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5 Field of the Invention This invention relates to a wafer surface
treatment apparatus with a  waste liquid recovery mechanism that, when a
surface of the wafer is treated  with a treatment liquid or a cleaning
liquid, waste liquids can be separately  recovered in an efficient manner
according to kinds of the treatment liquid and  I o the cleaning liquid.
Description of the Prior Art In a semiconductor fabrication process, steps
of performing various  kinds of treatment on a wafer during rotation, such
as spin etching, spin drying  15 and spin coating, have increased in recent
years. To definitely name apparatuses for such steps, there have been known
a spin-etching apparatus, a  spin-drying apparatus, a spin-coating
apparatus and so on. In such apparatuses  of the prior art, the following
ways for fixing a wafer have been adopted: a wafer  is suction-fixed on a
suction-chuck base using a vacuum source, or a wafer is 20 fixed on a
suction-chuck base using a vacuum force created there by a  compressed air
or gas from a supply source. The prior art apparatuses, however, have
required a vacuum source  apparatus, a compressed air supply apparatus, a
compressed gas supply  apparatus and so on, which are additionally provided
thereto, thereby resulting 25 in cost increase due to installment thereof.
In addition to the cost increase, there  has arisen another problem because
of hardship in adjustment of degrees of  reduction or increase of pressure,
which leads to a phenomenon that a wafer is  deformed, for example, sagged
under an influence of a pressure in the case  where the wafer as thin as to
be easy to be affected by the pressure, for  30 example of a thickness of
0.1 mm or less, is fixed. Further, a wafer as thin as of the order of 100 m
or less naturally  has bow in many cases, and therefore, suction-chuck of
the wafer has not been  successfully effected because of the bow in the
prior art apparatuses described  above. For this reason, in the case of a
wafer with bow, there has occurred a 



35 need for time and labor with which a wafer is corrected on the bow, for
a  ^I^ procedure has actually been adopted where the wafer is corrected on
the bow  and thereafter, the wafer is suction chucked. As treatment for a
surface of a wafer in a device fabrication process,  there can be named:
etching treatment for removing a damage layer after back  5 side grinding,
coating of a photo resist on the wafer, developing of the wafer on which
circuit patterns are exposed, a photo resist is coated and semiconductor
circuits are printed, cleaning of a surface of the wafer and so on. An
apparatus for use in the wafer surface treatment includes: a wafer  rotary
holding apparatus which chucks and rotates a wafer; a treatment liquid  10
supply means supplying a necessary treatment liquid (a chemical liquid)
onto the upper surface of the chucked wafer; a cleaning liquid supply means
supplying a cleaning liquid onto the upper surface of the wafer; and other
means  (for example, Japanese patent Laid-open Publication No. 8-88168).
Etching for removing a damage layer after a prior art back side  15
grinding, for example, has sufficiently been concluded with one time of
usage of  a mixed acid (for example, hydrofluoric acid, nitric acid and so
on) and in this  case, it is only required after the etching to recover the
used treatment liquid (for  example, the used mixed acid) and the used
cleaning liquid as disclose in the  above publication. 20 At present,
however, a necessity has already showed up of surface  quality improvement
after the above described etching and it has been common  to effect one or
more times of additional etching for surface quality improvement  following
the first etching described above. With plural times of surface  treatment
in this way, a new problem has occurred since a process time 25 becomes
totally longer due to the surface treatment, thereby leading to  reduction
in productivity. Further, since a plurality of treatment liquids (chemical
liquids) are in use, a necessity has arisen of an apparatus by which three
(3) or  more kinds of waste liquids can be recovered, wherein requirement
is beyond a  capacity of a prior art apparatus by which only two (2) kinds
of waste liquids  30 including one kind of a treatment liquid and a
cleaning liquid are recovered. Further, on the other hand, while there has
be required single side  treatment in recent years in the case where a very
thin wafer of 100 m or less  in thickness is etched or cleaned, a rotary
holding means of a novel type has  



