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BACKGROUND OF THE INVENTION Field of the Invention The present invention
relates generally to a planarization apparatus and 5 method, and more
particularly to a planarization apparatus and method for planarizing the
reverse of a semiconductor wafer on which no chip is formed in a
semiconductor wafer manufacturing process. Description of Related Art A
planarization apparatus for grinding the reverse (one side) of a 10
semiconductor wafer has chucks for holding the wafer by suction, a rough
grinding wheel, a fine grinding wheel, a reverse cleaning unit, and the
like. One chuck holds the obverse (the other side) of the wafer, and then
the rough grinding wheel is pressed against the reverse of the wafer. The
reverse of the wafer is roughly ground by rotating the chuck and the
grinding wheel. The 15 roughly-ground wafer is detached from the chuck and
is held by another chuck for the fine grinding so that the wafer can be
finely ground by the fine grinding wheel. The finely-ground wafer is
transferred to the reverse cleaning unit so that the reverse of the wafer
can be cleaned. That completes the grinding of the reverse of one wafer by
the planarization apparatus. ?0 The wafer whose reverse has already been
ground is transferred Pram the planarization apparatus to an etching
apparatus, which etches the wafer to remove a machining deteriorated layer
formed at the reverse of the wafer. if the wafer is ground into an
extremely thin wafer close to a standardized article, the wafer is damaged
(cracked or chipped) because of the 25 machining deteriorated layer when
the wafer is transferred from the planarization 1VV1VV   24 March 2003 2
apparatus to the etching apparatus. To address this problem, the
conventional planarization apparatus grinds the wafer to such a thickness
as not to damage the wafer during the transfer. With respect to the
thickness of the wafer, the planarization apparatus roughly 5 grinds the
wafer with the thickness of 725 sliced from an ingot to the thickness of
250um. and finely grinds the wafer to the thickness of 200um. The wafer is
machined to the standardized thickness of 50um at the etching step. The
conventional planarization apparatus. however, cannot grind the wafer close
to the standardized thickness in order to prevent the wafer from 10 being
damaged during the transfer. For this reason, a machining allowance (150um
in the above example) is large at the etching step. Thus, it takes a long
time to etch the wafer, and the throughput cannot be improved. In view of
the foregoing, it is an object of the present invention to 15 provide a
planarization apparatus and method which improve the throughput 



without damaging a workpiece. The above object can be achieved by providing
a planarization apparatus which comprises a holding means for holding a
workpiece and a grinding means which has a grinding wheel for grinding the
workpiece and grinds one side of the 20 workpiece by the grinding wheel,
the planarization apparatus comprising: a polishing means for polishing the
one side of the workpiece, the polishing means comprising a rotating means
for rotating a polishing head and a positioning mechanism for setting an
interval between the polishing head and the workpiece. The above object can
be achieved by providing a planarization apparatus 25 comprising: a holding
means for holding a workpiece; a rough grinding means for roughly grinding
the workpiece held by the holding means: a fine grinding   24 March 2003 3
means for finely grinding the workpiece roughly ground by the rough
grinding means in the state wherein the holding means is holding the
workpiece; a polishing means for polishing the workpiece finely ground by
the fine grinding means in the state wherein the holding means is holding
the workpiece; and a 5 moving means for moving the holding means to a rough
grinding position for the rough grinding means, a fine grinding position
for the fine grinding means. and a polishing position for the polishing
means. The above object can be achieved by providing a planarization method
using a planarization apparatus comprising: holding means for holding a 10
workpiece; grinding means for grinding the workpiece held by the holding
means; polishing means for polishing the workpiece ground by the grinding
means; moving means for moving the holding means to a grinding position for
the grinding means to grind the workpiece and to a polishing position for
the polishing means to polish the workpiece; and wherein the polishing
means 15 polishes the workpiece by an amount more than an amount required
for removing a machining deteriorated layer formed by the grinding,
calculated by doubling a standard deviation, and less than a larger value
between an amount required for correcting an unevenness of a thickness
during the grinding and removing the machining deteriorated layer,
calculated by sextupling a standard 20 deviation, and 20um. The above
object can be achieved by providing a planarization method using a
planarization apparatus comprising: holding means for holding a workpiece;
rough grinding means for roughly grinding the workpiece held by the holding
means: fine grinding means for finely grinding the workpiece roughly ground
by the rough grinding means; polishing means for polishing the workpiece
finely ground by the grinding means; moving means for moving the holding
means to a rough grinding position for the rough grinding means, a fine
grinding position for the fine grinding means and to a polishing position
for the   24 March 2003 4 polishing means; wherein the fine grinding means
finely grinds the workpiece by an amount more than an amount required for
removing a machining deteriorated layer formed by the rough grinding,
calculated by doubling a standard deviation. and less than a larger value
between an amount required for correcting an 5 unevenness of a thickness
during the rough grinding and removing the 



machining deteriorated layer, calculated by sextupling a standard
deviation. and 150um and wherein the polishing means polishes the workpiece
by an amount more than an amount required for removing a machining
deteriorated layer formed by the fine grinding, calculated by doubling a
standard deviation. and 10 less than a larger value between an amount
required for correcting an unevenness of a thickness during the fine
grinding and removing the machining deteriorated layer and calculated by
sextupling a standard deviation, and 20um. According to the present
invention, the planarization apparatus having the grinding means is
provided with the polishing means, and this enables the 15 grinding and
polishing of the wafer in one apparatus. In the polishing method using the
polishing means, the positioning mechanism positions the polishing head
with respect to the workpiece, and the polishing head is pressed against
the workpiece and is rotated by the rotating means. Consequently, the
workpiece is polished. Since there is no necessity of transferring the
workpiece from the ?0 planarization apparatus to the etching apparatus, the
grinding means can grind the workpiece close to the standardized thickness.
This reduces the time required for polishing the workpiece, and improves
the throughput. The polishing removes the machining deteriorated layer
formed by the grinding, and eliminates the necessity of etching in a
post-treatment. This simplifies the entire structure of the workpiece
manufacturing line, and reduces the size of the workpiece manufacturing
line. The workpiece may be polished in a constant pressure processing or in
a constant cutting depth processing.   24 March 2003 5 According to the
present invention, the grinding means grinds the workpiece held by the
holding means, and then, the polishing means polishes the workpiece after
the moving means moves the holding means to the polishing position. More
specifically, the workpiece held by the holding means is ground 5 and
polished, and it enables the accurate machining without damming the
workpiece. On the other hand, an apparatus, which transfers the workpiece
from a holding means for grinding means to a holding means for a polishing
means has such a problem that the workpiece may be damaged by an external
force. Moreover, the accuracy of the holding face of the holding means 10
changes every time the workpiece is transferred, and the accuracy affects
the machining accuracy of the workpiece. Thus, the workpiece cannot be
machined accurately. The present invention solves this problem. According
to the present invention, the planarization apparatus has cleaning means
for cleaning a polishing pad and/or dressing means for dressing a 15
surface of the polishing pad. If the polishing pad becomes dirty or loaded.
the planarization apparatus cleans and dresses the polishing pad. According
to the present invention, the grinding means or the polishing means
machines a machining deteriorated layer formed at one side of the workpiece
ground in previous machining or machines the machining deteriorated 20
layer and an unevenness of the thickness of the workpiece. It is therefore
possible to acquire an accurate workpiece. According to the present
invention, the holding means is provided in a plural number, and the moving
means sequentially moves the holding means from the grinding position to
the polishing position so that the grinding and the 2~ polishing can be
performed at the same time. This increases the availability compared with
the case where one holding means grinds and polishes the workpiece.
According to the present invention, the holding means connects to a   24
March 2003 6 



