
DESCRIPTION                             POLISHING APPARATUS     5
Technical Field                 The present invention relates to a
polishing      apparatus, and more particularly to a polishing apparatus
for      polishing a workpiece such as a semiconductor wafer to a flat
mirror finish.  10                             Background Art
Recent rapid progress in semiconductor device      integration demands
smaller and smaller wiring patterns or      interconnections   and   also
narrower   spaces   between  15  interconnections  which  connect  active
areas.       If  a      photolithographic process is used to form circuits,
then since      the depth of focus of the optical system is relatively
small,      the focused surface of a stepper requires a high level of
flatness.      One of the available processes for planarizing surfaces of
20  semiconductor wafers is a chemical mechanical polishing (CMP)
conducted by a polishing apparatus in which while supplying an
abrasive liquid containing abrasive particles to a polishing      cloth
mounted on a rotating turntable, the semiconductor wafer      held by a
carrier is pressed against the polishing cloth and  25  polished thereby.
There has been proposed a polishing apparatus having      a processing
section such as a polishing section accommodated      in a housing so that
the polishing apparatus can be installed                in a clean room. In
this kind of apparatus, a semiconductor wafer 



is taken out from a wafer cassette mounting section in which      a wafer
cassette is mounted, transported to a polishing section      and polished
therein, and the polished semiconductor wafer is   5 cleaned by a cleaning
section, and then returned to the wafer      cassette in the wafer cassette
mounting section.                 In the above conventional polishing
apparatus, the      wafer cassette mounting section for mounting wafer
cassettes      and the processing section such as a polishing section and a
10  cleaning section are not separated from each other, but are kept
in the same environment. Therefore, the cleanliness of the      processing
section is enhanced to prevent semiconductor wafers      in the wafer
cassettes, before and after being processed, from      being contaminated
by the processing section. As a result, the  15  cleanliness of the
processing section is required to be higher      than necessary, thus
increasing the operating cost of the      polishing apparatus, and the
cleanliness of the semiconductor      wafers in the wafer cassettes depends
on the cleanliness of the      processing section.  20             In the
above conventional polishing apparatus,      furthermore, after a
semiconductor wafer is processed, e.g.,      polished, cleaned, a reference
position indicated by an      orientation flat or a notch of the
semiconductor wafer is      positioned in alignment with a predetermined
direction in a  25  separate process by a dedicated machine.  Therefore, it
is      necessary to incorporate the separate process for positioning
semiconductor wafers in the semiconductor fabrication process,      and the
dedicated machine for positioning semiconductor wafers
-2-                is required.                           Disclosure of
Invention                 The present invention has been made in view of
the  



5  above problems.  It is a first object of the present invention      to
provide a polishing apparatus having an independent chamber      defined by
a partition with a shutter and disposed between a      processing section
including a polishing section, a cleaning      section and the like and a
receiving section including wafer  10  cassette units, the independent
chamber having an increased      level of cleanliness for preventing
contamination from being      introduced from the processing section into
the receiving      section.                 A second object of the present
invention is to provide  15  a polishing apparatus capable of positioning a
semiconductor      wafer by aligning a reference position (such as an
orientation      flat or a notch) of the semiconductor wafer with a
predetermined      direction during a transpotation process in a polishing
apparatus.  20             To  achieve  the  first  object  described
above,      according to a first aspect of the present invention, there is
provided a polishing apparatus for polishing a workpiece such      as a
semiconductor wafer, comprising: a processing section for      polishing a
workpiece; a receiving section for supplying a  25  workpiece to be
polished to said processing section and/or      receiving a polished
workpiece; and a clean chamber disposed      between said processing
section and said receiving section and      defined by a partition with a
shutter which separates said                                   -3-
processing section and said receiving section from each other.      The
receiving section serves to supply a workpiece to be polished      to the
processing section, or receive a polished workpiece, or      supply a
workpiece to be polished to the processing section and   5 receive a
polished workpiece.                 In the first aspect of the present
invention,      contaminants in the processing section are prevented from
reaching the receiving section such as a wafer cassette unit,  