been desired in order to cope with such a requirement since it is difficult
to hold  E2= a wafer while rotating with prior art means that holds a wafer
while rotating by  suction-chucking the lower surface thereof. SUMMARY OF
THE INVENTION 5 The present invention was made in light of the above
described  problems of the prior art. Accordingly, the invention has an
objective of  providing a wafer surface treatment apparatus having a waste
liquid recovery  mechanism by which wastes liquids, especially three or
more kinds of waste  liquids, can be separately recovered in a continuous,
efficient manner according 10 to kinds of a treatment liquid and a cleaning
liquid and therefore productivity can  be increased. Preferably, a wafer
surface treatment apparatus with a waste liquid  recovery mechanism used
for treating a surface of a wafer with each of a  treatment liquid and a
cleaning liquid, comprises: 15 a wafer rotary holding apparatus holding a
to-be-treated wafer  while rotating; and a waste liquid recovery mechanism
provided around the  periphery of the wafer rotary holding apparatus in a
vertically movable manner,  wherein the waste liquid recovery mechanism is
constructed of a plurality of 20 annular waste liquid recovery troughs
which are vertically movable relative to  each other or one another and the
annular waste liquid recovery troughs are  selectively used according to
kinds of the treatment liquid and the cleaning  liquid, such that the
respective waste liquids are separately recovered. It is preferred when
three annular waste liquid recovery troughs are  25 employed in a wafer
surface treatment apparatus. It is preferable when the wafer rotary holding
apparatus is employed  with a wafer surface treatment apparatus. BRIEF
DESCRIPTION OF THE DRAWINGS 30 FIG. 1 is a perspective view showing one
embodiment of a wafer  rotary holding apparatus of the invention; FIG. 2 is
a perspective view showing a state of a wafer held during  rotation on the
wafer rotary holding apparatus of FIG. 1; FIG. 3 is a top plan view showing
another example of blades; 35 FIG. 4 is a top plan view showing still
another example of a blade;  



:3-1 FIG. 5 is a sectional side view showing another embodiment of a  wafer
rotary holding apparatus of the invention in a simplified manner; FIG. 6 is
an enlarged top view of the rotary view of FIG. 5; FIG. 7 is a further
enlarged view of a main part of the rotary disk of  5 FIG. 6; FIG. 8 is a
partial cross-sectional view of FIG. 7; FIG. 9 is a top plan view showing a
state of a wafer and a wafer  rotary holding apparatus between which a
displacement of rotation occurs when  a chemical liquid or the like is
poured onto the upper surface of the wafer held  10 during rotation on the
wafer rotary holding apparatus; FIG. 10 is a top plan view showing a state
of a wafer whose  orientation flat engages with an orientation flat stopper
pin erected on a rotary  disk; FIG. 11 is a top plan view showing a state
of a wafer whose notch  15 engages with a notch stopper pin erected on a
rotary disk; FIG. 12 is a sectional side view of a wafer surface treatment
apparatus with a waste liquid recovery mechanism of the invention in a
simplified manner; FIG. 13 is a sectional side view of the wafer surface
treatment  20 apparatus showing a state of the apparatus when the whole of
the waste liquid  recovery mechanism is raised from the state of FIG. 12 in
a simplified manner; FIG. 14 is a sectional side view of the wafer surface
treatment  apparatus showing a state of the apparatus when only the inner
side waste  liquid recovery trough is moved downward from the state of FIG.
13 in a  25 simplified manner; and FIG. 15 is a sectional side view of the
wafer surface treatment  apparatus showing a state of the apparatus when
only the intermediate waste  liquid recovery trough is moved downward from
the state of FIG. 14 in a  simplified manner. 30 DETAILED DESCRIPTION OF
THE INVENTION Description will be given of embodiments of the invention
below with  reference to the accompanying drawings. It should be naturally
understood that  



