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SPECIFICATION
SULFURIC ACID RYCYCLE APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the invention: :

~ [0001] The invention relates to a sulfuric acid recycle apparatus, which
can be suitably applied, e.g., to a recycle appar-atﬁs for recycling sulfuric acid
‘which is used for a wafer process in a semiconductor fabricating process.
2. Related Art: _ . _
[0002] A large quantity of wafef cleaning fluid prepared by mixing
sulfuric acid with hydrogen perox1de solution has been conventionally used
in a semiconductor fabncatmg process for exfoliating resist applied to a
wafer and for removing an organic matter stuck to the surface of the wafer.
Upon cbxﬁpletion of a wafer cleaning process, the wafer cleaning fluid
becomes wasted fluid (heremafter referred to as a wafer cleaning waste fluid),
and the wafer cleanmg waste fluid is lowered in concentration owing to
water whlch is produced by d_ecompo,sxtmn of hydrogen peroxide solution, and

- hence it is difficult to be recycled. Further, since a wasting cost and a
collecting cost of the wafer cleaning waste fluid are cheap, wafer cleaning
waste fluid is wasted as it is. ) ,
[0003] However, considering the occurrence of today’s environmental
problem which is caused by using a large quantity of such a wafer cleaning
fluid and by repetltlvely Wastlng such a wafer cleamng waste fluid, a
wasting process of the wafer cleamng waste fluid is ot preferable in view of
countermeasures against environmental protection even if a wasting cost
thereof is cheap. . : |
[0004] Further, since sulﬁmc ac1d per se is powerful chemical of strong
acidity, it cannot be wasted as it is, but need be wasted after a neutralization
process and cohesion  and precipitation processes are applied thereto.
Under such circumstances, there is a problem that a large quantlty of
chemicals are required for effecting waste process of sulfuric acid.

[0005] Accordingly, it is a very important problem to reduce an amount
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of wasted sulfuric acid in view of countermeasures against environmental
protection, and there has been desired development of techniques for

concentrating sulfuric acid which is lowered in concentration upon

o completior_l of a wafer cleaning process to pi_'epare'sulfuric acid so as to be

recycled for the same purpose.

SUMMARY OF THE INVENTION
[0006] It is an object of the invention to provide a sulfuric acid recycle

" apparatus capable of concentrating sulfuric acid, which is lowered in

. concentration upon completion of a wafer cleanmg process, to a level to be

recycled.

[0007] It is a first aspect of the invention to provide a sulfuric acid
recycle apparafus for recycling sulfuric acid in a wafer cleaning fluid
prepared by mixing sulfuric acid with hydrogen peroxide solution wherein
the apparatus comprises a reaction bath having two openings formed of at
least an introducﬁon_port and a discharge port for obtaining concentrated
sulfuric acid by concentrating sulfuric acid in a wafer cleaning waste fluid
introduced from the introduction port upon completion of a wafer cleaning

process, then discharging the concentrated sulfuric acid from the discharge

~port,and a wafer processing bath for processing wafers, and a supply unit for

supplying the concentrated sulfuric acid to the wafer processing bath.

[0008]  That is, the sulfuric acid recycle apparatus of the invention
removes residual hydrogen peroxide solution from the wafer cleaning waste
fluid, or water and the like which are produced by decomposition of hydrogen
peroxide solution, thereby ‘concéntrating sulfuric acid, and returning the

concentrated sulfuric acid again to the wafer processmg bath so as to recycle
sulfuric acid in the wafer cleaning process.

[0009] = The reaction bath of the invention may have a construction

capable of storing the wafer cleaning waste fluid temporarily therein at the

" time of concentration process, and having corrosion resistance against

sulfuric acid and hydrogen peroxide solution under concentration conditions.
The reaction bath may be made of e.g., quarts glass. '

[001_0] For the supply unit for supplying concentrated sulfuric acid to
the wafer processing bath, e.g., a pump serving as a unit for supplying a fluid
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owing to the difference in pressure may be used. In this case, although the
concentrated sulfuric acid can be directly supplied from the reaction bath to

the wafer processing bath, it is preferable to provide a cooling bath between

~ the reaction bath and the wafer processing bath considering a case where the

sulfuric acid is heated when it is concentrated, or a case where the
concentrated _sulfuric acid has a high temperature. For the pump of this
type, a rotary pump, a diaphragm pump, and various other pumps may be
used. o | SR , | -
[0011] According to the invention, the sulfuric acid recycle apparatus
includes the reaction bath for concentrating thg sulfuric acid in the wafer
cleéning waste fluid and the supply unit for sﬁpplying the thus obtained
concentrated sulfuric acid to the_wafer processing bath. Accordingly, water
in the wafer cleaning waste fluid and hydrogen peroxide solution can be
concentrated and removed, and the thus obtained concentrated sulfuric acid
can be sﬁi)plied to the wafer processing bath to be recycled again for usein a -

wafer cleaning process. Further, it is possible to continuously effect a series

- . of processes comprising a wafer cleaning process, a concentration process of

sulfuric acid in the wafer cleaning waste fluid and a recycling step of
concentrated sulfuric abid, which is very efficient. As a result, a cost:
involving in wafer cleaning process can be reduced.. -