and hence cleanliness of the processing section is not required  10  to be
enhanced to an unnecessarily high level, and the receiving      section may
be kept clean.                 To achieve the second object described
above,      according to a second aspect of the present invention, there
is provided a polishing apparatus for polishing a semiconductor  15  wafer,
comprising:  a processing section for polishing  a      semiconductor
wafer; a receiving section for supplying a      semiconductor wafer to be
polished to said processing section      and receiving a polished
semiconductor wafer; and a positioning      mechanism disposed between said
processing section and said  20  receiving section, for aligning a
reference position of the      semiconductor wafer with a predetermined
direction while the      semiconductor wafer is transported between said
processing      section and said receiving section.                 In the
second aspect of the present invention, a  25  semiconductor wafer can be
positioned by aligning a reference      position (such as an orientation
flat or a notch) of the      semiconductor wafer with a predetermined
direction during the      transportation process between the processing
section and the                receiving section in the polishing
apparatus.                       Brief Description of Drawings
FIG. 1 is a schematic plan view of a polishing   5 apparatus according to
the present invention;                 FIG. 2 is a side elevational view
showing an      appearance of the polishing apparatus according to the
present      invention;                 FIG. 3 is a perspective view
showing details of a  10  polishing section and a cleaning section shown in
FIGS. 1 and      2;                 FIG. 4 is a cross-sectional view taken
along line      IV - IV of FIG. 1;  



FIG. 5 is a cross-sectional view taken along line  15  V - V of FIG. 1;
FIG. 6 is a cross-sectional view taken along line      VI - VI of FIG. 1;
FIG. 7 is a front elevational view of a handling      table;  20
FIG. 8 is a plan view of the handling table;                 FIG. 9 is a
view taken along line IX - IX of FIG.      7;                 FIGS. 10A and
10B are views showing the relationship      between a notch detecting
sensor, a support member, and a  25  positioning member; and
FIG. 11 is a block diagram showing a control circuit      for the notch
detecting sensor, a wafer detecting sensor, and      a motor.
-5-                            Best Mode for Carrying Out the Invention
A polishing apparatus according to an embodiment of      the present
invention will be described below with reference   5 to the drawings.
FIG. 1 is a plan view of a polishing apparatus      according to the
present invention, and FIG. 2 is a side      elevational view showing an
appearance of the polishing      apparatus. As shown in FIGS. 1 and 2, the
polishing apparatus  10  comprises a polishing section 1, a cleaning
section 10, a clean      chamber 20, a load and unload section 30, and
wafer cassette      units 40. All the components of the polishing
apparatus, except      for the wafer cassette units 40, are accommodated in
a housing      100.  15             In the polishing section 1, a pair of
polishing units      2a, 2b are disposed in laterally confronting relation
to each  



other. In the cleaning section 10, two SCARA robots 11a, 11b      are
disporsed in a central region thereof, a pair of reversing      machines
12, 13 are disposed one on each side of the SCARA robots  20  11a, 11b, and
two primary cleaning machines 14a, 14b and two      secondary cleaning
machines 15a, 15b are disposed on respective      opposite sides of the
reversing machines 12, 13. A partition      101 is disposed between the
polishing section 1 and the cleaning      section 10, and has an opening
defined therein for transferring  25  semiconductor wafers therethrough
between the polishing section      1 and the cleaning section 10.
A partition 102 is disposed to separate the cleaning      section 10, and
the clean chamber 20 and the load and unload
-6-                section 30 from each other. A partition 103 is disposed
to      separate the clean chamber 20 and the load and unload section
30 from each other. A switchboard is placed in a chamber 69      surrounded
by the cleaning section 10 and the clean chamber 20.   5 The wafer cassette
units 40, which are positioned adjacent to      the load and unload section
30, are of a closed type capable      of accommodating a wafer cassette in
a space closed by a housing,      and have a shutter openable for taking
semiconductor wafers out.      The wafer cassette units 40 serve as a
receiving section for  10  supplying semiconductor wafers to be polished to
a processing      section including the polishing section 1 and the
cleaning      section, and receiving polished semiconductor wafers.
As shown in FIG. 2, filter units 70, 80 are disposed      above the
cleaning section 10, and the load and unload section  15  30.  The filter
unit 70 serves to clean the air in the cleaning      section 10, and the
filter unit 80 serves to clean the air in      the load and unload section
30.                 As shown in FIG. 6, the filter unit 70 comprises a
filter FI and a fan FA positioned above the filter FI.  20             The
cleaning section 10 has a floor with an air 



