Description

Title of Invention: SUBSTRATE PROCESSING DEVICE

Technical Field
[0001] The present invention relates to a substrate

processing device of a semiconductor wafer or the like.

Background Art

[0002] In a manufacturing process of a semiconductor
device, for making a substrate surface clean, cleaning
processing of processing a substrate using cleaning
liguid is performed by eliminating part of films on the
substrate and forming a desired pattern, or eliminating
all of the films. As processing devices that perform
such cleaning processing, there are known a single-wafer-
type device that cleans substrates one by one, and a
batch-type device that cleans a plurality of substrates
by soaking the plurality of substrates in processing
liguid in a processing bath in a state in which the
plurality of substrates are held at predetermined
intervals (e.g., Patent Literature 1).

[0003] In addition, in a manufacturing process of a
semiconductor device, out of a silicon nitride film
(SisNy film) and a silicon dioxide film (Si0, film) that
are formed on a substrate such as a silicon wafer, the
silicon nitride film is often selectively eliminated
through etching performed by cleaning processing.
Phosphoric acid (H3PO4;) aqueous solution is often used as
processing liquid for eliminating the silicon nitride
film. Due to its properties, the phosphoric acid aqueous
solution etches not only the silicon nitride film but
also a slight amount of the silicon dioxide film.
Because minute patterns are required of today's

semiconductor devices, it becomes important to keep an



etching rate constant for controlling an etching amount,
and to keep a selection ratio, which is a ratio between
respective etching rates of the silicon nitride film and

the silicon dioxide film, constant.

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Patent No. 3214503

Summary of Invention

Technical Problem

[0005] Conventional batch-type processing devices have
such a problem that an etching rate locally drops on a
substrate surface. For example, in a case where a
conventional batch-type processing device processes a
plurality of substrates for eliminating predetermined
films on substrate surfaces, it is confirmed that removal
characteristics of the films become non-uniform among the
substrate surfaces, and it is demanded to uniformize the
removal characteristics in the batch-type processing
device.

[0006] If processing liquid is uniformly supplied onto
the substrate surfaces, the etching rate is expected to
become uniform. Nevertheless, such a batch-type
processing device has not been obtained yet.

[0007] In view of the foregoing, the object of the
present invention is to provide a substrate processing
device that supplies, when processing a plurality of
substrates disposed at predetermined intervals,
processing liquid more uniformly onto front surfaces and

rear surfaces of the substrates.

Solution to Problem
[0008] A substrate processing device according to the

present invention is a substrate processing device for



processing a plurality of substrates disposed at
predetermined intervals, and includes a processing bath
that is configured to store processing liquid, and has a
side surface extending along a thickness direction of the
plurality of substrates, and a discharge unit that is
disposed in a bottom portion of the processing bath, and
is configured to discharge processing liquid in an upward

direction toward the side surface.

Advantageous Effects of Invention

[0009] According to the present invention, in the
substrate processing device, a stream flow of the
processing liquid discharged in the upward direction from
the discharge unit toward the side surface of the
processing bath circulates in the processing bath along
the front surfaces and the rear surfaces of the
substrates at large flow speed, and covers almost the
entire regions of the front surfaces and the rear
surfaces of the substrates.

[0010] Because the processing liquid is supplied more
uniformly throughout almost the entire regions of the
front surfaces and the rear surfaces of the substrates,
when the plurality of substrates disposed at the
predetermined intervals are processed, the substrate

surfaces can be processed more uniformly.

Brief Description of Drawings

[0011] FIG. 1 is a schematic diagram illustrating a
substrate processing device according to a first
embodiment.

FIG. 2 is a simulation result obtained by analyzing
stream flows in the substrate processing device of the
first embodiment.

FIG. 3 is a schematic diagram illustrating an

example of a conventional substrate processing device.



FIG. 4 is a simulation result obtained by analyzing
stream flows in an example of a conventional substrate
processing device.

FIG. 5 is a schematic diagram illustrating another
example of a conventional substrate processing device.

FIG. 6 is a simulation result obtained by analyzing
stream flows in another example of a conventional
substrate processing device.

FIG. 7 is a schematic diagram illustrating a
substrate processing device according to a second
embodiment.

FIGS. 8A and 8B each is a partially-enlarged view of
a lower end of a processing bath, and FIG. 8A illustrates
a processing bath of the substrate processing device of
the second embodiment, and FIG. 8B illustrates a
processing bath of the substrate processing device of the
first embodiment.

FIG. 9 is a schematic diagram illustrating a
substrate processing device according to a third
embodiment.

FIG. 10 is a schematic diagram illustrating a flow
dividing plate in the substrate processing device of the
third embodiment.

FIG. 11 is an enlarged view of a flow dividing plate
vicinity in the substrate processing device of the third
embodiment.

FIG. 12 is an enlarged view illustrating a discharge
direction of processing liquid from a discharge unit in
the substrate processing device of the third embodiment.

FIG. 13 is a schematic diagram illustrating stream
flows in the substrate processing device according to the
third embodiment.

FIG. 14 is a simulation result obtained by analyzing
stream flows in the substrate processing device of the

third embodiment.



Description of Embodiments

[0012] Embodiments according to the present invention
will be described in detail below with reference to the
drawings.

[0013] 1. First Embodiment

(Overall Configuration)

A substrate processing device 10 illustrated in FIG.
1 includes a processing bath 12 including a processing
bath main body and an outer bath (not illustrated), and
discharge units 14 that discharge processing liquid. The
processing bath 12 has a box shape having a bottom
surface and side surfaces provided integrally with the
bottom surface, and has a rectangular upper opening.
Material of the processing bath 12 is selected in
accordance with the type of the processing liquid. For
example, in a case where hydrofluoric acid is used as the
processing liquid, the processing bath 12 is assumed to
be made of polytetrafluoroethylene (PTFE). In a case
where another type of processing liquid such as, for
example, phosphoric acid is used, the processing bath 12
is assumed to be made of quartz. In the processing bath
12, a pair of surfaces extending in a direction
perpendicular to a sheet surface are particularly
regarded as side surfaces 13.