[0012] With the sulfuric acid recycle apparatus havihg the foregoing

~ construction, heating units for heating the wafer cleaning waste fluid is
_provided in the reaction bath and a gas discharge port 14 for discharging a

gas produced from the wafer cleaning waste fluid when it is heated by the
heéting unit, wherein a suction unit for suéking the gas is connected to the
gas discharge port.” o

[00'-13] - That is, although- vapor. is produced from water in the wafer
cleaning waste fluid or the hydrogen peroxide solution when sulfuric acid is ,
heated or éoncentrated, such a gas is not released to the outside owing to a
natural diffusion but it is positively sucked and removed from the gas
discharge port 14 formed in the reaction bath, thereby quickly 'concentrating
sulfuric acid. | | | |

[0014] For the heating unit, it miay be formed of any type if it can heat
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the wafer cleaning waste fluid in the reaction bath, and a heating method
and the like is not limited to a particular one. That is, it may be a unit
capable of heating the reaction bath from the outside or a unit capable of-
- heating the reaction bath from the inside thereof. Particularly, if the
heating unit is a type capable of directly heating the wafer cleaning waste
fluid, the wafer cleahing_ waste fluid can be heated efficiently and
concentration of ‘sulfuric acid can be effected ‘quickly. For such heating
units, a unit having a heater made of, e.g., a tantalum and tuhgsten which is
covered with quarts glass at the periphery thereof may be employed. |
[0015] Furthef, for the suction unit, an aspirator and the like serving as
a unit for sucking a gas utilizing decompression may be employed. If such
- an aspirator is employed, the reaction bath can be décompressed, thereby
lowering a boiling point of water and that of hydrogen peroxide solution so as
to accelerate the,temoval of water and hydrogen peroxide solution.
[0016] N It is preferable to provide in the reaction bath a plurality of
- partition plates for changing an advancing direction of wafer cleaning waste
- fluid, and an inclination plate dispos'ed.at the portion closer to the gas
discharge port rather than the partition plates for allowing concentrated
sulfuric acid to flow along the surface thereof. :
[00171 It is preferable to allow the wafer cIeanlng waste fluid to flow
toward the gas discharge port prov1ded in the reaction bath while the wafer
cleamng fluid .is vertically circulated by convection "when a plurality of
‘partition plates are disposed in the reaction bath. That is, when three
- pieces of partition plates are used, a first partition plate positioned at the
introduction port side of the reaction bath is 'disposed to be remote from the
- bottom surface of the reaction bath, and a second partition plate positioned
adjacent to the first partition plate is dispdsed to contact the bottom surface
of the reaction bath, while the upper surface of the second partition'pla.te is
positioned lower than that of the first partition plate, and a third partition
plate positioned at the gas discharge port side is disposed to be remote from
-the.bottom surface of the react.ion' bath in the same ‘manner as the first

partition plate.
[0018] With the dlsposmon of the part1t10n plates as set forth above, the
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wafer cleaning waste fluid introduced from the introduction port moves from
a gap defined between the lower surface of the first partition plate and the
bottom surface of the reaction bath to the second partition platé, and thus
moved wafer cleaning waste fluid moves to the third partition plate when it
is filled up at the height exceeding the upper surface of the second partition
plate, and it stays between the second partition plate and the inclination
plate. Further, when concentrated sulfuric acid between the third partition
plate and the inclination plate stays therebetween at the héight exceeding -~ -
the upper surface thereof, it flows along the surface of the inclination plate
and moves t6 the gas discharge port. Accordingly, the wafer cleaning waste
fluid can be steadily heated so that it can Be sufficiently concentrated.

[0019] Further, since the inclination plate is provided in the reaction

- bath so as to allow concentrated sulfuric acid to flow along the surface:

_thereof and drop in the reaction bath, a surface area of concentrated sulfuric -

acid becomes large when it is supplied to the gas discharge port, while

- removal of water and the like which slightly remain on the surface of the

inclination plate 16 is further accelerated, thereby improving a quality of |

_concentrated sulfuric acid. It is preferable that the inclination plate has

irregularities thereon so as to enhance concentration of cqncentratéd sulfuric

“acid and improve a quality thereof. When the irregularities are formed on

the surface of the inclina_tion'plate, a surface area of the inclination plate
becomes larger, thereby efficiently removing water and the like. For a

material of the partition plates and the inclination plate, a material having

- corrosion resistance against strong sulfuric acid at high temperature can be

used, e. g., quarts glass used in the reaction bath can be also employed.
{0020] Further, it is preferable that the reaction bath has a waterdrop

