . . . : ;. . . . 

sensor 237, the lifter 29 is lowered •.. In this manner, the . . . . . 
. ;· .. ·: . .... . 

semiconductor waf~r iOl is tr·a~s.ferred·: from the transfer robot 
··,_·.-.. :··· 
··>·" 

20 or the li,_fter 29 ~o. tJ1e reversing device. 28. The semiconductor 
~· . . ~ ~. . . . wafer 101 transferred to the reversing device.-28 is reversed by 

actuating the arms 23a··~ith,the stepping.motor 239. The reversed 

semiconductor -~afer :t"oi is. k~pt in the . .Sa~~ c;:ondition until the 

20 transfer robot 20 or\he iifter 29 a~cess~~-the reversing ·device 

28 to receive the semiconductor. wafe~'· therefrom. 

The reversing.operation of the semiconductor wafer 

is carried out befo~.e· and after p~lishing of the semiconductor 

wafer. In case of retrersing the semiconductor wafer 101 which 

2s has been. polished,·· in order to prevent abrasive liquid or 

ground-off particles attached to the semiconductor wafer 101 

during polishing from being dried on the semiconductor wafer 101, . .. 

the semiconductor wafer 101 is rinsed by a cleaning liquid during 
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or after reversing of the semiconductor wafer. The cleaning 

liquid used to rin~e the ~emiconductor wafer 101 comprises pure 
- . 

water or a chemical liquid, and is applied from spray nozzles 

at a required rate under a "required press~re at an optimum angle 

s for a desired period of time. The rinsing process enables a 

subsequent· cleaning process to be conducted -in a sufficient 

cleaning performance. While the semiconductor wafer 101 is 

waiting on the reversing device 28, ·the cleaning liquid continues 

to be supplied to the· s·emicondtictor wafer ·101. However, in view 

io of the running cost,. the ··cleani.ng liquid may be supplied 

15 

. - .... . .. . . .. ~ ' . . ·. . ;_" .. : . . 

intermittently to:· reduce its amount ·in use. 
: .. _ .. ·.·: · •. ,•. . . .' .·:... 

While the:. rev~~sing device 2·8 :. is not clamping the 

semiconductor wafer 101, the .9ro_oves for clamping the 
: .: : . 

semiconductor wafer 101 and surrounding areas thereof may be 
.:. . . . : : ':: .. ·.::·.-

cleaned by the cleaning liquid to prevent ~he semiconductor wafer 
... . . . .. .. .. . 

101 from being contaminated by members that will contact the 
• • • •" ~ I • 

semiconductor wafer .. 101.. . 

LIFTER 
·.: ·.•. .. . · ... 

. . : . :.::. ~.. . . . . .·. · ... ;, . . ; ."' . . . 
FIG. 30 is a vertical cross-sectional view of the 

20 lifter. The lifter.i9 and 29' have the same structure, and hence 
.. :··>~--~s-·.:. _: . : ... ··.:" .· .. -~~ .: . 

only the lifter· 29. will be described. ·The lifter 29 comprises 
.. . . ·· ... ·.·. . . . . . . 

a stage 260 for pla.cing- a semiconductor wafer thereon and an air 

cylinder 261 for li.fting and lowering the stage 260. The air 

cylinder 261 and the staqe.260 a~e coupl~d by a shaft 262 which 

25 is vertically movable. The stage 260 has three support portions 

263 disposed at angularly.equal intervals in a circumferential 

direction and extending .radially outwardly. The three support 

portions 263 are arranged.in the angularly equal intervals so 
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·:_, 

that the semiconductor wafer having an··orientation flat can be 

held and are· reliably. transported.. The three support portions 

263 are disposed at·positions where they are not aligned with 

the pins 231 for chucking the semiconductor wafer in the reversing 

s device 28. That is, the first peripheral edge of the 

semiconductor waf~r h~~d by the .. pins 231 .does not correspond to 

the se~ond., periphera.l e~ge ·of the· semiconductor wafer held by 

the support portions 263 of the lifter 29. The wafer support 

portions 263 of the ·lifter 29 which pert:o~s the transfer of the 
~ .. : . . . .. . . 

lO semiconductor· wafer to the reversin9 deyice 28 or the rotary . .·. .. . . . ... . 
.·.:~. .. 

transporter 27 have respective support ·surfaces for supporting 
' •' :. • • • I ~.: • • ~ :, , ';_ :• , • , ~·,, ' • •: • 

the ·semiconduct.or ·wafei° the~eon, and respective taper surfaces . .·. ~ .:·,!:··~·; ~~ .. ;.· ~-.. ·-~-, --~~: 1-•.• :. >- -~ · .. ~. . . ,, i ; .. 

extending radially outwardly and upwardly from the support . .. . . . ...... . ··. .. :.: . ..... /· :~ -~:·.~;~.:·: ····· · .. •. •.;, ··· .. ::. . ~ 

surfaces ·for centering · the " semiconductor wafer when the 

15 semiconductor wa:f~.~.· is pla~ed. on -t:he ~~pport surfaces • 

. 'I'he waf~/~~~:port sri~faces ~f .t.he stage 260 is raised 
. . ... ·. : . :-: . 

by actuation of the'.air cylinder .. 261: to· a position where the 

semiconductor wafer_· is held. by ·th~ -.re.;eising device 28. · · A. 
.. . . . .. 

stopper 264 having a:shock absorbing function is provided to stop . . .. . 
20 raising of the stage 260·., . When a stopper.base 265 fixed to the 

shaft 2 6 2 contacts .the stopper 2 6 4, . further actuation of. the air 
. . . . 

cylinder 261 is stoppe4, .and ·the lifting· of the stage 260 fixed 

to the shaft 262 is :simultaneously. stopped. By adjusting the 

location of the stopp~r 264, the lifting height of the stage 260 

25 can be adjusted t?·a transfer position of the semiconductor wafer 

between the lifter 29 and the reversing device 28. Sensors 266 

and 267 are prov~ded· on the air cylinder 261 to detect completion 

of lifting and lowering of the air cylinder 261, respectively. 
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Next, the· operation of the' l·ifter having the above 

structure will be.described. The lifter 29 constitutes a wafer 

transfer mechanism for· transferring the semiconductor wafer 

between the revers·ing device· 2 ~ and the rotary transporter 2 7. 

s The semiconductor wafer to be polished is transferred from the 

transfer robot 20 to the reversing devi~e 28. Thereafter, the 

semiconduc;tor ~afer is reversed by ~h~ reversing device 28 to 
cause a pattern surface (t:he· surface on which semiconductor 

device is formed) of the ~emiconducto.r wafer to face downward. 
-. : . 

10 The stage 260 ~f the. lifter 29 is ~aised toward the sem.iconductor . .- . :·1 ·:.< ·--~ ,....· .. · ·.·· . .· ... ··. 
wafer held by the reversing d~vice ·2a arid .is stopped immediately .. . ·· .. :·.. . .·· .. :·· : . . .· . . . . ... ·. . . : ~ ; ·. . .. . 
below the semiconductor wafer. When the sensor 266 provided on 

. • • -r" ~- • • • ·:. • ....... :·- • • .-

the air cylinder 261 detects the stop of the lifter 29 at a position ...... 
~ ~;. .. 

where the stage 260 ·.is located .·immediately below the 
. ~. .. 

15 semiconductor wafer, the reversing· device 28 releases the 

sem.iconduc:::tor wafer by ~pening the arms 230 and the semiconductor 
wafer is placed on .. the. s-tag_~ iffrj of th'e ·lifter 29 •. Thereafter, 

the _lifter 29 i~ l~~ered wh.iie holding-the ~emiconductor wafer 
. ' . . . . .: 

thereon. While the semiconductor wafer is lowered by the lifter 
.• _ t. . • . . . .. 

20 29, the semiconductor. wafer· i=? transf.erred to the rotary 
. :..:.·· .} .· ·._ .. :_ . . 

transporter 27. ·At-this .. time, the semiconductor wafer is placed ...... '• .. . . on the pins of . the · rotary transporter 2 7. After the 
·: : : (' .· 

semiconductor wafer is transferred to the ro't:ary transporter 27, 
. . ~ . 

the lifter 29 continues to. be operated to lower the stage 260, 

25 and then is stopped when the stage 260 is lowered by the stroke 

of the air cylinder 261. 
::·: . 

The semiconductor-wafer which has been polished is 

transferred from the rotary transporter 27 to the reversing . : . . 
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device 28 by the lifter 29. That is, the semiconductor wafer 
which has been polished is transported by the rotary transporter . . . . . ~ 
27 to the position above the lifter 29. At this time, the stage 

... \: 
2~0 of the lifter 29 is located immediately below the rotary 

s transporter 27. After it is confirmed that the semiconductor 
wafer plac~d on the rotary transporter 27 is located at the 
position immediately above the stage 260 of the lifter 29 and 
the movement of the semi·conductor wafer is stopped, the stage 
260 of the lifter 29 starts to be rais·ed.·. The stage 260 of the 

10 lifter 29 ·receives the .semiconductor .. wafer from the rotary 
transporter 2 7 whi.l:.~, the ·_stage 2 6 O is lifted. Thereafter, the 

~ . :: :~.. ~ 

stage 260 of the-1.iftei;.2.9.continues to ·b_e lifted. At this time, !" • . :. • ~. : ·• ~ • . ~ ~. :· .. '·. . ·.· . 
the reversing device,28 wait_s for.the semiconductor wafer in such .. 
a state that the a~s 230 are opened to be ready for cramping . ~. _· ... :. ~-.:.. . . . .. . . . :~ . 

15 the semiconductor wafer. The i·i·ftin9 of the semiconductor wafer . : ....... : ·.. . ·,· 

is ~toppe_g. __ at the p_osition where the semiconductor wafer is . . ; . . -~ . . . . . ·;. 
hori2ontally ali9ne~ with the wafer holding grooves of the pins 

. . . . .· .... . 231 on the arms 230. The completion of lifting of the stage 260 
,•' : . . in the lifter 29 is detected by the sensor 266 provi_ded on the 

20 air cylinder 261, ·and the detecting signal by the sensor 266 is 
sent to a controll.er · of . the ··polishing. apparatus. to allow the ..... . ':;. :.. ... -~ . . .• ': ... '· . . controller to recognize the completion of lifting of the stage . ~ .. : . .... ... . . 
260. When the controller of the polishing apparatus receives 
the detecting signal,.-the reversing device 28 is operated to close 

25 the arin.s 230. By this.operation, the semiconductor wafer is held 
by the reversing device 28. After it is confirmed that the 
semiconductor wafer is held by _the reversing device 28, the stage 
260 of the lifter 29 is lowered. 
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ROTARY TRANSPORTER 

FIGS. 31 and 3 2 show the rotary transporter, and FIG. 
31 is a plan view of the rotary transporter and FIG. 32 is a 
vertical cross-sectional view of the -rotary transporter. As 

s shown in FIGS. 31 and 32, the rotary transporter 27 for 
transporti!fg the semiconductor.wafer 101 has four wafer support 
stages at angularly equal intervals o_f 90° , and each of the four 
wafer support stages· has six pins .201 standing on the stage for 
supporting the semiconductor .. wafer. at six points. The 

10 semiconductor wafer. can be supported by at least three pins, but 
in this embod~ent, the_six .pins 201 a.re provided for ~upporting 

.·: ;: ~--· : ~ . ·. . ' ; . :·. : i'. • both. of the semicond~ctorwafer having an orientation flat and 
the semiconductor wafer ~aving a notch. A taper surface 202 

·· .. having a taper angle of 15°. to 25° from the perpendicular is . . . . . ~ .. 
15 formed at the forward end por~_ion of the pin 201 to allow the ... ;.; ... ·.: ; . '. ~ , . ..... 

semiconductor wafer to· be. centered when the semiconductor wafer .. .:. .. . 

.... . :. ... .,. is transferred. 
' I ;_ ::_ ~ . " ." ' • ~ ' • ._ '•'" ' • The waf·er·. detect±ng .. sensors-:, 200 ·are ·provided at 

positions spaced f~~~-.the. ~~t·a~~ tr~nsp~r~er 27. The sensor 200 
·, .. \ '. 

20 is a photosens·or coinp~ising a light emitting element 200a and 
=:·. . .. ·-. . .. a light receiving element 200b, and. is not moved with the stages . . · .. ~: ... 

_ ...... · 
of the rotary transporter 27. 'l'he conditions. of the 

~. : 

semiconductor wafers ·which · are placed on the stages are 
. . .. 

determined in the respective st.ages of .. the rotary transporter 
25 27. 'I'o be more specific;.· the. rotary transporter 27 comprises :..... . . : . 

two load stages (the .right.· and left sides) for placing the 
semiconductor wafer_·_.to. b.e po:I:is~ed _an~ _two unload stages (the 
right and left sides>,. f~~ placing the semiconductor wafer which 
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has been polished·., ·The conditions of· the semiconductor wafers 
placed on the respective·- stages: are ·alway·s fixed, and the rotary 
transporter 27. has.a_ stage 210 for·pla_cing.t~e semiconductor wafer 
to be polished on t~e::.turntable.34, a s~a~e-211 for placing the 

s semiconductor wafer which has ·been polished on the turntable 34, 
a stage 212 for placing a semiconductor_ ~afer to b~ polished on 
the turntable 35, and a s:tage 213 for. placing the semiconductor 
wafer which has been-pol~~hed on the t~rntable 35. 

Rinsing no;zles 1501, 150·2, 1503 and 1504 for '. :··: . . 
10 supplying a cleani~g liquid ·to the semiconductor wafer are 

15 

. (:~·.::·~~·-.: ":· ._·; ·.;··.:· .. -~i ~- . . · ... _ .. ·: . ·•.: provided above or· below·' the rotary tra~sporter 27 and in the . . .. :_~ ... :.:.;.:;~ . __ ;, ·~ <:.:.· .. :·: . . . . -~:.~. : .. . ·· .. /·" . positions spaced from the rotary transporter 27. The rinsing : . ' .. · ;,~ .... :·; ~ .. : .: :~ ~. ~ ; .. '·. · ... : ; .. -~~ ·.. . :' : :,,;. ... '\'. . . nozzles 1501 to· 1so4 ·-a.re·' stationary and'·are· not rotated with the ·.· d:.·.r· .. ."·.0: .. 
4·:~-:.-:·~·. ~.···.'.;:•., .:.~~ . ." .··~;:,.-~}.~· .. ;.~·. ·:· s"t:ages. Pure water-· or ionic water is inai-nly used as a cleaning 

liquid. A separat.dt·:··d:o.4 is. ~r~vid~d o·~'- ~h~ rotary transporter .. . ' ' ~ . : . I r' • • : : • • ~ 21· so as to separate '"the ·wafer ··supp.ort·· stages 210 to 213 from . - ~ . . 
~:·.'..:: ., .. one another for preve~ti.ng the slurry.or .the c1·ea.ning liquid used· 

for cleaning the semicondud:or·wafer or the .top ring from being 
. ' scattered around. : ·The rotary transporter 27 is coupled to a ; . 

20. servomotor 205, ·and the semiconductor ·wafers on the rotary 
transporter 27 are·transportea·by driving the servomotor 205. 

:" ·;: 

A home position sensor 206 .-is pro'7ided'-on the lower portion o.f .. ··'. r ·. ·. '.. 
the rotary transport~r- 27, .-and po_sit.ioning of the wafer transfer 
position is controlled by the home position sensor 206 and the 

25 servomotor 205. The transfer positions which can he positioned 
are three positions at angular intervals of 90° with respect 
to the home position as a center. 

Next, the operation of the rotary transporter 27 

62 



5 

having the abov-e structure twill 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 semico_nductor wafer 101 to be transferred to the 
top ring 32 is transferred to the reversing device 28 by the 
transfer robot 20. 'I'he semiconductor .wafer 101 is held by the 
reversing device 28, and then is reversed, i.e. turned upside 
down. The reversed semiconductor wafer 101 is received by the 

10 lifter 29, and then lowered. While the semiconductor wafer 101 . - '. ~ ........ ":.• is lowered by the lifter 29, ·the semiconductor wafer 101 is ..... ·:-: '. _ .. ·· . .. . ... · .. · .. : centered by the taper surfaces 202 of the pins 201 on the wafer ··. · .. 
support stage 210, and placed on the shoulder of the :Pins 201. 

"·, •. • ·• ·• ~ I After the semiconductor wafer 101 is placed on the pins 201, the 
is lifter 29 continue~···1:6·.:~e··~p~rated to cause the stage 260 to be 

·;. . : ~. .' . ~·: ·.. :.. ' . . . iowered .until the stage 260 does. not .interfere with the rotary 
transporter 27 even-: when. the rotary. tran.sporter 27 is rotated.· 
Thereafter, the rot~~}/ .t·~ansp~rter 27 ·i~"rotated cloc::kWise by 
an angle of 90° ~-·and th~ s·eili.i~o~du~tor. ~a-fer 101 on the rotary ·.·· ... ·· . . . . 20 · transporter 27 is. positioned , above the pusher 30. After 

• • . ::.. . . ., i. • positioning of the rota:ry transporter 27 is.completed, the pusher 
30 is operated, and ·the semiconductor wafer 100 is transferred 
to the top ring 32 located above the rotary transporter 27. 

The semiconductor wafer -101 polished by the top rin9 . ~.. : 
25 32 is moved toward the wafer support stage 211 of the rotary 

~·. . 
transporter 27 located below the top ring.32 by the pusher 30. 