suction port defined therein and communicating with the filter      unit 70
via a duct RD. The filter unit 70 produces a circulating      flow in the
cleaning section 10 as described below.  The fan FA      of the filter unit
70 is operated to draw air from the floor  25  of the cleaning section 10
and allow the air to pass through      thefilter FI viatheductRD.
Thefilterunit70isalsosupplied      with fresh air (indicated by IN in FIG.
6) from outside of the      polishing apparatus.  The fresh air IN
(whichpasses throughthe                                   -7-
filter FI by the fan FA) and the air from the filter FI are      delivered
as a downflow to the cleaning section 10.                 The cleaning
section 10 has a discharge means E for      forcibly discharging
contaminated air in the cleaning section   5 10 out of the polishing
apparatus.                 In FIG. 5, those parts which correspond to those
shown      in FIG. 6 are denoted by the same reference characters as those
in FIG. 6 with "1" added thereto.  The filter unit 80 is of the
samestructureasthefilterunit70.  Theloadandunloadsection  10 30 has a floor
with an air suction port defined therein and      communicating with the
filter unit 80 in the same manner as      described above. The load and
unload section 30 also has a      discharge means El for forcibly
discharging contaminated air      out of the polishing apparatus in the
same manner as described  15  above.                 Since the cleaning
section 10, and the clean chamber      20 and the load and unload section
30 are separated from each      other by the partition 102, it is
sufficient to keep the load      and unload section 30 clean for the
purpose of keeping the wafer  20  cassette units 40 clean.  Therefore, only
the fan output power      of the filter unit 30 needs to be increased to
make the downf low      intensive, and the fan output power of the filter
unit 70 may      be small. This is because the cleaning section 10 does not
need  



to be cleaner than necessary. Thus, the fan output power of the  25  filter
unit 70 may be reduced, and a fan of low output power      may be used to
reduce the cost thereof, and the operating cost      is also lowered.
As shown in FIG. 5, the partition 103 has a slit 103b.                Air
in the clean chamber 20 is drawn from an air suction port      defined in a
floor thereof via a duct RD1 by the filter unit
80bywhichtheairinthecleanchamber 20 is cleaned.  Thefilter      unit 80 is
adjusted to develop a pressure higher than the pressure   5  of the filter
unit 70 at all times to keep the clean chamber      20 clean. Specifically,
the slit 103b and the duct RD1 produce      a circulating flow in the clean
chamber 20 to keep the clean      chamber 20 clean. If the pressures in the
load and unload section      30, the clean chamber 20, and the cleaning
section 10 are  10  represented by P30, P20, P[err], then these pressures
are related to      each other such that P30 > P20 > P[err]. When a shutter
24 is open,      no air flows from the cleaning section 10 into the clean
chamber      20. The clean chamber 20 can thus keep a class 10 of
cleanliness      or lower. The load and unload section 30, the clean
chamber 20,  15  and the cleaning section 10 have a descending order of
cleanliness because the load and unload section 30 positioned      directly
below the filter unit 80 is the cleanest.                  In addition to
the above, the pressure P[err] in the      cleaning section 10 is adjusted
so as to be lower than the pressure  20  in a clean room in which the
polishing apparatus is installed.      The pressure P[err] in the load and
unload section 30 is adjusted      so as to be higher than the pressure in
the clean room.      Furthermore, the pressure P[err] in the polishing
section 1 is lower      than the pressure P[err] in the cleaning section
10. With the above  25  pressure  settings  and  shutter,  it  is  possible
to  keep      semiconductor wafers in the wafer cassettes in a high level
of      cleanliness, and the contaminated atmosphere in the polishing
section 1 and the cleaning section 10 is prevented from affecting 



-9-                the semiconductor wafers in the wafer cassettes.
FIG. 3 is a perspective view showing details of the      polishing section
1 and the cleaning section 10. In FIG. 3, the      housing 100 and the
partition 101 between the polishing section   5 1 and the cleaning section
10 are omitted from illustration.      As shown in FIG. 3, the two
polishing units 2a, 2b are basically      identical  units  positioned
symmetrically.   Each  of  the      polishing units 2a, 2b comprises a
turntable 3 with a polishing      cloth 9 attach to an upper surface
thereof, a top ring head 4  10  for holding a semiconductor wafer under
vacuum and pressing the      semiconductor wafer against the surface of the
turntable, and      a dressing head 5 for dressing the polishing cloth.
The top ring head 4 has a top ring 7 positioned above      the turntable 3
for holding a semiconductor wafer 6 and pressing  15  the semiconductor
wafer 6 against the turntable 3.  The      turntable 3 is coupled to a
motor (not shown) so as to be rotatable      about its own axis. The top
ring 7 is coupled to a motor and      a lifting and lowering cylinder (not
shown). Thus, the top ring      7 is vertically movable and rotatable about
its own axis, and  20  can press the semiconductor wafer 6 against the
polishing cloth      9 under a desired pressure.  The semiconductor wafer 6
is      attracted to a lower end surface of the top ring 7 under vacuum
or the like.                 An abrasive liquid supply nozzle (not shown)
is  25  positioned above the turntable 3 for supplying an abrasive liquid
to the polishing cloth 9 attached to the turntable 3.  The      dressing
head 5 has a dressing member 8. The dressing member      8 is positioned in
opposite relation to the top ring 7 across
-10-      