spindle and is moved by the moving means. This eliminates the necessity of
separating the spindle from the holding means and connecting to the holding
means to a spindle at the next moved position every time the holding means
is moved. According to the present invention, the holding means is
detachable connected to a spindle, and when the holding means is moved, the
holding means is separated from the spindle and only the holding means is
moved by the moving means. This reduces the load on the moving means.
Moreover, it is only necessary to provide the spindles suitable for each
machining, and this 10 reduces the manufacturing cost for the apparatus.
According to the present invention, the holding means is holding means for
holding the workpiece by suction, holding means for freeze-holding the
workpiece through ice film, or electrostatic holding means for holding the
workpiece with static electricity. Thus, the workpiece can be held securely
1 ~ According to the present invention, the planarization apparatus further
comprises a partitioning member for partitioning off a polishing position
for the polishing means to polish the workpiece. Therefore, the grinding
fluid and the grinding layer never reach the polishing position, and the
polishing fluid used by the polishing means never reaches the grinding
position. This prevents a 20 trouble resulting from the mixture of the
grinding and polishing fluids and chips. Particularly if the polishing
means performs a chemical-mechanical polishing, the polishing fluid
includes a chemical-mechanical agent. If the grinding fluid is mixed in
this polishing fluid, the concentration of the chemical-mechanical agent is
lowered and the machining time becomes longer. The use of the '_'>
partition solves this problem. According to the present invention, a
planarization apparatus comprises rough grinding means, fine grinding means
and polishing means so that the workpiece can be roughly ground, finely
ground and polished automatically.   24 March 2003 7 Moreover the
planarization apparatus has moving means for moving the holdin` means to a
rough grinding position for the rough grinding means. a fine grinding
position for the fine grinding means, and a polishing position for the
polishing means. Consequently, the apparatus can work without lowering the
rate of 5 operation thereof even if single or plural rough grinding means,
fine grinding means and polishing means are combined. According to the
present invention, the planarization apparatus with the rough grinding
means, the fine grinding means and the polishing means is provided with
etching means for etching the workpiece. Thus) one 10 planarization
apparatus can perform the machining sequence from the rough grinding to the
etching. In this case, the etching means may etch the workpiece having been
finely ground before the polishing, or may etch the workpiece having been
polished. More specifically, the light etching aiming at cleaning the
ground workpiece may be performed before the polishing. The etching may 1~
be performed after the polishing in order to eliminate impurities, heavy
metal or dot defects harmful to element characteristics in the chips or to
perform gettering. According to the present invention, the planarization
method uses the planarization apparatus comprises grinding means and
polishing means. The 20 polishing means polishes the workpiece by an amount
more than an amount required for removing a machining deteriorated layer
formed by the grinding, calculated by doubling a standard deviation, and
less than a larger value between an amount required for correcting an
unevenness of a thickness during the grinding and removing the machining
deteriorated layer, calculated by sextupling 25 a standard deviation, and
20um. This enables the desired machining without decreasing the
availability of the apparatus. According to the present invention, the
planarization method uses the planarization apparatus comprises rough
grinding means and fine grinding means   



24 March 2003 8 as grinding means. The fine grinding means finely grinds by
an amount more than an amount required for removing a machining
deteriorated layer formed by the rough grinding, calculated by doubling a
standard deviation. and less than a larger value between an amount required
for correcting an unevenness of a 5 thickness during the rough grinding and
removing the machining deteriorated layer, calculated by sextupling a
standard deviation, and 150um. The polishing means polishes the workpiece
by an amount more than an amount required for removing a machining
deteriorated layer formed by the fine grinding, calculated by doubling a
standard deviation, and less than a larger value between an amount 10
required for correcting an unevenness of a thickness during the fine
grinding and removing the machining deteriorated layer, calculated by
sextupling a standard deviation, and 20um. According to the present
invention, the planarization apparatus has a sensor for measuring the
thickness of the workpiece prior to machining or during 15 machining, and
the planarization apparatus controls the amount of material to be ground or
polished in accordance with a measured value. The nature of this invention,
as well as other objects and advantages thereof, will be explained in the
following with reference to the accompanying ?0 drawings, in which like
reference characters designate the same or similar parts throughout the
figures and wherein: Fig. 1 is a perspective view showing a semiconductor
planarization apparatus according to an embodiment of the present
invention; Fig. 2 is a plan view showing the planarization apparatus in
Fig. 1; 25 Fig. 3 is a sectional view showing the structure of a polishing
stage in the planarization apparatus in Fig. 1;   24 March 2003 9 Fig. 4 is
a perspective view showing a partition of the planarization apparatus in
Fig. 1; Fig. 5 is a plan view showing the partition in Fig. 4; Fig. 6 is a
sectional view of the partition taken along line 6-6 in Fig. >; 5 Fig. 7 is
an explanation drawing showing the state wherein a chuck and a spindle are
separated by a fluid joint; Fig. $ is an explanation drawing showing the
state wherein the chuck and the spindle are connected through the fluid
joint; Fig. 9 is a view showing the structure of a freezing chuck unit; 10
Fig. 10 is a side view showing a wafer thickness gage; Fig. 11 is a flow
chart showing a process for controlling the thickness of 



the wafer in the planarization apparatus; Fig. 12 is a table showing
machining speeds, amounts of material to be machined and machining times in
a rough grinding, a fine grinding and a l ~ polishing; Fig. 13 is a plan
view showing the first embodiment of a planarization apparatus provided
with an etching unit; Fig. 14 a sectional view showing the structure of the
etching unit in Fig. 13; 20 Fig. 15 is a plan view showing the second
embodiment of a planarization apparatus provided with an etching unit; and
Fig. 16 is a sectional view showing the structure of the etching unit in
Fig. 15 This invention will be described in further detail by way of
example with reference to the accompanying drawings.   24 March 2003 10
Fig. 1 is a perspective view showing a semiconductor wafer planarization
apparatus, and Fig. 2 is a plan view thereof. As shown in Fig. 1, a body 12
of a planarization apparatus 10 has a cassette housing stage 14, an
alignment stage 16, a rough grinding stage 18. a 5 fine grinding stage 20,
a polishing stage 22, a polishing pad cleaning stage 23. a polishing pad
dressing stage 27 and a wafer cleaning stage 24. The rough grinding stage
18. the fine grinding stage 20 and the polishing stage 22 are partitioned
by a partition 25 indicated by alternate long and two short dashes lines in
Fig. 2 in order to prevent machining liquids used at the stages 18, 20, 22
10 from splashing to the adjacent stages. The partition 25 is fixed on an
index table 34 as shown in Figs. 4 and 5 and is cross-shaped in such a
manner as to partition four chucks (equivalent to holding means) 32, 36,
38, 40 disposed on the index table 34. The polishing stage 22 is covered
with a casing 102 having a top board 100 so that the 1~ polishing stage 22
can be separate from the other stages. As shown in Fig. 6, a brush 104 is
attached to the side of the casing 102 along the partition 25. When the
chuck 40 is positioned at a machining position, the brush 1U4 comes into
contact with a top 25A and a side 25B of the partition 25 Thus, the casing
102, the partition 25 and the brush 104 keep the polishing stage 22 almost
airtight. 20 This prevents a grinding fluid used at the fine grinding stage
2U and chips from entering the polishing stage 2?, and prevents a polishing
fluid used at the polishing stage 22 from splashing. It is therefore
possible to prevent a malfunction resulting from the mixture of both
fluids. The polishing stage 22 of this embodiment performs a
chemical-mechanical polishing, and the polishing fluid includes a chemical
polishing agent. If the grinding fluid is mixed in this polishing fluid,
the concentration of the chemical polishing agent is lowered and this
increases the machining time. The use of the partition 25 solves this
problem.   