• I ' ·~ • • 

The semiconductor wafer 101 transferred from the top ring 32 to 
the pusher 30 is cente~ed by the taper surfaces 202 of the pins . . . . ._. 
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5 

10 

.. ·: . 

201 on the waf~r ~upp.ort:· st-~ge 2fl, and then placed on the 
shoulders of th~ pin~ ·2oi ~ Afte~· the s~iconductor wafer 101 
is placed on the wafe'.r .. s~~po_rt s:t:~<j~ 211,· .the pusher 30 continues 
to be operated so that'.t;he pushe·r· 30'.does :riot interfere with the 
rotary transporter 2i. 

. . 
Thereafter, the rotary transporter 27 • 

. . . Cl is rotated countercl~c~wise -by . an angl~- of 90 , and the 
semiconductor "7afer.101 on the stage ~ll is positioned above the . . ... .. . 
lifter 29. After posit~o~ing of the r~t~ry transporter 27 is 
completed, the st~g-~ . .,2.6 p ·.of . ~he .Ltfte~ 2 SI is raised, and the 
semiconductor wafer.,101 .. ~s .received by. :the stage 260 from the - . ~~ ~-~ ':·.,, .. ~ ~~- ... :, ... .~- ''.._ ..... ~.:.~ .. · -~-· . . . . 
wafer support stqg~~-~lf,_~nq._tr_~~-~l?~·;te~; .. ~:~ the reversing device -.... ·; : ~ ... ~~ ·: . : .. \, ~- . . . . . .. 28. . .. 

.... ;~:·~ ~ · .. :, . : ..... :.:· . : . ..... : . .:.~.-, .. · ,.: .. ~ :.'.·. '· . 
' .. ·· . 

.· .. · ... PUSHER 
-:· :"" ~· ·... . : ....... ·· ·. :. •. . •.. . ~ . 

"FIG. 33, ~~d· FIGS. 3 4A. th:roU:~h·3'4·~ ~how a pusher, and 
~ ... ·• .. ·· ~ .. . ':. ·: :. ·. is FIG. 33 is a vertical ~ro~s--sectional vie~·pf the pusher and FIGS. ',: :. 

. 34A through 34E are ~.i~~~- :f·or,.exp.lai~lng_ ~;~t~tion of the pusher. 
. ~ . ;, ·. ~ The pusher 30 and 30'-have the same· structure, and hence only 

the pusher 30 will.be described. 
... ~ ... . . . As· shown "itj FIG_ •. : 3~·, a guide stage 141 for holding . . . ·.~ . ~-· .. _.J. ~ -~.:. -_..:. : : · .. :. :: . ..i •• '. • • • .... ,.. • • • • 20 the top ring is pro~idf!d above a hollow. sh~ft 140, and a spline 

shaft 142 is p~ovid~cf Lri th~ h61iow'·shaft 140. A push stage 143 
is provided above the:_.-spiine' shaft °142 .: _An· air cylinder 145 is 
coupled to the spline )haft· i42 through. a·, .flexibl.e joint 144. 
TWo air cylinders are dis_posed vertically .in series. The lower . . . . : . . . . . · .. 25 air cylinder 146 seryes to lift and lower the guide staqe 141 
and the push stage 143, and-lifts and lowers.the hollow shaft 
140 together with the air cylinder 145. The air cylinder 145 
ser~es to lift and lo~e~ the push stage 143. 

64 



A linear·way149 movable iri directions of an x-axis 
and a Y-axis is provided t9 allow the top ring guide 148 to have 
an alignment mechanism~ The ·guide stage 141 is fixed to the 
linear t.Tay 149, and the_ linear way 149 is fixed to the hollow 

s shaft 140. The hollo~ shaft 140 is held by a bearing case 151 
through a slide bush 150. The stroke. of_ the air cylinder 146 
is transmitted to the hollow shaft 140 through a compression 
spring 152. 

The push stage 143 · i_s located -above the guide stage 
10 141, and a push rod. iE>o e~tericiing down"7ardly from the center of .. · ·.·· ... · .. : ... ·.. . . . . 

the push stage 143 _passes.through a slide bush 147 located at 
the center of the g~ide _stage 141. to allow the push rod 160 to 
be centered. The push rod .1.6 0 contacts the .upper end of the spline . :. . . . . . .. :-... ' . ~ . .. . : ·. . . .. . .. 
sh~ft 142. ·The push stage 143 is. vertically moved by the air ..;-:.:-·.: ".· . .··-15 cylinder 145 through the spline shaft 142, so that the . ' : :;· :, .. ·.··; .. semiconductor wafer 101 is loaded on the top ring 32. 

: ~ ~ ·: ~... ; .. ·· ·;. . -: . ' . · ..... Compression .springs 159 ·are provided ·at :the peripheral portion 
of the push stage·143; 

Three top -~ing. guides. 148 are' provided at the outer 
~ . . . . 20 circumferential port_ic>n of th~ guid~· stage. 141. Each Of the top 

. ~ . ·. . . . . 
ring guides 148 has· a two ... step structure, the upper step 200 
serves as a contact portion -~ith the lower surface of the guide 
ring 301 of the top ring 3i or 33 r and the lot.ier step 201 serves 
as a support portion for supporting the semiconductor wafer 101. 

25 A taper surface 208 having an angle of 25° to 35a from the 
perpendicular is form~d at the upper st~p 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· guiding the semiconductor wafer 
101 toward the lower:step·201 ~- When the· 'semieonductor wafer 101 
is unloaded from the top ring 32,· the top ring guides 148 receive 
the peripheral edge' of. the . semiconductor" ~a fer•. 

A guid~ sleeve 153 is fixed t~ the guide stage 141 
to prevent water from entering the central part of the guide stage . . 
141 and to guide the guide stag_e 141 so that the guide stage 141 
is returned to its . original. position.· , A center sleeve 154 
located inside of the guide sleeve 153. is fixed to the bearing . .: ~ .• .. .· . .· ·:· ' . . . . ·. . ... . .. . 

10 case lSl for cent~ring the guide stage l~l. '!'he pusher is fiJted . .• . .: :: -~ .. :: . ~ _. .· ·.: . ·' . . . . . :. ... 
to a motor housing -~O'J : in -t;.he ·p<:)lishi~~ sectio~ through the . . .·. · •. ;. ~- ';:: . . ...:· ' .. ,· . .;· '· ... ."·' . ~ ' . . . bearing case 151 •.. ,·· ... · . . · ... . 

~ : : -:. .. f' • • • .: • • ••. ' .. . •• • • •••.•• 

A V-rin9 ~1~_S; ~s used -~o prev~n;. -~at~r from entering 
between the· push stage· 143 and the guide stage 141, ~nd has a 

is lip held in contact with the 9~ide stage· 141 to prevent water 

20 

. ' . . . from passing therethrough.· When the guide stage 141 is elevated, 
. - . the volume of a portion G ·in·creases, thus _lowering the pressure 

· ~o thereby draw water.' · _'rn '<·;:Cd.er {o pre~ent water from being drawn, 
;· _i;:;,. · .. '· .. · the v-ring 155 has a :hole 202 defined in .. an inner side thereof 

: . . ~ . . 
to pre~ent the pres~ure ·_from. being lowered. 

A shock -~b:~orber 156 ·is.·p:ro~i~ed for positioning of 
the top ring guides · 14 8 , in· a v.erticaI direction and for 
shock-absorbing when tlie ·top ring guides 148 contact the top ring 
32. In each· of the air cylinders 145 and 146, upper and lower 

25 limit sensors are provided for detecting t·he position of the 
pusher in a vertical direction. That is, sensors 203 and 204 
are provided on the air cylinder 145, and sensors 205 and 206 
are provided on the· air cylinder 146. A cleaning nozzle or 
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nozz·les for cleaning the pusher are provided to prevent the slurry 
attached to the pusher from _contaminating the semiconductor wafer. 
A sensor for conf.irminq t~e presence or absence of the 
semiconductor wafe:r on _the pusher may be provided. The control 

s 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 ·rings 32 and 33_, respectively. 

Next, the operation of the pusher having the above 
structure will be described below. 

io 1) Loading a semicond~ctor wafer 
... 

As shown in. FIG. 34A, the semiconductor wafer 101 is 
". ·' .: ' transported to a position above the pusher 30 by the rotary 

transporter 27. Wh~n '\h~ ·top~ ·ring. 32 ls located in a loading 
position above the pu~her:'~3·o· a:rici'· do~s not hold. the .semiconductor ... :. (.. . .: : ":: .. . .. 15 wafer, as shown in Fig •. 34B, the push stage 143 is raised by the .. ; '/ ... . . . . ... air cylinder 145. when the completion. of raising of the push 
stage 143 is detected··by.tlie··:~e~~or ·2o3,°'·~~· shown in FIG. 34C,_ 

• •• =. 

the guide stage 141 and the components.' associated with the guide 
stage 141 are raised -by .. .the ai~· cylinder 146. While the guide 

20 stage 141 is raised, .. ~he guide stage 141 passes through the wafer 
; ·• holding position ·of the rc:>~ary ·transp~rter 27. At this time, 

the semiconductor wafe~ 101 is centered.by the taper surfaces 
207 of the top ring 9uides 148, .a.nd the p~ttern surface except . .· .. · ~ .. ·. .· 
peripheral portion of the semiconductor wafer is held by the push 

: .. " . 
2s stage 143. The semico,nductor·wafer 101 is held by the push stage ··, : . - . 

143 at portions except.for the peri~heral ~dge thereof. 
While the push stage 143 holds the semiconductor wafer, 

the top ring guides 148 are raised without being stopped, and 
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t ... 
. ~ .. ·. 

·. .. . . . ·. ~ . . the guide ring 301 is guided by the taper surfaces 208 of the : : top ring guides 148'. · The c~nt~r of the top ring guides 148 is .... aligned with the center of the top ring 32 by the linear way 149 . . ... ·. . movable in X and Y directions, and the upper steps 200 of the 
s top ring guides 148 contact the lower surface of the guide ring 

10 

301 and lifting of the guid~ stage 141 is stopped. 
When the upper steps 200 of.the top ring guides 148 

contact the lower surface of the guide rillg 301, the guide stage ... 
141 is fixed and is not ra i·s ed anymore. 'However, the air cylinder 
14 6 continues to be!·· a,ctuiited · unti·1_ the s·tbpper fixed to the rod .... , __ .... • .... : .. '. .~ ~ .:. of the air cylinder 1~'6 contacts ~he S:h'oc'k:·abt:;o.rber 156 I and hence .. : . . . . . . . . ~ . .· .... ·:·· 
only the spline sha_ft: ;14 2 -.:continu-es to ;_be. -raised because the 

. · ..... ' -~ ...... . compression spring 15-2 is: compressed, ~nd-.the push stage-143 is . . ,~· 
. ./·:.· .... further raised. At this· time, as shown in FIG. 34D, the push . - . . 

lS stage 143 holds the semiconductor wafer· 101 at portions except ... 
f~r the peripheral ed9~-o~--~he·s~ico~d~ctor wafer 101, and 
transports the send~-~~d{i~tor wafer.101 to the.top ring 32. After '. ··- ' .. · 
the semiconducto~ water-101 con~~~-ts the-t6p ring 32, the lifting . : . . .. . : ...... :: ;_. -:: ~---· .. ·.. . . . . . . . . .. . .. ~ . stroke of the air cy·linder 146 is absorbed by the compression 

20 
.: :_;;·:,, ... ·.· ... •. . . .:-: . springs 159 to thereby. protect the s·emiconductor wafer 101. .. · . :' ... . ... •' 

After the top· ring 3 2_ completes the attraction of the . "·:· .. ··:. _ _.._ 

semiconductor wafer ·101·, the pusher starts to be operated and ·-. 
. • :· J. the guide stage 141 and the push stage 143 are lowered to the 

position shown in FIG. 34A. When the guide stage 141 is lowered, 
25 the quide stage 141 is centered by the taper portion formed on 

the guide sleeve 153 and the taper portion formed on the center . -. . ' . . . 
sleeve 154. When the l_owering of the guide stage 141 is completed, 
the operation Of the loading Of the semiconductor wafer is 
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completed. 

2) Unloading a semiconductor wafer 

The semiconductor wafer 101 i"s transported by the top . 
. ring 32 to a wafer unload position located above the pusher 30. s 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 raised by the air cy1inder 146, and the 
guide ring 301 of the top ·ring· 32 is guided by the tapered surfaces ., . 

10 208 of the top ring guides 148. · 'l'he center of the top ring guides 
148 is aligned ·with the center of the top rinq 32 by the linear • : .I' :. : • ·.:. ! ·: : ' . 

way 149, and the upper._steps 200 of the top_ ~ing quides 148 contact . . :··:· ·. · ..... . 
the lower surfac·e of the· gu~de -ring 301 and the lifting of the . ·. 

. . ~ .. . . . 9µide stage 141 is stopped. The air cylinder 146 continues.to . . . 
' 

,!: . . ; ,. ·.. .. . . . ·. ·. : 15 be act~ated until the stopper fixed to the rod of the air cy1inder . ·. ·. :- "' . - :~ ~ ; . 
: · ... 146 contacts the shock absorber 156. However, since the upper 

steps 200 of ,the top r"ing:guid.es 14-8 co'ri~~ct the lower surface { 
• i • • •• • ,of the guide _ring 301 to cause the guide. stage 141 to be fixed 

. .. at this position, the air cylinder 146 pushes the spline shaft ... 20 142 together with the air cylinder 145 against urging force of ·... .... . the compression spring· 152, ·thus lifting the push stage 143. At . . . . . . . . . . this time, as shown in FIG~- 34E, the push stage 143 is not raised . . to a position higher than. the wafer holding ·portion of the lower 
steps 201 of the top ring guides 148. In this embodiment, the 2s air cylinder 146 is .arranged to be further actuated after the 
top ring guides 148 contact the guide ring 301. The shock at 
this time is absorbed by the sprinq 152. 

After the lifting actuation of -the air cylinder 146 



. :·. 

is completed, the semiconductor wafe"i· 101 .. is removed from the top ring 32. At this·· time, the ·semfcon~uctor wafer 101 is centered by the lower tap"ered surfaces 207 of the top ring guides . . 148, and the semiconductor wafer 101 is held by the lower steps s 201 of the top ring guides 148 at the peripheral edge of the semiconductor w~fei; lOl. After the· sem.iconductor. wafer 101 is held .by the pusher," t~e pus~er, ~tarts to .be operated· to lower •: : 
the guide stage 141;. While the guide stage 141 is lowered, the 

: ·. . : . . . . . . . . . . guide stage 141 is centered by the.guide sleeve 153 and the center 
. . . . . . . . . ,. . . io sleeve 154. While· the. guide· stage . ;L.41 is lowered, the • .. ,._ :-..: -; .~ • • ., '"··~:: .• • • • • • •I • . : ~· • • semiconductor wafer ·101 ;s. transferred fr.6~ the pusher ·30 to the -~--~ .• i -~.- .:.. ··. . .·.·. . :· . . .. . . =.-~ -~:: .:_:":--_.- ... rotary transporter 2 7 • When the lowering of the guide stage 141 : ... -.. -~ .. : '. : .. .- . ' ..... ·· .... ;-- ... . :"· . .· =-~ ·, __ :. • : is completed, the operation of the unloading of the semiconductor • :·' :. .. ·. : . . ~ J : . . • . ": ., . . .... .. . -~ . .. .. . . . wafer is completed. · 

. · . 
15 .. ·· .. According to the Pt1~her_ having the structure shown .:_" ~ ·:'~ : ..... ·~--:·:--~..; . .~ . ·· .. in FIG. 33 and FIGS. ·34A ·through; i4E,· since the pusher ·30 has 

. .... ;·:...· .. 

• -"··'.. L" .~. . :" •• , : ;·~. :- .)··. •. . . . ~ :- . . . 
a centering mecJ:ianism for. centering the ·main components of the ~--. '.• . .. . ~-~ .· pu~ her with respect.· tcf·· the top.··. r.i1:1g 3.2 ~ · adj llstment of the ~ . .-:·~ :·:-~ ! . • ... · , •.· • positional relationship· between the pusher· 30 and the top ring 

. 
. .,, ~ . . 20 32 can be easily perfo~ed. >The"lixting stroke of the push i:-;tage ...... '. 143 is set to a positioil high~r than ·:the .lower surface of the top .ring 32 by about 2 mm, an~ thus pos:Ltioni~q in a vertical 

. .. direction can be easily performed. At this .time, the shock of contact in the vertical direction can be absorbed by the spring. . . 25 TOP RING 

FIG. 35 is a side view with a partially cross-section showing the top ring. The· top rings 32".i:!:nd 33 have the same structure,. and only th~- top ~ing 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 

s wafer and pressing the semiconductor wafer against the polishing 

surface of the turntable, a guide ring 301 for retaining the outer 
periphery· of the semiconductor wafer, and a backing pad 302 
attached to the lower surface of the top ring body 3 a 0 and having 
a cushioning function between the top ring 32 and the 

10 semiconductor wafer. The top ring body 300 is made of material 

having a rigidity such as ceramics, and has a wafer holding .. 
surface which is formed to a flat finish surface so that 1:he entire 
surface of the semiconductor wafer can be uniformly pressed 
against the polishing surface. However, the wafer holding 

15 surface of the top ring body 300 may have a slightly concave or 

~onvex sur~ace dep~ndin9 on the ·kind of the semiconductor wafer 
to· be polis.bed. 