various modifications or alterations other than the embodiments shown by
the 35 drawings can be made in the scope of the invention as far as those
do not  depart from the technical concept of the invention. ^4^ FIG. 1 is a
perspective view showing one embodiment of a wafer  rotary holding
apparatus of the invention, FIG. 2 is a perspective view showing a  state
of a wafer held during rotation on the wafer rotary holding apparatus of
FIG. 1, FIG. 3 is a top plan view showing another example of blades, and
FIG. 4  5 is a top plan view showing still another example of a blade. In
the figures, a numerical mark 10 indicates a wafer rotary holding
apparatus, which has a rotary disk 12. A through hole 14 is formed in the
central section of the rotary disk 12. On the upper surface of the rotary
disk 12,  a plurality of blades 16 (16 pieces in this example) are radially
disposed at  1o equiangular intervals. Wafer rests 18 receiving a wafer by
the periphery thereof are  provided at the respective outer ends of the
upper surfaces of the blades 16.  While there is no specific limitation on
a shape of each of the wafer rests 18 as  far as the wafer rests 18 can
receive the periphery of the wafer (W), the rest 18 15 assumes the form of
a receiving step in this example. The wafer rests 18 are  not necessarily
provided on the blades 16 but can be directly provided on the  upper
surface of the rotary disk 12 provided that no troubles arises. Further,
while the number of the wafer rests 18 provided may be the number thereof
on  which the wafer can be retained even during rotation, for example 3 or
more in 20 number, but there is shown a case of 4 in number of the wafer
rests 18 disposed  symmetrically, in the example of the figures. A
numerical mark 20 indicates a rotary shaft disposed vertically in the
central section of the lower surface of the rotary disk 12 and a hollow
section 22  in communication with the through hole 14 is formed in the
interior of the rotary 25 shaft 20. The hollow section 22 has an opening at
the lower end of the rotary  shaft 20 to form a lower end opening 24. At
the lower end of the rotary shaft 20, there is mounted a pressure
reduction control means 26, e.g., a pressure reduction control valve, in
the  example of the figures. The pressure reduction control means 26 can
control a 30 rate of air flowing through the hollow section 22 in the
rotary shaft 20 by  adjusting a degree of opening of the hollow section 22
therein. While, in the  



example shown in the figures, a case is shown in which the pressure
reduction  control means 26 is mounted at the lower end of the rotary shaft
20, there is not  necessarily a limitation to the mounting at the lower end
but the pressure 35 reduction control means 26 can be mounted at any
position such as an  ^5D intermediate portion or the upper portion of the
rotary shaft 20 since it is only  required that a degree of opening of the
hollow section 22 is adjusted. A numerical mark 28 indicates a pulley
provided in the, lower portion  of the rotary shaft 20 and connected to a
motor pulley of a motor 30 with a pulley  5 belt 34 extended therebetween.
In operation, the motor 30 is activated, the motor pulley 32 is rotated and
the rotation is in turn transmitted to the pulley 28  through the pulley
belt 34, with the result that the rotary shaft 20 is rotated.  Description
will be made of operations of such a construction described above. In a
wafer rotary holding apparatus 10 of the invention, there  10 is employed a
fluid: for example, a gas such as air, a liquid such as pure water  or a
chemical liquid, or a mixture thereof, and a case of air as the fluid is
taken  up in the description. First of all, a wafer (W), as shown in FIG.
2, is placed above the  upper surface of the rotary disk 12 with the wafer
rests 18 interposed  15 therebetween, that is, with a gap between the wafer
(W) and the upper surface of the rotary disk 12; to be more concrete, above
the upper surfaces of the  blades 16 with a gap. Then, a degree of opening
of the hollow section 22 in the  rotary shaft 20 is adjusted by the
pressure reduction control means 26 according  to a thickness of the wafer
(W) so as to create an optimal reduced pressure. It 20 should be
appreciated that as the opening of the hollow section 22 is wider, a
degree of pressure reduction decreases and vice versa. The adjustment of
pressure reduction can be performed by changing  rotation speed of the
rotary disk 12 in addition to a change in opening of the  hollow section
22. As the rotation speed of the rotary disk 12 is faster, a degree  25 of
pressure reduction increases and vice versa. Furthermore, supply of a
fluid, for example air, onto the upper surface  of the rotary disk 12 is
effected with fluid (air) (A) supply means not shown when  a need arises
and a degree of pressure reduction can be controlled by adjusting  a supply
rate of the fluid (air) (A). As supply of the fluid (air) (A) increases, a
30 degree of pressure reduction decreases and vice versa. 