storage bath capable of preventing waterdrop stuck to a ceiling surface of the

reaction bath from being mixed with concentrated sulfuric acid. It is

preferable that the waterdrop storage bath is disposed over the gas discharge
port so as to prevent water from being mixed with finally processed
concentrated sulfuric acid. Further, it is ideal that the waterdrop storage
bath is disposed to covér_ the lower portion of the gas dié.charge port if the gas
discharge port has been already formed in the reaction bath. With the
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provision of the Waterdrop stbrage bath, it is possiblle to prevent the
| concentration of concentrated sulfuric écid from lowering, which is caused by
the mixture of water, which is once removed from the wafer cleaning waste
- fluid, with concentrated sulfuric acid.
[0021] It is preferable to supply fresh sulfuric acid to concentrated
sulfuric acid which is obtained by heating and concentrating wafer cleaning
waste fluid when sulfuric acid of concenti‘_ated sulfuric acid is reduced. For
means for supplying fresh sulfuric acid, it is possible to eniploy means for
pumping up fresh sulfuric acid from a sulfuric acid tank, which is installed
separately in the sulfuric acid recycle apparatus, by a pump like the supply
unit, thereby supplying fresh sulfuric é_cid to the concentrated sulfuric acid.
With the provision of the supply means or a supply unit capable of supplying
fresh sulfuric acid, if concentration of concentrated sulfuric acid ‘obtained
from the wafer cleaning waste fluid is lower than a desired value,
concentration thereof can be made higher. ~ Even with the employment of
such a 'supply unit, ‘the amount of use of fresh sulfuric acid can be
remarkably reduced compared with a case where all the wafer cleaning
waste fluid are wasted. _ -
[0022] It is preferable that the reaction bath 10 has a heating
temperature therein ranging from 150°C to 315°C, more preferably 180°C to
'250°C. If the heating temperature exceeds 315°C, there occurs drawbacks
that parts used for the reaction bath 10 are limited to a high fire-resistive
material, having a high fire resistance, and also since the amount of vapor
produced in the reaction bath 10 increases, the sulfuric acid recycle
apparatus becomes large-sized and complex. On the other hand, if the
heating temperature is less than 150 °C, eﬁ'i_ciency of concentration of

sulfuric acid (dehydration efficiency) becomes worse so that an expected
effect can not be achieved. |

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]  Fig.lisa schematic view showing the construction of a sulfuric
acid recycle apparatus according to a first embodiment of the invention;
[0024] Fig. 2 is a sectional view showing a reaction bath according to the
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first embodiment of the invention in Fig. 1;
[0025] Fig. 3is a perspective view show1ng an inclination plate
according to the first embodiment of the invention in Fig. 1;
[0026] Fig. 4 is a schematic view showing the construction of a sulfuric
acid recycle apparatus according to a second embodiment of the invention:
[0027] Fig. 5 is a perspective view showing a cooling bath according to
the second embodiment of the invention shown in Fig. 4 whereln a part of the
cooling bath is broken; and -
[0028] Figs. 6(A), 6(B) are views showing a casing according to the
| second embodiment of the invention shown in Fig. 4 wherein Fig. 6(A) is a

front view and Fig. 6(B) is a side view.

PREFERRED EMBODIMENT OF THE INVENTION
_ First Embodiment
[0029] A sulfuric acid recycle apparatus according to a first embodiment
of the invention is described hereinafter with referénce to Figs. 1 to 3.
[0030] Figs. 1 and 2 are schematic views showing the construction of a
sulfuric acid recycle apparatus 1 according to the ﬁrst embodiment of the

invention. The sulfuric acid recycle apparatus 1 comprises a reaction bath

10, first to'third heaters 204, 20B, 20C serving as heating units and attached .

to the reaction bath 10 an aspirator 30 serving as a suction imit a raw
material bath 40, a concentration adjustment bath 50, a coohng bath 60 and
a pump 70 serving as a supply unit as its main components.
[0031] The reaction bath 10 is made of quarts glass and includes three -
openings, namely, an introduction port 12 at the left upper surface of the
reaction bath 10 in Fig. 1 for introduéing a wafer cleaning waste fluid A, a
discharge port 13 at the right lower surface of the reaction bath 10 in Fig. 1 |
for exhaustmg concentrated sulfuric acid B, and a gas discharge port 14 at
the right upper surface of the reaction bath 10 in Fig. 1 for discharging a gas
- such as vapor produced by heating. - The reactidn bath 10 is covered with a
keep-warm member 18 which is disposed outside the reaction bath 10 at a-
" bottom surface 10A and a side surface 10B. A waste fluid injection pipe 71
made of a fluorocarbon resin and lhaving a first valve 91 is attached to the



introduction port 12, and the introduction port 12 is connected to the raw
material bath 40 for storing the wafer cleaning waste fluid A therein via the
waste fluid injection pipe 71. A concentrated sulfuric acid discharge pipe 72
" made of a fluorocarbon resin for supplying the concentrated sulfuric acid B to
the concentration adjustment bath 50 is attached to the discharge port 13
(see Fig. 2). :

[0032] A discharge pipe 73 is attached to the gas discharge port 14 and
the reaction bath 10 is connected to the aspirator 30 via the discharge pipe
73. A water cooling unit 31 is attached to the discharge pipe 73 at
substantially the center thereof. - A cooling water pipe 31Ais attached to the
cooling unit 31 wherem water introduced from the outside of the sulfuric acid
recycle apparatus 1 into the cooling water pipe 31A flows inside the cooling
unit 31, then it is again exhausted outside the sulfuric acid recycle apparatus.
[0033]  An inlet pipe 30A and a deaeration pipe 30B are respectively
attached to the aspirator 30 wherein dry air is taken in the aspirator 30 from
the outside of the sulfuric acid recycle apparatus 1 through the inlet pipe
30A and this dry air and air inside the reaction bath 10 are respectively
subjected to deaeration by the deaeration pipe 30B. The inside of the
reaction bath 10 during the concentration process is kept in a prescrlbed
decompression state by the aspirator 30.