The guide ring ·301 has an inner diameter slightly 
. larger than the diameter of the semiconductor wafer so that the 

20 semiconductor wafer is inserted into the guide ring 301 and 
retained by the ·guide ring 301. The top ring body 300 has a 

plurality of through-holes 303 which are open toward the wafer 
.. 

holding surface and an opposite surface to the wafer holding 

surface. The clean air or nitrogen gas having a positive 
25 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 semi~onductor wafer 

is attracted under vacuum when the semiconductor wafer is 

transported. Further, clean air or nitrogen 9as is ejected 

toward the semiconductor wafer through the through-holes 303, 

s whereby the semiconductor wafer can be removed from the top ring 

body 300. In this case, the wafer-removing force is heighten 

by mixing pure water with the clean air.or gas, ther~by making 

it possible to remove the semiconductor wafer reliably. 

An attachment flange 3 04 is mounted on an upper 

10 surface of the top ring 32. The attachment flange 304 has a 

hemispherical hole defined centrally in an upper surf ace thereof. 

A drive flange 314 fixed to the top ring drive shaft 91 is disposed 

above the attachment flange 304. The drive flange 314 also has 

a _hemispherical hole defined therein. A ball 3 05 which is hard 

IS and made of ceramics, for example, . is provided in the 

hemispheri9.al holes. A downward pressing force applied to the_ 

drive flange 314 is transmitted via the ball 305 to the attachment 

flange 304 disposed therebelow. 

On the other hand, the top ring head 31 supports the 

20 top ring 32 through the top ring drive shaft 91 comprising a spline 

shaft. The top :ting 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 swun9 by the rotation of the support 

25 shaft 92. By this swing motion of the top ring head 31, the top 

ring 32 can be moved to a polishing position, a maintenance 

position, and a transfer position. A motor 309 is provided abo_ve 

the support shaft 92 and on the upper surf ace 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. When the driven pulley 311 is rotated, the top ring 

s drive shaft 91 is rotated, and the rotation of the top ring drive 
shaft 91 is. transmitted 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 ring head 31 in such_ a manner that the shaft 

io of the air cylinder 313 extends downwardly. The top ring head · 
31 and the shaft of the air cylinder 313 are coupled flexibly. 
By controlling air pressure supplied 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 

15 controlled. A tensile/compressive load-type cell 322 is 
interposed. :1-n the junction between the air cylinder 313 and the 
top ring head 31 for measuring a vertical thrust force generated 
by the air C.Ylinder 313 fixed to the top ring head 31. Since 
this thrust force is equal to a force for pressing a semiconductor 

20. wafer, a feedback circuit may be formed using the measured thrust 
force for the purpose of controlling the force for pressing the 
semiconductor wafer. The body of the 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. 

25 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 therein, 
with a tube (not shown) disposed in the vertical through hole. 
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Since the top ring drive shaft 91 and the top ring 32 are rotated, 

a rotary joint 316 is mounted on the upper end of the tube. A 

vacuum, a gas such as N2 or clean air and/or liquid such as pure 

water is supplied via the rotary joint 316 to the top ring body 

s 300. 

The top ring 32 having the above structure attracts 
the semiconductor.wafer which has been transported to the pusher 

3 O under vacuum, and holds the semiconductor wafer in the guide 

ring 3o1 of the top ring 3 2. 'l'hereafter, the top ring 3 2 is swung 
IO from the position above the pusher 30 to the polishing surface 

on the turntable.. After the top ring 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 

15 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 actuated to generate 
a signal indicating that the downward movement of the air cylinder. 
313 is completed. In response to the signal, the air cylinder 

20 313 is supplied with air under a pressure corresponding to a 

desired pressing load for thereby pressing the top ring 32 against 

the turntable 34 to apply a pressing fo3:"ce 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 
25 time, ·depending on the type of the layer to be polished of the 

SemiCOildUCtOr Wafer t the negative preSSUre may remain developed, 

or a valve is operated to control the pressure of the qas to apply 

a positive pressure to the upper surface of the semiconductor 
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wafer for thereby 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 

s semiconductor wafer the pressure is to ·be applied to, the 

diameters, number, and positions of the through holes j03 are 

varied to achieve a desired poli~hed profile. 

After a predetermined time of polishing, the top ring 

3 2 holds the semiconductor wafer under vacuum. Thereafter, the 

10 semiconductor wafer 101 held by the top ring 32 is moved toward 

the outer periphery of the turntable 34 while the semiconductor 

wafer contacts the polishing cloth on the turntable. Finally, 

the semiconductor wafer 101 projects from the outer periphery 

of the turntable 34 in such a manner that the center of the 

15 semiconductor wafer 101 is located on the turntable 34 and near 

the periph~ry of the turntable 34 as much as possible and ~bout 

40t of the surface of the semiconductor wafer projects ·from the 

turntable 34. Thereafter, the air cylinder 313 is actuated, and 

the top ring 32 holding the semiconductor wafer 101 is raised. 

20 Depending on the polishing cloth which is used, the surface 

te~sion between the slurry on the polishing 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. In order to reduce the surface tension, the 

25 semiconductor wafer is allowed to project from the turntable and 

then the top ring 32 is raised. · If more than 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 turntable and hence to crack. It is 

therefore preferable for the semiconductor wafer to project about 

40 % of its surface area from the turntable. In other words, 

it is essential that the center of the semiconductor wafer is 

s located on the turntable 34. 

When lifting of the top ring 32 is completed, the 

sensor 320 .detects the completion of the lifting ac.tion of the 

air cylinder 313. Thereafter, the top ring 3 2 starts to be s~un9, 

and is moved to the position above the pusher 30 and transfers 

10 the semiconductor wafer 101 to the pusher 30. After the 

semiconductor wafer is removed from the top ring 32, a cleaning 

liquid is supplied to the lower surface of the top ring 32 from 

a nozzle or nozzles located below the top ring 32, and the wafer 

holding surf ace of the top ring 32 and surrounding regions are 

15 cleaned. The purpose of supply of the.cleaning liquid is to 

preyent th_~ top ring from being dried until a next semiconductor 

wafer is transferred to the top ring, and the supply of ·the 

cleaning liquid may be continued. The <:leaning liquid may be 

intermittently ejected from the nozzle to reduce the running cost. 

20 While the semiconduc:tor 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 

is also possible to change the kind, amount, density, temperature, . 
25 and supply timing of the abrasive liquid that is used. 

If the current supplied to the 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 semiconduct:or 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 

s the motor. Similarly, the current supplied to the motor for 

rotating the turntable 34 may be monitored, a change in the torgue 

may be calculated, and the end point of the polishing of the 

semiconductor wafer may be detected on the bas is of a change in 

the calculated torgue. While a semiconductor wafer is polished, 

10 vibrations of the top ring are measured, and the end point of 

the polishing of the semiconductor wafer may be detected by 

detecting 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 

15 of detection of the end point of the polishing process are _based 

on a deter~ination from different surface irregularities or 

different surface layer qualities or the thickness of the · 

remaining layer before and after the semiconductor wafer is 

polished. The surface of a polished semiconductor wafer may be 

20 cleaned, the amount of a material removed from the semiconductor 

25 

wafer may be confirmed, insufficient polishing may be confirmed, 

and then the 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 dresser, and FIG. 37 shows 

a brush dresser. Since the dressers 38 and 39 are of 

substantially the same structure, only the dresser 38 will be 
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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 

s which has a hemispherical hole defined centrally in an upper 

surface thereof. A drive flange 371 fixed to the dresser drive 

shaft ~3. is dispos_ed above the attachment flange 375. The drive 

flange 371 also has a hemispherical hole defined therein. A ball 

372 which is hard and made of ceramics, for example, is provided 

10 in. the 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 correcting the 

shape of the polishing cloth and dressing the polishing cloth 

are electrodeposited on a lower surface of the dresser plate 3 70. 

15 Alternatively, a number of hard protrusions of ceramics, for 

example, m~y be disposed on the.dresser plate 370. The diamond 

particles or hard protrusions may be replaced only by replacing 

thE! dresser plate 370 for thereby easily performing other types 

of dressing processes. In any case, since the surface 

20 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 head 94 has essentially the 

2s same function as the top ring head 31. The dresser drive shaft 

93 is rotated by a motor and vertically moved by an air cylinder. 

The 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. Other structural details of the 

s brush dresser are essentially the same as those of the diamond 

dresser shown 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. 

10 Upon completion 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 into contact 

with the upper surface of the turntable, a sensor associated with 

t~e air cylind~r for detecting the lower end of its stroke is 

15 actuated to generate a signal indicating that the dresser 38 has 

touched the turntable. In response to the signal, the air 

cylinder applies a pressing force to the dresser. 3 8 to dress the 

polishing cloth on the turntable under the desired pressing force. 

After the dresser 38 has dressed the polishing cloth for a desired 

20 period of time, the air cylinder is operated to lift the dresser 

38 away from the turntable. ~hereafter, the dresser 38 is 

angularly moved to the cleaning position. in which the dresser 

38 is submerged in a water container 43, 43' (see FIG. 1) and 

cleaned. Rather than being submerged in the water tank, the 

2s dresser may be cleaned by a spray ejected 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~r 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 

s container 43, then when the dresser 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 turntable 

in a polishing process, thus adversely affecting the polishing 

process. Therefore, only the lower surface of the dresser 38 

10 may be submerged in the cleaning water, and the upper surface 

thereof may be cleaned by a spray nozzle. At this timer droplets 

of the spray are lia.ble to be applied to the upper surface of 

the dresser 38. such droplets of the spray are prevented from 

entering the dresser 38 by a water-resistant cap 376 and av-ring 

15 377 and also a labyrinth 378 comprising members 378a and 378b. 

The cleani~g 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 

the dresser 38 shown in FIG. 37. The dressing operation may be 

20 performed while the current supplied to the motor for rotating 

the dresser is being measured, and -a certain 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 cloth. 

25 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 scrape off 

the surface of semiconductor wafers, Le. , 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 

s 49 shown in FIG. 1. These dressers 48 and 49 will be described 
. ' 

in 9,etail below. While these dressers are collectively referr.ed 

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 

10 the structure of the dresser, and FIG. 39 is a side elevational 

view of the turntable and the dresser. While the dressers 48 

15 

and 49 shown in FIGS. 1 and 2 have circular plate facing the 

turntables, the dresser 3000 shown in FIGS. 38 and 39 has a 

rectangular plate facing the turntable. 

The dresser 3000 is retracted in a water container 

3020 while, .a semiconductor wafer is being polished. After the 

polishing of the semiconductor wafer is completed, the, dresser 

3000 is lifted by an air cylinder 3008. A mechanism for lifting 

and lowering the dresser 3000 will be described below. The 
. . 

20 dresser 3000 is coupled to the dresser drive shaft 96, which is 

splined, at an end of a brush fixing seat 3002 with a drive 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 

25 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 

300~ to the dresser· 3000. A guide 3010 for guiding vertical 
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linear motion of the air cylinder 3008 is mounted 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 cyl·inder 3008 

to the dresser 30·00 is mounted. on the dresser .driv.e shaft 96. 

The rotary ball spline 3028 comprises a spline ring 3029 and .an 

outer flange ring 3030. The spline ring 3029 guides linear 

io motion of the dresser--drive shaft 96, and transmits rotary motion 

to the dresser drive shaft 96. The outer flange ring 3030 

supports the rotation of the spline rin9·3o29. A pulley 3005 

is mounted on the spline ring 3029. The.pulley 3005, when rotated, 

r~tates the spline ring 3029, whose rotation is transmitted to 

15 the dresser drive shaft 96. 

When the dresser 3000 reaches an elevated position, 

a-sensor 3021 for detecting the arrival of the dresser.3000 at 

the elevated position.generates a signal. Thereafter, the 

dresser 3000 and the dresser head 97 are angularly moved to a 

20 dressing start position by a swinging mechanism which comprises 

an air cylinder 3 o l 6, a crank 3 o l 7 for converting linear motion 

of the air C}'linder 3016 to rotary motion, and 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 

25 the linear motion of the air cylinder 3016 to the rotary motion 

of the hollow 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 the dresser· 

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

rotatable shaft 3013 inserted in the hollow rotatable shaft 98 

is connected to a motor 3014. When the motor 3014 is energized, 

s 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 by the motor 3014, a pulley 3011 mounted on the upper 

end of the shaft 3013 is rotated, and the rotation of the pulley 

10 3011 is transmitted via a timing belt 3012 to the pulley 3005. 

The rotation of the pulley 3005 is transmitted via the spline 

ring 3029 to the dresser drive shaft 96. 

If the motor 3O14 detects when the rotational speed 

of the dresser 3000 becomes steady, then the air cylinder 3008 

15 lowers the c;iresser drive shaft 96 for the dresser 300.0 to start 

dressing tµe polishing cloth .. If a sensor 3022 for detecting 

the arrival· of the dresser 3000 at a lowered position do.es not 

generate a signal, then .it is determined that the dresser 3000 

has not reached the proper lowered position, and an error is 

20 indicated. While the polishing cloth is being dres~ed, it is 

possible to introduce a liquid such as pure water or a chemical 

liquid from a dressing liquid supply port 3031 onto the turntable 

36. 

After the dressing process, the dresser 3 000 is lifted. 

25 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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angularly moved to a standby position. After a terminal sensor 

3025 of the air cylinder 3016 generates ·a signal, the dresser 

3000 is lowered into the water container 3020. Now, a series 

of dressing operation is. finished. 

s 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 replaceable. · The dresser 3000 

comprises the brush body 3001 and the brush fixing seat 3002. 

The brush pody 3001 is replaceable as an expendable element. 

10 The rotatable shaft 98 and the rotary ball spline 3028 

are associated with.respective protective outer casings 3026 and 

3027 each comprising a labyrinth mechanism for preventing liquids 

including pure water, a slurry and a chemical liquid from entering 

the interior of the protective outer casings 3026 and 3027 while 

15 the dresser 3000 is in use. 

, The portion of the. dresser 3000 which faces the 

turntable is of an elongated shape. Since the dresser 3000 is· 

slender and :the rotatable shaft .is positioned at an erid thereof, 

the dresser 3000 has a smaller occupied area and an equivalent 

20 dressing area as compared with circular dressers. 

TURNTABLE 

FIG. 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 

25 to improve processing capability of two-stage polishing, the 

small-sized turntables 36 and 37 may be provided in the areas 

C and D, respectively as shown in FIG. 1. 'I'he polishing tabies 

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 types 

can be incorporated in_the same area, and various polishing 

processes can be selected. 

The turntable shown in FIG. 40 comprises the 

5 rotating-type turntable. The rotating-type turntable 3 4 has a 

polishing surf ace whose radius is larger than the diameter of 

the semiconductor wafer, the turntable 3 4 and the semiconductor 

wafer are rotated in the same direction, and the semiconductor 

wafer is polished at the position spaced from the center of the 

10 turntable. In this manner, the relative velocity between the 

semiconductor wafer and the turntable can be equal at any point 

on the semiconductor wafer, if the turntable 3 4 and the 

semiconductor wafer are rotated at the same rotational speed. 

·As shown in FIG. 40, the turntable 34 is directly 

15 driven by a motor 401, and has such a str_ucture that thrust and 

radial sha:l:_t loads thereof are S'1pported by bearings of the motor 

401. The motor 401 is accommodated in a motor housinq 402 which 

is integral with a housing 403 that houses a swing shaft for 

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

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

housing 402 may be directly mounted on a base which supports the 

polishing apparatus in its entirety or may be integral with such 

a base. The motor 401 has a hollow rotor with a plurality of 

pipes passing therethrou9h. The pipes in the hollow rotor are 

25 connected to a rotary joint 405 connected to the lower end of 

the hollow rotor. 

The hollow rotor has a mechanism 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 measuring the rotational speed 

of the motor 401 at all times. A signal indicative of the measured 

rotational speed is supplied to a driver which controls the motor 

401 for thereby enabling the motor 401 to rotate at a proper 

s rotational speed. The end point of a polishing process can be 

detected by· monitoring a current of the motor 401. The motor 

401 has a s:t,ator case having a passage defined therein to allow 

a motor coolant to pass therethrough so that the motor 401 is 

continuously operated under a·high load. 

10 

15 

The turntable 34 may have a sensor for _optically 

detecting an abnormal condition such as dislodgement of a 

semiconductor wafer from the top ring 32. When such an abnormal 

condition occurs, the motor 401 can i1Illl1ediately stop the 
· .. 

turntable 34 in response to a 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 to the 

. turntable 3,4 or the type in which a polishing cloth is attached 

to a cartridge that can be removably mounted on the turntable 

20 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 cloth is attached to the surface plate of the 

turntable 34. If the turntable 34 is of the latter type, then 

25 a polishing cloth or a fixed abrasive grain plate (grinding stone) 

is attached to the cartridge. If the turntable 34 is of the former 

type, then the surface 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 

grain plate 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 

s replacing the polishing cloth on the surface plate can be 

shortened. The cartridge type surface plate may be of either 

a solid structure or a hollow honeycomb structure for reduced 

weight. The cartridge type surface plate of the hollow honeycomb 

structure can reduce the burden on the operator for cartridge 

10 replacement. 