24 March 2003 11 As shown in Figs. 4 and 5, the rough grinding stage 18 is
enclosed by the side of the body 1'?, a top board 106 and the partition 25
Likewise. the fine grinding stage 20 is enclosed by the side of the body
12, a top board l08 and the partition 25 The top boards 100, 106, 108 have
holes 101, 107, 109. through 5 which heads of the stages are inserted. In
Fig. 5 reference numeral 110 denotes a brush for separating the rough
grinding stage 18 from the outside, and the brush 110 is in contact with
the top and side of the partition 25 Two cassettes 26 are detachably
mounted at the cassette housing stage 14 in Figs. 1 and 2, and the
cassettes ?6 contain a number of wafers whose reverses 10 have not yet been
ground. A hand 31 of a transfer robot 30 holds the wafers ?8 individually,
and sequentially transfers the wafers 28 to the alignment stage 16. The
transfer robot 30 may be suspended from a beam (not illustrated) standing
on the body 12 through a lift, and may be arranged at the top 12A of the
body 1?. Suspending the transfer robot 30 decreases an interval between the
cassette 15 housing stage 14 and the alignment stage 16, and this reduces
the size of the planarization apparatus 10. The transfer robot 30 is a
well-known multi-joint robot, and this will not be described here. The
alignment stage 16 positions the wafer 28, transferred from the cassettes
`'6, at a predetermined position. The wafer 28 positioned by the `'0
alignment stage 16 is held by the hand 31 of the transfer robot 30 again,
and is transferred toward the empty chuck 3'?. The wafer ''8 is held on the
suction face of the chuck 3?. The chuck 32 is disposed on the index table
34, and the chucks 36. 38, 40 having the same function are disposed at
intervals of 90 along the circumference of a rotary shaft 35 indicated by
broken lines in Fig. 2 The rotary shaft 3s connects to a spindle (not
illustrated) of a motor (equivalent to a moving means) 37 indicated by
broken lines in Fig. 2 The chuck 36 is positioned at the rough Grinding
stare 18, which roughly grinds the held wafer   24 March 2003 12 28. The
chuck 38 is located at the fine grinding stage 20, which finishes the held
wafer 28 (fine-grinding and spark-out grinding). The chuck 40 is located at
the polishing stage 22, which polishes the held wafer 28 to eliminate a
machining deteriorated layer caused by the grindings and the unevenness of
the 5 thickness of the wafer 28. The bottoms of the chucks 32, 36, 38, 40
connect to spindles 94 of rotary motors 92 as shown in Fig. 3, and the
motors 92 rotate the chucks 32 36, 38, 40. The motors 92 are supported on
the index table 34 through support members 9 3. Thus, the motor 37 moves
the chucks 32, 36, 38, 40 in the state wherein the 10 spindles 94 of the
motors 92 connect to the chucks 32, 36, 38, 40. This eliminates the
necessity for separating the spindles 94 from the chucks 32, 36, 38, 40 and
connecting the chucks 32, 36, 38. 40 to the spindles 94 of the motors 92
located at the next positions every time the motor 37 moves the chucks 3?,
36, 38, 40. 1~ In Fig. 3, the spindles 94 of the motors 92 connect to the
chucks 32. 36, 38, 40, but this invention should not be restricted to this.
As shown in Fig. 7 and 8, the spindles 94 may be detachably connected to
the chucks 32, 36, 38, 40 through connecting members l12. In this case, the
connecting members 112 are separated from the chucks 32, 36, 38, 40 and the
motor 37 moves only the 20 chucks 32, 36, 38, 40 every time the chucks 32,
36, 38, 40 are moved. This reduces the load on the motor 37 and reduces the
cost of the apparatus since it is necessary to provide only spindles and
motors suitable for the rough grinding, the fine grinding and the
polishing. In Fig. 7, the chucks 32, 36, 38, 40 are placed on steps 116 of
openings ''S 114 formed in the index table 34. Pistons 120 of cylinders 118
connect to the bottoms of the motors 92. If the pistons 120 are expanded as
shown in Fig. 8, the connecting members 112 are moved through the openings
114 and are fitted in concave parts 122 formed at the bottoms of the chucks
32, 36, 38, 40. The   24 March 2003 13 continuous expansion of the pistons
120 moves the chucks 32, 36, 38, 40 from the index table toward grinding
positions where grinding wheels 46, 54 grind the 



wafers 28. The suction face of the chucks 32, 36, 38, 40 of this embodiment
are made of porous material 124 composed of a sintered body such as
ceramics. If the connecting members 112 are connected to the concave parts
122, fluid joints connect to the concave parts l22. Thus, a suction force
of suction pumps (not illustrated) connected to the concave parts 112 acts
on the porous material l24 through air passages 126, and this causes the
wafer 28 to be securely held on the 10 surface of the porous material l24.
When the connecting members 1l2 are separated from the concave parts 122, a
check valve (not illustrated) maintains the suction force. In this
embodiment, the chucks 32, 36, 38, 40 are used to hold the wafers 28 by
suction, but a freezing chuck unit 128 in Fig. 9 may be used instead of the
15 chucks 32, 36, 38, and 40. The freezing chuck unit 128 comprises a chuck
plate 130, a controller l32 and a cooling water supply unit 134. The
controller 132 applies a voltage to the chuck plate 130, and the resulting
Peltier effect freezes and holds the wafer 28 on the chuck plate l30
through ice film. The chuck plate 130 forms a closed 20 circuit by
connecting two kinds of metals (e.g., Cu and Bi) and passing an electric
current through a contact thereof, thereby freezes and holds the wafer 28
on a thermo-element (Cu plate). The cooling water supply unit 134 supplies
cooling water to a thermo-element (Bi plate) in order to cool the heat
generated at the thermo-element (Bi plate). An electrostatic chuck unit,
which holds the wafer by static electricity, may be used instead of the
freezing chuck unit 128. The suction face of the chuck 32 located at the
chucking position in Fig. 2 is cleaned by a cleaning unit 42 (see Fig. 2)
before the chuck 32 receives the wafer 28. The cleaning unit 42 is slidably
provided on the rail 44. To clean   24 March 2003 14 the suction face, the
cleaning unit 42 is moved along the rail 44 and is positioned above the
chuck 32. The cleaning unit 42 has a removal member 43, which comes into
contact with the suction face of the chuck 32 to remove the sludge, etc.
from the suction face. If the suction face of the chuck 32 is made of
porous material composed of a sintered body such as ceramics, the removal
member 43 is made of the porous material. A pair of gages 136. 138 in Fig.
10 measures the thickness of the wafer 28 held by the chuck 32. The gages
136, 138 have contacts 140, 14''. respectively. The contact 140 contacts
the top (the reverse) of the wafer 28, and 10 the contact 142 contacts the
top of the chuck 32. The gages 136, 138 can determine the thickness of the
wafer 28 as a difference between readings of an in-process gage with the
top of the chuck 32 being a reference point. Rotating the index table 34 by
90 in the direction of an arrow A in Figs. 1 and 2 positions the measured
wafer 28 on the rough grinding stage 18. A 15 cup-shaped grinding wheel 46
roughly grinds the reverse of the wafer 28. As shown in Fig. 1, the
cup-shaped grinding wheel 46 connects to an output shaft (not illustrated)
of a motor 48, and is attached to a grinding wheel feed unit 52 through a
support casing 50 of the motor 48. The grinding wheel feed unit 52 moves up
and down the cup-shaped grinding wheel 46 as well as the motor 48, 