FIG. 1 illustrates a state in which a substrate 18
retained by a holder 16 is soaked in processing liquid
(not illustrated) in the processing bath 12. The
substrate 18 in this example is a semiconductor substrate.
The holder 16 can array and store a plurality of
substrates 18 in a direction extending along the side
surfaces 13 of the processing bath 12. The plurality of
substrates 18 can be disposed at predetermined intervals
with front surfaces facing each other, rear surfaces

facing each other, or front surfaces and rear surfaces



facing each other. 1In the substrate processing device 10,
the side surfaces 13 of the processing bath 12 are
surfaces extending along a thickness direction of the
plurality of arrayed substrates 18.

[0014] In the bottom portion of the processing bath 12,
the discharge units 14 that discharge processing liguid
are provided along the side surfaces 13. The discharge
units 14 are supplied with processing liquid from a
processing liquid tank (not illustrated) wvia a pump (not
illustrated) or the like. The processing liquid flows in
the discharge units 14 from one end toward another end of
the discharge units 14, and is discharged in an upward
direction (arrow A direction) from a discharge port (not
illustrated) toward the side surfaces 13 of the
processing bath 12. The upward direction refers to a
direction upper than a horizontal direction. 1In the
substrate processing device 10 illustrated in the drawing,
the discharge units 14 are provided in the bottom portion
of the processing bath 12 along the respective facing
side surfaces 13 of the processing bath 12. With this
configuration, the processing liquid can be discharged
toward each of the facing side surfaces 13.

[0015] A direction in which the processing liquid 1is
discharged from the discharge units 14 is not especially
limited as long as the direction is an upward direction
heading for the side surfaces 13 of the processing bath
12. Nevertheless, it is desirable to cause the direction
to head for an outside of a lower end of the holder 16
that retains the substrates 18. Furthermore, it is
preferable that the discharge units 14 can discharge the
processing liquid from a plurality of locations along the
array of the plurality of substrates 18. The discharge
port from which the processing liquid is discharged is
desired to be provided in a region between the substrates

18 disposed at the predetermined intervals.



[0016] In the present embodiment, tubular members
provided a plurality of discharge ports on side surfaces
are arranged along a length direction so as to be used as
the discharge units 14. In this case, the tubular
members are disposed in the bottom portion of the
processing bath 12 along the side surfaces 13 so that the
discharge ports face the arrow A direction.

[0017] In the substrate processing device 10, etching
removal of silicon nitride films on the surfaces of the
substrates 18 can be performed using, for example,
phosphoric acid as the processing liquid.

[0018] (Movement and Effect)

In the substrate processing device 10 of the first
embodiment, the discharge units 14 that discharge the
processing liquid in the upward direction (arrow A
direction) toward the side surfaces 13 of the processing
bath 12 are provided in the bottom portion of the
processing bath 12 along the side surfaces 13. If the
processing liquid is discharged from the discharge units
14 in the arrow A direction, stream flows as indicated by
arrows al, a2, a3, a4, ab, a6, and a7 are generated in
the processing liquid.

[0019] First of all, in accordance with discharge
pressure, stream flows move upward in outer edge
vicinities of the substrates 18 along the side surfaces
13 of the processing bath 12 (al, a2, and a3). A center
vicinity of the substrates 18 that is distant from the
side surfaces 13 of the processing bath 12 is not
affected by the rising stream flows. Thus, the stream
flows that have moved upward along the side surfaces 13
of the processing bath 12 basically flow into the center
vicinity of the substrates 18 (a3 and a4). Part of the
stream flows that have moved upward in the processing
bath 12 along the side surfaces 13 overflows from the

upper opening of the processing bath 12 and flows into



the outer bath, which is not illustrated in the drawing
for the sake of simplification.

[0020] Together with particles that have peeled from the
surfaces of the substrates 18, the stream flows that have
flowed into the center vicinity of the substrates 18 drop
toward the bottom portion of the processing bath 12 in
accordance with gravity (a5 and a6). The stream flows
that have dropped toward the bottom portion of the
processing bath 12 head for the directions of the
discharge units 14 (a7), and join stream flows discharged
from the discharge units 14. The joined stream flows
move upward along the side surfaces 13 of the processing
bath 12 as mentioned above, and circulate in the
processing bath 12 along the front surfaces and the rear
surfaces of the substrates 18.

Together with the particles, part of the stream
flows that have moved upward overflows from the upper
opening of the processing bath 12, and flows into the
outer bath (not illustrated). The processing liquid that
has flowed into the outer bath is introduced into the
discharge units 14 through an introduction path including
a pump (not illustrated), a heater (not illustrated), and
a filter (not illustrated) in this order in a flow
direction. The particles in the processing liquid to be
introduced into the discharge units 14 through the
introduction path are eliminated by passing through the
filter.

[0021] In this manner, by discharging the processing
liquid in the upward direction (arrow A direction) from
the discharge units 14 toward the side surfaces 13 of the
processing bath 12, regions on the front surfaces and the
rear surfaces of the substrates 18 that are provided on
the side surface 13 sides are covered by the stream flows
al to a7. In the substrate processing device 10, the two

discharge units 14 are provided in the bottom portion



along the respective facing side surfaces 13 of the
processing bath 12. Thus, by discharging the processing
liguid in the upward direction from these two discharge
units 14 toward the respective side surfaces 13, the
processing liquid is supplied to almost the entire
regions of the front surfaces and the rear surfaces of
the substrates 18.