In such a situation, when the motor 30 is driven, rotation of the motor  30
is transmitted to the rotary shaft 20 through the motor pulley 32, the
pulley  belt 34 and the pulley 28, with the result that the rotary disk 12
fixed to the rotary  shaft 20 is rotated. With rotation of the rotary disk
12, a fluid (air) (A) on the 35 upper surface of the rotary disk 12 is
discharged outwardly by centrifugal force  due to the rotation, that is the
fluid (air) (A) on the rotary disk 12 is discharged  ^6^ outwardly through
a plurality of fluid (air) (A) flow paths 36 formed in spaces  between the
upper surface of the rotary disk 12 and the lower surface of the  wafer
(W), partitioned by pairs of blades opposite from each other. A reduced
pressure is created in the fluid (air) (A) flow paths 36 by  5 outward
discharge of the fluid (air) (A). By sucking force of the reduced
pressure, the fluid (air) (A) taken in from the lower end opening 24 of the
hollow  section 22 in the rotary shaft 20 is supplied onto the upper
surface of the rotary  disk 12 passing through the hollow section 22 and
the through hole 14, and the  fluid (air) (A), subsequent to this, is
discharged in a continuous manner 10 outwardly through the fluid (air) (A)
flow. paths 36, with the result that the  reduced pressure continues to be
kept in the fluid (air) (A) flow paths 36. As long as the rotary disk keeps
its rotation, the reduced pressure is  kept to be present in the fluid
(air) (A) flow paths 36. The wafer (W) is fixedly  held while rotating on
the wafer rests 18 by the periphery thereof by sucking 15 force of the
reduced pressure in the fluid (air) flow paths 36. At this time, the  rear
surface of the wafer (W) is located above the upper surface of the blades
16 with no contact to the upper surface of the blades. When sucking force
of the reduced pressure is excessively strong,  there arises a chance of
inconvenience where a thin wafer (for example, of 0.1  20 mm or less in
thickness) sags in the middle portion. In the invention, however, since a
degree of opening of the hollow section 22 in the rotary shaft 20 can be
freely regulated by the pressure reduction control means 26, a thin wafer
(W)  can be fixedly held while rotating on the wafer rests 18 with no
sagging, by  weakening sucking force through decrease in pressure reduction
caused by a  25 wider opening of the hollow section 22. It should be
appreciated that while there are many cases where bow  naturally occurs in
a wafer as thin as of the order of 100 m or less, even bow of  such a wafer
is erased by centrifugal force due to rotation and the wafer can be  



held while rotating without any trouble when placing the wafer in an intact
state 30 having bow on a wafer rotary holding apparatus of the invention
and  consequently, correction of bow of a wafer is not necessary prior to
holding the  wafer during rotation as is in a conventional practice,
thereby realizing an  advantage in that time and labor required for the
correction can be saved.  Needless to say that since bow of a wafer is not
corrected by the holding during  35 rotation, the bow is revived after the
rotation is ceased. E7E While in the example shown in FIGs. 1 and 2, a case
is shown in  which the blades 16 are erected on the upper surface of the
rotary disk 12 in a  radial state, curved blades or a curved blade 16 can
also be disposed in a radial  state as shown in FIG. 3 or in a spiral or
volute state as shown in FIG. 4. When 5 the straight blades 16 or the
curved blades 16 are provided in a radial state,  there are naturally a
need to use a plurality of straight or curved blades 16 to  form a
plurality of fluid flow paths 36, but when the curved blades or blade 16 is
provided in a spiral or volute state, a plurality of curved blades 16 may
be used,  but as shown in FIG. 4 the single blade 16 may be used to form a
single fluid l o flow path 36, thereby enabling such a structure to exert
an action and an effect  similar to the other examples. It should be
appreciated that while in the example shown in the  figures, the blade or
blades are erected on the upper surface of the rotary disk  12 as separate
body or bodies, the blade or blades 16 can be formed on the 15 upper
surface of the rotary disk 12 in one body therewith by grooving the upper
surface layer like the fluid flow path or paths 36 to leave a raised
portion or  portions, left behind, corresponding to the blade or blades 16
on the upper  surface of the rotary disk 12 since it is only required to
form the fluid flow path or  paths 36 on the upper surface of the rotary
disk 12 using an action of the blade  20 or blades 16. A wafer rotary
holding apparatus of the invention can be realized in  various ways of
modification or alteration other than the examples shown in the  figures
above, which will be described below. FIG. 5 is a sectional side view
showing another embodiment of a wafer rotary holding apparatus of the 25
invention in a simplified manner, FIG. 6 is an enlarged top view of the
rotary disk  of FIG. 5, FIG. 7 is a further enlarged view of a main part of
the rotary disk of  FIG. 6 and FIG. 8 is a partial cross-sectional view of
FIG. 7. 