20 and the downward movement causes the cup-shaped grinding wheel 46 to be
pressed against the reverse of the wafer 28. Thus, the reverse of the wafer
28 is roughly ground. The downward movement amount of the cup-shaped
grinding wheel 46, i.e. the amount of material removed by the cup-shaped
grinding wheel 46 is determined according to a previously-registered
reference position of the cup-shaped grinding wheel 46 and the thickness of
the wafer 28 detected by the gages 136, 138. The thickness of the wafer 28
whose reverse has been roughly ground by the rough grinding stage 18 is
measured by thickness gages with the same   24 March 2003 15 structure in
Fig. 10 after the cup-shaped grinding wheel 46 moves away from the wafer
28. Rotating the index table 34 by 90 in the direction of the arrow A
positions the measured wafer 28 on the fine grinding stage 20, and the
cupshaped grinding wheel 54 finely grinds and spark-out grinds the wafer
?8. The structure of the fine grinding stage 20 will not be explained here
since it has the same structure as the rough grinding stage 18. In this
embodiment, there are two grinding stages, but it is possible to provide
only one grinding stage. The thickness gages may measure the thickness of
the wafer 28 in line. The thickness of the wafer 28 whose reverse has been
finely ground by 10 the fine grinding stage 20 is measured by thickness
gages with the same structure in Fig. 10 after the cup-shaped grinding
wheel 54 moves away from the wafer ''8. Rotating the index table by 90 in
the direction of the arrow A positions the measured wafer 28 at the
polishing stage 22. The wafer 28 is polished by a polishing pad 56 of the
polishing stage 22 in Fig. 3 and slurry supplied from the 1~ polishing pad
a6. Consequently, the machining deteriorated layer is removed from the
reverse of the wafer 28. The thickness gages may measure the thickness of
the wafer 28 in line. A description will be given of the control on the
thickness of the wafer by the planarization apparatus 10 with reference to
Fig. 11. First, the initial 20 thickness of the wafer is measured before
the rough grinding (S100), and the amount of material to be machined in the
rough grinding is determined according to the measured thickness. Then, the
wafer 28 is roughly ground at the rough grinding stage 18 (S110). The
thickness of the roughly-ground wafer is measured (S120), and the amount of
material to be machined in the fine grinding is determined according to the
measured thickness. The wafer 28 is finely ground at the fine grinding
stage 20 (S130). 'Then, the thickness of the finelyground wafer is
measured, and the polishing time is determined according to the measured
thickness, the polishing conditions and the final thickness (S140).   24
March 2003 16 The wafer 28 is polished at the polishing stage 22 (S10). The
planarization apparatus 10 controls the thickness of the wafer 28 in this
manner. The amount of material to be machined at the fine grinding stage ?0
is preferably more than the amount required for removing the machining 5
deteriorated layer generated by the rough grinding, calculated by doubling
a standard deviation. It is preferably less than the larger value between
the amount required for correcting the unevenness of the thickness during
the rough grinding and removing the machining deteriorated layer,
calculated by sextupling the standard deviation, and 150um. This enables
the removal of the machining 10 deteriorated layer generated by the rough
grinding without decreasing the availability. If the amount required for
removing the machining deteriorated layer formed by the rough grinding is
calculated by multiplying the standard deviation by less than two, the
machining deteriorated layer cannot always be removed 15 completely. On the
other hand, if the amount required for removing the unevenness of the
thickness and the machining deteriorated layer generated during the rough
grinding is set at a value in excess of the larger value between a value
found by multiplying a standard deviation by six, and 150pm; the machining
time becomes longer and the rate of operation is lowered. ?0 The amount of
material to be machined at the polishing stage 22 is preferably more than
the amount required for removing the machining deteriorated layer generated
by the fine grinding, calculated by doubling a standard deviation. It is
preferably less than the larger value between the amount required for
correcting the unevenness of the thickness during the fine ''~ grinding and
removing the machining deteriorated layer, calculated by sextupling the
standard deviation, and 20um. This enables the removal of the machining
deteriorated layer generated by the fine grinding without lowering the rate
of operation.  



24 March 2003 17 If the amount of material for removing the machining
deteriorated layer formed by the fine grinding is calculated by multiplying
the standard deviation by less than two, the machining deteriorated layer
cannot always be removed without fail. On the other hand, if the amount
required for correcting the unevenness of the thickness during the fine
grinding and removing the machining deteriorated layer is set at a value
that exceeds the larger value found by multiplying a standard deviation by
six, and 20um: the machining time becomes longer and the rate of operation
is lowered. Fig. 12 is a table showing an example of the machining. If the
wafer 10 with a diameter of 200mm and an initial thickness of 725 um is to
be machined to the thickness of 50um the rough grinding speed, the fine
grinding speed and the polishing speed are set at 225 (um/min), 65 (um/min)
and 6 (um/min). respectively, and the amounts of material to be machined in
the fine grinding. the rough grinding and the polishing are set at 510um,
150um and 14.9um, 1~ respectively. In this case, the rough grinding time,
the fine grinding time and the polishing time are substantially equal
(2.27-2.48min), so that the wafer 28 with the thickness of 725um can be
machined to the thickness of 50um without lowering the rate of operation.
In this case, the standard deviation of the unevenness in the thickness
during the fine grinding is 2.25Um, and six times the 20 standard deviation
is 13.5um. The mean of the depth of the machining deteriorated layer during
the fine grinding is 0.7um. the standard deviation of the depth of the
machining deteriorated layer is 0.11um and six times the standard deviation
is 0.66um. The maximum depth of the machining deteriorated layer is 1.36um.
Therefore, the amount of material for eliminating the unevenness of 2~ the
thickness at the fine grinding and removing the machining deteriorated
layer can be set at 14.9um. The unevenness of the thickness and the
machining deteriorated layer cannot always be removed without fail within
the machining time that is   24 March 2003 18 calculated in the
above-mentioned manner. To solve this problem, in this embodiment, the
amount of material 150um in the fine grinding is compared with the amount
required for eliminating the unevenness of the thickness and the machining
deteriorated layer in the 5 rough grinding, calculated by doubling a
standard deviation. If the former is larger, the amount of material to be
machined is set at 150um. If the latter is larger, the amount of material
is set at the latter amount. Consequently, the unevenness of the thickness
and the machining deteriorated layer can be eliminated without lowering the
rate of operation and without tail during the line grinding 10 Moreover,
the amount of material to be machined in the polishing is compared with the
amount required for eliminating the unevenness of the thickness and the
machining deteriorated layer in the fine grinding. If the former is larger,
the amount of material to be machined is set at 20um. If the latter is
larger than 20um, the amount of material to be machined is set at the 15
latter value. It is therefore possible to eliminate the unevenness of the
thickness and the machining deteriorated layer without lowering the rate of
operation and without fail during the polishing Fig. 3 shows the structure
of the polishing stage 22. The polishing pad 56 of the polishing stage 22
in Fig. 3 is attached to a polishing head 61 connected to an output shaft
60 of a motor (equivalent to a 20 rotating means) 58. Guide blocks 62 of a
direct-acting guide are provided at the 