[0034]  The discharge pipe 73 has a side plpe 73A Whlch is branched at
the aspirator 30 side rather than at the cooling unit 31 side wherein the side
pipe 73A extends to a trap bath 32 for storing water and the like therein. A
drainpipé 74 having a second valve 92 is attached to the bottom surface of
the trap bath 32, wherein water and the like stored in the trap bath 32 is
- exhausted outside .through the drainpipe 74. Two fluid level sensors 85A
are attached to the trap bath 32 whereby an opening degree of the second
valve 92 is adjusted to keep the amount of fluid inside the trap bath 32 ata
prescribed level. ' |

{0035] First to third partltlon plates 11A, 11B, 11C respectlvely made of
quarts glass are installed in the reaction bath 10 and directed from the

introduction port 12 side to the discharge port 13 side in this order as shown
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in Fig. 2 so as to change an advancing direction of the wafer cleaning waste
fluid A. | | |
[0036] The first partition plate 11A is disposed inside the reaction bath
10 while it is remote from the bottom sﬁrface 10A of the reaction bath 10 at a
prescribed interval. The second partition plate 11B is disposed in the
reaction bath 10 without producing a gap between itself and the bottom
surface 10A of the reaction bath 10. Further, the upper end position of the .
second partition plate 11B is set to be lower than the upper. end position of
the first partition plate 11A so as to prevent the wafer cleaning waste fluid A,
which is moved between the first partition plate 11A and the second partition
| plate 11B, from flowing back. Further, the third partition plate 11C is
-disposed in the reaction bath 10 while it is remote from the bottom surface
10A of the reaction bath 10 at a prescribed interval in the same manner as
the first partition plate 11A. .
[0037] " The inclination plate 16 made of quarts glass is disposed in the
reaction bath 10 between the third partition plate 11C and the discharge
port 13. ' The inclination plate 16 comprises a vertical wall 16A having saw-
blade shape at the upper end and an inclination wall 16B which is integrated
with the \}ertical_ wall 16A and extend from the vertical wall 16A to the
discharge port 13 side to be expanded at a hem thereof. Surfaces of the
vertical wall 16A and ihclination wall 16B have a plurality of ifregularities
16C for increasing surface areas thereof, Although' the irregularities 16C
are in the form of protrusioh, the shape thereof are arbitrarily, and hence
they are not limited to such protrusion but may be formed of any 'shape such
as a corrugated sheet shape having a plurality of lateral grooves or a shape
having a plurality of grooves in a vertical direction. Returning back to Fig.
2, the waterdrop sto'rage bath 17 made of quarts glass is provided in the
reaction bath 10 at the inner surface thereof S0 as to overhang from the right
upper wall surface of the reaction bath 10 to cover the lower portion of the
gas discharge port 14. o o .

[0038] ‘The first to third heaters 204, 20B, '20(_3 are attached to a ceiling
10C of the reaction bath 10 so as to penetrate the ceiling 10C wherein the
lower ends_ of the first to third heaters 20A, 20B, 20C are immersed in the
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wafer cleaning waste fluid A. Each of the first to third heaters 20A, 20B,
20C is formed of a heater made of tungsten which is covered with quarts
glass at the surface thereof. :
. [0039] The first heater 20A is dispdsed' between the first partition plate
11A and the second partition plate 11B, the second heater 20B is disposed |

between the second partition plate 11B and the third partition plate 110,
and the third heater 20C is disposed between the third partition plate 11C
and the inclination plate 16. The -wafel_; cleaning waste fluid A which is
stored in each spéce partitioned by 1_t.he partition _plateé 11 and the inclination
plate 16 can be heated by these first to third heaters 204, 20B, 20C at a
temperature ranging from about 180°C to 195°C. : _ | .
[0040] Two temperature sensors 80 are respectively attached between
the first partition plate 11A and the first heater 20A, between the second
partition plate 11B and the second heater 20B, and between the third
partition plate 11C and the third heater 20C, thereby = detecting

temperatures of the wafer cleaning waste fluid A in each space during the
 concentration process there_of. _ _ |
-[0041] Fluid level sensors 85B are attached between the first heater 20A

and the second partition plate 11B and between the third heater 20C and the
inclination plate 16, whereby a degree of opening of the first valve 91 is
adjusted by the fluid level sensors 85B so as :to keep the amount of the wafer
cleaning waste fluid A inside the reaction bath 10 at a constant level.