[0022] A simulation result as illustrated in FIG. 2 has
been obtained by analyzing the stream flows in the
substrate processing device 10 of the first embodiment.
Contrasting density of colors in FIG. 2 indicates the
magnitude of flow speed of stream flows. The contrasting
density indicates that a portion with a darker color has
larger flow speed of a stream flow. In FIG. 2, a portion
with the darkest color extends throughout almost the
entire regions of the front surfaces and the rear
surfaces of the substrates 18. Based on the foregoing,
it can be identified that, when the substrate processing
device 10 processes the substrates 18, stream flows of
the processing liquid with large flow speed are generated,
and the processing liquid is uniformly supplied,
throughout almost the entire regions of the front
surfaces and the rear surfaces of the substrates 18.
[0023] Because the processing liquid is supplied more
uniformly throughout almost the entire regions of the
front surfaces and the rear surfaces of the substrates 18,
the use of the substrate processing device 10 of the
present embodiment has enabled processing to be performed
more uniformly on the surfaces of the substrates 18.
[0024] In conventional substrate processing devices,
processing liquid is not uniformly supplied throughout
the entire regions of the front surfaces and the rear
surfaces of substrates. An example of a conventional
substrate processing device will be described with

reference to FIG. 3. Similarly to the case of FIG. 1,



FIG. 3 illustrates a state in which a substrate 38
retained by a holder 36 is soaked in processing liquid
(not illustrated) in a processing bath 32. 1In a
substrate processing device 30 illustrated in FIG. 3,
rectifying plates 35 are provided in side surface bottom
portions of the processing bath 32. Discharge units 34
disposed in a bottom portion of the processing bath 32
discharge processing liquid in two directions (arrow C
direction and arrow D direction) toward the bottom
surface of the processing bath 32.

[0025] The outward discharge in the arrow C direction
from the discharge units 34 generates stream flows
heading for the rectifying plates 35 on the side surfaces
from the bottom surface of the processing bath 32 (cl).
The stream flows head for the substrate 38 (c2), move
upward in outer edge vicinities of the substrate 38 (c3,
c4, and c5), and overflow from an upper opening of the
processing bath 32 (c6). Aside from the stream flows (c3)
moving upward in the outer edge vicinities of the
substrate 38, stream flows heading for the rectifying
plates 35 on the side surfaces of the processing bath 32
are also generated (c7).

[0026] On the other hand, by inward discharge in the
arrow D direction from the discharge units 34, stream
flows move upward toward the substrate 38 from the bottom
surface of the processing bath 32 (dl), head for an outer
edge upward direction of the substrate 38 (d2 and d3),
and join the stream flows (c4) moving upward in the
processing bath 12.

[0027] The generation of the above-described stream flows
(cl to c¢7 and dl to d3) generates a region 39 in which no
stream flow flows, in the conventional substrate
processing device 30.

[0028] A simulation result as illustrated in FIG. 4 has

been obtained by analyzing the stream flows in the



conventional substrate processing device 30. Similarly
to the case of FIG. 2, also in FIG. 4, contrasting
density of colors indicates the magnitude of flow speed
of stream flows, and a portion with a darker color has
larger flow speed. In FIG. 4, a portion with the darkest
color is limited to a small part of the front surface and
the rear surface of the substrate 38. A portion with a
pale color in FIG. 4 corresponds to the region 39 in
which no stream flow flows that is illustrated in FIG. 3.
When the conventional substrate processing device 30
processes the substrate 38, a portion in which a stream
flow flows at large flow speed is only a small part of
the front surface and the rear surface of the substrate
38, and stream flows with large flow speed do not flow in
most parts of the front surface and the rear surface of
the substrate 38. It is identified that, in the
conventional substrate processing device 30, the
processing liquid is not uniformly supplied throughout
the entire regions of the front surface and the rear
surface of the substrate 38.

[0029] In this manner, the processing liquid is not
uniformly supplied throughout the entire regions of the
front surface and the rear surface of the substrate 38.
Thus, in a case where the conventional substrate
processing device 30 is used, processing cannot be
uniformly performed on the surfaces of the substrate 38.
[0030] Another example of a conventional substrate
processing device will be described with reference to FIG.
5. Similarly to the cases of FIGS. 1 and 3, FIG. 5
illustrates a state in which a substrate 48 retained by a
holder 46 is socaked in processing liquid (not illustrated)
in a processing bath 42. A substrate processing device
40 illustrated in FIG. 5 is a substrate processing device
obtained by removing the rectifying plates 35 in the side

surface bottom portions of the processing bath 32 from



the substrate processing device 30 illustrated in FIG. 3,
and changing the discharge directions from the discharge
units 34 to only one direction. In the substrate
processing device 40, discharge units 44 discharge
processing liquid in an arrow E direction oriented to a
bottom surface inner side of the processing bath 42.
[0031] The discharge in the arrow E direction generates
stream flows moving upward toward the substrate 48 from
the bottom surface of the processing bath 42 (el). The
stream flows move upward in a center vicinity of the
substrate 48 (e2), and head for outer edges of the
substrate 48 (e3 and e4). Part of the stream flows
heading for the outer edges of the substrate 48 moves
upward in outer edge vicinities of the substrate 48 (eb
and e6), and overflows in an upper opening of the
processing bath 42 (e7). Remaining parts of the stream
flows heading for the outer edges of the substrate 48
drop in the outer edge vicinities of the substrate 48 (e8
and e9), and head for the substrate 48 (el0 and ell).
Aside from the stream flows heading for the substrate 48,
stream flows heading for the discharge units 44 are also
generated (el2).