side of the motor 58. The guide blocks 62 are inserted into a guide rail 66
formed at the side of a support plate 64 in such a manner as to freely move
vertically. Thus, the polishing pad 56 and the motor 58 are attached to the
support plate 64 in such a manner as to freely move in the vertical
direction. 25 The support plate 64 is provided at an end of a
horizontally-arranged long arm 68. A base end of the arm 68 connects to an
output shaft 74 of a motor 72 in a casing 70. Running the motor 72 rotates
the arm 68 about the output shaft 74. Consequently, the polishing pad 56
can be moved within a range between   24 March 2003 19 the polishing
position indicated by a solid line in Fig. l, the polishing pad cleaning
position for the polishing pad cleaning stage 23 and the dressing position
for the polishing pad dressing stage 27. When the polishing pad 56 is moved
to the polishing pad cleaning position, the polishing pad cleaning stage
''3 5 removes the polishing chips and the like from the surface of the
polishing pad 56 The polishing pad 56 is made of, for example, polyurethane
foam, and the polishing pad cleaning stage 23 has a removal member such as
a brush for removing the polishing chips. When the polishing pad 56 is
cleaned, the removal member and the polishing pad 56 are rotated by the
motor 58 (see Fig. 10 3). The polishing pad dressing stage 27 is made of,
for example, of polyurethane foam as is the case with the polishing pad 56.
Guide blocks 76 of a direct-acting guide are provided at the side of the
casing 70, and the guide blocks 76 are inserted into a guide rail 80 formed
at the side of a screw feed unit housing 78 in such a manner as to freely
move 15 vertically. A nut member 82 projects from the side of the casing
70. The nut member 82 is inserted into the housing 78 through an opening 79
formed in the housing 78, and is screwed down on a thread rod 81 of a screw
feed unit (equivalent to a positioning mechanism). An output shaft 84 of a
motor 82 connects to the top end of the thread rod 81. Running the motor 82
and the 20 rotating the thread rod 81 vertically move the casing 70 due to
the feeding of the screw feed unit and the straight movement of the guide
blocks 76 and the rail 80. Consequently, the polishing pad 56 is moved
vertically to set a desired interval between the polishing head 61 and the
wafer 28. A piston 88 of an air cylinder apparatus (equivalent to a
pressurizing 



mechanism) 86 connects to the top of the motor 58 through a hale 69 of the
arm 68. The air cylinder apparatus 86 connects to a regulator 9U that
controls the inner pressure P of the cylinder. Therefore, the pressing
force of the polishing pad 56 against the wafer 28 can be controlled by
controlling the inner pressure P   24 March 2003 20 with the regulator 90.
After the rotation of the arm 68 moves the polishing pad 56 away from the
wafer 28, the wafer 28 having been polished by the polishing stage '''_',
is held by a hand 97 of a robot 96 in Fig. 2 and is transferred to the
wafer cleaning 5 stage 24. The robot 96 is not illustrated in Fig. 1. The
machining deteriorated layer has already been eliminated from the polished
wafer 28 to prevent the wafer 28 from being damaged. Therefore, the wafer
28 is not damaged during the transfer by the robot 96 and the cleaning by
the wafer cleaning stage 24. In this embodiment, the polishing pad 56 is
used to polish the wafer 28, 10 but this invention should not be restricted
to this. For example, the wafer 28 may be polished by a polishing wheel or
electrophoresis of abrasive grains. In this case, it is preferable to
perform a constant cutting depth polishing. A stage having a rinsing
function and a spin drying function is employed as the wafer cleaning stage
24. The wafer 28 cleaned and dried by the wafer 15 cleaning stage 24 is
held by the hand 31 of the robot 31, and is placed on a predetermined shelf
of the cassettes 26. That completes the wafer machining process in the
planarization apparatus 10 of this embodiment. As stated above, the
planarization apparatus 10 according to this embodiment roughly grinds,
finely grinds and polishes the wafer 28 since the 20 body 12 is provided
with the polishing stage 22 as well as the rough grinding 



stage 18 and the fine grinding stage 20. This eliminates the necessity of
transferring the wafer 28 from the planarization apparatus 10 to an etching
apparatus. Thus, the rough grinding stage 18 and the fine grinding stage 20
can grind the wafer 28 to the thickness ''~ close to the standardized
thickness. The conventional planarization apparatus grinds the wafer in
such a manner as to remain the etching allowance of 150um in order to
prevent the wafer from being damaged during the transfer, whereas the
planarization apparatus 10 of this embodiment may grind the wafer with the
24 March 2003 21 polishing allowance of, for example. 3um This
substantially reduces the polishing time, and increases the throughput.
Polishing the wafer 28 removes the machining deteriorated layer formed by
the grindings, and this eliminates the necessity for etching the wafer 5 28
in the post-treatment. This simplifies the entire structure of the wafer
manufacturing line. Moreover, the planarization apparatus 10 has the
polishing pad cleaning stage 23 for cleaning the polishing pad 56 of the
polishing stage 22 and the polishing pad dressing stage 27 for dressing the
polishing pad 56. Therefore, the polishing pad 56 can be cleaned and
dressed in the same apparatus 10 10. Consequently, the polishing pad 56 can
be handled easily. There is provided a sensing means for sensing a loading
in the polishing pad 56 (such a loading as to affect the machining). If the
apparatus is automatically controlled so that the polishing pad dressing
stage 27 dresses the polishing pad 56 when the sensing means senses the
loading, the planarization apparatus 10 can be fully 15 automated. An
example of the sensing means is a means for sensing the rotational torque
of the motor 58 for the polishing pad 56. The polishing pad 56 is cleaned
when the rotational torque exceeds a reference value. The planarization
apparatus 10 can roughly grind, finely grind and polish 