In FIGs. 1 and 2, while the case is described in which air is used as  the
fluid (A), fluids other than air can be used, as described above. In FIG.
5, a  30 case is shown in which there is used pure water mist, as the fluid
(A), obtained by mixing pure water and air with each other. In a mixing
chamber 40, pure  water supplied from a pure water tank 42 and air supplied
separately are mixed  with each other to form pure water mist (A) composed
of pure water and air, and  the pure water mist (A) is supplied to a flow
rate controller 26A through a conduit 35 44. The pure water mist (A) whose
flow rate is controlled by the flow rate  controller 26A is guided onto the
upper surface of the rotary disk 12 passing  ^8i through the hollow section
22 in the rotary shaft 20, similar to the cases of FIGs.  1 and 2. It
should be appreciated that while the air in FIG. 5 may be drawn by  sucking
force of a reduced pressure created in the fluid flow paths 36 described  5
above, the air in this embodiment is forcibly supplied to the mixing
chamber 40 by a fluid forcible supply means 38 such as a compressor or a
motor, and  therefore, pure water mist (A) obtained by mixing in the mixing
chamber 40 is  also forcibly supplied to the through hole 14 by way of the
conduit 44 and the  hollow section 22 under influence of the fluid forcible
supply means 38. With 10 such a construction adopted, a chemical liquid
supplied onto the upper surface  of the wafer in order to treat the upper
surface thereof is prevented from  creeping over onto the lower surface of
the wafer. This effect is achieved by  blowing the fluid (A) supplied
forcibly, onto the lower surface of the wafer. In FIG. 5, a numerical mark
46 indicates a baffle plate disposed  15 above the through hole 14 formed
in the central section of the rotary disk 12.  The fluid (pure water mist)
(A) to be supplied onto the upper surface of the rotary  disk 12 by way of
the through hole 14 is guided in directions of the blades 16 by  the baffle
plate 46. With this baffle plate 46 disposed, advantages are enjoyed in
that the  20 wafer (W) is prevented from an accident in which the wafer is
contaminated by  impurities and so on even when impurities are mixed into
the fluid (A) since the  fluid (A) is not blown directly onto the lower
surface of the wafer (W) and further,  upward blow-off of the fluid (A) is
prevented from occurring even when the wafer  is unexpectedly broken during
operation. 25 In the case where as the fluid (A), pure water mist is
adopted, back  



side rinse can be simultaneously performed by pure water mist blown onto
the  lower surface of the wafer (W) when etching is effected by supplying
an etching  liquid onto the upper surface of the wafer (W) during rotation.
In this embodiment, the wafer rests 18, as shown in FIGs. 7 and 8,  30
include lower side guide pins 18a receiving the lower surface of the wafer
(W)  and outer side guide pins 18b receiving the outer side surface of the
wafer (W),  which is different from the example shown in FIGs. 1 and 2. The
construction  other than parts described above is similar to that of FIGs.
1 and 2, for which  reason, description is not repeated. 35 With the above
construction, similar to the case of FIGs. 1 and 2,  when the rotary disk
12 is rotated, a fluid (A) on the upper surface of the rotary  ^9^ disk 12
is discharged outwardly by centrifugal force due to rotation, that is the
fluid (A) which has passed through the through hole 14 is guided sideways
by  the action of the lower surface of the baffle plate 46 and subsequent
to this, the  fluid (A) on the upper surface of the rotary disk 12 is
discharged to the outside 5 through the fluid flow paths 36 formed in
spaces between the upper surface of  the rotary disk 12 and the lower
surface of the wafer (W), partitioned by pairs of  blades 16, 16 opposite
from each other. Further, by supplying the fluid (A) forcibly, as described
above, the  fluid (A) is intentionally blown onto the lower surface of the
wafer and a chemical  10 liquid such as an etching liquid, which is
supplied onto the upper surface of the wafer, can be prevented from
creeping over onto the lower surface of the wafer.  Needless to say that
forced supply of the fluid (A) can be effected,  independently of whether
or not the baffle plate 46 is present. In a wafer rotary holding apparatus
of the invention, when a chemical  15 liquid (B) or the like is poured onto
the upper surface of a wafer (W) held during  rotation, the wafer is pulled
in a direction opposite from a direction of rotation of  the rotary holding
apparatus 10 by the action of viscosity of the chemical liquid  (B) or the
like, which causes a difference in rotation speed between the wafer  (W)
and the rotary holding apparatus 10 (FIG. 9). With such a difference in 20
rotation speed, many problems occurs: injuries due to increase in friction
of  contact between the lower surface of the wafer and the lower side guide
pins  caused by the displacement of rotation; fluctuations in a state after
an etching  treatment or the like of the wafer due to uneven rotation of
the wafer; increase in  