and over the polishing cloth 9, for dressing the polishing cloth      9.
The polishing cloth 9 is supplied with a dressing liquid,      e.g., pure
water, for dressing the polishing cloth 9 from a      dressing liquid
supply nozzle (not shown) extending over the   5 turntable 3. The dressing
member 8 is coupled to a lifting and      lowering cylinder and a motor,
whereby the dressing member 8      can be vertically moved and rotated
about its own axis.                 In the polishing section 1 having the
above structure,      the semiconductor wafer 6 held by the top ring 7 is
pressed against  10  the polishing cloth 9, and the turntable 3 and the top
ring 7      are rotated to cause the lower surface (the surface to be
polished) of the semiconductor wafer 6 to be slidingly pressed      against
the polishing cloth 9. At this time, the abrasive liquid      is supplied
from the abrasive liquid supply nozzle onto the  15  polishing cloth 9 to
polish the surface of the semiconductor      wafer 6 in a combination of a
mechanical polishing action of      the abrasive particles contained in the
abrasive liquid and a      chemical polishing action of alkali which is a
liquid component      of the abrasive liquid.  20             When the
semiconductor wafer 6 is polished by a      predetermined amount, the
polishing process is finished. When      the polishing process is finished,
the properties of the      polishing cloth 9 are changed, resulting in a
poor polishing      capability for a next polishing process.   Therefore,
the  25  polishing cloth 9 is dressed by the dressing member 8.
As shown in FIG. 1, each of the polishing units 2a,      2b has a pusher 81
for transferring a semiconductor wafer to      and from the top ring 7. The
top ring 7 is swingable in a                horizontal plane, and the
pusher 81 is vertically movable.                 The cleaning machines may
be of any desired structure. 



For example, the primary cleaning machines 14a, 14b comprise      a
cleaning machine of the type for scrubbing the front and   5 backside
surfaces of a semiconductor wafer with sponge rollers,      and the
secondary cleaning machines 15a, 15b comprise a cleaning      machine of
the type for supplying a cleaning liquid to a      semiconductor wafer
while holding the circumferential edge of      the semiconductor wafer and
rotating the semiconductor wafer.  10  The latter cleaning machines 15a,
15b also function as drying      machines for centrifugally dehydrating the
semiconductor wafer.      The primary cleaning machines 14a, 14b perform a
primary cleaning      of semiconductor wafers, and the secondary cleaning
machines      15a, 15b perform a secondary cleaning of the semiconductor
wafers  15  which have been cleaned primarily.                 Each of the
SCARA robots 11a, 11b comprises a robot      body and an articulated arm
mounted on an upper portion of the      robot body so as to be bendable in
a horizontal plane. Each of      the SCARA robots 11a, 11b has two grippers
that are used as dry  20  and wet fingers, respectively.  The polishing
apparatus has the      two robots, and the first robot 11a covers an area
extending      from the reversing machines 12, 13 to the wafer cassette
side,      and the second robot 11b covers an area extending from the
reversing machines 12, 13 to the polishing units.  25             FIGS. 4
through 6 show the relationship between the      cleaning section 10, the
clean chamber 20, and the load and unload      section 30. FIG. 4 is a
cross-sectional view taken along line      IV - IV of FIG. 1, FIG. 5 is a
cross-sectional view taken along                                   -12-
line V - V of FIG. 1, and FIG. 6 is a cross-sectional view taken      along
line VI - VI of FIG. 1. As shown in FIG. 4, a SCARA robot      31 is
installed in the load and unload section 30. The SCARA      robot 31 is
movable between the solid-line position and the   5 broken-line position in
FIG. 1 by a linear motor 32. The housing  