the wafer 28, which is held by the same chuck 32 (36, 38, 40), by rotating
the 20 index table 34. This prevents the wafer from being damaged due to
the transfer of the wafer 28, and enables the accurate machining of the
wafer 28. On the other hand, if the wafer 28 is transferred from one chuck
to another at each stage, the wafer may be damaged during the transfer.
Moreover, the accuracy of the suction face of the chuck changes every time
the wafer is transferred, and the ''S changes in the accuracy affect the
wafer machining accuracy. This makes impossible the accurate machining.
Thus, the planarization apparatus 10 of this embodiment solves the problem
of the conventional apparatus. Furthermore, the polishing stage 22 removes
the machining deteriorated   24 March 2003 22 layer from the wafer 28 and
eliminates the unevenness in the thickness of the wafer 28 by extending the
machining time. In this embodiment, the wafer is used as a workpiece, but
this invention should not be restricted to this. The planarization
apparatus of this embodiment 5 may also be applied to any kinds of
workpieces that require the polishing after the grinding. Fig. 13 is a plan
view showing the first embodiment of a planarization apparatus 152 provided
with an etching unit 150. Parts similar to those described with reference
to Fig. 10 are denoted by the same reference numerals, 10 and they will not
be described. The planarization apparatus 152 in Fig. 13 etches the wafer
28 polished by the polishing stage 22. The robot 97 holds the polished
wafer 28, which is positioned on the chuck 32 by rotating the index table
34 by 90 clockwise. Then, the robot 97 transfers the wafer 28 to the
cleaning stage 24, which cleans 15 the wafer 28. The cleaned wafer 28 is
transferred to the etching unit 150. Wafers that are not etched while being
held by the chuck may be damaged during the transfer by the robot 97.
However, since the machining deteriorated layer is removed at the polishing
stage 22 prior to the etching process, the wafer 28 is never damaged during
the transfer by the robot 97. 20 The etching unit 150 is a spin etching
unit, which is comprised mainly of a chuck 154 for holding the wafer 28 by
suction, a motor 156 and a spindle 158 for rotating the chuck 154, a nozzle
162 for supplying an etching liquid 160, and an etching tank 164. In the
etching unit 150, the wafer 28 is held by a porous material 155 of the
chuck 1S4, and the etching liquid 1b0 is supplied to the 25 center of the
top of the wafer 28 through the nozzle 162 while the motor 156 is rotating
the wafer 28 at a predetermined rotation speed. The radially-diffused
Etching liquid 160 etches the wafer 28. The nozzle 162 connects to an
etching liquid tank 168 through a pump 166, and running the pump 166
supplies the   24 March 2003 ''3 etching liquid 160 from the etching liquid
tank 168 through the nozzle 162 The spindle 158 is inserted into a hole 172
formed at the center of a bottom 170, and the bottom 170 is inclined
downward toward the outer peripheral in order to prevent the etching liquid
l60 scatted from the wafer 28 



5 from leaking through the hole 172. A drain pipe 174 connects to the outer
periphery of the bottom 170, and the etching liquid is discharged through
the drain pipe 174. In the planarization apparatus l52 of this embodiment,
the polishing stage 22 has a wafer cleaning unit 176 as shown in Fig. 13,
and a spin cleaner 10 178 is provided near the cleaning stage 24. The wafer
cleaning unit 176 is capable of running on a pair of rails 180, and is
moved to a position above the wafer 28 held on the chuck in order to clean
the wafer 28 before or after the polishing. On the other hand, the spin
cleaner l78 cleans the wafer 28 before and after the etching. The etched
wafer 28 having been transferred to the spin 1~ cleaner 178 is spin
cleaned, and the robot 97 holds the wafer 28 again and places it on a
predetermined shelf of the cassettes 26. Fig. 15 is a plan view showing the
second embodiment of a planarization apparatus 192 provided with an etching
unit 190. Parts similar to those of the planarization apparatus 10 in Fig.
2 and the planarization apparatus 152 in Fig. 20 13 are denoted by the same
reference numerals, and they will not be described. The planarization
apparatus 192 in Fig. 15 etches the wafer 28 finely ground by the fine
grinding stage 20, and more particularly etches the wafer 28 before
polishing. The finely-ground wafer 28 is transferred to the etching unit
190 by rotating the index table 34 clockwise by 90. The etching unit 190 25
etches the wafer 28 held on the chuck 40. The robot 97 holds the etched
wafer 28 on the chuck 32. Then, the robot 97 transfers the wafer 28 to the
cleaning stage 24. The wafer 24 is cleaned at the cleaning stage 24, and is
then transferred to the polishing stage 22. The planarization apparatus 192
etches   24 March 2003 24 the wafer 28 held on the chuck to remove the
machining deteriorated layer. Thus, the wafer 28 is never damaged during
the transfer by the robot 97. The etching unit 190 is a spin etching unit,
which is comprised mainly of the chuck 40 for holding the wafer 28 by
suction, a motor 194 and a spindle l96 



5 for rotating the chuck 40, a nozzle 200 for supplying an etching liquid
l98, and an etching tank 202. The chuck 40 is placed on a step 206 of an
opening 204 formed in the index table 34, and a piston 210 of a cylinder
208 connects to the bottom of the motor 194. When the piston 210 is
contracted, the piston 210 is located at a 10 position away from the chuck
40, and when the piston 210 is expanded as shown in Fig. 16, the spindle
196 passes through the opening 204 and a connecting member 2I2 provided at
the top of the spindle 196 is fitted in a concave part (not illustrated)
formed at the bottom of the chuck 40 so that the spindle 196 can be
connected to the chuck 40. The continuous expansion of the piston 210 rises
l~ the chuck 40 from the index table 34, and positions the chuck 40 in the
etching tank 202 through a hole 216 formed at the bottom 214 of the etching
tank 202. In the etching unit 190, the wafer 28 is held by the porous
material 41 of the chuck 40, and the etching liquid 198 is supplied to the
center of the top of the wafer 28, that is rotated at a predetermined
rotation speed by the motor 194, 20 through the nozzle 200 and the
radially-diffused etching liquid 198 etches the wafer 28. The nozzle 200
connects to an etching liquid tank 218 through a pump 217, and running the
pump 217 supplies the etching liquid 198 from the etching liquid tank 218
through the nozzle 200. The hole 216 is formed at the center of the bottom
2l4 of the etching 2~ tank 202, and the bottom 214 is inclined downward
toward the outer periphery in order to prevent the etching liquid 198
scattered from the wafer 28 from leaking through the hole 216. A drain pipe
220 connects to the outer periphery of the bottom 214, and the etching
liquid is discharged through the drain pipe 220.   24 March 2003  The
polishing stage 22 of the planarization apparatus 19'_' has a chuck 222 for
holding the etched wafer 28 transferred by the robot 97 as shown in Fig. 15
The wafer 28 is held on the chuck 22'', and is polished in the state
wherein 



the polishing pad S6 is pressed against the top of the wafer 28 while a
motor (not illustrated) for rotating the chuck 222 is rotating the wafer
2S. The robot 97 transfers the polished wafer 28 to the spin cleaner l78,
which spin cleans the wafer 28. Then, the robot 97 holds the wafer 28 again
and places it on a predetermined shelf of the cassettes 26. As set forth
hereinabove. the planarization apparatus according to the 10 present
invention has both the workpiece grinding means and the workpiece polishing
means, so that the workpiece can be ground and polished by one
planarization apparatus. This increases the throughput without damaging the
workpiece. According to the present invention, the workpiece is ground and
polished 1~ in the state of being held by the same holding means, and this
enables the accurate machining without damaging the workpiece. According to
the present invention, the planarization apparatus is provided with the
cleaning means for cleaning the polishing pad of the polishing means and/or
the dressing means. Thus, the same apparatus cleans and dresses 20 the
polishing pad when the polishing pad becomes stained or loaded. According
to the present invention, the polishing means or the etching means removes
the machining deteriorated layer from one side of the workpiece ground by
the grinding means and eliminates the unevenness in the thickness of the
workpiece. This enables the accurate machining. In the planarization method
according to the present invention, the fine grinding means finely grinds
the workpiece by an amount more than an amount required for removing a
machining deteriorated layer formed by the rough grinding, calculated by
doubling a standard deviation, and less than a larger   24 March 2003 2b 