[0042] = Now, rethrning back to Fig. 1, the raw material bath 40 is ma_de
- of quarts glass' and the waste fluid injection pipe 71 is attached to the raw
‘material bath 40 at the portion adjacent to a lower end central portion,
' whereby'the raw material bath 40 is éonnected to the reaction bath 10 via
the waste fluid injection pipe 71. A raw material transportation pipe 75
made of a fluorocarbon resin and extending from thé wafer processing bath
100, which is disposed outside the sulfuric acid recycle apparatus 1, is
introduced in the raw material bath 40. A third valve 93 is provided on the
raw material transportation pipe 75. Further, three fluid level sensors 85C
are attached to the raw material bath 40 Whereby-a.degree of opening of the
third valve 93 is adjusted by the fluid level sensors 85C so as to keep the
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amount of wafer cleaning waste fluid A inside the raw material bath 40 at a
constant level. :
[0043] The concentration adjustment bath 50 is made of quarts glass
. and the concentrated sulfuric acid discharge pipe 72 made of a fluorocarbon
resin and extending from the discharge port 13 of the reaction bath 10 is
introduced in the concentration adjustment bath 50. A concentrated
sulfuric acid injection pipe 76 made of fluorocarbon resin and extending to
the cooling bath 60 is attached to the lower end of the concentration
adjustment bath 50. A fourth valve 94 is provided at the portion adjacent to
substantially central portion of the concentrated sulfuric acid injection pipe
76.
[0044] One end of a sulfuric acid injection pipe 77 for injecting fresh
sulfuric acid for adjusting concentration of the concentrated sulfuric acid B is
introduced in the concentration adjustment bath 50. The other end of the
' sulfuric acid injection pipe 77 is introduced in a sulfuric acid tank 101
installed inside the sulfuric acid recycle apparatus 1. A sulfuric acid
transportation pumﬁ 77A and a fifth valve 95 are provided on the sulfuric
acid injection pipe 77 at substantially central portion thereof. With the
provision of these components, sulfuric acid is pumped up from the sulfuric
- acid ténk-lOl_ by the sulfuric acid transportation pump 77A if concentration
of the concentrated sulfuric acid B obtained in the reaction bath 10 is less’
than a prescribed level of concentratiori, and pumped up sulfuric acid is
X injected into the concentration adjustment bath 50 through the sulfuric acid
" ‘injection pipe 77 so as to increase concentration of the concentrated sulfuric
acid B to a prescribed level. _
[0045] Two fluid level sensors 85D are also.attached to the concentration
adjustment bath 50 whereby degrees of openings of the first valve 91 and
fifth valve 95 are adjusted so as to keep the amount of concentrated sulfuric
acid B inside the concentration adjustment bath 50 at a preécribed level.
[0046]  The cooling bath 60 is made of quarts glass and the concentrated
sulfuric acid injection pipe 76 is introduced in the cooling bath 60 and a
sulfuric acid transportation pipe 78 made of fluorocarbon resin and
- extending to the wafer processing bath 100 is attached to the lower end
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central portion of the reaction bath 10. The pump 70 serving as a supply
unit is attached to the sulfuric acid transportation pipe 78, and a sixth valve
96 is attached between the pump 70 and wafer processing bath 100. Three
* fluid level sensors 85E are attached to the cooling bath 60 wherein a degree
of opening of the fourth valve 94 is adjusted by the fluid level sensors 85E so
-as to keep the amount of the concentrated sulfuric acid B inside the cooling
bath 60 at substantially constant level.

[0047] - The concentrated sulfuric acid B stored in the coolirlg bath 60 is

cooled at a temperature to an extent not to exert a bad influence upon the

pump 70, then it is supplied to the wafer processing bath 100 by the pump 70

through the sulfuric acid transportation pipe 78. | o |

- [0048] Gas exhaust lines 79 are attached to the raw material bath 40, .
the 'concentration adjustment bath 50, the cooling bath 60 so as to exhaust a

gas such as vapor produced in the raw material bath 40, the concentration

‘adjustment bath 50 and the cooling bath 60 to the outside of the sulfuric acid

recycle apparatus 1.

'[0049] Sulfuric acid is recyeled as follows by use of the sulfuric acid -
recycle apparatus 1 having the foregoing construction.

[0050] The wafer processing bath 100 is ﬁrst connected to the sulfuric
acid recycle epparatus 1, and the connection therebetween is implemented
by the raw material transportation pipe 75 wherein one end of the raw
" material transportatioh pipe 75 is connected to the wafer processing bath
100 and the other end of the raw material tre.nsportation pipe 75 is
introduced in the'raw material bath 40. The raw material transportation
- pipe 75 has a filter 75A provided appropriately at the wafer processing bath
100 side.. A wafer cleaning fluid C prepared by mixing sulfuric acid with
hydrogen peroxide solution in the wafer processing bath 100 in the
: proportions of 85 : 15 in percent by weights, and the wafer cleaning fluid C is |
heated at a temperature of about 145 °C so as to effect wafer cleaning
process. ' S : : _