100 includes a wall positioned between the load and unload      section 30
and the wafer cassette units 40, and the wall has      an opening 100a (see
FIG. 5). The SCARA robot 31 takes one      semiconductor wafer 6 out at a
time from a wafer cassette 41  10  in one of the wafer cassette units 40,
and supplies the      semiconductor wafer 6 to the clean chamber 20
adjacent thereto.      The opening 101a can be closed by a vertically
movable door 110.      While a semiconductor wafer is being processed, the
door 110      is opened to open the opening 10a.   Before and after a  15
semiconductor wafer is processed and while the polishing      apparatus is
not in operation, the door 110 is closed to isolate      the load and
unload section 30 and the wafer cassette units 40      from each other for
maintenance and wafer cassette replacement.      During the processing of a
semiconductor wafer, therefore, the  20 same atmosphere is maintained in
the wafer cassette units 40      and the load and unload section 30.
As shown in FIG. 5, a handling table 50 is installed      in the clean
chamber 20. The partition 103 for separating the      clean chamber 20 and
the load and unload section 30 from each  25  other has an opening 103a
that can be opened and closed by a      shutter 22. The shutter 22 can be
opened and closed by an air      cylinder 23. As shown in FIG. 6, the
partition 102 for separating      the clean chamber 20 and the cleaning
section 10 from each other                                   -13-
has an opening 102a that can be opened and closed by a shutter      24. The
shutter 24 can be opened and closed by an air cylinder      25.
The wafer loading and unloading section is   5  constructed as shown in
FIGS. 4 through 6.  For loading a      semiconductor wafer into the
processing section, the SCARA robot      31 takes a semiconductor wafer 6
out from one of the wafer cassette      units 40, and the shutter 22 on the
load and unload section 30      is opened. The SCARA robot 31 then sets the
semiconductor wafer 



10  6 on the handling table 50 in the clean chamber 20. Then, the
shutter 22 is closed, and the shutter 24 in the processing section      is
opened. The SCARA robot 11a takes the semiconductor wafer      6 out from
the handling table 50, and then the shutter 24 in      the processing
section is closed. For unloading a semiconductor  15  wafer from the
processing section, the above operation is      reversed. When
semiconductor wafers are loaded and unloaded in      the above sequences,
no contamination enters from the processing      section into the load and
unload section 30.                 FIGS. 7 through 9 show details of the
handling table  20  50. FIG. 7 is a front elevational view of the handling
table,      FIG. 8 is a plan view of the handling table, and FIG. 9 is a
view taken along line IX - IX of FIG. 7.                 As shown in FIGS.
7 through 9, the handling table      50 has a box-shaped frame 51, four
support members 52 fixed to  25  a plate 51a on an upper surface of the
frame 51 and having an      inverted conical tapered surfaces 52a for
contacting the outer      circumferential edge of a semiconductor wafer 6
to support the      semiconductor wafer 6, and four positioning members 53
for                                   -14-                receiving the
semiconductor wafer 6 supported by the support      members 52 and rotating
the semiconductor wafer 6 in a      predetermined angular range. The four
positioning members 53      are fixed to a rotatable base 54 which can be
rotated by a motor   5 55. The motor 55 and the rotatable base 54 are
supported by a      lifting and lowering base 56 which can be lifted and
lowered      by an air cylinder 57. The reference numeral 60 represents
splined shafts.                 A notch detecting sensor 58 for detecting a
notch  10  in the outer circumferential edge of a semiconductor wafer 6
is fixedly mounted on an upper surface of the plate 51a. A wafer
detecting sensor 59 for detecting whether or not a semiconductor  



wafer 6 is present on the tapered surfaces 52a of the support      members
52 is fixedly mounted on the upper surface of the frame  15  51.
FIGS. 10A and 10B show the relationship between the      notch detecting
sensor 58, the support member 52, and the      positioning member 53. As
shown in FIGS. 10A and 10B, the notch      detecting sensor 58 comprises a
light-emitting element 58a and  20  a light-detecting element 58b.   A
semiconductor wafer 6      supported along a predetermined circumferential
line on the      tapered surfaces 52a of the support members 52 is received
by      the positioning members 53 lifted by the air cylinder 57.
Thereafter, the positioning member 53 is rotated by the motor  25  55. The
notch detecting sensor 58 has its optical axis adjusted      to a position
capable of detecting a notch in the rotating      semiconductor wafer 6.
Light from the light-emitting element      58a  is normally  blocked.
Only when the  notch of the                                  -15-
semiconductor wafer 6 passes across the optical axis, the
light-detecting element 58b detects the light from the      light-emitting
element 58a, converts the detected light into      an electric signal, and
outputs the electric signal. The notch  5 detecting sensor 58, the
positioning member 53, the rotatable      base 54, and the motor 55 jointly
constitute a positioning      mechanism for positioning the notch of the
semiconductor wafer      6.                 As shown in FIGS. 7 and 8, the
wafer detecting sensor  10 59 comprises a light-emitting element 59a and a
light-detecting      element 59b. When light from the light-emitting
element 59a is      blocked by a semiconductor wafer 6 on the tapered
surfaces 52a      of the support members 52 and does not reach the
light-detecting      element 59b, it is determined that the semiconductor
wafer 6  15 is present on the support members 52.                 FIG. 11
shows a control circuit for the notch 