[0032] The generation of the above-described stream flows
(el to el2) generates a region 49 in which no stream flow
flows, in the conventional substrate processing device 40.
[0033] A simulation result as illustrated in FIG. 6 has
been obtained by analyzing the stream flows in the
conventional substrate processing device 40. Similarly
to the cases of FIGS. 2 and 4, also in FIG. o,
contrasting density of colors indicates flow speed of
stream flows, and a portion with a darker color has
larger flow speed. In FIG. 6, a portion with the darkest
color is about a lower half of the front surface and the
rear surface of the substrate 48. A portion with a pale

color in FIG. 6 corresponds to the region 49 in which no



stream flow flows that is illustrated in FIG. 5. When
the conventional substrate processing device 40 processes
the substrate 48, a portion in which a stream flow flows
at large flow speed is about a lower half of the front
surface and the rear surface of the substrate 48, and
stream flows with large flow speed do not flow in a part
corresponding to an upper half of the substrate 48. It
is identified that, also in the conventional substrate
processing device 40, the processing liquid is not
uniformly supplied throughout the entire regions of the
front surface and the rear surface of the substrate 48.
[0034] In this manner, the processing liquid is not
uniformly supplied throughout the entire regions of the
front surface and the rear surface of the substrate 48.
Thus, even if the conventional substrate processing
device 40 is used, processing cannot be uniformly
performed on the surfaces of the substrate 48.
[0035] In contrast to this, in the substrate processing
device 10 of the present embodiment, by discharging the
processing liquid in the upward direction toward the side
surfaces 13 of the processing bath 12, the processing
liquid circulates in the processing bath 12 along the
front surfaces and the rear surfaces of the substrates 18,
so that almost the entire regions of the front surfaces
and the rear surfaces of the substrates 18 can be
uniformly covered with the processing liquid. As a
result, it has become possible for the substrate
processing device 10 of the present embodiment to perform
processing more uniformly on the surfaces of the
substrates 18.
[0036] 2. Second Embodiment
(Overall Configuration)

FIG. 7 illustrates a configuration of a substrate
processing device 20 of a second embodiment. In the

substrate processing device 20, side surfaces 23 of a



processing bath 22 are connected to a bottom surface 24
via sloped surfaces 26. Furthermore, the bottom surface
24 of the processing bath 22 is provided with an drain
port 28 and an introduction path (not illustrated) for
introducing, into the discharge units 14, processing
liguid drained from the drain port 28. The introduction
path heading for the discharge units 14 from the drain
port 28 is connected to an upstream of a pump in an
introduction path heading for the discharge units 14 from
an outer bath. Except for such different points, the
substrate processing device 20 of the second embodiment
has a configuration similar to that of the substrate
processing device 10 of the first embodiment.

[0037] An angle of the sloped surfaces 26 in the
processing bath 22 is not especially limited. The angle
can be set to an arbitrary angle within a range in which
the processing liquid is not prevented from heading for
the side surfaces 23, considering a direction in which
the processing liquid is discharged from the discharge
units 14. In the present embodiment, an angle formed by
the sloped surfaces 26 and a horizontal surface is about
45 degrees. The drain port 28 of the bottom surface 24
of the processing bath 12 is preferably provided in a
groove shape along an array of the plurality of
substrates 18, in the center vicinity of the pair of
facing side surfaces 23. For example, the drain port 28
can be formed into a V-shaped groove extending along the
array of the plurality of substrates 18.

[0038] (Movement and Effect)

Also in the substrate processing device 20 of the
second embodiment, the stream flows (al to a7) similar to
those in the substrate processing device 10 of the first
embodiment are generated, and stream flows of the
processing liquid with large flow speed are generated

throughout almost the entire regions of the front



surfaces and the rear surfaces of the substrates 18.
Because the processing ligquid is supplied more uniformly
throughout almost the entire regions of the front
surfaces and the rear surfaces of the substrates 18, also
in the substrate processing device 20 of the second
embodiment, processing can be performed more uniformly on
the surfaces of the substrates 18 similarly to the case
of the first embodiment.

[0039] Moreover, in the substrate processing device 20 of
the second embodiment, the bottom surface 24 of the
processing bath 22 is provided with the drain port 28.

In the substrate processing device 20, processing of the
substrates 18 is performed while predetermined amount of
processing liquid being drained from the drain port 28.
Thus, during the processing, stream flows (a8) heading
for the drain port 28, and stream flows (a9) flowing out
from the drain port 28 are generated. Such stream flows
promote the dropping of the stream flows (ab and a6), and
also promote the circulation of stream flows in the
processing bath 22. In the substrate processing device
20 of the second embodiment, uniformity of the processing
liquid supplied onto the front surfaces and the rear
surfaces of the substrates 18 is further enhanced.

[0040] In the substrate processing device 20 of the
second embodiment, in addition to the overflow from an
upper opening of the processing bath 22, liquid drain is
performed from the drain port 28 provided on the bottom
surface 24 of the processing bath 22. This also brings
about such an effect that particles that have peeled from
the surfaces of the substrates 18 and are moving in the
processing bath 22 are eliminated from the processing
bath 22 more promptly.

[0041]As illustrated in a partially-enlarged view in FIG.
8A, in the substrate processing device 20 of the second

embodiment, the side surface 23 of the processing bath 22



is connected to the bottom surface 24 via the sloped
surface 26. Thus, at a lower end of the processing bath
22 of the substrate processing device 20, a corner
portion formed by the side surface 23 and the bottom
surface 24 does not exist. In a case where a corner
portion exists at a lower end of a processing bath as
illustrated in FIG. 8B (the first embodiment), a stagnant
region 19 is generated in the corner portion. The
existence of the stagnant region 19 does not adversely
affect the stream flows of the processing liquid, but in
some cases, particles accumulate in the stagnant region
19.