creeping of the chemical liquid (B) or the like over onto the lower surface
of the 25 wafer due to decrease in centrifugal force caused by reduction in
rotation speed  of the wafer; and other troubles. In order to prevent such
problems, an orientation flat receiver (FP)  being put into contact with a
orientation flat (F) of a wafer (W), for example an  orientation flat
stopper pin (FIG. 10), and a notch receiver (NP) being put into 30 contact
with a notch (N) of the wafer (W), for example a notch stopper pin (FIG.
11), are erected on the upper surface of the rotary disk 12 and thereby, no
displacement of rotation arises between the wafer (W) and the rotary
holding  apparatus 10, with the result that neither of the problems caused
by the  difference in rotation speed occurs. 35 Such a wafer rotary holding
apparatus of the invention can be  preferably employed in apparatuses, such
as a spin-etching apparatus, a spin- C' I 0 L drying apparatus, a
spin-coating apparatus and the like apparatuses, in which a  wafer is
treated while rotating. FIG. 12 is a sectional side view of a wafer surface
treatment  apparatus with a waste liquid recovery mechanism of the
invention in a  5 simplified manner and shows a state where a wafer is
loaded or unloaded. FIG. 13 is a sectional side view of the wafer surface
treatment apparatus showing a  state of the apparatus, in a simplified
manner, when the whole of the waste  liquid recovery mechanism is raised
from the state of FIG. 12 and the inner side  waste liquid recovery trough
is used. FIG. 14 is a sectional side view of the 10 wafer surface treatment
apparatus showing a state of the apparatus, in a  simplified manner, when
only the inner side waste liquid recovery trough is  moved down from the
state of FIG. 13 and the intermediate waste liquid  recovery trough is
used. FIG. 15 is a sectional side view of the wafer surface  treatment
apparatus showing a state of the apparatus, in a simplified manner, 15 when
only the intermediate waste liquid recovery trough is moved down from the
state of FIG. 14 and the outer side waste liquid recovery trough is used.
In FIGs. 12 to 15, an alphabetical mark (S) indicates a wafer surface
treatment apparatus with a waste liquid recovery mechanism of the
invention,  including: an annular waste liquid recovery mechanism 50 whose
central section 20 is a hollow section (H); and a wafer rotary holding
apparatus 10 disposed in the  interior of the hollow section (H). The wafer
rotary holding apparatus 10  



includes: a wafer holder 10a; and a rotary shaft 20 supporting the wafer
holder  10a in a freely rotatable manner. The waste liquid recovery
mechanism 50  includes: an annular outer inclined member 52 extending
outwardly with a 25 downward inclination; and an outer corner cylindrical
section 54 formed by  bending inwardly the distal end portion of the outer
inclined member 52. Inside  the outer inclined member 52, there are
provided an intermediate inclined  member 56 in an inclined state similar
to the outer inclined member 52; and an  intermediate corner cylindrical
section 58 formed by bending inwardly the distal 30 end portion of the
intermediate inclined member 56. Still inside the intermediate  inclined
member 56, there are provided an inner inclined member 60 in an  inclined
state similar to the intermediate inclined member 56; and an inner  corner
cylindrical section 62 formed by bending inwardly the distal end portion of
the inner inclined member 60. 35 The outer inclined member 52 and the outer
corner cylindrical section  54 can be vertically movable and therefore, the
whole of the waste liquid recovery mechanism 50 is vertically movable
relative to the wafer rotary holding  apparatus 10. The intermediate
inclined member 56 and the intermediate  corner cylindrical section 58 are
assembled so as to be vertically movable  relative to the outer inclined
member 52 and the outer corner cylindrical section 5 54, wherein the outer
surface of the intermediate inclined member 56 is kept in  contact with the
inner surface of the outer inclined member 52, and the outer  surface of
the outer wall 58a of the intermediate corner cylindrical section 58 is
kept in a slidable contact with the outer surface of the inner wall 54b of
the outer  corner cylindrical section 54. 10 The inner inclined member 60
and the inner corner cylindrical section  62 are vertically movable
relative to the intermediate inclined member 56 and  the intermediate
corner cylindrical section 58, the outer surface of the inner  inclined
member 60 is kept in contact with the inner surface of the intermediate
inclined member 56 and the outer surface of the outer wall 62a of the inner
15 corner cylindrical section 62 is kept in slidable contact with the outer
surface of  the inner wall 58b of the intermediate corner cylindrical
section 58. The outer side annular waste liquid recovery trough 64 is
formed with  the outer inclined member 52, the outer corner cylindrical
section 54, and parts  of the intermediate inclined member 56 and the outer
wall 58a of the 20 intermediate corner cylindrical section 58. The
intermediate annular waste liquid  