value between an amount required for correcting an unevenness of a
thickness during the rough grinding and removing the machining deteriorated
layer, calculated by sextupling a standard deviation, and 150um. This
enables the removal of the machining deteriorated layer formed by the rough
grinding 5 without lowering the rate of operation. The polishing means
polishes the workpiece by an amount more than an amount required for
removing a machining deteriorated layer formed by the fine grinding,
calculated by doubling a standard deviation, and less than a larger value
between an amount required for correcting an unevenness of a thickness
during the fine grinding and removing 10 the machining deteriorated layer,
calculated by sextupling a standard deviation, and 20um This enables the
removal of the machining deteriorated layer formed by the fine grinding
without lowering the rate of operation. It should be understood, however,
that there is no intention to limit the invention to the specific forms
disclosed, but on the contrary, the invention is to 15 cover all
modifications, alternate constructions and equivalents falling within the
spirit and scope of the invention as expressed in the appended claims.   24
March 2003 27 1. A planarization apparatus, comprising: holding means for
holding a workpiece; grinding means which has a grinding wheel for grinding
said workpiece and grinds one side of said workpiece by said grinding
wheel; and polishing means or etching means for polishing or etching the
one side of said workpiece, said polishing means comprising rotating means
for rotating a polishing head and a positioning mechanism for setting an
interval between said polishing head and said workpiece. 2. The
planarization apparatus as defined in claim 1, further comprising: moving
means for moving said holding means between a grinding position for Said
grinding means to grind Said workpiece and a polishing or etching position
for said polishing means or said etching means to polish or etch said
workpiece; wherein said workpiece is ground and polished or etched m a
state of being held by said holding means. 3. The planarization apparatus
as defined in claim 1, further comprising cleaning means for cleaning a
polishing pad attached to said polishing head of said polishing means, or
dressing means for dressing a surface of said polishing pad. 4. The
planarization apparatus as defined in claim 2, further comprising: cleaning
means for cleaning a polishing pad attached to said polishing head of said
polishing means, or dressing means for dressing a surface of said polishing
pad. 5. The planarization apparatus as defined in claim 1, wherein said
grinding   



24 March 2003 28 means or said polishing means or said etching means
machines a maching deteriorated layer formed at the one side of said
workpiece ground in previous machining, or machines the machining
deteriorated layer and an unevenness of the thickness of said workpiece. 6.
The planarization apparatus as defined in claim 2, wherein said grinding
means or said polishing means or said etching means machines a machining
deteriorated layer formed at the one side of said workpiece ground in
previous machining, or machines the machining deteriorated layer and an
unevenness of the thickness of said workpiece. 7. The planarization
apparatus as defined in claim 3, wherein said grinding means or said
polishing means or said etching means machines a machining deteriorated
layer formed at the one side of said workpiece ground in previous
machining, or machines the machining deteriorated layer and an unevenness
of the thickness of said workpiece. 8. The planarization apparatus as
defined in claim 4, wherein said grinding means or said polishing means or
said etching means machines a machining deteriorated layer formed at the
one side of said workpiece ground in previous machining, or machines the
machining deteriorated layer and an unevenness of the thickness of said
workpiece. 9. The planarization apparatus as defined in claim 2, wherein
said holding means -is provided in a plural number, and said moving means
sequentially moves said holding means from said grinding position to said
polishing or etching position. 10. The planarization apparatus as defined
in claim 2, wherein said holding   24 March 2003 29 means connects to a
spindle for rotating said holding means, said spindle being moved together
with said holding means. 11. The planarization apparatus as defined in
claim 9, wherein said holding means connects to a spindle for rotating said
holding means, said spindle being moved together with said holding means.
12. The planarization apparatus as defined in claim 2, wherein said holding
means is detachably connected to a spindle for rotating said holding means,
and when said holding means is moved, a connecting part of said holding
means is separated from said spindle and only said holding means is moved.
13. The planarization apparatus as defined in claim 9, wherein said holding
means is detachably connected to a spindle for rotating said holding means,
and when said holding means is moved, a connecting part of said holding
means is separated from said spindle and only said holding means is moved.
14. The planarization apparatus as defined in claim 1, wherein said holding
means is holding means for holding said workpiece by suction, holding means
for freeze-holding said workpiece through ice film, or electrostatic
holding means for holding said workpiece with static electricity. 15. The
planarization apparatus as defined in claim 1, further comprising a 



partitioning member for partitioning off a polishing position for said
polishing means to polish said workpiece. 16. A planarization apparatus
comprising: holding means for holding a workpiece;   24 March 2003 30 rough
grinding means for roughly grinding said workpiece held by said holding
means; fine grinding means for finely grinding said workpiece roughly
ground by said rough grinding means in the state wherein said holding means
is holding said workpiece; polishing means for polishing said workpiece
finely ground by said fine grinding means in the state wherein said holding
means is holding said workpiece; and moving means for moving said holding
means to a rough grinding position for said rough grinding means, a fine
grinding position for said fine grinding means, and a polishing position
for said polishing means. 17. The planarization apparatus as defined in
claim 1, wherein said planarization apparatus has etching means for etching
said workpiece before or after polishing. 18. The planarization apparatus
as defined in claim 2, wherein said planarization apparatus has etching
means for etching said workpiece before or after polishing. 19. The
planarization apparatus as defined in claim 16, wherein said planarization
apparatus has etching means for etching said workpiece before or after
polishing. 20. A planarization method using a planarization apparatus
comprising: holding means for holding a workpiece; grinding means for
grinding said workpiece held by said holding means; polishing means or
etching means for polishing or etching said workpiece ground by said
jrindmg   24 March 2003 



31 means; and moving mans for moving said holding marts to a g:inding
position for said grmd~ng means to grind said workpiece and to a potishtng
or etching position for said polishing rt:eans or sau etching means to
polish or etch said w~orkpo;cc, wherein said polrshnrg means or said
etchrng means polishes or etches said workpiece by an amount more than an
amount required for removing a machining deteriorated layer formed by the
grinding, calculated by doubling a standard deviatiort, and less than a
larger value between art amount required for correcting an unevenness of a
thickness during the grinding and removing said machining deteriorated
layer, calculated by sextupling a standard deviation, and 20um. 21. A
planari~ation method using a planarization apparatus: wherein said
planarization apparatus comprises: holding means for holding a workpiece;
rough grinding means for roughly grinding said workpiece held by said
holding means; fine grinding means for finely grinding said workpiece
roughly ground by said rough grinding meant; polishing means or etching
means for polishing or etching said workpiece finely ground by said
grinding means; and moving means for moving said holding means to a rough
grinding position for said rough grinding means, a fine grinding position
for said fine grinding means and to a polishing or etching pos~t~on for
said polrshrng means or card etchwg means; wherein said fine grinding means
finely grinds said workpiece by an amount more than an amount required for
removing a machining deteriorated layer formed by the rough grinding,
calculated by doubling a standard deviation, and less than a larger value
between an amount required for c.flrrectang an unevenness of a thickness
during the rough grinding and removing said   24 March 2003 32 machining
deteriorated layer, calculated by sextupling a standard deviation, and
l~Op,m; and wherein said pol~shmo means or said etchmo means polishes or
etches said sverkp~ece by an amount more than an amount required for
removing a machining deteriorated layer formed by the fine grinding,
calculated by doubling a standard deviation, and less than a larger value
between an amount required for correcting an unevenness of a thickness
during the fine grinding and removing said machining deteriorated layer and
calculated by sextupling a standat d deviation, and 20u,m. 22. The
planarization apparatus as defin~~l in claim ~, further comprising a sensor
for measuring the thickness of said wc~;;cpiece prior to machining or
during machining, said planarization apparatus controlling the amaunt of
material to be ground or polished or etched in accordance with a measured
value. 23. The planarization apparatus as defined in claim 6, further
comprising a sensor for measuring the thickness of said workpiece prior to
machining or 