[0042] By eliminating corner portions by providing the
sloped surfaces 26 between the side surfaces 23 of the
processing bath 22 and the bottom surface 24 as in the
second embodiment, the generation of a stagnant region
can be avoided. As a result, a possibility of
accumulation of particles in the processing bath 22 is
reduced. As mentioned above, the particles are guided to
the outside of the processing bath 22 by the stream flows
flowing out from the upper opening of the processing bath
22 or the drain port 28. Because the processing bath 22
has the sloped surfaces 26 in the bottom portion,
capacity decreases as compared with that of a processing
bath having corner portions in a bottom portion. A
decrease in the capacity of a processing bath leads to a
reduction in an amount of processing liquid required for
processing of substrates.

[0043] 3. Third Embodiment

(Overall Configuration)

FIG. 9 illustrates a configuration of a substrate
processing device 120 of a third embodiment. In the
bottom portion of the processing bath 22, discharge units
140 are provided along the side surfaces 23. These

discharge units 140 can discharge processing ligquid



toward two directions having different elevation angles.
In the present embodiment, the processing liquid is
discharged in an arrow H direction having a large
elevation angle, and in an arrow G direction having a
small elevation angle. Flow dividing plates 130 are
provided between the discharge units 140 and the side
surfaces 23 so as to separate the stream flows of the
processing liquid discharged in the arrow H direction,
and the stream flows of the processing liquid discharged
in the arrow G direction, from each other. The flow
dividing plates 130 extend in a direction perpendicular
to the sheet surface, and both ends are fixed to the
processing bath 22. Except for such different points,
the substrate processing device 120 of the third
embodiment has a configuration substantially-similar to
that of the substrate processing device 20 of the second
embodiment. Because the flow dividing plates 130 are
included, the discharge units 140 are provided at a
higher position at a distance from the bottom surface 24
of the processing bath 22, as compared with the discharge
units 14 in the substrate processing device 20 of the
second embodiment.

[0044] The flow dividing plates 130 can be plate-like
members made of material similar to that of the
processing bath 22. As illustrated in FIG. 10, the flow
dividing plate 130 includes an inclined portion 131
provided on a discharge unit side, and an upstand portion
132 rising up from an upper end 13la of the inclined
portion 131. The dimension of the flow dividing plates
130 is arbitrarily set in accordance with the dimension
of the processing bath 22. For example, a length dl of
the inclined portion 131 can be set to about 30 to 70 mm,
a length d2 of the upstand portion 132 can be set to
about 10 to 30 mm, and a thickness d3 of the flow
dividing plate 130 can be set to about 3 to 5 mm.



[0045] An angle (elevation angle ®) formed by the
inclined portion 131 and a horizontal surface LS is
decided considering the angle of the sloped surfaces 26
in the processing bath 22. In the present embodiment,
because the angle formed by the sloped surfaces 26 with
the horizontal surface is about 45 degrees, the elevation
angle ® can be set to about 30 to 60 degrees. The
elevation angle ® is preferably smaller than the angle
formed by the sloped surfaces 26 with the horizontal
surface.

[0046] FIG. 11 illustrates an enlarged view of a vicinity
of the flow dividing plate 130. FIG. 11 also illustrates
the discharge unit 140 including a first discharge port
140a and a second discharge port 140b. An installation
position of the flow dividing plate 130 can be
appropriately set in accordance with the size of the
processing bath 22. A distance d4 between a lower end
131b of the inclined portion 131 and the discharge unit
140 can be set to about 2 to 15 mm, for example. A
distance d6 between the upper end 13la of the inclined
portion 131 and the sloped surface 26 is preferably
smaller than a distance db5 between the lower end 131b of
the inclined portion 131 and the sloped surface 26.
[0047] In the present embodiment, the upstand portion 132
rises up from the upper end 131la of the inclined portion
131 along the side surface 23 of the processing bath 22.
The upstand portion 132 preferably rises up so as to be
parallel to the side surface 23, at a position on the
outside of the outer edges of the substrates 18 that are
closest to the side surface 23 of the processing bath 22.
A distance d8 from the side surface 23 to a distal end
132b of the upstand portion 132 is desired to be equal to
a distance d7 from the side surface 23 to a proximal end

132a of the upstand portion 132. The distances d7 and d8



from the side surface 23 can be set to about 5 to 30 mm,
for example.

[0048] A discharge direction of processing ligquid from
the discharge unit 140 will be described with reference
to FIG. 12. The discharge unit 140 includes the first
discharge port 140a that discharges processing liquid in
the arrow H direction (first direction). In the present
embodiment, the first discharge port 140a is provided at
a position corresponding to a portion between the
substrates 18 disposed at the predetermined intervals, in
a longitudinal direction extending along the side surface
23 of the processing bath 22. The arrow H direction is
an upward direction oriented toward the side surface 23
of the processing bath 22. An elevation angle of the
arrow H direction is not especially limited as long as
the arrow H direction is oriented toward the upper side
of the inclined portion 131 of the flow dividing plate
130. The arrow H direction is preferably set to a
direction that does not go over the upper end of the
upstand portion 132 of the flow dividing plate 130.
[0049] At a position lower than the first discharge port
140a of the discharge unit 140, the second discharge port
140b that discharges processing liquid in the arrow G
direction (second direction) on the lower side of the
flow dividing plate 130 is provided. A hole diameter of
the second discharge port 140b is preferably about the
same level as that of the first discharge port 140a. The
second direction is lower than the first direction in
which the processing liquid is discharged from the first
discharge port 140a. A plurality of second discharge
ports 140b are provided in the longitudinal direction
extending along the side surface 23 of the processing
bath 22, at intervals larger than that of the first
discharge ports 140a. The intervals of the second

discharge ports 140b in the longitudinal direction can be



about four times of the interval of the first discharge
ports 140a. Similarly to the first discharge ports 140a,
the second discharge ports 140b can be provided at
positions corresponding to portions between the
substrates 18 disposed at the predetermined intervals.
Alternatively, the second discharge ports 140b may be
provided at positions corresponding to the substrates 18
disposed at the predetermined intervals.