TURNTABLE COOLING AND TEMPERATURE ADJUSTMENT 

The surface plate has in its lower portion a mechanism 

for adjusting the temperature of the surface plate. Temperature 

adjustment water is supplied through a pipe in the hollow shaft 

15 of the motor 401 to a table cooling chamb~r in the lower portion 

of the su~face plate. The table cooling chamber has coolant 

20 

.. 
passages disposed therein for uniformly cooling the .entire 

surface of.the turntable •. The layout of the coolant passages 

differs depending on the surface plate 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 range with respect to a preset temperature, 

the process is interlocked. A signal indicative of the detected 

25 temperature may be supplied to a temperature adjustment water 

control unit outside of the polishing app.aratus 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 when the temperature 

adjustment water is supplied at an abnormal flow rate or under 

an abnormal pressure. A flow regulating valve and a pressure 

regulator are also PFOVided for controlling the flow rate and 

s the pressure of the temperature adjustment water within the 

polishing apparatus. According to another temperature control 

process, 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 

10 temperature adjustment water control unit to perform feedback 

control. 

Next, the turntable other than the turntable shown in FIG .. 

40 will be described. 

SCROLL-TYPE TURNTABLE 

15 FIG. 41 is a cross-sectio:pal 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-sec;tional view taken along line_X-X of FIG. 42A. 

The scroll-type second turntable 36 has an upper 

20 flange 1751 of a motor 1750, and a hollow shaft 1752 connected 

to the upper flange 1751 by bolts. A set ring 1754 is supported 

by the upper 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 1759 by bolts 1790. The polishing 

25 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. In case of using the grinding stone or the polishing 
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cloth, the polishing t.able 1755 may have a flat upper surfa.ce 

or a slightly convex or concave upper surface. The shape of the 

upper surface of the polishing table 1755 is selected depending 

on the kind of the semiconductor wafer 101 to be polished. The 

s outer diameter of the polishing table 1755 is set to a diameter 

having the·: diameter of the semiconductor wafer plus distance 2e 

(described ·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 

10 semiconductor wafer does not project from the outer periphery 

of the polishing table 1755. The translational motion may be 

called scroll motion or orbital motion. 

The set ring 1754 has three or more supporting 

portions 1758 in a circumferential direction, and the table 1759 

15 is supported b~ the supporting portions. 1758. A plurality of 

recesses 1.760, 1761 are formed at positions corresponding to the 

upper surfa'.~e of the supporting portions 1758 and the upper end 

of the cylindrical member 1795 at angularly equal intervals .. in 

a circumferential direction,. and bearings 1762 and 1763 are 

20 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, 

25 the polishing 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-centered 

by "e" from the center of the motor 1750. A balancer 1767 is 
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fixed to the shaft 1752 for providing a balance to the load caused 

by eccentricity. The supply 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 

s central portion of the table 1759, and a coupling 1791. The 

supplied abrasive liquid is once stored in .a space 1756 defined 

between the polishing table 1755 and the table 1759, and then 

supplied to the upper surface of the pol-ishing table 1755 through 

a plurality of through-holes 17 68 formed in the polishing table 

10 1755. The number and position of the through-holes 1768 can be 

selected depending on the kind of processes. In the case where 

the polishing cloth is attached to the polishing table 1755, the 

polishing cloth has through-holes at positions correSJ;>Onding to 

the positions of the through-holes 1768. In the case where the 

15 polishing table 1755 is made of a grinding stone in entirety, 

the uppei; .-_~urface of the polishing table 1755 has grid-like, 

spiral, or"~. radial grooves, and the thr~ugh-hole_s 1768 may 

_conununicate :; with such grooves. 

The supplied abrasive liquid may be selected from pure 

20 water, chemicals, or slurry, and, if necessary, more than one 

kind of the abrasive liquid can be supplied simultaneously, 

al terna~ively, or sequentially. In order to protect a mechanism 

~or performing a.translational motion from the abrasive liquid 

during polishing, a flinger or a thrower 1769 is attached to the 
. 

. 
25 table 1759, and forms a labyrinth mechai:iism together with a trough 

1770. 

In the turntable having the above structure, the upper 

and lower bearings I 762, 1763 are axially interconnected by the 
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support member 1766 comprising a cranked jc:>int 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 

s 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,· the shaft 1752 is rotated by the·radius of 

gyration ( e) about the central axis of the motor 1750, and thus 

10 the polishing table 1755 makes a circulatory translational motion 

(scroll motion) through the cranked joint, and the semiconductor 

wafer 101 attached to the top ring 32 is pressed against a 

polishing surface of the polishing table 1755. The 

semiconductor wafer 101 is polished by the abrasive liquid 

15 supplied through the through-hole 1757, -the space 1756 and the 

through-ho;I.es 1768. The semiconductor wafer 101 is polished by 
. ' . . 

the relative circulatory translational motion having a radius 

"e" between' the polishing surface of the polishing table 1755 · 

and the semiconductor wafer 101, and the semiconductor wafer 101 

20 is uniformly polished over the entire surface of the 

semiconductor wafer. If a surface, to .be polished, of the 

semiconductor wafer 101 and the polishing surface have the same 

positional relationship, then the polished semiconductor wafer 

is affected by a local difference in the polishing surface. In 

25 order to eliminate this influence, the top ring 32 is rotated 

at a low speed to prevent the semiconductor wafer from being 

polished at the same area on the polishing surface. 

OVERHANG-TYPE TURNTABLE 
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FIG. 43 is a c;ross-sectional view of the overhang-type 

second turntable. The overhang-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 

s of the plate 1700 is measured by counting the number of times 

in which a'.do9 1707 attached to the plate 1.700 passes through 

a proximity switch 1708, .and is indicated. The overhang~type 

turntable is protected from the slurry or pure water used for 

polishing or dressing by a labyrinth 1701, o-rings 1702 and 1703, 

10 and a second labyrinth 1710 provided inside of the labyrinth 1701. 

A vent port 1709 is formed in the housing 1706 so that high load 

polishing, or continuous polishing for a long period of time can 

be performed. That is, heat in the gap between the housing 1706 

and the motor 1705 is discharged from the vent port 1709, and 

is the load of the motor 1705 ·is reduced •. 

. The over.hang-type turntable has its center located 

in the dianieter 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 

20 the turntable is equal at any point on the semiconductor wafer. 

'I'he plate 1700 is disposed on the upper surface of the turntable, 

and a polishing cloth or a grinding stone may be attached to the 

plate 1700. The abrasive liquid, chemicals, or Wi:lter can be 

supplied to the plate 1700 from a no:z:zle or nozzles located above 

25 the plate 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 polishing cloth on the 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 

s section, of the abrasive liquid supply no22le, and FIG. 45 is 

a plan view. showing the position 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 

10 liquid onto the turntable 34, a first retracted position E, and 

a second retracted position D. The abrasive liquid supply nozzle 

40 rotates about a rotatable shaft 3051 to bring the tip end of 

a hollow liquid supply arm 3050 to one of the positions. 

·A mechanism for rotating the abrasive liquid supply 

1s nozzle 40 will be described.below . 

. , The rotatable shaft .3051 is rotated when a swing arm 

3052 attach'ed to the lower end of the rotatable shaft 3051 is 

angularly m~ved about the axis of the rotatable shaft 3051. The 

swing arm 3052 and air cylinders 3053 and 3054 jointly constitute 

20 a link mechanism. When rods of the air cylinders 3053 and 3054 

are extended and contracted linearly, the swing arm 3052 is 

angularly moved to rotate the 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 

25 a base 3055. The air cylinder 3053 is connected by a pin to the 

tip end of the rod of the 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 bearings 3057 hpused in a bearing case 3058. 

Operation of the two air cylinders 3053 and 3054 will 

be described below. 

When the tip end of the liquid supply arm 3050 is 

s positioned over the turntable 34, e.g., at the center of the 

turntable 34, the rod of the air· cylinder 3053 is extended, and' 

the rod of .. the air cylinder 3054is contracted. At this 'time,. 

a position sensor 30.66 of the air cylinder 3053 and a position 

sensor 3068 of the air cylinder 3054 generate respective signals. 

10 If such signals are not generated, then a control computer 

determines that the abrasive 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, both the rods of the air.cylinders 

is 3053 and 3054 are contracted. At this time, a position sensor 

20· 

.. 
3067 of the, air cyl;inder 3053 and the position sensor 3068 of 

"the air cylinder 3054 generat~ resp~ctive signals for the control 
. . . 

. . . 
computer to. recognize the position of· the abrasive liquid supply 

nozzle 40. 

When the tip end of the liquid supply arm 3050 is 

located in the position D, the rod of the air cylinder 3053 is 

contracted, and the rod of 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 

25 respective signals for th_e control computer to recognize the 

position of the abrasive liquid 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 sens or 3 O 6 4, and generates a signal. 

s Therefore, a failure to install the scattering prevention cover 

3070.or a positional misalignment of" the scattering-prevention 

cover 3070 can easily be detected. Specifically, the s·cattering 

prevention cover 3070 is vertically movable, and is lowered when 

the turntable 34 is inspected and serviced for maintenance. If 

io a semiconductor wafer were polished on the turntable 34 with the 

scattering prevention cover 3070 being lowered, then the abrasive 

liquid would be scattered around. Because of a signal generated 

by the sensor 3064, the motor for rotating the turntable 34 is 

prevented from being energized in error, and hence the abrasive 

15 liquid is prevented from being scatter~d around • 

. The liquid supply arm 3050 has _an arm body 3059 on 

which a flinger 3060 is mounted as a protective mechanism for 

protecting 1a mechanism for rotating the rotatable, shaft 3 051 .• 

against liquids including an abrasive liquid, a chemical liquid, 

20 pure water, etc. The flinger 3060 and a polisher pan 3061 jointly 

constitute a labyrinth mechanism. 

Operation of the liquid supply arm 3050 will be 

described below. 

In the li~uid supply position F, four tubes 3063 in 

25 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 abrasive liquid. The discharged abrasive 

liquid drops onto the center of the turntable 34, spreads 
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uniformly over the entire surface of the turntable 34 to thus 

cover the polishing surface thereon. The tubes 3063 are inserted 

in the hollow liquid supply arm 3050, and fiJCed thereto by a fixing 

member 3062 to direct the tip ends of the tubes 3063 

s perpendicularly to the turntable 34. 

When the polishing surface is dressed, one of the four 

tubes 3063 \discharges the dressing liquid. The discharged 

dressing liguid also drops perpendicularly onto the center of 

the turntable 3 4 and spreads uniformly over the entire polishing 

lO surface of the turntable .34. 

15 

With the liquid supply arm 3050, therefore, a liquid 

discharged from any of the tubes 3063 is supplied perpendicularly 
.. 

to the center of the turntable 34 exactly at the desired position 

on the polishing surface on the turntable 34. 

Rather than directing the tip.ends of the tubes 3063 

perpendicularly downwardly toward the turntable 34, liquids can 

be supplied:·perpendicularly to the .turntable 34· by regulating 

the flow rates of the liquids with flow.rate regulating valves 

v 1 and V2 disposed between· liquid tanks T1 and T2 and the tubes, 

20 such that the liquids discharged from the tip ends of the tubes 

3063 immediately flow p·erpendicularly to the ·turntable 34. 

For replacing the polishing cloth on the turntable 

34, the liquid supply arm 3050 is angularly moved to the first 

retracted position E by the link mechanism including the two air 

25 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 recess 3071 in the scattering 

prevention cover 3070. Any liquids discharged from the tubes 

3063 at this time drop through the recess 3071 into a container 

positioned therebelow, and do . not contaminate components 

s surrounding the turntable 34. 

-:·~'I'he tubes 3063 may be connected to a source of pure 

water and c1eaned by pure water flowing therethrough without 

contaminating surrounding components. 

If a maintenance process that cannot be performed at 

10 the positions E and F, e.9., 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 standby position D by' the link mechanism. 

Since the liquid supply arm 3050 is no longer positioned above 

15 the turntable 34 and the scattering prevention cover 3070, the 

above mai~1;-enance process can easiiy be carried out. 
· ;~n the above embodiment, the liquid supply arm 3050 "!. 

is selecti~ely stopped in the three positions by the link 

mechanism including the air cylinders 3053 and 3054, and the 

20 liquid supply arm 3050 may be stopped in at least one liquid supply 

position and at·1east one retracted position. 

FIGS. 46 through 48-show various abrasive liquid 

supply systems. 

The polishing apparatus has a plurality of polishing 

25 surfaces to which a plurality of slurries or abrasive ~iquids 

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 system fo~ 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 liquid from an. abrasive liquid ·tank 

s installed outside of the polishing apparatus. If the abrasive 

"liquid is supplied stably, then as shown in FIGS. ·46 and 47, 

three-way valves are connected to primary inlet ports of supply 

lines for the abrasive.liquid, and.when no abrasive liquid is 

to be supplied to the polishing surface, a valve 420 out of the 

10 three-way valves is closed, and a valve 421 out of the three-way 

valves is opened to return the abrasive liquid outside of the 

polishing apparatus for circulation. When the abrasive liquid 

is to be supplied to the polishing surface, the valve 420 is opened 

and the valve 421 is closed. 

15 In addition to the valves, _pressure sensors are 

provided in. the supply lines for. the abrasive liquid to monitor 
.. 

the pressur~'. of t~e · abra.s·ive liquid. ·If . the pressure of the 

.abrasive liquid is t.oo high or no abrasive liquid is suppl,ied, 

the detected pressure is used to . interlock the process .• 

20 Constant-rate valves may be provided downstream of the above 
. . 

valves for precisely controlling the flow rate of the abrasive 

liquid supplied to the polishing surface at positions near the 

polishing surf ace. The system may be constructed to control the 

constant-rate valves with electric signals to vary the flow rates 

2s of the abrasive liquid through the constant-rate valves, so that 

the flow rate of the supplied abrasive liquid may be varied each 

time a semiconductor wafer is polished, ~r 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. 'l'hus, pure water lines are provided to 

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

is contro11;ed by opening and closing a valve 426. The pure water . ,· 
;{ 

lines may ·be used to supply pure water tQ the polishing surface 

~hen the polishing cloth is to be dressed. 

If the flow .rate of the abrasive liquid to be supplied 

10 is not constant or the abrasive liquid is drawn from the tank 

disposed outside of the polishing apparatus, then as shown in 

FIG. 4 8, pumps 4 3 o and 4 3 2 are provided in supply lines for the 

abrasive liquid. The pumps 430 and 432 should preferably 

comprise tubing pumps that are often used as medical equipment 

15 because they are small in size and can conveniently be used. The 

pumps 430 ?lnd 432 are effective to make the flow rate of the 

supplied a~rasive liquid constant, vary the flow· rate of the :-·~ 

supplied abrasive liquid each time a semiconductor wafer is 

polished, or polish a semiconductor wafer in a stepwise manner 

20 by combining various rotational speeds 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 

25 440 and 441 may be added as shown in FIG. 46. Constant-rate valves 

and pressure se:nsors 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 systems shown in FIGS. 46 through 48 include 

a flushing line and valves 424, 425 for removing any remainin9 

abrasive liquid from the abrasive liquid supply lines with pure 

water so that such remaining abrasive liquid will not be dried 

s and solidified. The valves 424 and 425 may be opened for a certain 

period of.tjime to clean the supply·lines_ each time the process 

of polishin'g a semiconductor wafer is finished, or at certain 

intervals while the polishing_ apparatus is waiting for a next 

process to begin. 

10 CLEANING OF THE SEMICONDUCTOR WAFER 

FIG. 32 ·is a schematic view showing a cleaning 

operation of the semiconductor wafer and various devices for 

handling the semiconductor wafer. The semiconductor wafers 

·which are transported by the rotary transporter 27, the pushers 

15 30 and 30', the lifters 29 and 29', the top rings 32 and 33, and 

the revers.ing devices 28 and.· 28' are cleaned during their 

. transport~t~'.ion conducted after polishing. The semiconductor 

wafer to wll'ich the ~brasive liquid and the ground-off particles 

are attached during polishing is clea~ed in an early stage, and 

20 unnecessary etching pr oxidization by chemical component in the 

abrasive liquid_ is prevented. If the abrasive liquid or the 

ground-off particles are dried on the semiconductor wafer to 

adhere to the semiconductor wafer firmly, then they are difficult 

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

25 _required to be transported to.the cleaning apparatuses without 

being dried. The five units for transp~rting the semiconduct.or 

wafer are also required to be cleaned because they contact dirty 

semiconductor wafers. 
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The pusher 30 and 30.' transport the semiconductor 

wafers between the top rings 32 and 33 and the rotary transporter 

27, respectively. The semiconductor wafer to be polished is 

transported to the position above the pusher 30 or 30' by the 

s rotary transporter 27. The pusher 30 or 30' transports the 

semic;:onduct.()r wafer 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 27 through the pusher 30 or 

30'. The semiconductor wafer which has been polished has the 
. . 

10 abrasive liquid or the ground-off particles attached thereto, 

and hence the abrasive liquid or the ground-off particles tend 

to be attached to the pusher 3 O or 3 O '.• 'I'heref ore, if the pusher 

is not cleaned, the pusher contaminates subsequent semiconductor 

wafers to be polished. Further, if the pusher is not cleaned 

15 and is left as it is for a long period of t~e, the abrasive liquid 

or the ground-c;>ff particles are.solidified to form large grains 

and such gr:~'i.ns are attached to the semiconducto~ wafer. If the 

semiconduct;;~r wafer is poiished in this state, the semiconductor 

wafer is damaged due to the attached grains. Therefore, it is 

20 necessary to clean the pusher 30 or 30', especially the stage 

of the pusher 30 or 30' for placing the semiconductor wafer 

thereon. 