- [0051] The wafer c_leanjr_lg waste fluid A which is .lowered in
concentration of sulfuric acid upon completion of the wafer cleaning process:
~is supplied to the raw material bath 40 by a raw_meterial transportation .
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pump 75B at a prescribed speed. At this time, the three fluid level Sensors
85C provided in the raw material bath 40 detect the fluid surface level inside
the raw material bath 40, thereby adjusting a degree of opening of the third
valve 93 so as to keep the amount of the wafer cleaning waste fluid Aata
prescribed level. ' _
[0052] The wafer cleaning waste fluid A once stored in the raw _material
bath 40 is injected in the reaction bath 10 at a prescribed speed. The three
fluid level sensors 85B detect the fluid surface level inside the reaction bath
10 so as to keep the amount of wafer cleaning waste fluid A inside the
_reaction bath 10 at a constant level while a degree of opening of the first
valve 91 is adjusted in response to the detected fluid surface level. _
[0053] | The wafer cleaning waste ﬂﬁid A injected in the reactior_i bath 10
is first moved from the gap’ defined between the lower end of the first
partition plate 11A and the bottom surface 10A of the reaction bath 10 to a
space defined between the first partition plate 11A and the second partition
- plate 11B. The wafer cleaning waste fluid Ais gradually heated by the first
heater 20A which is heated at the temperature ranging from 180°C to 195°C
- and water énd the like contained inside the wafer cleaning waste fluid A
begins to be removed. Subsequently, the heated wafer cleaning waste fluid
A is circulated upward by convection from the bottom surface 10A of the
reaction bath 10, and it is moved from the upper end portion of the second
partition plate 11B to a space between the second partition plate 11B and the
third pértition plate 11C. In the same manher, the wafer cleanihg waste
fluid A is further heated by the second heater 20B which is heated at the
temperature ranging from 180°C to 195°C so that concentration of sulfuric
‘acid progresses. - |
[0054] The wafer cleaning waste fluid A having sulfuric acid
concentration of which progresses by phased heating is circulated by
convection from the 'upper end side of the second partition plate 11B to the .
. side of the bottom surface 10A side, and it is moved from the gap defined
~between the lower end of the third partifion plate 11C and the bottom .
“surface 10A of the reaction bath 10 to a space between the third partition
~plate 11C and the inclination plate 16. Likewise, the wafer cleaning waste
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fluid A remains further heated by the third heater 20C which is heated at the
‘temperature ranging from 180°C to 195°C so that concentration of sulfuric
acid progresses. The wafer cleaning waste fluid A which - progresses in
concentration is circulated upward again by convection from the side of the
bottom surface 10A side to the upper portion thereof, and it flows from the
upper end portion of the inclination plate 16 having a saw-blade shape over
the irregularities 16C formed on the surface of the inclination plate 16, S0
that it finally becomes the concentrated sulfuric acid B which is concentrated
to concentration of about 95%. The thus prepared concentrated sulfuric
acid B is supplied from the discharge port 13 of the reaction bath 10 to the
concentration adjustment bath 50 through the concentrated sulfuric acid
dlscharge pipe 72. |
[0055] The inside of the reaction bath 10 is kept in a prescribed
decompression state by the aspirator.30 connected to the gas discharge port
14 of the reaction bath 10 during the concentration process. Water vapor
and the like produced by heating are sucked b'y. the aspirator 30 into the .
discharge pipe 73, and they are cooled and liquefied by the cooling unit 31,
" then they are stored in the trap bath 32 through the side pipe 73A. Water
and the like which are stored in the trap bath 32 by not less than a
prescribed amount are discharged outside the sulfuric acid recycle apparatus
1 through the drainpipe 74.  Water and the like which are not sucked until
they reach the trap bath 32 and are liquefied at the portion close to the gas
- discharge port 14 lower along the' inner wall surface of the reaction bath 10,
and they are collected by the waterdrop storage bath 17. Further, a
temperature of the wafer cleening waste fluid A is continuously detected by
~ the temperature sensors 80 attached_' to the reaction bath 10 during the
concentration process. Further,'.an element provided in the wafer cleaning -
waste fluid A inside the reaction bath 10, not shown, bubbles a hitrogen gas
by a prescribed amount to positively expel Water Vapbr in the wafer cleaning
* waste fluid A. _ | ' : |
- [0056] The concentrated sulfurlc acld B supplied to the concentration
adjustment bath 50 is adjusted in concentration by supplying fresh sulfuric
“acid. That is, fresh sulfuric acid is pumped up from the sulfuric acid tank
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101 and it is injected inside the concentration adjustment bath 50 through
the sulfuric acid injection pipe 77 to be mixed with the concentrated sulfuric
acid B, thereby adjusting concentration of the mixture. At this time, a
- degree of opening of the fifth valve 95 is adjusted so that the amount of all
fluids inside the concentration adjustmen_f bath 50 is kept at a prescribed
level by the two fluid level sensors 85D. In the concentration adjustment
bath 50, concentration of the co_ncentrated. sulfuric acid B is adjusted to a
degree of about 95 %. | '
[0057] The concentrated sulfuric acid B which is adjusted at a
prescribed concentration in the concentration adjustment bath 50 is
subéequently ‘supplied to the cooling bath 60 through the concentrated
sulfuric acid injection pipe 76 where it is cooled at a temperatﬁre of about
80° C. At this time, a degree of opening of the fourth valve 94 is adjusted so
that the amount of concentrated sulfuric acid B inside the cooling bath 60 is
kept at a prescribed level by the three fluid level sensors 85E provided inside
the cooling bath 60. The concentrated sulfuric acid B cooled in the cooling
bath 60 is supplied to the wafer processing bath 100 by the plimp 70 through
the sulfuric acid transportation pipe 78, and it is mixed with hydrogen
peroxide solution, and is regenerated as the wafer cleaning fluid C. _
[0058] There are following effects achieved by the first embodiment of
the invention. - B o
| (1) The sulfuric acid recycle apparatus 1 has the reaction bath
10 for concentratirig sulfuric acid in the wafer cleaning waste fluid A, and the
. pump 70 for supplying thus obtained concentrated sulfuric acid B to the
wafer processing bath 100. Accordingly, water contained in the wafer
cleaning waste fluid A and hydrogen peroxide solution can be reinoved, and
the thus obtained concentrated sulfuric acid B can be supplied to the wafer
. processing bath 100 which can be again ‘utilized for cleaning the wafer.
Further, the cleaning of the wafer, concentration of sulfuric acid in the wafer
cleaning waste fluid A and the recycle of the concentrated sulfuric acid B can
be effected continuously, which is very efficient. As a result, a cost involved
in the wafer cleaning process can be reduced.. |