[0050] The processing liquid is discharged from the
second discharge port 140b in the arrow G direction. The
arrow G direction illustrated in FIG. 12 is illustrated
to be close to the sloped surface 26 of the processing
bath 22. The discharge direction, however, is not
limited to this. An angle of the arrow G direction can
be arbitrarily set as long as the arrow G direction is an
upward direction oriented toward the side surface 23 of
the processing bath 22, on the lower side of the flow
dividing plate 130.

[0051] (Movement and Effect)

As illustrated in FIG. 9, in the substrate
processing device 120 of the third embodiment, the
processing liquid is discharged from the discharge units
140 provided in the bottom portion of the processing bath
22 along the side surfaces 23, in two directions
including the upper side of the flow dividing plates 130
(the arrow H direction) and the lower side of the flow
dividing plates 130 (the arrow G direction). Because the
flow dividing plates 130 include the upstand portions 132
in upper parts, stream flows as illustrated in FIG. 13
are formed in the processing bath 22 by the processing
liguid discharged from the discharge units 140.

[0052] The processing liquid discharged in the arrow H
direction on the upper side of the flow dividing plates
130 forms stream flows as indicated by arrows hl, h2, h3,
h4, h5, h6, h7, h8, h9, hl0, and hll. The stream flows



hl to hll correspond to the stream flows al to a6 in the
substrate processing device 10 of FIG. 1 and the
substrate processing device 20 of FIG. 2, respectively.
The above-described stream flows hl to hll contribute to
processing of the substrates 18. On the other hand, the
processing liquid discharged in the arrow G direction on
the lower side of the flow dividing plates 130 forms
stream flows gl to g4 moving upward along the side
surfaces 23, and stream flows g5 overflowing and flowing
out from the upper opening, in regions close to the side
surfaces 23 of the processing bath 22. The stream flows
gl to g4 function as attracting stream flows that guide
stream flows that have been used in the processing of the
substrates 18, and have dropped to the bottom portion of
the processing bath 22, to the upper opening of a
processing bath 23, and cause overflow.

[0053] In the present embodiment, because the second
discharge ports 140b are provided at intervals larger
than that of the first discharge ports 140a, from the
viewpoint of the entire processing bath 22, stream flows
of the processing liquid discharged to the lower side of
the flow dividing plates 130 have momentum weaker than
that of stream flows of the processing liquid discharged
to the upper side of the flow dividing plates 130. The
stream flows of the processing liquid discharged from the
first discharge ports 140a can effectively contribute to
the processing of the substrates 18 as indicated by the
stream flows hl to hll, without being attracted to the
attracting stream flows gl to g4.

[0054] First of all, the stream flows hl to hll
contributing to the processing of the substrates 18 will
be described. The flow dividing plates 130 having the
upstand portions 132 in the upper parts are provided
between the discharge units 140 and the side surfaces 23.

Thus, the processing liquid discharged in the arrow H



direction from the first discharge ports 140a of the
discharge units 140 as illustrated in FIG. 12 forms the
stream flows hl oriented toward the direction upper than
the arrow H direction (refer to FIG. 13). Because the
stream flows hl are oriented toward the upward direction,
the stream flows (h2, h3, and h4) moving upward in the
processing bath 22 are formed to move away from the side
surfaces 23 of the processing bath 22, and move closer to
the substrates 18, and to overlap the outer edges of the
substrates 18 that are closest to the side surfaces 23 of
the processing bath 22.

[0055] The center vicinity of the substrates 18 is not
affected by stream flows discharged from the discharge
units 140 and moving upward. The stream flows that have
moved upward in the processing bath 22 in the vicinity of
the substrates 18 basically flow in toward the center
vicinity of the substrates 18 (h5, h6, and h7). In some
cases, part of the stream flows that have moved upward in
the vicinity of the substrates 18 overflows from an upper
end opening of the processing bath 22, and flows out to
an outer bath (not illustrated) (il and iZ2).

[0056] Together with particles that have peeled from the
surfaces of the substrates 18, the stream flows that have
flowed into the center vicinity of the substrates 18 drop
toward the bottom portion of the processing bath 22 in
accordance with gravity (h8, h9, hl0, and hll). Part of
the stream flows (hll) that have dropped heads for the
drain port 28 (hl2), and flows out from the drain port 28
as stream flows hl3. The stream flows hl2 and hl3
correspond to the stream flows a8 and a9 in the substrate
processing device 20 of the second embodiment. The
stream flows hl2 and hl3 promote the dropping of the
stream flows (h8, h9, hl0, and hll) similarly to the case

of the second embodiment.



[0057] In the present embodiment, by the processing
liguid being discharged to the lower side of the flow
dividing plates 130, the attracting stream flows (gl to
g4) are generated between the flow dividing plates 130
and the processing bath 22. Remaining parts of the
stream flows that have dropped in the center vicinity of
the substrates 18, and headed for the bottom portion of
the processing bath 22 are attracted to these attracting
stream flows. The stream flows that have dropped toward
the bottom portion of the processing bath 22 head for
portions between the discharge units 140 and the bottom
surface 24 (jl), pass through the portions between the
discharge units 140 and the bottom surface 24 (j2), and
join the stream flows of the processing liquid discharged
from the discharge units 140 (j3). As a result, momentum
of stream flows moving on the lower side of the flow
dividing plates 130 increases.