As shown in FIG. 32, a cleaning liquid such as pure 

water, chemicals~ ionic water or ozone water is ejected from the 

25 spray nozzles 1500. The cleaning is performed by ejecting the 

cleaning liquid from the nozzles 1500, after the semiconductor 

wafer 101 which has been pol·ished is received by the pusher 30 

or 30', lowered, and then transferred to the rotary transporter 

101 



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 

s rotation between the transfer position with the lifter 29 or 29' 

. and the tr.ansfer position 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 
. . 

10 pins 201 and therearound are contaminated by the abrasive liquid 

or the ground-off particles .. · The semiconductor wafer which has 

been polished is transferred onto the pins 201 on the rotary 

transporter 2 7 by way o:f the pusher 3 O or 3 o ' • After the 

semiconductor wafer is transferred to the·rotary transporter 27, 

15 a cleaning liquid such as pure water, chemicals, ionic water, 

or ozone water i~ supplied to the upper and lower surf aces of 

the se~icc,Jiductor wafer to clean both surfaces. ·of the 

semiconductor wafer. The spray nozzles lSO l, 1502, 1503 and 1504 

fixed to the polisher pans 80 and 80' or the partition wall 24 

20 are used to supply the cleaning liquid, 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 conducted, and an air operating valve 

25 for supplying a cleaning liquid may be shared. In this case, 

a pipe is branched at the downstream side of the outlet of the 

air operatinq valve, and the cleaning liquid from the branched 

pipes may be supplied to the upper and lower surf aces of the 
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semiconductor wafer. Further, since the pattern surface of the 

semiconductor wafer faces downwardly, 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 th~ cleaning liquid to 

10 the lower surface of the semiconductor wafer is larger than that 

of the pipe for supplying the cleaning liquid to the upper surface 

of the semiconductor wafer~ . It may also be possible that two 

air operating valves are discretely used for the upper surface 

and the lower surface of the semiconductor wafer. 

15 Further, when the rotary transporter 27 does not hold 

the semiconductor wafer, the wafer support pins 201 may be cleaned 

by the above nozzle for cleaning the semiconductor wafer. 

··\·The lifters 29 and 29' transport the semiconductor 

wafer between the reversing device 28 and 28' and the rotary 

20 transporter 27, respectively. The semiconductor wafer to be 

polished is tran·sfeired to the reversing device 28 or 28' by the . . 

robot. The lifter 29 or 29' transfers the semiconductor wafer 

from the reversing device 28 or 28' to the rotary transporter 

27. The semiconductor wafer which has been· polished is· 

2s transported 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 the abrasive liquid or the 

ground-off particles may be removed. However, this cleaning is 

not sufficient to remove the abrasive liquid or the ground-off 

particles entirely, and thus .the lifter 2 9 or 2 9 ' which transports 

s the semiconductor wafer may be contaminated. Therefore, the 

stage 260 .(see FIG. 30) for placing the semiconductor wafer 

thereon is required to be cleaned in the intervals between the 

transfer of the semiconductor water. In this case, the cleaning 

liquid such as pure water or chemicals may be sprayed from the 

10 spray nozzle 1505. Particularly, it is effective to start 

cleaning of the polished semiconductor wafer 101 when the 

semiconductor wafer is transferred to the reversing device 28 

or 28', the lifter 29 or 29' is lowered, and then the sensor 267 
•, . 

issues a signal indicative of the completion of lowering of the 

lS lifter 29 or 29' . 

. . The top rings 32 and 33 are contaminated by the 

abrasive l~.quid or the ground:_off part.icles in each polishing. 
. . .. . . 

Therefore, it is necessary that the top rings 32 and 33 are cleaned 

after removing the polished semiconductor wafer therefrom and 

20 before receiving a subsequent semiconductor wafer to be polished. 
. . . . 

After the semiconductor wafer is removed from the top ring 32 
. . 

or 33, the wafer.holding surface 32a or 33a is exposed. The wafer 

holding surface 32a or 33a is cleaned to remove the abrasive 

liquid or the ground-off particles before polishing the 

25 subsequent semiconductor wafer, thereby preventing the abrasive 

liquid or the ground-off particles from entering between the . . 

wafer holding surface 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 ~pray 

nozzle 1506 to the wafer holdin9 surface 32a or 33a. Further, 

before the semiconductor .wafer which has been polished is removed 

from the top ring 32 or 33 and tran-sferred to the pusher 30 or 

s 3 O' , 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', respectively. Since the polished 

io semiconductor wafer is subjected to only a simple cleaning 

operation before it is transported to the reversing device 28 

or 28', while the sem.iconductor·wafer stays in the reversing 

device 28 or 28', the cleaning liquid such as pure water, 

Chemicals I. ionic Water f Or OZOne Water is SUpplied tO the 

ls semiconductor wafer from the spray noz:zles 1507 and 1508. After 

the polished semiconductor 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 to .which it will be transferred. In some 

20 cases, the reversed semiconductor wafer waits for the robot for 

a long period of time dep~nding 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 

25 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 cleaning liquid for preventing 

the semiconductor wafer on the rotary transporter 27 from being 

dried. 

In the above, the cleaning in the rotary transporter 

s and the various units around the rotary transporter has been 

described. In summary, the semiconductor wafer which has been 

polished- is cleaned in the following sequence: 

1) cleaning on the top ring 32 or 33 

2) cleaning on the rotary transporter 27 

lo 3 ) cleaning in the reversing device 2 B or 2 8 ' 

In order to prevent the semiconductor wafer from being 
. ·' 

subjected to unnecessary etching or oxidization by_ the abrasive 

liquid, it is desirable that the cleaning by chemicals is 

conducted ·immediately after completing ·the polishing of th~ 

l5 semiconductor wafer. Therefore, it is more effective to clean 
. . 

the semiconductor wafer on the top ring or the rotary transporter 

by chemicals than pur~ water. 

In contrast thereto, cleaning in the reversing device 

is conducted for preventing the semiconductor wafer from being 

20 dried rather than cleaning, because the semiconductor wafer is 

cleaned beforehand to some degree. 

Therefore, if semiconductor wafers are cleaned on the 

top ring and the rotary transporter with chemicals, and in the 

reversing device with pure water, then the semiconductor wafers 

25 can he cleaned optimally at a minimized cost. 

If a certain time elapses to clean semiconductor 

wafers on the top ring and the rotary transporter, it directly 

affects the processing time for semiconductor wafers. However, 
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the cleaning of semiconductor wafers in the reversing device 

during the waiting time does not affect the processing time of 

the p~lishing apparatus. Accordingly, it_ is pref er able to appl:Y 

cleaning water on the top z::ing and the rotary transporter 

s 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 

10 

pure water. 

According to the present invention, the.polishing 

apparatus can change transfer -~outes to c'omply with the required 
. . . . 

cleaning processes .for maintaining a desired number of cleaning 

stages depending on.various polishing processes without reducing 

the processing capability per unit installation area, and also 
.. 

15 to shorten the processing time of each.of .the cleaning processes 

20 

25 

by assigning the cleaning pro~ess 'which needs a long period of 

time to at least two cleaning apparatuses, for thereby increasing 

the number of processed workpieces per unit time, i.e., 

throughput. 

Furthermore, it is· possible. to shorten the time 

required to transfer a workpiece to ·be polished, such as a 

semiconductor waf~r, . to the top ring, for thereby greatly 
. . . 

increasing the number of processed workpieces per unit time, i.e., 

throughput. 

Moreover, inasmuch as polished workpieces can wait 

while being processed in cleaning processes, a plurality of 

cleaning processes having differen~ processing times can be 

performed para1ie1 to each other on a plurality of polished 
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10 

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 is 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 according to a second embodiment of the 

present invention. As shown in FIG. 49, a polishing apparatus 

according to the present ·invention compris'es two rotatable 

load-unload stages 501 each for placing a wafer cassette 540 which 

15 houses a number of semiconductor wafers. A transfer robot 502 

having two hands is disposed at a position where the transfer 

robot 502 can access 'the re~pecti~e w~fer cass.ettes 540 on the 

respective load-unload sta_ges 501._ 

The transfer robot 502 has two hands which are located 

20 in a vertically spaced relationship, and the upper hand is used 
. . 

only for handling a clean and dry semiconductor wafer and the 

lower hand is used only for handling a dirty and wet semiconductor 

wafer. Two cleaning apparatuses 503 are disposed on both sides 

of the transfer robot 502 for c.leaning and drying the 

25 semiconductor wafer which has been polished. The cleaning 

apparatuses 503 are disposed at positions that can be accessed 

by the hands of the transfer robot 502. Two reversi~g devices 

504 and 505 for reversing semiconductor wafers are disposed at 

108 



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 devic_e 504 bas_ a chuck mechanism for 

5 chucking a semiconductor wafer and a reversing mechanism for 

reversing the semiconductor wafer, and handles only a clean and 

dry semiconductor wafer. The reversing device 505 has a rinsing 

mechanism for cleaning a semiconductor wafer, in addition to the 

chuck mechanism and the reversing mechanism, and handles only 

10 a dirty and wet semiconductor 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 symmetric with respect to a 

line L1 interconnecting a center S04c of the semiconductor wafer 

chucked by· the reversing device ·S04 and· a center 505C Of the 

15 semiconduqtor 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 reversing devices 504 and 

505 anq stages of a rotary transporter 519. The two hands of 

the transfer robot 506 are located in a vertically spaced 

20 relationship, and the upper hand is used only for handling a clean 

and dry semiconductor wafer 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 polished are disposed on both 

25 sides of the transfer robot 506 4 Each 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 ha~ds of the transfer robot. 506. Two transfer 

robots 508 having a sinqle hand are disposed at the opposite sides 

of the reversing devices 504, 505 with respect to the respective 

cleaning apparatuses 507. The transfer robots 508 are disposed 

s at positions where the hands of the transfer robots 508 can access 

the cleaning apparatuses 507 and a stage of the rotary transporter 

519. 

The polishing apparatus has a housing 530 for 

enclosing various apparatuses and components therein. The 

io housing 530 constitut.es an enclosing structure. The interior 

of the housing 530 is partitioned into a plurality of compartments 

or chambers (including a polishing chamber and a cleaning 

chamber). 'l'he cleaning chamber 530A extends from an area where 

the two transfer robots 508 are located to an area where the 

15 load-unload stages 501 are located. A.partition wall 531 is 

provided adjacent to the transfer robots.sos in the cleaning 

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

opposite side of the cleaning chamber 530A with respect to the 

p·artition wall. 531 ~ In the polishing chamber 53 OB, two 

20 turntables 509 and 510, and ·two top rings 512 are provided, and 

one of the top rings 512 holds a ·semiconductor wafer and presses 

the semiconductor wafer agai~st the turntable 509 and the other 

25 

. . 

of the top ring 512 holds a semiconductor wafer and presses the 

semiconductor wafer against the turntable 510. 

FIG. 50 shows the relationship between the top ring 

512 and the turntable 509 or 510. As shown in FIG. 50, the_ top 

ring 512 is supported by a rotatable shaft 532 which is suspended 

from a top ring arm 511. 'l'he top ring arm 511 is supported by 
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elevating mechanism so· that the pusher 517 can move vertically 

between a wafer transfer position for transferring the 

semiconductor wafer to the top rin9·512 and a supply position 

for supplying the semiconductor wafer to the pusher 517. Between 

s the pushers 517 and the cleaning chamber 530A, there is provided 

10 

f:: .... 

a rotary transporter 519-which .constitutes a transfer mechanism 

for transferring the semiconductor wafers between the pusher 517, 

and the transfer robot 506 and the transfer robots 508 (see FIGS. 

49, 51 and 52). 

The rotary transporter 519 is rotatable horizontally 

through 3 6 0 Q , and comprises an indexing mechanism and four s ta9es 

515, 516 for placing semiconductor waf~rs. The two stages 515 

and the two stages 516 are positioned along a circle having a 
. . 

certain radius from a rotation_ center of the rotary transporter 

15 519 at equally angular intervals. The t_wo stages 515 serve as 
. . . . 

a load stage for placing the semiconductor wafer to be polished . . .c .. '2 "" ... .,.. "! .•• .,. -~ • • • 

and the two stages. 516 s.erve as; ~n·,unload·stage for placing the 
. .' ... 

. . ... 
semiconductor _wafer which has:been ... polished •. The stages 515 and 

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

20 sta9e, respectively~ 

As shown in FIG. 49, the rotation center of the rotary 

transporter 519 is disposed at a position where the transfer robot 

506, the transfer robots 508 and the top rings 512 can access 

the respective stages 515 and 516. In this embodiment, the 

2s rotary transporter 519, the turntables 509, 510 and the top rings 

512 ·are arranged sue~ 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 t:c-ansporter 519 and the rotating 

shafts 533 of the top rings 512 are equal.· A cover 521 is provided 

so that the rotary transporter 519 is l~cated in the polishing 

chamber 530B. The cover.521 has an opening for allowing the 

s 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 

lO from the robots in the cover 521. ·cleaning nozzles 542 for 

supplying cleaning .liquid to the top rings 512 after polishing 

to clean them are.provlded dn or adjacent to the pushers 517. 

The cleaning nozzles 542· for cleaning "the top rings 512 may be 
. ' 

used for preventing the top rings 512 frottt being dried while the 

15 top rings do not perform a polishing process. 

2) ROTARY TRANSPORTER TYPE B 

FIGS. 53 and 54 show a detailed structure of the rotary 

transporter type a, and FIG. 53 is a p~an view of the rotary 

transporter t.ype Band FIG. 54 is an elevat.ional view of the rotary 

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

512 and the cleaning chamber 530A, there is provided a rotary 

transporter 519 which 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 

25 rotary transporter 519 is rotatable horizontally through 360°, 

and has an indexing mechanism. 'l'he 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 with the rotary 

transporter 519. The two pushers 515 and the two pushers 516 

are positioned along a circle having a certain radius from a 

s rotation center of the rotary transporter 519 at equally angular 

intervals. 'I'he 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. 'I'he pushers 515 and 516 are not 

10 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 vertically between a wafer 
. . . 

transfer position for transferring the semiconductor wafers to 

15 the top rings 512 and a supply position for supplying the 

semiconduc-tor wafers to the pus:hers 515, 516. As shown in FIG. 

49, the rotation center of the rotary·transporter 519 is disposed 

at a position where the transfer robot 506, the transfer robots 

SOB and the top rings 512 can access the respective pushers 515 

20 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 

25 

type A, and hence description thereof will not be made. 

3} LINEARLY MOVABLE TABLE TYPE 

FIGS. 55 and 56 show a detailed structure of the 

linearly movable table type, and FIG. 55 is a plan view of the 

linea~ly movable table type and FIG4 56 is an elevational view 

of the linearly movable table type. As shown in FIGS. 55 and 
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56, two pushers 517 are provided along swing loci of the top rings 

512, respectively. Each of the pushers 517 constitutes a 

dedicated wafer transfer mechanism for transferring a 

semiconductor wafer to o~ from the top ring 512. Each of the 

s pusher 517 has an elevating mechanism so that the pusher 517 can • .... 
move vertically 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 

io 530A, there are prov·ided two transfer mechanism 525 for 

transferring the semiconductor wafers between the pushers 517, 

and the transfer robot 506 and the transfer robots 508. One of 

the transfer mechanisms 525 is provided.for the turntable 509 

and the other of the transfer mechanisms 525 is provided for the 

15 turntable 510. The two transfer mechanisms 525 have a stage 515 

and a stage_516, .respectively. The stages 515 and 516 a.relocated 

above the pushers 517, .respectively, and movable linearly and· 

individually in respective horiz.ontal planes. The stage 515 is 

a load stage for transferring ~he semiconductor wafer to the top 

20 ring, and the stage 516 is an unload stage 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 

25 centrally located transfer robot 506. The transfer mechanisms 

525 have two straight rails 526, respectively which are 

positioned 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 in each of the transfer mechanisms 525 

are positioned so that they do not interfere with each other 

vertically, and movable individually in a horizontal direction. 

The stages 515 and 516 are movable along the rails 526, 

5 respectively by a ball screw mechanism and a motor (not shown). 

By this _arrangement, when the two stages 515 and 516 move, the . 

positions o~ the two stages 515 and 516 can be replaced in plan. 

The moving mechanism of the transfer mechanism 525 includ~s a 

~positional mechanism-. When the stages 515 and 516 on which the 

10 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 semiconductor wafers upwardly to transfer 

the semiconductor wafers to the respective top rings 512. 

Conversely, when the stages 515·, 516 on which the semiconductor 
- - . 

15 wafers are not placed move to the same positions, the pushers 

517 recei~~ _the semiconductor _wafers from the respective top 

rings, and move downwardly for .t~ereby placin.9 the semiconductor 

wafers on. the respective stages: 515 and 516· •. 

The transfer mechanisms 525 are located in the 
. . . 