recovery trough 66 is formed with the intermediate inclined member 56, the
intermediate corner cylindrical section 58, and parts of the inner inclined
member 60 and the outer wall 62a of the inner corner cylindrical section
62. The  inner side annular waste liquid recovery trough 68 is formed with
the inner  25 inclined member 60 and the inner corner cylindrical section
62. Therefore, the waste liquid recovery mechanism 50 includes a  plurality
of the annular waste liquid recovery troughs 64, 66 and 68 (3 pieces in
the example shown in the figures) and the waste liquid recovery troughs 64,
66  and 68 are mounted in a vertically movable manner relative to one
another. The 30 bottoms of the waste liquid recovery troughs 64, 66 and 68
are inclined in one  direction and waste liquid recovery pipes 70, 72 and
74 are each provided at the  lowest portion of the inclination. A numerical
mark 76 indicates treatment liquid  pouring means pouring a chemical liquid
or a cleaning liquid and the treatment  liquid pouring means includes a
plurality of pouring pipes 76a, 75b and 76c (3  35 pieces in the example
shown in the figures) vertically disposed. 012E Operations in the wafer
surface treatment apparatus (S) with the  waste liquid recovery mechanism
of the invention will be described according to  the above described
construction; for example, when mixed acid etching, dilute  hydrofluoric
acid etching and rinse cleaning are each performed. First of all, the 5
waste liquid recovery mechanism 50, as shown in FIG. 12, is positioned such
that the uppermost end of the inner side of the outer inclined member 52
assumes a height thereof a little lower than the holding position of a
wafer (W) of  the wafer rotary holding apparatus 10. In this situation, the
wafer (W) is held in  place on the wafer rotary holding apparatus 10. 10
Then, when the mixed acid etching is carried out, the whole of the  waste
liquid recovery mechanism 50, as shown in FIG. 13, is raised such that  the
upper end of the inner wall 62b of the inner corner cylindrical section 62
is  positioned in the vicinity of the holding position of the wafer (W) of
the wafer  rotary holding apparatus 10. In this situation, the wafer is
rotated and the mixed 15 acid etching is simultaneously performed by
pouring aqueous mixed acid  solution (hereinafter simply referred to as
mixed acid) onto the upper surface of  the wafer (W) during rotation from
the pouring pipe 76a for the mixed acid after  the treatment liquid pouring
means 76 is moved to a pouring position thereof. At  this time, the mixed
acid having been poured on the upper surface of the wafer 



20 (W) is made to fly off outwardly by centrifugal force of the wafer (W)
during  rotation and the used mixed acid moving in the air is collected
within the inner  side waste liquid recovery trough 68 through an opening
68a and subsequent to  this, thus collected used mixed acid flows down
along the inclination of the  bottom of the inner side waste liquid
recovery trough 68 to be eventually  25 recovered through the waste liquid
recovery pipe 74 for used mixed acid. When dilute hydrofluoric acid etching
is carried out, the inner inclined  member 60 and the inner corner
cylindrical section 62, as shown in FIG. 14, are  moved down from the state
of FIG. 13 such that the upper end of the inner  inclined member 60 is
positioned in the vicinity of the holding position of the 30 wafer (W) of
the wafer rotary holding apparatus 10. In this situation, the wafer  (W) is
rotated and the dilute acid etching is simultaneously performed by pouring
the aqueous dilute hydrofluoric acid solution (hereinafter simply referred
to as  dilute hydrofluoric acid) onto the upper surface of the wafer (W)
during rotation  from the pouring pipe 76b for the dilute hydrofluoric acid
of the treatment liquid 35 pouring means 76. At this time, the dilute
hydrofluoric acid having been poured  on the upper surface of the wafer (W)
is made to fly off outwardly by centrifugal  ^131 force of the wafer (W)
during rotation and the used dilute hydrofluoric acid  moving in the air is
collected within the intermediate waste liquid recovery trough  66 through
an opening 66a and subsequent to this, thus collected used dilute
hydrofluoric acid flows down along the inclination of the bottom of the 5
intermediate waste liquid recovery trough 66 to be eventually recovered
through  the waste liquid recovery pipe 72 for used dilute hydrofluoric
acid. When rinse cleaning is carried out, the intermediate inclined member
56 and the intermediate corner cylindrical section 58, as shown in FIG. 15,
are  moved down from the state of FIG. 14 such that the upper end of the 10
intermediate inclined member 56 is positioned in the vicinity of the
holding  position of the wafer (W) of the wafer rotary holding apparatus
10. In this  situation, the wafer (W) is rotated and the rinse cleaning is
simultaneously  performed by pouring pure water onto the upper surface of
the wafer (W) during  rotation from the pouring pipe 76c for the pure water
of the treatment liquid 15 pouring means 76. At this time, the pure water
having been poured on the  upper surface of the wafer (W) is made to fly
off outwardly by centrifugal force of  the wafer (W) during rotation and
the used pure water moving in the air is  