detecting sensor 58, the wafer detecting sensor 59 and the motor      55.
As shown in FIG. 11, the notch detecting sensor 58 is      connected to a
drive unit 62 via a sensor amplifier 61. The drive  20 unit 62 and the
motor (direct-drive motor) 55 are connected to      each other by a motor
cable and a resolver cable. The drive unit      62 is connected to a board
computer 64 by an RS232C cable. The      wafer detecting sensor 59 is
connected to the board computer      64 via a sensor amplifier 66. A
home-position confirming sensor  25  67 for confirming the home position of
the motor 55 is provided      and connected to the board computer 64 via a
sensor amplifier      68. A detectable member 75 for being detected by the
home-      position confirming sensor 67 is fixed to the rotatable base
-16-                54 (see FIG. 7).                 Operation of the
handling table 50 constructed as      shown in FIGS. 7 through 11 will be
described below.                 A semiconductor wafer 6 processed by the
processing   5 section is transferred onto the tapered surfaces 52a of the
support members 52 of the handling table 50 by the robot 11a.      At this
time, the semiconductor wafer 6 is centered by the four      tapered
surfaces 52a (see FIG. 10A). When the semiconductor      wafer 6 is
transferred onto the support members 52, the  10 semiconductor wafer 6 is
detected by the wafer detecting sensor      59.
Whenthesemiconductorwafer6isdetected,theaircylinder      57 is actuated to
lift the positioning members 53 to receive      the semiconductor wafer 6,
which is then made rotatable (see      FIG. 1OB). The board computer 64
then starts to energize the  15 motor 55.                 When the notch of
the semiconductor wafer 6 moves      across the notch detecting sensor 58,
the notch detecting sensor      58 outputs a signal (ON), which is applied
to the drive unit      62. The motor 55 rotates by a preset number of
pulses from the  



20 time at which the signal (ON) is outputted from the notch      detecting
sensor 58,  and then stops.   The notch of the      semiconductor wafer 6
is now positioned in alignment with a      predetermined direction.
After the motor 55 is stopped, the air cylinder 57  25  is  actuated  to
lower the positioning members  53.   The      semiconductor wafer 6 is
transferred from the positioning      members 53 to the support members 52.
After the positioning      members 53 is lowered, the motor 55 is rotated
to return to its                                  -17-                home
position. When the motor 55 returns to its home position,      the home
position is detected by the home-position confirming      sensor 67. Then,
the SCARA robot 31 receives the semiconductor      wafer 6 on the support
members 52, and transfers the   5 semiconductor wafer 6 into the wafer
cassette 41 in one of the      wafer cassette units 40.                 For
supplying a semiconductor wafer 6 from the wafer      cassette 41 to the
handling table 50 with the SCARA robot 31      and supplying the
semiconductor wafer 6 from the handling table  10 50 to the processing
section with the SCARA robot 11a, the notch      of the semiconductor wafer
6 is normally not positioned on the      handling table 50. However, the
notch of the semiconductor      wafer 6 may be positioned on the handling
table 50. Each of the      notch detecting sensor 58 and the wafer
detecting sensor 59 is  15 shown as comprising a transmissive photosensor,
but may be a      reflective photosensor.                 A processing
operation in the processing sectionwill      be described below.
The polishing apparatus shown in FIG. 1 performs a  20 serial processing
and a parallel processing.      (1) Serial processing (sequential
processing)                 In the serial processing (two-stage polishing),
three cleaning machines are operated. 