(2) Since (the reaction bath 10) has first to third heaters 204,
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20B, 20C for heating the wafer cleaning waste fluid A, water and the like
contained in the wafer cleaning waste fluid A can be evaporated by heating
so as to be removed, thereby effecting a concentration operation quickly.
©(3) 'The concentration process is applied to the wafer cleaning
waste fluid A which is introduced from the introduction port 12 while the
wafer cleaning waste fluid A is circulated vertically by convection between
~ the partition plates 11 and the inclination plate 16. = Accordingly, it is
‘possible to heat the wafer cleaﬁing waste fluid A steadily, thereby sufficiently
concentrating sulfuric acid, and hence the concentrated sulfuric acid B
having high concentration can be obtained.

(4) Since the inclination plate 16 is provided in the reaction
‘bath 10 and the concentrated sulfuric acid B flows along the surface of the
inclination plate 16 to drop in the reaction bath 10, a surface area of the
concentrated sulfuric acid B becomes large when the concentrated sulfuric
acid B is supplied to the discharge port 13 so that the removal of water and
the like which are slightly residual in the concentrated sulfuric acid B is

further accelerated, thereby improving a quality of the concehtrated sulfuric
'~ acid B.

(5) Since the irremiloritios 180 aen farmad an the inclination
piate 16, the surface area of the concentrated sulfuric acid B becomes larger,
théreby' efﬁciently removing water and the like contained in the
concentrated sulfuric acid B. |

(6) Since the waterdrop storage bath 17 is provided in the
reaction bath 10, it is possible to prevent concentration of the concentrated
sulfuric acid B from lowering or a quality of the concentrated sulfuric acid B
from deteriorating when water and the like which are once removed from the
wafer cleaning waste fluid A are mixed again with the concentrated sulfuric
acidB. , ' : |

(7) The concentration adjustment bath 50, the sulfuric acid
- tank 101 and the sulfuric ac1d transportatlon pump T7A are prov1ded to form
a unit for effecting supply of fresh sulfuric acid to adjust concentration of
sulfuric acid. Accor dingly, if concentration of the concentrated sulfuric acid
~ B obtained in the reaction bath 10 is lower than a desired level, it can be
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~adjusted in the sulfuric acid recycle apparatus 1 with ease, which is very

efficient. Even if the sulfuric acid recycle apparatus 1 having the foregoing

construction is used, the amount of use of fresh sulfuric acid can be

- remarkably reduced compared with a case where all wafer cleahing waste
fluids A are wasted. | ,

(8) Since the cooling bath 60 is provided, the concentrated
sulfuric acid B can be transported to the wafer processing bath 100 after the
cohcentrated sulfuric acid B having a high t.emperature' is cooled to a
prescribed temperature upon completion of the concentration process, and

hence a bad influence is_ not exerted upon the pump 70 and the like.
| (9) Since the amount of fluids inside the reaction bath 10, the
raw material bath 40, the concentration adjustment bath 50 and the cooling
bath 60 are controlled by a plurality of fluid level sensors 85B, 85C, 85D, 85E,
it is possible to sufficiently effect the.concentration process at a prescribed
speed, and also possible to prevent the wafer cleaning waste fluid A and the
concentrated sulfuric acid B from overflowing the reaction bath 10, the raw
material bath 40, the concentration adjustment bath 50 and the cooling bath
- 60. | - | |

(10) = Since three heating units comprised of first to third heaters
20A, 20B, 20C are provided in the reactioh bath 10 to heat respective spaceé
partitioned by the partition plates 11 individually, the wafer cleaning waste
fluid A can be.efﬁciently heated. Asa résult, the concentration process caﬁ
be effected quickly.- | L | _'
_' (11) Since a pluraliﬁy of temperature ser.l's'or's 80 are provided in

‘the reaction bath 10, it 'is possible to avoid a problem that sulfuric acid is
‘decomposed by abnormal heating of the wafer cleaning waste fluid A or the
reaction bath 10 is corroded. -