20 polishing chamber 530B. The partition wall for defining the 

polishing chamber 530B has an opening for transferring the 
. . . 

semiconductor wafers to or from the transfer mechanisms 525, and 

a shutter 518 is provided at the opening. Cleaning nozzles for 

supplying cleaning liquid to wafers to clean them are provided 

25 along ·wafer transfer routes to or from the robots in the chamber 

530B. Cleaning nozzles for supplying cleaning liquid to the top 

rings 512 after polishing to clean them are provided on or 

adjacent to the pushers 517. The cleaning nozzles for cleaning 
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the top rings 512 may be used for preventing the top rings 512 

from being dried while the top r.ings do .not perform a polishing 

process. 

Next, th~ ope~ation of the pol~shing apparatus having 

s the above structure will be described below. Semiconductor 

wafers to ~e polished are housed in the wafer cassette 540, and 

the wafer cassette 540 is placed on.the load-unload stage 501. 

After the whole processing conditions in the polishing apparatus 

are inputted, the polishing apparatus starts automatic operation. 

10 In this polishing apparatus, some polishing processes can be 

performed, and in the following description, in the case where 

the number of semiconductor wat:ers 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 

15 another 4 Further, in the case where the number of semiconductor 

wafers eou~ted from the uppermost position of the wafer cassette 

20 

,· 

is even, such even numbers of the semiconductor wafers ·are 

polished on the turntable 51 O one af.ter another. Next, the 

polishing processes will be described below. 

In this case, with regard to the pusher unit, the 

rotary transporter_ type A is basically described, and the rotary 

transporter type B is described in parenthesis. Further, with 

regard to the pusher unit of the linearly movable table type, 

the rotary motion of the rotary transporter 519 is replaced with 

25 the linear motion of the table, and other motions are the same 

as the rotary transporter types A and B. 

1. The. load-unload stage 501 is angularly 

positionally adjusted, and the wafer cassette 540 turns its front 
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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 adjusts its angular position 

and height position, and the hand of the transfer robot 502 holds 

s the semiconductor wafer in the wafer cassette 540 under vacuum, 

and takes out the semiconductor wafer from the wafer cas.sette 

540. In this case, in the transfer robot 502, the hand for 

handling a clean semico.nductor wafer is used. 

3. The transfer robot 502 adjusts again its angular 

lO position and height position while the transfer robot 502 holds 

the semiconductor wafer, and transfers the semiconductor wafer 

to the reversing device 504. 
. . . . 

4. The reversing device 504 chucks the semiconductor 

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

15 con_firmed that the semiconductor wafer i~ normally chucked, the 
. . . . 

semiconduc:tor wafer is rotated ~hrou9h 18 O 0 to make the surf ace 
. . 

thereof to.be polished facing downward . 

. 5 • After .lt i·s confirmed . that the. i::eversin9 device 

504 is normally rotated through 180°, t.he. transfer robot 506 

20 adjusts its angular position and height position. Thereafter,. 

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

the transfer robot 506 rece,j.ves the semiconductor wafer from the 

25 

reversing device 504. In this case, in the transfer robot 506, 

the hand for handling a clean semiconductor wafer is used. 

6. The transfer robot 506 adjusts again its angular 

position and height position, and after it is confirmed that the 

semiconductor wafer is 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 wafei; i.s transferred to tl:ie stage 515 (pusher 515). 

7. After it is confirmed that the semiconductor wafer 

is transferred to the stage 515 {push'!:!r 515), the shutter 518 

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

s or 270° to allow the stage 515 (pusher 515) to move to a wafer 

transfer position to the top ring 512. 

'. 8. After it is confirmed that .the stage 515 (pusher 

515) moves to a position where the top ring 512 can access the 

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

10 wafer from the stage 515, and further elevat_ed to chuck the top 
. .. 

ring 512 (the pusher 515 is elevated to chuck the top ring 512). 

Thereafter, the stage of the pus.her ·5i7 on which the semicondu~tor 
. . 

wafer is placed is further ·elevated, the backside surface of the 

semiconductor wafer.contacts·the wafer holding surface of the 

is top ring 512, and at 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 under.vacuum, the pusher.517 

is lowered. After it is confirmed that lowering of the pusher 

20 517 is completed, the rotary transporter 519 is rotated in the 

direction opposite to. the above rotating direction through 90° 

or 270°. At this time, the unload stage 516 (pusher 516) is 

located at a wafer transfer position from the top ring 512. 

Further, at the same time that the rotary transporter 519 is 

2s 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. 

la. 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 onto the turntable 509 from 

the polishing liquid supply noz~le 513 in a predetermined kind 

s and amount. Thereafter, the top ring 512 is lowered, and a:eter 

it is confirmed that the top z::ing 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 

10 above predeterm;i.ned speed, kind, amount, pressure, time, and the 

like are inputted in advance. While the semiconductor wafer is 

polished, a subsequent semiconductor wafer to be polished is 

transferred in the same manner described above, and the 
. . 

subsequent· semiconductor wafer is transferred to the load stage 

15 515 (pusher 515) • 

11.·After polishing. of the semiconductor wafer is 

completed, the supply of the polishing liquid from the polishing 

liquid supply nozzle 513 is stopped,. and the top ring 512 ·holds 

the semiconductor wafer under vacumn. After it is confirmed that 

20 the semiconductor wa-fer is held by the top ring 512 under vacuum, 

the shaft 533 for supporting 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. 

25 12. After it is confirmed that the top ring 512 

projects from the outer periphery of the turntable 509 by about 

half I the shaft 533 for supporting the top rin9 arm 511 is rotated, 

and at the same time, the top ring 512 moves to a wafer transfer 
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position o'f the top ring· 512 located above the pusher 517 while 

the top ring 512 is being elevated. At tbis time, the unload 

stage 516 (pusher 516) is_ locat_ed at the w~fer transfer position 

from the top ring 512 because the rotary transporter 519 remains 
. . 

s in the state of the above step 9. 

13. After it is confirmed that the top ring 512 is 

positioned. above the pusher 517 (pusher 516), the pusher 517 

(pusher 516) is elevated to allow the pusher 517 (pusher 516) 

to chuck the top ring 512, and at the same time, the vacuum is 

10 shut off. 'I'hen, air or nitrogen and pure water are blown from 

the lower surface of the top ring 512, and the semiconductor wafer 

is removed from the top ring 512 and pl~ced on the pusher 517 

(pusher 516). 

· 14. After the semiconductorwafer is removed from the 

15 top ring 512, the pusher 517 is lowered "t::O a position below the 

stage (the pusher 516 is lowered to a position where the transfer ' . 

robot 508 can transfer the semiconductor wafer). 

15 • 'l'he pus her 51 7. (pus her 516 ) is lpwered, and after. 

it is confirmed that the semiconductor wafer is placed on the 

20 stage 516 {pusher 516), the rotary transporter 519 is rotated 

through 90° or 270° •. Thus, 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 transferred in the same manner as described above 

2s and polished. At the same time, pure water (deionized water) 

is ejected from the rinsing nozzles to clean the top ring 512, 

and the pure water (deionized water) is 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 wafer-polishing and the start 

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

the dresser 514 to recover the optimum polishing surface of the 

turntable 509 or 510. 

16. After the subsequent semiconductor wafer is 

transferred·to the top ring 512, the rotary transporter 519 is 

rotated, and· after it is confirmed that the stage 516 ·(pusher 

516) moves to a position that can be accessed by the transfer 

robot 508, the shutter 518 is opened and the transfer robot 508 

10 adjusts its angular position and height pos.ition to receive the 

semiconductor wafer from the stage 516 (pusher 516). 
. . 

17. After the transfer robot SOB receives the 

semiconductor wafer from the stage 516 (pusher 516), the shutter 

518 is closed and the_ transfer robot 508 adjusts its angular 
. . . 

15 position and height position to transfer "t;:he semiconductor wafer 
- . 

to the. clea_ning apparatus 507, and at the same time, the cleaning 

apparatus 507 chucks· the semiconductor: .wafer .. 

. 18. After it is confirmed·that.the cleaning apparatus 

507 chucks the semiconductor wafer normally, a primary cleaning 

20 of the polished semiconductor wafer is .conducted. 

19. ·After the cleaning process of the cleaning 
. . 

apparatus 507 is conducted, the transfer robot 506 moves to a 

position where the transfer robot 506 can access the cleaning 

apparatus 507, and at the same time, the transfer robot 506 

25 adjusts its angular position and height.position and receives 

the semiconductor wafer by the hand. In this case, in the 

transfer robot 506, the hand for handling a dirty semiconductor 

wafer is used. 

122 



5 

20. The transfer robot 506 adjusts again its angular ·~ . 

position and height p<_>~ition 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 fro:r.n 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 

io make the polished surface of the semiconductor wafer facing 

upward. 

22. After it is confirmed that the reversing device 

sos is rotated normally .through 180 ° ,"·the tr.ans fer robot 502 

adjusts its angular posit.ion and height position to receive the· 

15 semiconductor wafer from the reversing device 505 by the hand, 

and at the ... same time, the reversing device 505 opens the chuck 

mechanism. ·In this case, in the transfer robot 502, the hand 

for handling a dirty semiconductor wafer is· used . .-

23. The tran.sfer robot 502 adjusts its angular 

:zo position and height position,. and transfers the semiconductor 

wafer to the cleaning apparatus 503, -and at the same time, the 

cleaning apparatus 503 chucks the semiconductor wafer. 

24. After it is confirmed that the cleaning apparatus 

503 chucks the semiconductor wafer normally, a secondary cleaning 

25 of the polished semiconducto~ 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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semiconductor 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 
s position and height position, and transfers the semiconductor 

wafer to the wafer cassette 540 in which the . polished· 
semiconductor wafer is returned to it~ original position stored 
before polishing. 

2 7 . Ev-en numbers of the semiconductor wafers counted 
10 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. · 

Next, the operation of the pusher unit of the rotary 
. . 15 transporter type A will be described below with reference to FIGS. 

20 

. . . 57 and 58. ,~IG. 57 is a plan view showing the relationship of 
. . . the top ring, the rotary transporter, the pushers and the transfer 

robots, and-~IGS. SBA through.580 are views ·showing the manner 
in which the pusher is .operated. 

As shown in FIG. 57, the semiconductor wafer 602 to 
be transferred to the top ring 512 is transferred to the rotary 
transporter 519 from the direction shown by an arrow 710 by the 
transfer robot 506·. The semiconductor wafer is placed on 
shoulders of pins 601 fixed to the rotary transporter 519 by the 

25 robot hand 660. At this time, the wafer. holding portion of the 
robot hand 660 and the pins 601 contact the semiconductor wafer 
602 at different positions of the out~r periphery 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 position 715 to the top ring 

512 and positioned above the pusher 517. 

FIG. SBA shows the state in which the semiconductor 

s wafer 602 is placed on the rotary transporter 519 and transferred 

to a position above the pusher 517. In FIG. SBA, the top ring 

512 is positioned above the rotary transporter 519 ,·and the pusher 

517 is positioned below· the rotary transporter 519. 

Next, the pusher 517 is elevated by an air cylinder 

10 605 to push the semiconductor wafer 602. placed on the shoulders 

of the pins 601 upwardly, and the semiconductor wafer 602 is 

transferred to the -st·age 606 of the pus.her 517. At this time, 

the stage 606 contacts the ·semiconductor wafer 602 at a position 

different ·from positions where the pins 601 contact the 

is semiconductor wafer 602, but the contacting portion between the 
. . 

stage 606 ~nd the semiconductor wafer 602 is common partly to 
. 

a position where the robot .hand 660 _contacts the .semiconductor 
.. 

wafer 602 •. FIG. 58B shows the. ·state in which. the air cylinder 

605 of the pusher 517.is operated, and the semiconductor wafer 

20 602 on the rotary transporter 519 contacts the stage 606 of the 
. . . . 

pusher 517. At .this time, a centering guide 607 and a centerin9 

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 ~hows the state in which the air cylinder 

25 605 is further operated to push the semiconductor 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 

5 section A (see FIG. SSA). 

A guide 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 ~function f.or adjusting the position 

10 of the pusher 517 with respect to the top ring 512. In order 

to cushion impact caused by contact between the stage 609 and 

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

a shock absorber 613 is incorporated to adjust a contact position 

between the stage 609 and the top ring 512. 

15 FIG. 58D shows the state in which the air cylinder 

614 is furtper operated from the state shown in FIG. SSC to elevate 

the stage 606 on whic-h the semiconductor wafer 602 ·is placed, 

and the semiconductor wafer 602 contacts the holding surface of 

the top ring 512. Even in this state, the springs 611 and 612 

20 have such a function that the sta9e 606 does not press the 

semiconductor wafer 602 against the top ring 512 under a pressure_ 

more than necessary._ 

By a series of operations described above, the 

semiconductor wafer 602 on the rotary transporter 519 is 

2s transferred to the top 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. SSC, and 
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the semiconductor wafer 602 is removed form the top ring 512 in 

this state. After the semiconductor wafer 602 is ·removed from 

the top ring 512, th~ pusher 517 is operated in the order of FIG. 

sac, FIG. 58B and FIG. 58A in a series of operations which are 

s reverse to a series of operations in which 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 transporter 519. At this time, the 

semiconductor wafer 602 is placed on the pins 601 of the rotary 

10 transporter 519. Thereafter, the rotary transporter 519 is 

rotated by the motor 700 to a wafer removing position, and then 
' . 

the semiconduct"or wafer 602 is transferred in the direction shown 

by an arrow 711 by the robot hand 680 of the· transfer robot 508. 

·FIG. 59 is a plan vief.V showing. a modified embodiment 
. . 

15 of the polishing apparatus according to the present invention • 

. , In this embodiment, two lo.ad pushers 515 are disposed 

along a diagonal line Of .the rotary transporter 519, and two 

unload push~rs 516 are disposed along::another diagonal line of 

the rotary trans_porter Si°9. The.to:tal of four pushers 515 and 

20 516 are provided on the rotary transporter 519. 

FIGS~ 60 through _64 are diagrams illustrative of a 

process of polishin~ a s.emiconductor wafer with the polishing 

apparatus shown in FIGS. 49 and 59. To be more specific, FIGS. 

60 through 64 show a process in which a semiconductor wafer is 

25 taken.out from a wafer cassette CSl, polished, cleaned, and. 

returned to the wafer cassette CSl, 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 r~p~esented by 

CSl and cs2, the transfer robots 502, 506 and 508 are represented 

by RBl, RB2, RB3 and RB4, the cleaning apparatuses 503 and 507 

are represented by CLl-1, CLl-2, CL2-l and CL2-2, and the 

s reversing devices 504 and 505 are represented by T. ovl and T. 

•ov 2, the turntables 509 and 510 are represented by TTl and TT2, 

the top rin_gs 512 are represented by TRI and .TR2, the load stages 

(or pushers) of the rotary.transporter 5I9 are represented by 

In-lL and In-2L, and the u.nload stages (or pushers) of the rotary 

10 transporter 519 are represented by In-lUL and In-2UL. 

As shown in FIGS. 60 through 64, one semiconductor 

wafer is processed in the following route: the wafer cassette 

(CSl) ~ the transfer robot (RBl)-+ the re'versing device (T. ovl) 

~ the transfer robot ( RB2) -7 the load -stage (or pusher} (In-. . 
. . 

15 IL) ~ the top ring ( TRl) ~ the turntable (';['Tl) ~ the unload sta9e 

(or pusher.) {In-lUL) ~the transfer robot'(RB3) ~the cleaning 

apparatuse·;(CLl-1) -7 .the transfer robot (RB2) -+ the reversing 

device (T~ ov2) ~ the transfer robot (RBl) ~ the cleaning 

apparatus (CL2-1) ~ the transfer robot (RBl) ~ the wafer 

20 cassette (CSl). 

The other semiconductor wafer is processed in the 

following route: tbe wafer cassette (CS2) -7 the transfer robot 
. . 

(RBl) -7 the reversing device (T. ovl) ~the transfer robot (RB2) 

~the load stage {or pusher) (In-2L)"' the top ring ('l'R2)"' the 

2s turntable ( TT2) ~ the unload stage (or ·pusher) ( In-2UL) -7 the 

transfer robot (RB4) ~ the cleaning apparatuses (CLI-2) -+ the 

transfer robot (RB2) ~ the reversing device (T. ov2) -+ the 

transfer robot (RBl} ~ the cleaning apparatus (CL2-2) ~ the 
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transfer robot ( RBl) -7 .. 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 

5 remaining two stages transfer the semiconductor wafer to be 

10 

< 

supplied to the turntable s1·0 ~ . The wafer which is polish~d· .by 

the turntable 5 O 9 and the wafer which is polished by the turntable 

510 are commonly handled by the rotary transporter 519 and the 

robot 506, the robot 502, and the reversing devices 504, 505. 

FIG. 65 ~hows a layout of various components of a 

polishing apparatus according to a third embodiment of the 
. . 

present invention. As shown in FIG·. 6S, a polishing apparatus 
. . . . 

according to the present invention comprises two rotatable 
, ... · 

load-unload stages 501 each for placing a ·wafer cassette 540 which 

15 houses a number of- semiconductor wafers. A transfer robot 502 

having two hands is disposed at a position where the transfer 

robot 502 can acc;:ess ... the respective wafer cassettes 540 on the 

respective ·load-unload stages 501. 