collected within the outer side waste liquid recovery trough 64 through an
opening 64a and subsequent to this, thus collected used pure water flows
down 20 along the inclination of the bottom of the outer side waste liquid
recovery trough  64 to be eventually recovered through the waste liquid
recovery pipe 70 for used  rinse liquid. After the mixed acid etching, the
dilute hydrofluoric acid etching and  the rinse cleaning are finished, not
only are the intermediate inclined member  25 56, the intermediate corner
cylindrical section 58, the inner inclined member 60 and the inner corner
cylindrical section 62 raised, but the whole of the waste  liquid recovery
mechanism 50 is moved down such that the uppermost end of  the inner side
of the outer inclined member 52, as shown in FIG. 12, assumes a  height
thereof a little lower than the holding position of a wafer (W) of the
wafer 30 rotary holding apparatus 10. In this situation, the wafer (W) is
taken out from the  wafer rotary holding apparatus 10. While, as the wafer
rotary holding apparatus 10, publicly well known  chuck means holding a
wafer during rotation in the prior art may be used, the  novel wafer rotary
holding apparatus 10 of the invention described above is  35 preferably
employed. ^ 141 According to a wafer rotary holding apparatus of the
invention, as  described above, effects can be exerted that a reduced
pressure is created on  the upper surface of a rotary disk using a simple,
easy-to-make mechanism with  no need of any of a vacuum source apparatus, a
compressed air supply 5 apparatus, a compressed gas supply apparatus and
other apparatuses in use; a  wafer can be held while rotating with no
contact to the rear surface thereof; and  a degree of pressure reduction
can be adjusted with ease and even a thin wafer  (of 0.1 mm or less in
thickness) can be held while rotating with no deformation. According to a
wafer surface treatment apparatus of the invention,  1o effects can be
exerted that a plurality of wastes liquids, especially three or more  kinds
of waste liquids, can be separately recovered in a continuous, effective
manner according to kinds of a treatment liquid and a cleaning liquid, and
therefore productivity can be increased; and furthermore a very thin wafer
of 100  m or less in thickness can be held while rotating using only
contacts with the 15 periphery of the wafer; and in addition cleaning using
a ultra-sonic jet nozzle and  brush cleaning can also be employed. 



Obviously, various minor changes and modifications of the present
invention are possible in the light of the above teaching. It is therefore
to be  understood that within the scope of the appended claims the
invention may be  20 practiced otherwise than as specifically described. ^
15^ CLAIMS: 1. A wafer surface treatment apparatus with a waste liquid
recovery  mechanism used for treating a surface of a wafer with each of a
treatment liquid  and a cleaning liquid, comprising: 5 a wafer rotary
holding apparatus holding a to-be-treated wafer  while rotating; and a
waste liquid recovery mechanism provided around the  periphery of the wafer
rotary holding apparatus in a vertically movable manner,  wherein the waste
liquid recovery mechanism is constructed of a plurality of to annular waste
liquid recovery troughs which are vertically movable relative to  each
other or one another and the annular waste liquid recovery troughs are
selectively used according to kinds of the treatment liquid and the
cleaning  liquid, such that the respective waste liquids are separately
recovered. 2. A wafer surface treatment apparatus according to claim 1,
wherein  15 three annular waste liquid recovery troughs are employed. 3. A
wafer surface treatment apparatus according to claim 1 or 2,  wherein the
wafer rotary holding apparatus is employed. ^ 16E 