during machining, said planarization apparatus controlling the amount of
material to be ground or polished or etched in accordance with a measured
value 24. The planarization apparatus as defined in claim 7, further
comprising a sensor for measuring the thickness of said workpiece prior to
machining or during machining, said planarization apparatus controlling the
amount of material to be ground or polished or etched in accordance with a
measured value. 25. The planarization apparatus as defined in claim 8,
further comprising a sensor for measuring the thickness of said workpiece
prior to machining or during machining, said planarization apparatus
controlling the amount of material t0 be ground or polished or etched in
accordance with a measured value.   ~anlen paxnsEalll E y;yrs aaueploaae y
paya;a .ro paL~s~~od so punos~ aq o; ~eua;ew ~o ;unowe at;; ~urljos;uoa sn;
exedde not;ezueueld pys ~c~sLIiIITL~~ELII ~uynp io DCSSLrIi~aL'u1 0; xoud
aaatd~aon~ pees ~o ssau~aiy; ay; ~uunsEaw sod .rosuas a ~ursuduroa iay~try
`gZ wreEa m pauyap se snaetedde uol;ezr~eue~d ark '6Z 'WT~OZ pue `uotternap
prepue;s >' ~uydnaaas ~q pa;e~nalea `aa~C~el pa;e~oua;ap ~murL~oew pies
nutnowai pue ~ypuu~ ay; ~uunp ssa;nla~q; a 3o ssauuanaun ue fur;aamoa. .to3
paxtnbaa ;unoute ue uaanl;aq amen ~aare~ a uey; ssa~ pue `uor;>;rnap
plcpue;s a ~urlqnop ~tq pa;etnapa `~mpuuo ayt ~Sq parwo~ aa~Cr.1 pa;exoua;
ap ~uruyaem a ~ynowaz ~o~ pannbar ;unowB ue uey; axow ;unowe ue ,(q
aoard~.ron~ poes saga;a .lo saysr~od sueaw ~pya;a pies .ro sueaw ~urqsr~od
pies maxaqrt~ `aaardyoM poes ya;a xo t~syod o; sueaw ~urqata pies io sucaw
~urySl~Od pIBS 30~ uol;csod ~urya;a so ~urysyod a o; pus aa3ldx.rOM ptes
putx`d o; sueaw urpuu~ pi>;s ao~ uor;isod ~urpum~ >; o; sui;aw ~urp~oq pies
~urnow ~o~ sueaw ~utnow pue aueaw ~urpuu~ p~r;s ~q puno.r~ aaaidx,ron~ pees
outqa;a so ~urqs;hod ion sueau~ ~urya;a so sueaux ~urqstlod .susaw nulp~oq
pros ~Cq pjay aaavdyonn pies nucpuu~ .toy sueaw ~utpuu~ :aaardxionl a
~mpjoq lob sueaw ~urplot~ :~utsrrdwoa `sn;essdde not;ezueueld d ~gz -anTen
pa.zns~eaut a ta~iM aauep.zoaae a z pa>~ ~ a a .zo paqs~jod io punon aq oa
~eya;ew 30 ;unowe at;; ~uyloxruoo 5n)ClE~dE LIOtIt;z111;fIt;~d pIES
`3ulutL~~Ew d~uTlnp xo vtlllIit~~eu1 O; xOtxd a~ald~(xoM pees ~o ssauxaLya
aq; ~uunseaux xo3 xosuas t; seq Sn;exedde uo2lEZtIEUE~d poes maxat~m `I Z
wLela m pauL3ap se poq;aw uot~eziieuEjd aqZ -anTan pa.znseam a u~rM
aauQp~ooa~ a r eau a a a ~ o paus~lod xo punox~ aq o~ [ezxa;ew 30 ;unoult;
ay; ~uyjoyuoo Sn;ExeddL UOl]EZt3EUEtd pL~S `nuLUIL~~BRI nuunp to omnyoew oa
iotxd aaaadxxor~ pity ~o ssauxotu~ ate; ~unnseaw xo3 xosuas L' s>?q
snZEx>?ddE not;eztxeuejd pies .maxaq.~ `0~ utLi?~o uj pauT~ap sE pot~~aux
uoi;eztxeueld aq~ '9Z  EOOZ 4oa~W t~Z   34 24 March 2003 30. A
pianarization apparatus, comprising: holding means for holding a workpiece;
rough grinding means for roughly grinding said workpiece held by said
holding means; fine grinding means for finely grinding said workpiece
roughly ground by said rough grinding means; polishing means or etching
means for polishing or etching said workpiece finely ground by 



said grinding means; and moving means for moving said holding means to a
rough grinding position for said rough grinding means, a fine grinding
position For said fine grinding means and to a polishing or etching
position for said polishing means or said etching means, wherein said fine
grinding means finely grinds said workpiece by an amount more than an
amount required for removing a machining deteriorated layer formed by the
rough grinding) calculated by doubling a standard deviation) and less than
a larger value between an amount required for correcting an unevenness of a
thickness during the rough grinding and removing said machining
deteriorated layer, calculated by sextupling a standard deviation, and
150um; and wherein said polishing means or said etching means polishes or
etches said workpiece by an amount more than an amount required for
removing a machining deteriorated layer formed by the fine grinding,
calculated by doubling a standard deviation, and less than a larger value
between an amount required for correcting an unevenness of a thickness
during the fine grinding and removing said machining deteriorated layer and
calculated by sextupling a standard deviation, and 20m. 31. The
planarization apparatus as defined in claim 30, further comprising a sensor
for measuring the thickness of said workpiece prior to machining or during
machining, said planarization apparatus controlling the amount ef material
to be ground or polished or etched in accordance with a measured value. 32.
A planarization apparatus, comprising: holding means for holding a
workpiece; rough grinding means for roughly grinding said workpiece held by
said holding means; f ne grinding means for finely grinding said workpiece
roughly ground by said cough grinding means; polishing means or etching
means far polishing or etching said woriCpiece finely ground by   24 March
2003 35 said grinding means; and moving means for moving said holding means
to a rough grinding position fer said rough grinding means, a fine grinding
position for said fine grinding means and to a polishing or etching
position for said polishing means or said etching means, wherein a
machining time of the rough grinding, a machining time of the fine
grinding, and a machining time of the polishing or etching are
substantially equal to each other; and 



wherein said fine grinding means and/or said polishing means or said
etching means adjust a machining amount to remove a machining deteriorated
layer formed by previous machining on said workpiece. .A.A3R.A
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