The transfer robot 502 has two hands, one of which 

20 is used only for handling a.clean semiconductor wafer and the 

other of which is used only f.or 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 

2s apparatuses 503 are disposed at positions that can be accessed 

by the hands of the _transfer robot 502. Two reversing devices 

504 and SOS for reversing semiconductor wafers are disposed at 

positions which are symmetric about a center 502c 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 

s reversing the semiconductor wafer, and handles only a clean 

semiconductor wafer. The reversing· 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 

10 hands is disposed in such a manner that the transfer robot 506 

and the transfer robo"t 502 are symmetric with respect to a line 

L1 interconnecting a center 504c of the semiconductor wafer 

chucked by the reversing device 504 and a center 505c of the 
. . 

semiconductor wafer chucked by the rever~ing device 5054 The 

15 transfer robot 506 is disposed at a position where the hands of 

20 

the transfer robot 506 can access the reversing 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 polished are disposed on both 

sides of the transfer robot 506. · Each of the cleaning 

apparatuses 507 performs a cleaning process different from the 

cleaning process in.each of the cleaning apparatuses 503. The 

25 cleaning apparatuses 507 ·are disposed at positions that can be 

accessed by the hands of the transfer robot 506. Two transfer 

robots 508 having a single hand are disposed at the opposite sides 

of the reversing devices 504, 505 with respect to the respective 
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cleaning apparatuses 507. The transfer robots 508 are disposed 

at positions where the hands of the transfer robots 508 can access 

the cleaning apparatuses 507, respectively. Between the two 

transfer robots 508, there ~s provided a wafer station 520 having 

s a rinsing mechanism. In order to prevent 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 polishing apparatus has a housing 530 for 

enclosing various apparatuses and components therein. The 

IO housing 530 constitutes an-enclosing structure. The interior 

of the housing 53 O i~ partitioned into a·plurality of compartments 

or chambers (including a polishing chamber and a cleaning 

chamber) . The cleaning chamber 5 3 OA extends from an area where 

the two transfer robots 508 are located :.to an area where the 
. . .. . . 

15 load-unload stages 501 are located. A.partition wall 531 is 
.• :·· . . . 

provided a?jacent to the tran·sfer robots 508 in the cleaning 
. ·: 

chamber SJOA, and a polishing chamber.530B is located at .the 

opposite side of th~· cleaning ch.amber 530..n,.with respect to the ... 

partition wall 531. · In the polishing chamber 530B, two 

20 turntables 509 and 510,. and two top rings 512 are provided, and 

. one of the :top rings ·s12 holds a semiconductor wafer and presses 

25 

. . 
the semiconductor wafer against the turntable 509 and the other 

of the top ring 512 holds a semiconductor wafer and presses the 

semiconductor wafer against the turntable 510. 

In the polishing chamber 530B, two rotary 

transporters 519 are provided so as to correspond to the two top 

rings 512, respectively .. Each of. the rotary transporter 519 has 

a load pusher 515 for tr~nsferring ~ semiconductor 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 

s transporter 519 at equally angular intervals. A set of the load 

pusher 515 and the unload pusher 516 are provided on the rotary 

transporter 519. That is, the load pusher 515 and the unload 

pusher 516 are prepared for each of the turntables 509 and 510. 

By rotating the index table 519 for supporting the respective 

10 pushers, the load pusher 515 and the unload pusher 516 can move 

to a first position where they can transfer the semiconductor 

wafer to or from the transfer robot 508, and a second position 

where they can transfer the semiconductor wafer to or from the 

top ring 512. The load pusher 515 moves to substantially the 

15 same position as the unload pusher 516,,and at the same time, 

the unload .. pusher 516 moves to substantially the same position 
. . 

as the load pusher 515. Thus, the top ring 512 and the transfer 

robot 508 can access ·simultaneously the load pusher and the unload 

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

20 controlled independently from each other. 
. . . 

Further, the load ·pusher 515 and the unload pusher 

516 have an elevating.mechanism so that they can access the top 

rinq 512 and the transfer robot 508. The load pusher 515 has 

an automatic centering mechanism which is operated only when the 

2s 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 installation 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 rinq 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 which is operated only. when the unload pusher 516 is 

elevated to reach the top ring 512 for thereby receiving the 

semiconductor wafer. The unload pusher 516 is mova~le within 

such an area that an installation error of the top ring 512 can 

10 be absorbed, and hence the unload pusher 516 can receive the 

semiconductor wafer from the top ring 512. Further, when the 

transfer robot 508 receives the semiconductor wafer from the 

unload pusher 516, the unload pusher 516 is located at a lowermost 

position and is fixed to be stationary.· -The pushers 515 and 516 
. . . 

15 have substantially the same structure a~d are operated in the 
·.. . . 

same mann~F as that shown in FIGS. SSA through 58D. 

Rinsing nozzles- for supplying cleaning liquid to 

wafers are .:provided at the first position to clean the wafers 

transferred from the top ring 512. Cleaning nozzles for 

20 supplying cleaning liquid to .the top rings 512 are provided at 

the second position for cleaning the top ring 512 which releases 

the semiconductor wafer. Sensors are provided at the first and 

second positions for detecting whether the semiconductor wafer 

exists or not. The partition wall has ·openings to allow the 

2s semiconductor wafer to pass. therethrough at a position bet~een 

the load pusher 515 and the transfer robot SOB and a position 

between the unload pusher 516 and th~ transfer robot 508, and 

shutters 518 are provided at the openings. 

133 



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 532 which is suspended 

from a top ring arm ~11. The top ring ~rm 511 is supported by 

s 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_ rin·gs 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 

10 _nozzle 513 is provided for supplying a polishing liquid to a 

central portion of the turntable·s 509 or 510. A dresser 514 for 

dressing each of the turntables 509 and 510 is provided adjacent 
. . 

to the turntable 509 or· ·s10. A polishing cloth or an abrading 

plate (a fixed-abrasive plate} is attached to the upper surface 

15 of the turntable 509 or 510. 'I'he ::r:otary .transporter 519 having 

the load pµsher 515 and the unload pusher 516 is provided adjacent 
- . .. . 

to the rotating shaft.533. of the top ring .5l2. 

: Next, the operation of the polishing apparatus having 

the above structure wi21 be described below. Semiconductor 

20 wafers to be polis~ed are. housed in the wafer cassette 540, and 

the wafer cassette ?40 is placed on th~ load-unlo~d stage 501. 

After the whole processing conditions in the polishing apparatus 

are inputted, the polishing apparatus starts automatic operation. 

In this polishing apparatus, some polishing processes can be 

25 performed, and in the following description, in the case where 

the number of semiconductor 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 where the number of semiconductor 

wafers counted from the uppermost position of the wafer cassette 

is even, such ev~n ·numbers of the semiconductor wafers are 

polished on the turntabl_e 510 one after another. Next, the 

s polishing processes will be described below. 

10 

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 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. In this cas·e,· in the transfer robot 502, the hand for 

1s handling a clean semiconductor wafer is used. 

20 

25 

3._The transfer robot 502 adjusts again its angular 

position and height position ~hile the :transfer robot 502 holds-. 

the semiconductor wafer, and transfers the semiconductor wafer 
. . 

to the reversing device 504. 
. . . . 

4. The reversing device 504 chucks the semiconductor . . 
wafer transferred from the transfer robot 502, and after it is 

. . 
confirmed that the semiconductor 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 confinned that the reversing device 

504 is norm.ally rotated through 180°, the transfer robot 506 

adjl:lsts its angular position and height position. 'I'hereafter, 

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

135 



the transfer robot 506 receives the semiconductor 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 robot 506 adjusts again its angular 

s 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 

10 the load pusher _515, the shutter 518 is opened and the 

semiconductor wafer is transferred to.the load pusher 515. 

7. After it is confirmed that the semiconductor wafer 

is transferred to the load p~sher 515,· the rotary transporter 

519 is rotated to allow the load pusher 515 to move to a second 

15 position, i.e. a wafer transfer position to the top ring 512. 
. . . 

... 8. After it is confirmed that the load stage 515 moves 

to the wafer transfer position, the .load pusher 515.·is elevated_ 
. . 

to chuck the outer periphery of .the· top ring 512 •· Thereafter, 

the stage on which the semiconductor wafer is placed is further 

20 elevated, and the.backside surface of the semiconductor wafer 
. . . 

contacts the wafer holding surface of the top rin9 512. At this 

time, a sock absorber using a spring provided at the lower part 

of the stage is operated to prevent the semiconductor wafer from 

being damaged. The load pusher 515 is elevated by a 

25 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 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 

to the polishing_ position, the turntable 509 which has been 

s rotated at an idling speed andthe top ring which has been stopped 

are rotated in the same direction at predetermined speeds, and 

a polishing liquid is supplied onto 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 

10 is confirmed 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 polished for 
.. 

a predetermined ti.me. The above predetermined speed, kind, 

amount, pressure, time,. and the like are inputted in advance. 

15 After th~s polishing process, a further. polishing process :may 
. . . . 

be carried out while different polishing liquid is supplied or 

liquid containing no:, solid.-~aterial is ·supplied •... 

· 11. Afte:r · poiishing: of. the semiconductor wafer . is 

completed, the supply of the poli~hing liquid from the polishing 
. . . . 

20 liquid supply nozzle 513. is stopped, and. the top ring 512 holds 
... ·. 

the semiconductor waf e_r under vacuum. The shaft 533 for 
. ' . 

supporting 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. Next, the 

25 top ring 512 is ra~s-ed, and the top ring 512 is further rotated 

to the second position. 

12. After it is confirmed 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 s.topped. At this time, the stage for placing the 

semiconductor wafer in the _unload pusher 516 is locate.d so as 
.. 

to keep a cert~in.gap between the_ stage_ an~. the semiconductor 

5 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 orito the pusher 516. 

13 • After the semiconductor wafer is removed from the 

io top ring 512, the unload pusher 516 is. lowered. 

14. The unload pusher 516 i.~ ·l.owered, and after it 

is confirmed that the semiconductor waf.er is placed on the unload 
•. ·' ' .. 

pusher 516, ·the rotary.transporter 519 is rotated to move the 

unload pusher 5l6 to the first position. In this state, pure 

15 water is ejected from_ the J;insing nozzles 542 to clean the top 

ring 512, a,nd at the same time, a cleaning. liquid is ejected from 

the rinsing no2zles 543 to clean the semiconductor wafer. At 

this time, a semi~onductor wafer to be . polished has been 

transferred to the load pu~her 515 by the transfer robot 508. 

20 Further, the load pusher 515 is located at the second position, 

and pure water is ejected from the rinsing nozzle 5~4 to the 

semiconductor wafer. for rinsin~ pure· water which has fallen 

thereon. Therefore, a polishing process is carried out in the 

same manner as described above. 

25 15. After rinsing of the top ring 512 and the 

semiconductor wafer is completed, the shutter 51 B is opened and 

the transfer robot SOB 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 pusher 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. 

16. After 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 semiconductor wafer to the cleaning apparatus 507, 

and at the same time, the cleaning apparatus 507 chucks the 

io semiconductor wafer. 

15 

17. After it is confirmed that the cleaning apparatus 

507 chucks the semiconductor wafer normally, a primary cleaning 

of the polished semiconductor wafer is conducted to clean both 

surfaces of the semiconductor wafer.· 

18. After the cleaning pro~ess of the cleaning 
. . 

apparatus 507 is completed, the transfer robot 506 adjusts its 

angular position and . height. position. and · ·receives .. ·the 
·, 

- . ~ 

semiconductor wafer by inserting the hand·· into the cleaning 

apparatus 507 through another.opening.' In this case, in the 

20 transfer robot 506, the hand for handling a dirty semiconductor 

wafer is used. · 

19. The transfer robot 506 adjusts again its angular 

position and height position and transfers the semiconductor 

wafer to the reversing device SOS, and at the same time, the 

25 reversing device 50~ chucks the sem~conductor wafer. 

20. After it is confirmed that the reversing device 

505 chucks the semiconducto~ wafer normally, pure water is 

ejected from the rinsing nozzles attached to the reversing device 
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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 surface of the semiconductor wafer facing. 

upward. 

21. After it is confirmed that the reversing device 

505 is rot.ated normally through 180°, the_ transfer robot 502 

adjusts its .. :angular position and height position to receive the 

semiconductor wafer from the reversing device 505 by the hand, 

and at the same time, the reversing device 505 opens the chuck 
. . 

io mechanism. In this case, in _the transfer robot 502, the hand 

for handling a dirty semiconductor wafer. is used. 

22. The transfer robot .s·a2 .adjusts its angular 

position and height position, and transfe~s the semiconductor 

wafer to the cleaning apparatus 503, and at the same time, the 

15 cleaning apparatus 503 chucks the semi~onductor wafer. 
. . . . 

. ... , 23. After it is confirmed that the cleaning apparatus 
' 

503 chucks {he semiconductor wafer normally,. a secondary cleaning 

of the polished semiconductor wafer is conducted. 

24. After cleaning of the semiconductor wafer by the 

20 cleaning apparatus 503 is co_mpleted, the transfer robot 502 

adjusts its angular posi"tion .. and ~eight position to receive the 

semiconductor 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. 

25 25. 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 polished 

semiconductor wafer is returned to its original position stored 

140 



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, 

s 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 described in the steps 1 to 26 and 

lO described in the first embodiment, the odd numbers of 

semiconductor wafers .are assigned to the turntable 509 arid the 

even numbers of semiconductor wafers are assigned to the 

turntable 510. However, the software may be provided so that 
.. 

the semiconductor wafers in one wafer cas"sette are assi9ned to 

15 the turntable 509, and the semiconductor wafers in another wafer 

20 

cassette are assigned to.the turntable 510. Further, two or more 

wafer cassettes may be a:·ssigned to each of th~ turntables, or ,;: 

the polish1ng apparatus may have such· a structure that th~"· 

semiconductor wafers are p~ocessed one by one. 

Al though the push~rs . are ·provided on the rotary 
. . 

transporter in the embodiment shown in. FIG. 66 r the pushers may 

be provided below the rotary transporter in the same manner as 

the embodiment shown in FIG. 52. Further, the rotary transporter 

is not necessarily required to have the shape of table, and the 

25 rotary transporter may have such a shape that the load pusher 

and the unload pusher are fixed 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. In FIGS. 67 t~rough 82, the transfer robots 506, 

5 OB and 5 o 8 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 

s 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 TRl and 'l'R2. In the initial 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 

10 are located adjacent·. to ·the respective Robots No. 3 and No. 4. 

Each of stages are·arrariged such that a 1.oad stage-for the first 
. . 

turntable, an ·unload stage for the·· first turntable, an unload 

stage for the second turntable,· and a load stage for the second 

turntable are locatecfin a clockwise direction around a rotating 

15 shaft of said rota~t transporter. 

20 

,Next, the operation. of t~e rotary transporter will 
~ . . . . 

be-described with reference to FIGS. 67 th~ough 82. 

,ttn step 1, as shown in FIG.- 6 7 , the robot No. 2 holds 

the wafer 1 to be polished at the first turntable (TTl). 

In st~p·2, ~s· sho.wn in FIG. 68, the rotary transporter · 

turns through an angle of 90° from the state shown in FIG. 67 

in the clockwise direction.. Then, the robot No. 2 transfers the 

wafer 1 to the LD stage for 1. 

In step 3, as shown in FIG. 69, the rotary transporter 

25 turns back to the state shown in FIG. 67. 

In step 4 , as shown in FIG. 7 o, the pusher is raised 

to receive the wafer 1 from the stage and transfers it to the 

TRl. Then, the TRI starts polishing of the wafer 1. The robot 
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No. 2 holds the wafer 2 to be polished at the second turntable 

(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 

5 in the counterclockwise . direction. Then, the robot No. 2 

transfers the wafer 2 to the LD stage for 2. 

In step 6, as shown in FIG. 7 2,. the rotary transporter 

turns back to the state shown in. FIG. 70 (= FIG. 67). The robot 

No. 2 holds the wafer 3 to be polished at the first turntable 

10 ( TTl) • 

In step 7, as shown in FIG. 73; the pusher is raised 

to receive the wafer 2 from the stage and transfers it to the 

TR2. Then, the TR2·starts polishing of the wafer 2. 

· In step 8, as shown in FIG. 7 4, the rotary transporter 
. . . 

15 turns through an angle of 90° from the ~tate shown in FIG. 73 

in the cloc.~wise direction~· 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 

20 in the counterclockwise direction. The robot No. 2 holds the 

wafer 4 to be polished at the second turntable (TT2). 
. . . ~ 

In step 10, as shown in FIG. 76, after polishing at 

the first turntable (TTl), the pusher is raised to receive the 

polished wafer 1 from the TRI and transfers it to the ULD stage 

25 for 1. The robot No. 2 transfers the wafer 4 to the LD stage 

for 2. · 

In step 11, as shown.in FIG. 77, the rotary transporter 

turns through an angle of 90Q from the state shown in FIG. 76 
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10 

in the clockwise directioI;t •.. Th.en, the polished wafer 1 is 

cleaned by pure water {deionized water) in this position. The 

robot No. 2 holds the wafer 5 to pe pc::>lished at the first turntable 

(TTl). 

In step 12, as shown in FIG. 78, the pusher is raised 

to ·receive ~the wafer 3 from tl:l.e staqe and transfers it to the 

TRl • Then, ' the TRl starts polishing of the wafer 3. The robot 

No. 3 takes the polished wafer 1 from the ULD stage for l after 

cleaning. 