[0058] Because the flow dividing plates 130 having the
upstand portions 132 in the upper parts are provided,
stream flows containing particles join the attracting
stream flows, move away from the substrates 18, and move
upward in regions closer to the side surfaces 23 (gl, g2,
and g3). Integrally with the attracting stream flows,
the stream flows containing the particles move further
upward in the processing bath 22 along the side surfaces
23 (g4), and then, overflow from the upper end opening of
the processing bath 22, and flow out to the outer bath
(not illustrated) (gb).

[0059] The stream flows (gl to g4) moving upward in the
processing bath 22 along the side surfaces 23 do not get
mixed with the stream flows (hl to h4) moving upward in
the processing bath 22 in the vicinity of the substrates
18. Thus, there is a small possibility that particles in
the processing liquid circulate and reattach to the

substrates 18 in the processing bath 22. If the upstand



portions 132 of the flow dividing plates 130 are
positioned on the outside of the outer edges of the
substrates 18 that are closest to the side surfaces 23 of
the processing bath 22, the stream flows containing
particles move further away from the substrates 18, and
move upward in regions closer to the side surfaces 23.
Thus, a possibility of reattachment of the particles to
the substrates 18 becomes further smaller.

[0060] Also in the substrate processing device 120 of the
third embodiment, similarly to the substrate processing
device 10 of the first embodiment and the substrate
processing device 20 of the second embodiment, the stream
flows (hl to hll) circulating in wide regions in the
processing bath 22 are generated, and stream flows of the
processing liquid with large flow speed are generated
throughout almost the entire regions of the front
surfaces and the rear surfaces of the substrates 18.
Because the processing liquid is supplied more uniformly
throughout almost the entire regions of the front
surfaces and the rear surfaces of the substrates 18, also
in the substrate processing device 120 of the third
embodiment, similarly to the cases of the first and
second embodiments, uniformity of processing on the
surfaces of the substrates 18 can be enhanced.

[0061] Moreover, in the substrate processing device 120
of the third embodiment, similarly to the substrate
processing device 20 of the second embodiment, the bottom
surface 24 of the processing bath 22 is provided with the
drain port 28. With this configuration, the stream flows
(h13) flowing out from the drain port 28 are generated.
Thus, similarly to the case of the second embodiment,
also in the substrate processing device 120 of the third
embodiment, uniformity of the processing liquid supplied
onto the front surfaces and the rear surfaces of the

substrates 18 is further enhanced. 1In addition to this,



such an effect that particles in the processing liquid
are promptly eliminated from the processing bath 22 is
also obtained. Because the substrate processing device
120 is provided with the sloped surfaces 26 in the bottom
portion of the processing bath 22, a possibility of
accumulation of particles in the processing bath 22 is
also reduced.

[0062] Furthermore, in the substrate processing device
120 of the third embodiment, because the processing
liquid is discharged from the discharge units 140 in two
directions separated by the flow dividing plates 130,
aside from the stream flows (hl to hll) contributing to
the processing of the substrates 18, the attracting
stream flows (gl to g5) heading for the upper opening of
the processing bath 22 are formed in the vicinities of
the side surfaces 23.

[0063] After dropping toward the bottom portion of the
processing bath 22, the processing liquid containing
particles by passing through the insides of the surfaces
of the substrates 18 passes through portions between the
flow dividing plates 130 and the sloped surfaces 26, and
joins the attracting stream flows. Because the flow
dividing plates 130 having the upstand portions 132 in
the upper parts are provided, the processing liquid
containing particles moves away from the substrates 18,
moves upward in regions close to the side surfaces 23 of
the processing bath 22, and overflows to be drained from
the upper opening (g5). This causes particles that have
peeled from the surfaces of the substrates 18, to be
immediately guided to the outside of the processing bath
22 without circulating in a processing bath 22. The
particles in the processing bath 22 can be efficiently
reduced, and a possibility of reattachment of the

particles to the substrates 18 is also reduced.



[0064] From the upper opening of the processing bath 22,
the stream flows containing particles that have joined
the attracting stream flows preferentially overflow to
flow out. A rate of processing liquid overflowing to
flow out from the upper opening of the processing bath 22,
with respect to the processing liquid discharged from the
first discharge ports 140a for the processing of the
substrates 18 is reduced. Accordingly, the use
efficiency of the processing liquid also improves.

[0065] A simulation result as illustrated in FIG. 14 has
been obtained by analyzing the stream flows in the
substrate processing device 120 of the third embodiment.
Similarly to the case of FIG. 2, also in FIG. 14,
contrasting density of colors indicates flow speed of
stream flows, and a portion with a darker color has
larger flow speed. Similarly to the case of FIG. 2, also
in FIG. 14, a portion with the darkest color extends
throughout almost the entire regions of the front
surfaces and the rear surfaces of the substrates 18.
Based on the foregoing, it can be identified that, when
the substrate processing device 120 processes the
substrates 18, stream flows of the processing liquid with
large flow speed are generated, and the processing liquid
is uniformly supplied, throughout almost the entire
regions of the front surfaces and the rear surfaces of
the substrates 18.