The semiconductor wafer moves in the following  25  manner: the wafer
cassette 41 [err] the handling table 50 [err] the      reversing machine 12
-[err] the first polishing unit 2a [err] the      cleaning machine 14a
[err] the second polishing unit 2b [err] the      cleaning machine 14b
[err] the reversing machine 13 [err] the cleaning
-18-                machine 15a [err] the handling table 50 [err] the wafer
cassette 41                 For handling a dry semiconductor wafer, the
robots      11a, 11b use the dry fingers, and for handling a wet
semiconductor      wafer, the robots 11a, 11b use the wet fingers. The
pusher 81  5  receives the semiconductor wafer 6 from the robot l1b, and
when      the top ring 7 moves above the pusher 81, the pusher 81 is lifted
and transfers the semiconductor wafer 6 to the top ring 7. The      top
ring 7 is swung to a position over the polishing cloth of      the
polishing unit, and the semiconductor wafer 6 is polished.  10  The top
ring 7 which holds the polished semiconductor wafer 6      is swung again
to a position above the pusher 81. The pusher      81 is elevated, and the
semiconductor wafer 6 is transferred      to the pusher 81. The
semiconductor wafer 6 is rinsed by a      rinsing liquid supply device that
is disposed at the pusher 81.  15             In the polishing apparatus,
the semiconductor wafer      6 is cleaned in such a state that the
semiconductor wafer 6 is      separated from the top ring 7 in the pusher
81 and the cleaning      machine 14a. Therefore, not only the polished
surface of the      semiconductor wafer 6 can be cleaned, but also the
abrasive  20  liquid used in a primary polishing process can fully be
removed      from the surfaces of the semiconductor wafer 6. After being
polished in a secondary polishing process, the semiconductor      wafer 6
is cleaned by the cleaning machine 14b and the cleaning      machine 15a,
spin-dried, and returned to the wafer cassette 41  25  via the handling
table 50.  In the serial processing, polishing      conditions in the first
polishing unit 2a and in the second  



polishing unit 2b are different from each other.      (2) Parallel
processing:                                   -19-
In the parallel processing, four cleaning machines      are operated. The
two wafer cassettes may be used, or one of      the wafer cassettes may be
used in common.                  There are two paths of movement of the
semiconductor   5 wafer. One path is as follows: the wafer cassette 41
[err] the      handling table 50 [err] the reversing machine 12 [err] the
polishing      unit 2a [err] the cleaning machine 14a [err] the reversing
machine 13      [err] thecleaningmachine 15a [err] the handling table 50
[err] the wafer      cassette 41  10              Another path is as
follows: the wafer cassette 41      [err] the handling table 50 [err] the
reversing machine 12 -> the      polishing unit 2b [err] the cleaning
machine 14b [err] the reversing      machine 13 [err] the cleaning machine
15b [err] the handling table 50      [err] the wafer cassette 41  15
As with the serial processing, the reversing machine      12 is used to
handle a dry semiconductor wafer before it is      polished, and the
reversing machine 13 is used to handle a wet      semiconductor wafer after
it is polished. Either one of the sets      of the cleaning machines on
both sides of the feed line may be  20  used.  In the parallel processing,
the polishing units 2a, 2b      are operated under the same polishing
conditions, the cleaning      machines 14a, 14b are operated under the same
cleaning conditions,      and the cleaning machines 15a, 15b are operated
under the same      cleaning conditions. After the semiconductor wafer 6 is
cleaned  25  and  spin-dried  by  the  cleaning  machines  15a,  15b,  the
semiconductor wafer 6 is returned to the wafer cassette 41 via      the
handling table 50.                  In the embodiment, the closed wafer
cassette units                                    -20-   



have been described. However, open wafer cassette units may be      used.
According to the first aspect of the present      invention, as described
above, the independent clean chamber   5  disposed between the processing
section and the receiving      section offers the following advantages:
1) The cleanliness of the processing section is not      required to be
enhanced unnecessarily, and ancillary facilities      including filters,
fans, etc. can be reduced in size.  10             2) Since the cleanliness
of the processing section      is not required to be enhanced
unnecessarily, the amount of air      consumed in the clean room in which
the polishing apparatus is      installed may be small, and the operating
cost may be reduced.                 3) Possible subsequent demands for an
increased level  15  of cleanliness in the receiving section such as the
wafer      cassette units can easily be met by the present invention.
4) Processed products are prevented from suffering      secondary
contamination as much as possible, and hence can      achieve increased
quality of the products.  20             According to a second aspect of
the present invention,      a semiconductor wafer can be positioned by
aligning a reference      position (such as an orientation flat or a notch)
of the      semiconductor wafer with a predetermined direction during the
transportation process between the processing section and the  25
receiving section of the polishing apparatus.   It is not      necessary to
perform a separate process for positioning a      semiconductor wafer, but
a plurality of processed semiconductor      wafers can be aligned with a
predetermined direction in the                                  -21-



receiving section.  Any dedicated machine for positioning
semiconductor wafers is dispensed with.                 According to a
preferred aspect of the present      invention, three steps of polishing a
semiconductor wafer,  5  cleaning the semiconductor wafer, and positioning
a reference      position of the semiconductor wafer can be carried out
during      automatic operation of one polishing apparatus.
Industrial Applicability  10             The  present  invention  relates
to  a polishing      apparatus for polishing a workpiece such as a
semiconductor wafer      to a flat mirror finish, and is preferably used in
a chemical      mechanical polishing (CMP) process which is one of the
steps      of a semiconductor device fabrication process.
-22-                                       REPLACEMENT SHEET   CLAIMS:
07  SEP 2001             1.  A  polishing  apparatus  for  polishing   a
workpiece such as a semiconductor wafer, comprising:            a
processing section for polishing a workpiece; 