In step 13, as shown in FIG. 7 9, the rotary transporter 
. . . .·· 

turns through_ an angle of 90° from the state shown in FIG. 78 
. . ·.I ,• 

in the clockwise direction. Then, the robot No. 2 transfers the 
. .. 

wafer 5 to the LD stage for 1 • 
. . . ; . : .. 

·rn step 14, as shown in FIG. so, after polishing at 

15 the second turntable (TT2), the pusher .is raised to receive the 

polished w~_fer 2 from the TR2 and transfers it to the ULD stage 
.i 

for 2. :/ 

:·:In step 15 ,_as shown in FIG. 81, the rotary transporter 

turns through an angle o:f 90 ° from the state shown in FIG. 80 

20 in the counterclockwise dj,rection. Then, the polished wafer 2 

is cleaned by pure water (deionized water) in this position. The 

robot No. 2 holdt:? the wafer ~ tp be polished at the second turntable 

(TT2). 

In step 16, as shown in FIG. 82, the pusher is raised 
. . 

25 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 OLD stage for 

2 after cleaning. 
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As described - above, according to the present 

invention, it is possible to shorten t~e time required to transfer 

a workpiece to be polished, such as a semiconductor wafer, to 

the top ring, for thereby greatly increasing the number of 

s processed workpieces per unit time, i.e., throughput. 

-.Further, in the conventional polishing apparatus, the 

number · of . top rings is increased and the workpieces are 

simultaneously polished for thereby increasing throughput. 

Thus, the workpieces cannot be uniformly polished due to the 

10 difference of individual top rings caused by increasing of the 

top rings. I'n contrast thereto, in the present invention, by 

increasing the -transfer speed of the workpieces, throughput can 

be increased by a reduced number of top rings. 

·Although certain preferred embodiments of the 
. . 

15 present invention have been shown and d~scribed in detail, it 

should be understood. that various changes and modifications may . •. 

be made theiein without depar~ing _from the scope of the appended 

claims. 
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* C L M S * 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 

workpiece ag_ainst said.polishing surfa·ce to polish the workpiece; 

at least three cleaning apparatuses for cleaning 

polished workpieces; and 

a transfer structure. for transferring said polished 

10 workpieces between said at least three cleaning apparatuses, said 

tr~nsfer structure being capable.at changing transfer routes 

between said at ieast thre~ cleaning apparatuses. 

.. . . 
· 2. A polishing apparatus according to claim 1, wherein 

15 said at least three_ cleaning app.aratuses are capable of cleaning 

said poliS?g~d workpieces in at.least three-stages. 

·' -:, .. 

3. A polishin9 apparatus according to claim 1, wherein 
. . . 

said transfer structure is capable of transferring polished 

20 workpieces between said cl.eaning apparatuses along two parallel 

transfer routes,· and said at least three cleaning apparatuses 

are capable of cleaning polished workpieces in at least two-

25 

stages. 

4. A polishing: apparatus according to c_laim 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 polishing apparatus according to claim l, 

wherein said transfer_ structure comp~ises a plurality of robots. 

5 6. A polishing apparatus comprising; 

a turntable having a. polishing surface; 

a top ring for holding a worKpiece and pressing the 

llorkpiece against said polishing surface to polish the workpiece; 

at least three cleaning apparatuses for cleaning 

10 polished workpieces; and 

15 

20 

at least two robots for· transferring said polished 

workpieces between said at least three cleaning apparatuses, said 

at least two robots being capable of changing transfer routes 

between said at least.three cleaning .apparatuses. 

7. A polishing apparatus according to claim 6, wherein 

said at least three clea~ing apparatuse.s are capa.ble. of cleaning 

said polished workpieces in at least three-stages. 

8. A polishing apparatus according to claim 6, wherein 
. . 

said at least two robots are capable of transferring polished 

workpieces between said cleaning apparatuses along two parallel 

transfer routes, and said at least three cleaning a~paratuses 

are capable of cleaning polished workpieces in at least two-

25 stages. 

9. A polishing 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: 

a plurality of turntables having respective polishing 

surfaces; 

a plurality of top rings for holding workpieces and 

pressing the workpieces against said polishing surfaces to polish 

the workpieces; 

a rotary transporter di~posed in a position which can 

be accessed by said top rings and having 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 "being bapable of rotat.ing with at least 

. ' 
15 one workpiece placed. thereon; 

20 

25 

a pusher for transferring the workpieces between said 
. . . ~ . 

rotary transporter and said top rings; and 

a reversing device for transferring the workpieces 

to and from said rotary transporter ~nd 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 polishing 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 apparatus according to claim 10, 

wherein one of said turntables comprises a scroll-type turntable. 

14. A polishing apparatus according to 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 
. . . . . . 

posit-ion spaced from one of said turntables and adjacent to said 
. . 

turntable after the workpiece has been: polished, and a cleaning. 

liquid is supplied. to the workpiece held by said top ring in said 

15 overhanging position from a nozzle disposed adjacent to said the 

turntable. 

16. A polishing apparatus according to.claim· 10, 

wherein said portions of said rotary transporter include a 

20 loading stage for supporting the workpiece before being polished 

and an unloading· stage for supporting the workpiece after being 

polished. 

17. A polishing apparatus according to claim 10, 

25 wherein said reversing device is positioned 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 ver1:ically movable.· · 
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18. A polishing app_aratus according to claim 10, 

wherein said reversing device .. is capable of reversing said 

polished workpiece to direct a polished surface upwardlyr and 

s said polished workpiece is cleaned with said polished surface 
fr.:. 

directed upwardly. 

19. A polishing apparatus comprising: 

a polishing section for polishing a workpiece; 

10 a cleaning section for cleaning a polished workpiece: 

and 
=· .' . 

a reversing device for reversing a workpiece to be 
.. 

polished and a polished workpiece; 
•• .. • •• • •. •l ••• 

·said polishing section being arranged to polish a 
15 workpiece while a surface thereof being. polished is directed 

20 

downwardly, and said cleaning section.being arranged to clean 

said polished workpiece while a polished surf ace thereof is 

directed upwardly. 

20. A polishing apparatus comprising: 

a turntable having a polishing surface; 

a top ring for holding a workpiece and pressing the 

workpiece against said polishi~g_surface to polish the workpiece; 

a plurality of cleaning apparatuses for cleaning 
2s polished workpieces; and 

a workpiece station having workpiece 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 accordin9 to claim 20, 

wherein said workpiece station has a nozzle for supplying a 

s cleaning liquid to the workpiece in the standby state to prevent 

the workpiece from being. dried .. 

22. A pol.ishing apparatus according to claim 2 O,. 

further comprising a cassette -for housing a plurality of 

10 workpieces,. said workpiece station being disposed between said 

turntable and said cassette and having a workpiece support for 

holding the workpiece to be polished in a standby state before 

15 

20 

25 

- . 
the workpiece is transferred to said.turntable. 

23. A polishing apparatus according to claim 22, 

wherein sa?-d workpiece statio·n has a workpiece support for 

holding the polished workpiece .. in .a· standby. state before the 

workpiece is transferred to said cassette. 

24. A polishing apparatus according to claim 22, 

wherein said workpiece station has a shutter for separating an 

area includin_g said cassette an~ an area including said cleaning 

apparatuses from each other. 

25. A polishing appa~atus according to claim 20, 

wherein said workpiece station has at least one workpiece support 

for dedicatedly holding the workpiece 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 sta~e. 

26. A polishing apparatus according to claim 23, 
. . . 

wherein said workpiece station includes at least two workpiece 
·.. . . . 

5 supports for holding the workpieces· to be polished in a standby 
. :· 

state and at lea.st two workpiece supports. for holding polished 

workpieces· in a standby stat~, said two ·workpiece supports for 

holding the workpieces' to be polished being spaced horizontally 

from each other, said two workpiece supports for holding the 

lO polished workpieces being disposed below said two workpiece 

supports for holding the workpieces to.be polished. 

27. A polishing .app.arat1:JS·. acc.ordinq to claim 26, 
. '·' 

wherein said two workpiec.e suppo~ts for holding the polished 

15 workpieces are vertic~lly spa.ced from ea~h other and located at 

an intersection between areas .:.where two transfer robots can 
.. 

transfer the workpi~ces. 

28. A polishing apparatus according to claim 26, 

20 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 

25 state~ said lower workpiece support being capable of holding the 

workpiece to be cleaned by at least one of said cleaninq 

apparatuses in a standby state. 
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29·. A polishing apparatus comprising: 

a loading and unloading section for supplying a 

workpiece to be polished and receiving a polished workpiece; 

a polishing section for polishing the workpiece; 

a cleaning section for cleaning the polished 

workpiece; and 

chambers separated by partitions having respective 

openings for allowing the workpiece to pass therethrough, said 

loading and unloading section, said polishing section, and said 

10 cleaning section being housed in said chambers. 

15 

20 

30. -A polishing apparatus according to claim 29, 

further comprising openable and closable shutters disposed 

respectively in said openings in said partitions. 

.. 31. A polishing apparatus according to claim 29, 

wherein air pressures 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 

sai.d polishing sections are separated by at least one partition. 

33. A polishing apparatus according to claim 32, 

25 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 a·ccordinc;r to claim 29, 

wherein said cleaning section comprises a plurality of cleaning 

apparatuses for cleaning the workpiece_s, and while at least one 

of said cleaning apparatuses is in operation, the other of said 

s cleaning apparatuses is capable of being serviced for 

maintenance. 

35. A polishing apparatus according to claim 29, 

wherein said loading and unloading section is capable of placing 

10 a plurality of· cass~ttes for housing a plurality of workpieces 

to be polished_, and. has _partitions separa~ing the cassettes from 

each other. 

·36. A polishing apparatus according to claim 35, 
. . . 

ls wherein said loading and unloading sectio_n is capable of placing 

20 

at least four cassettes for housing a plurality of workpieces 

to be polished,· and said .polishing apparatus is capable of 
"' . 

processing the work.pieces housed in at least two of said four 

cassettes in parallel to each other. 

37. A polishing apparatus comprising: 

a plurality of turntables having respective polishing 

surfaces; 

a plurality of top rings fo~ holding workpieces and 

25 · pressing the workpieces against said polishing surfaces to polish 

the workpieces; and 

a plurality of cleaning apparatuses for cleaning 

polished workpieces; 
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said polishing surfaces including a polishing surface 

for primarily polishing the workpiece and a _polishing 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 least one of said polishing surfaces 

comprises an abrading plate. 

39. A P?lishing apparatus according to claim 37, 

wherein said turntables include at least ·two turntables having 

different diameters. 

· · 40. A polishing apparatus according to claim 38, 
'. . . . .. 

15 wherein a workpiece is polished in a first. stage by the polishing 

20 

. . 

surface comprising a_n abrading _·plate,: and thereafter polished 
. . 

in a second stage by th~ polishing ;;urface .comprising a polishing 
·. ' . . 

cloth. 

41 .. A polishing apparatus comprising: 

a loading and unloading section for supplying a 

workpiece to be polished and receiving a polished workpiece; 

a turntable having a polishing surface; 

a top ring for holding a workpiece and pressing the 

25 workpiece against said polishing surface to polish the workpiece; 

at least three clean·ing apparatuses 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 transferring the workpieces. 

4 2 • A polis~ing · appar~tus according to cl aim 41, 

wherein said transf.er structur~ compris~s. a plurality of robots, 

s one of said robots having two bands for transferring workpieces 

to and from a cassette placed in said loading and unloading 

section, orie of said hands comprising a vacuum attraction-type 

hand for holding the wo.rkpiece under vacuum, the other of said 

hands comprising a recess support-type hand for supporting a 

10 peripheral edg.e of the workpie·c~ by a recess formed on the hand, 

15 

· .... 
said vacuum attraction-type hand being·used to receive the 

workpiece from said cas'sett'e, said recess support-type hand being 

used to return the workp'iece to said cassette·. 

43. A polishing ·apparatus a~cording to claim 41, 
. . 

wherein said transfer structure .comprises a plurality of robots, 
.. . . 

at least one of said robots having two hands which are yertically 

spaced from each other as an upper hand for holding the workpiece 

which has been cleaned at ieast once arid a lower hand for holding 
. . . . ~ 

20 the polished workpiece which has not been cleaned. 

25 

44. A polishing apparatus according to claim 41, 

wherein at least two .of said cleaning apparatuses are capable 

of cleaning both surfaces of the workpiece. 

45. A polishing apparatus according to claim 42, 

further comprising a workpiece support for holding a workpiece 

in a standby state, said workpiece support being operable such 
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that said vacuum attraction-type hand is positioned above said 

support while holding the _workpiece, and thereafter performs a 

vacuum break to release.the workpiece therefrom and to center 

the workpiece by being guided.by said support, and transfers the 

s workpiece to said support. 

10 

46. A polishing apparatus.comprising: 

a plurality of turntables having respective polishing 

surfaces; 

a plurality of top rings for holding workpieces and 

pressing the workpieces against said polishi.ng surfaces to polish 

the workpieces; 

a rotary transporter disposed in a position which can 
. . 

be accessed by said top rings and having a plurality of portions 

15 positioned on a predetermined circumfer_ence from a center of 

rotation o~ said rotary transporter for holding the workpieces, 

said rotary _transporter bei.ng capable of indexing said plurality 

of portions:, and 
: ~ 

a pusher for transferring the workpieces between said 
.. 

20 rotary transporter and said top rings. 

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 

25 position over said rotary transporter. 

48. A polishing apparatus accordinq to claim 46, 

further comprising respective dedicated dressers associated 
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. . 
49. A polishing apparatus according to claim 46, 

wherein said portions of said rotary transporter comprises a load 

s stage for holding the workpiece to be polished and an unload stage 

for holding the workpiece which has been polished. 

10 

15 

20 

so. A polishing apparatus according to claim 46, 

wherein said pu~her is provided below said rotary transporter. 

51. A polishing apparatus· according to claim 46, 

wherein said pusher is provided on said .rotary transporter. 

· 52. A pol~shing apparatus· comprising; 
. . 

a plurality· of turntables having respective polishing 

surfaces; 

'a plurality of -:top rings for. holding workpieces and . 
. . . 

pressing the ~orkpieces against said polishing surfaces to polish 

the workpieces; 

a plurality of rotary transporters provided so as to 
. . · .. 

correspond to said respective top rings and disposed in positions 

which can be accessed b°y ·said r.espective top rings, and each 

having a plurality of portions positioned ·on a predetermined 

circumference from a center of rotation of said rotary 

25 transporter for holding the workpieces, said rotary transporter 

being capable of indexing said plurality of portions; and 

a pusher for transferring the workpieces between said 

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 

s position over said rotary transporter . 

. 54. A polishing apparatus according to ·claim 52., 

further comprising respective dedicated dressers associated 

with said respective turntables. 

10 

ss-. A polishing apparatus according to claim 52, 

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. 

15 

56. A polishing apparatus according to claim 52, 
... · .. 

wherein said pusher is provided below said rotary transporter. 

57.. A polishing apparatus according to claim 52, 

20 wherein said pusher is provided on said rotary transporter. 

25 

. . 
58. A polishing apparatus comprising: 

a plurality of turntables having respective polishing 

surfaces; 

a plurality of top rings for holding workpieces and 

pressing the workpieces against said polishing surfaces to polish 

the workpieces; and 

a rotary transporter having an indexing function for 
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transferring said wo~kpieces to or from said· top rings; 

wherein each of said plur~lity 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 5 B, 

wherein each of said plurality of top rings is angularly mov.ab1e 

about a rotating shaft between said position over said turntable 

and said position over said rotary transporter. 

60. A polishing apparatus according to claim 58, 
. ·'.···. 

further comprising" respective" dedicated "dressers associated 

with said respective turntables. 

61. A polishing apparatus _according to claim 59, 
. . . . 

wherein th,~ distance between a rotating shaft of said rotary 
. . . .. ~ . 

transporter and said rotating s-hafts of. said top rings are equal. 

62. A polishing apparatus according to claim 58, 

20 wherein said rotary. transporter. comprises a first stage for 

transferring the workpie_ce to be polishe4 on one of said plurality 

25 

. . : . . 
.. 

of said turntables,. -and a second staqe 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 rotary · transporter comprises four stages for 

s 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, an unload.stage for the first turntable, 

an unload stage for the second turntable, and a load stage for 

the second turntable are located in a clockwise direction around 

10 a rotating shaft of said rotary transporter. 

65. A polishi~g apparatus comprising: 

a turn~aQle naving a polishing surface; 
. . , 

·a top ring for holding a workpiece and pressing the 
. . 

15 workpiece against said polishing.surface t:o polish the workpiece; 

. a robot for transferring the workpiece in said 

polishing apparatus; and 

a linearly .movaQle table. for transferring the 

workpiece between a transfer position for said top ring and a 
.. 

20 transfer position for said robot; 

25 

wherein said linearly movable table moves linearly 

between said two positions. 

66. A polishing 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 trans·ferring the workpiece between 

two positions inside of said ·polishing apparatus; 

-wherein ··said transporter ·comprises at least two 

stages for holding the "Workpiece, respectively, and said at least 

s two stages are positioned a_t different heights so that said stages 

are movable individually in respective horizontal planes. 

10 

15 

67. A polishing apparatus according to .claim 66, 

wherein a pusher is provided below said transporter. 

.. . 
68. A: polishing apparatus according to claim 66, 

wherein said transporter comprises a load ·stage for holding the 
. . ., .. . : ... 

workpiece to be polished and an unload stage for holding the 

workpiece which has.been polished. 
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