[0066] FIG. 14 prominently illustrates a state in which
the stream flows that have dropped toward the bottom
portion of the processing bath 22 from the center
vicinity of the substrates 18 pass through portions
between the sloped surfaces 26 and the flow dividing
plates 130, and move upward along the side surfaces 23.
In this manner, it can be identified that, in the
substrate processing device 120, particles that have

peeled from the surfaces of the substrates 18 can be



immediately eliminated from the upper opening by the
stream flows moving upward along the side surfaces 23 of
the processing bath 22.
[0067] 4. Modified Example

The present invention is not limited to the above-
described embodiments, and can be appropriately modified
without departing from the scope of the present invention.
[0068] In the above-described embodiments, tubular
members having a plurality of openings arrayed along a
length direction, on side surfaces are used as the
discharge units 14. The discharge units 14, however, are
not limited to such tubular members. The discharge units
14 can be formed by linearly arranging, along the side
surfaces 13 or 23, a plurality of spray nozzles that
discharge processing liquid in the upward direction
toward the side surfaces 13 or 23 of the processing bath
12 or 22.
[0069] The drain port 28 provided on the bottom surface
of the processing bath 22 of the substrate processing
device 20 of the second embodiment is not limited to a
continuous groove, and may be a plurality of separately-
provided holes. In this case, the plurality of holes can
be respectively provided in regions on the bottom surface
that correspond to portions between the substrates
disposed at predetermined intervals.
[0070] In the third embodiment, the second discharge
ports 140b of the discharge units 140 are assumed to be
provided at positions lower than the first discharge
ports 140a. The positions, however, are not limited to
such positions. The second discharge ports 140b can be
provided at arbitrary positions as long as the first
discharge ports 140a can discharge processing liquid in a
first direction, and the second discharge ports 140b can
discharge processing liquid in a second direction lower

than the first direction.



[0071] In the substrate processing device of the present
invention, a plurality of substrates disposed at
predetermined intervals can be processed using arbitrary
processing liquid. In a case where processing liquid
having relatively-large specific gravity, such as
phosphoric acid, is used, the effects of the present

invention are especially exerted.

Reference Signs List

[0072] 10, 20, 120 substrate processing device

12, 22 processing bath

13, 23 side surface extending along a thickness
direction of a plurality of substrates

14 discharge unit

16 holder

18 substrate

24 bottom surface

26 sloped surface

28 drain port

A discharge direction of processing liquid

al to a7 stream flows of discharged processing liquid
a8, a9 flows of processing liquid generated by drain

port
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Claims

1. A substrate processing device for processing a
plurality of substrates disposed at predetermined
intervals, the substrate processing device comprising:

a processing bath that is configured to store
processing liquid, and has a side surface extending along
a thickness direction of the plurality of substrates and
a bottom surface; and

a discharge unit that is disposed in a bottom
portion of the processing bath, and is configured to
discharge processing liquid in an upward direction toward
the side surface, wherein

the side surface of the processing bath is connected
to the bottom surface via a sloped surface, and the
discharge unit is disposed in a vicinity of a boundary
between the bottom surface and the sloped surface,

the processing bath is provided with a drain port on
the bottom surface, and

the discharge unit includes a first discharge port
configured to discharge processing liquid in a first
direction, and a second discharge port configured to
discharge processing liquid in a second direction lower
than the first direction, and wherein a flow dividing
plate including an inclined portion on a side of the
discharge unit, and an upstand portion on a side of the
side surface is provided between the discharge unit and
the side surface so as to separate a stream flow of
processing liquid discharged from the first discharge
port, and a stream flow of processing liquid discharged

from the second discharge port, from each other.

2. The substrate processing device according to claim 1,

wherein the upstand portion of the flow dividing plate
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rises up from an upper end of the inclined portion along

the side surface of the processing bath.

3. The substrate processing device according to claim 1
or 2, wherein the flow dividing plate is disposed so that
the upstand portion is positioned on an outside of outer
edges of the plurality of substrates that are closest to

the side surface of the processing bath.

4. A substrate processing device for processing a
plurality of substrates disposed at predetermined
intervals, the substrate processing device comprising:

a processing bath that is configured to store
processing liquid, and has a side surface extending along
a thickness direction of the plurality of substrates and
a bottom surface; and

a discharge unit that is disposed in a bottom
portion of the processing bath, and is configured to
discharge processing liquid in an upward direction toward
the side surface, wherein

the discharge unit is disposed so as to be
positioned on a lower side of outer edges of the
plurality of substrates that are closest to the bottom

surface of the processing bath.

5. A substrate processing device for processing a
plurality of substrates disposed at predetermined
intervals, the substrate processing device comprising:

a processing bath that is configured to store
processing liquid, and has a side surface extending along
a thickness direction of the plurality of substrates and
a bottom surface; and

a discharge unit that is disposed in a bottom

portion of the processing bath, and is configured to
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discharge processing liquid in an upward direction toward
the side surface, wherein

the discharge unit is disposed so as to be
positioned on an inner side of outer edges of the
plurality of substrates that are closest to the side

surface of the processing bath.

6. A substrate processing device for processing a
plurality of substrates disposed at predetermined
intervals, the substrate processing device comprising:

a processing bath that is configured to store
processing liquid, and has a side surface extending along
a thickness direction of the plurality of substrates and
a bottom surface; and

a discharge unit that is disposed in a bottom
portion of the processing bath, and is configured to
discharge processing liquid in an upward direction toward
the side surface, wherein

the side surface of the processing bath is each of a
pair of surfaces extending in a direction perpendicular

to the bottom surface.

7. A substrate processing device for processing a
plurality of substrates disposed at predetermined
intervals, the substrate processing device comprising:

a processing bath that is configured to store
processing liquid, and has a side surface extending along
a thickness direction of the plurality of substrates and
a bottom surface; and

a discharge unit that is disposed in a bottom
portion of the processing bath, and is configured to
discharge processing liquid in an upward direction toward
the side surface, wherein

the substrate processing device is configured to

generate stream flows dropping toward the bottom portion
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of the processing bath in a center vicinity of the
substrate that is distant from the side surfaces of the

processing bath.

8. The substrate processing device according to claim 7,
wherein

the substrate processing device is configured to
generate stream flows moving upward along the side
surface of the processing bath by discharging processing
liguid in the upward direction toward the side surface of
the processing bath, and then the stream flows moving
upward along the side surface flow into the center
vicinity of the substrate to generate the stream flows

dropping toward the bottom portion of the processing bath.