a receiving section for supplying a workpiece to  be polished to said
processing section and/or receiving a  polished workpiece; and            a
clean chamber disposed between said processing  section and said receiving
section and defined by a  partition with a shutter which separates said
processing  section and said receiving section from each other.
2. A polishing apparatus according to claim 1,  wherein a load and unload
section is disposed between said  processing section and said receiving
section.              3.           A polishing apparatus according to
claim 1, wherein the pressure in said clean chamber is  higher than the
pressure in said processing section and  lower than the pressure in said
receiving section.              4. A polishing apparatus according to claim
2,  wherein a transfer device for transferring the workpiece  between said
clean chamber and said receiving section is  disposed in said load and
unload section.                                 REPLACEMENT SHEET
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5.           A polishing apparatus for polishing a workpiece such as a
semiconductor wafer, comprising:            a processing section for
polishing a workpiece;            a receiving section for receiving a
polished  workpiece; and            a partition separating said processing
section  and said receiving section;            wherein a pressure in said
receiving section is  higher than a pressure of an atmosphere where said
polishing  apparatus is installed.            6.            A polishing
apparatus according to  claim 5, wherein a pressure in said processing
section is  lower than said pressure of said atmosphere where said
polishing apparatus is installed. 



7.           A polishing apparatus for polishing  a workpiece such as a
semiconductor wafer, comprising:            a processing section for
polishing a workpiece;            a receiving section for supplying a
workpiece to  be polished to said processing section and/or receiving a
polished workpiece; and            a clean space defined adjacent to said
receiving  section, air in said clean space being cleaned by a clean  air
unit.             8.           A polishing apparatus according to  claim 7
, wherein said clean air unit comprises a filter  unit.
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9.           A polishing appatratus according to  claim 8 , wherein said
filter unit comprises a filter and a  fan.             10.          A
polishing apparatus accroding to claim 7 , wherein said clean air unit
produces a circulating  flow in said clean space.             11.
A polishing apparatus according to  claim 7 , wherein a pressure of said
clean space is kept  higher than a pressure of said processing section.
12           A polishing apparatus for polishing a workpiece, comprising:
a processing section for polishing a workpiece;             an unload
section for unloading a polished workpiece; and            a partition
separating said processing section and said unload section;
wherein a pressure in said unload section is higher than a pressure of an
atmosphere where said polishing apparatus is installed.             13
A polishing apparatus according to 



claim 12 , wherein said polishing apparatus is installed in a clean room.
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07  SEP 2001            14           A polishing apparatus according to
claim12  , wherein  said  processing  section  comprising  a  polishing
section for polishing the semiconductor wafer.             15 .         A
polishing apparatus according to  claim 14, wherein said processing section
further comprising  a cleaning section for cleaning the semiconductor wafer
which has been polished in said polishing section.             16
A polishing apparatus according to  claim 12 , wherein said partition
comprising an opening and a  shutter.              17           A polishing
apparatus according to  claim 15 , wherein a pressure in said unload
section, said  polishing section, said cleaning section, and a clean room
where said polishing apparatus is installed, are controlled  such that said
pressure in said polishing section, said  cleaning section, said clean
room, and said unload section  is progressively lower in the order of said
polishing  section, said cleaning section, said clean room, and said
unload section.             18 .         A polishing apparatus according to
claim 14  , wherein--a pressure-in said- polishing section is  lower than
said pressure of said atmosphere where said  polishing apparatus is
installed.                          -26-
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19 .          A polishing apparatus according to  claim 12, further
comprising a clean air unit for cleaning  air in said unload section.
20 .          A polishing apparatus according to claim 19 , wherein said
clean air unit comprises a filter  unit.               21            A
polishing appatratus according to  claim 20 , wherein said filter unit
comprises a filter and a  fan.              22.          A polishing
apparatus accroding to  claim 19, wherein said clean air unit produces a
circulating  flow in said unload section.               23.          A
polishing apparatus according to  claim 12 , wherein the workpiece which is
an object to put  into a cassette is handled in said unload section.
24 .          A polishing apparatus according to  claim 12, wherein said
workpiece is a semiconductor wafer.                                  - 27 -