(12) Since the bottom surface 10A and the side surface 10B of
the reaction bath 10 are covered with the keeﬁ-warm ‘member 18, the
temperature inside the reaction bath 10 can be kept at a prescribed level
with ease owing to a heat insulation effect of the keep-warm member 18.
Further, it is possible to prevent heat from transmitting to periphei'al '
members of the reaction bath 10 by the keep-warm member 18.
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Second Embodiment
[0059] A sulfuric acid recycle apparatus according to a second
embodiment of the invention is described with reference to Figs.4t06. In
the second embodiment, components which are the same as those of the first
embodiment of the invention are depicted by the same reference numerals,
and the explanation'thereof is omitted or summarized. |
[0060] Fig. 4is a schema_tic view showing the construction of a sulfuric
acid recycle apparatus 201 according to the second embodiment of the
invention.
[0061] The sulfuric acid recycle apparatus 201 comprises a reaction bath
10 having an inner capacity of 5 liters, first to third heaters 204, 20B, 20C
attached to the reaction bath hand shaft 10 serving as heating units, an
aspirator 230 serving as a suction unit, a raw material bath 40 having an
inner capacity of 2 liters, a cooling bath 260 having an inner capacity of 5
liters and a pump 70 as its main components. ,
{00621 A waste fluid injection pipe 71 made of fluorocarbon resin and
having a first valve 91 is attached to an introduction port 12 of the reaction
bath 10, and a wafer cleaning waste fluid A is introduced from the raw
material bath 40 to the reaction bath 10 via the waste fluid injection pipe 71.
In a state where the first valve 91 is oﬁened, the wafer cleaning waste fluid A
flows into the reaction bath 10 automatically. A concentrated sulfuric acid
discharge pipe 72 for '_suppliring concentrated sulfuric acid B to a
concentration adjustment bath 250 is attached to the discharge port 13 of the
reaction bath 10. | o . | |
[0063] = The reaction bath 10 is connected to the aspirator 230 via a
discharge pipe 73. A water cooled cooling. unit 31 is attached tb the
discharge pipe 73 at substantially the center thereof. A cooling water pipe .
231A is attached to the codling unit 31 ﬁvherein water introduced from the
outside of the sulfuric acid recycle apparatus 1 into the cooling water pipe
- 231A flows inside the cooling unit 31, then it is again exhausted outside the
~sulfuric acid recycle apparatué 1. N
[0064] A suction pipe 230A and a drainpipe 230B are respectively
attached to the aspirator 230 wherein when a suction pump 230C provided

18 -



in the suction pipe 230A is operated, water stored in a water tank 230D
passes through the aspirator 230. Air inside of the reaction bath 10 is
sucked by the aspirator 230 during the concentration process, and it is kept
- in a prescribed decompression state. . :
[0065] Although air sucked from the reaction bath 10 is mixed with a
small quantity of sulfuric acid, this sulfuric acid is mixed with water which
flows through the aspirator 230 and the drainpipe 230B, and stored in the
water tank 230D. The cooling water pipe 231A is connected to the water
tank 230D.

[0066] First to third partition plates 11A, 11B, 11C respectively made of
quarts glass are installed in the reaction bath 10 and directed from an
introduction port 12 side to a discharge port 13 side in this order in the same
manner as the first embodiment so as to change an advancing direction of
the wafer cleaning waste fluid A. .
[0067] = An inclination plate 16 having the same constructmn as that of
the first embodiment is dlsposed between the third partition plate 11C and
the discharge port 13. : :

[0068] = A waterdrop storage bath 217 made of quarts glass is provided on
the inner surface of the reaction bath 10 so as to protrude from a wall surface

~ of the reaction bath 10. The waterdrop storage bath 217 is continuously
formed on the horizontal surface along the clrcumferentlal direction of the
1inner wall of the reaction bath 10.

[0069] The ﬁrst to third heaters 20A 20B, 20C are attached to a ceiling
IOC of to the reaction bath 10 so as to penetrate the ceiling 10C wherein the -
lower ends of the _ﬁrSt -to.t.hird he_aters' 20A, 20B, 20C are immersed in the
~wafer cleaning waste fluid A. Although these heaters 20 have the same
construction as'th.ose of the first embodiment, the wafer cleaning waste fluid -
~Ain respective spaces formed by deﬁriing respective partition plates 11 and
the inclination plate 16 i is heated at a temperature ranging from 150°C to
315°C, preferably from 180°C to 250°C. | ' .
[0070] - A plurality of temperature sensors 80 and ﬂuidlle\'rel sensors. 85B
are attached to the upper portion of the reactlon bath 10 in the same manner

. as the first embodlment and an exhaust pressure gauge 280 is also attached
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* to the upper portion of the reaction bath 10.

[0071] Although a raw material bath 40 has the same construction as
the first embodiment, purified water (DIW) is introduced in the raw material
- bath 40 through a subply pipe 241. Purified water is used for all the lines
through which the wafer cleaning waste fluid A and the concentrated sulfuric
acid B flows. | _ _
[0072] The concentrated sulfuric acid discharge pipe 72 is introduced in
the cooling bath 260, and a sulfuric acid transportation pipe 78 is attached to
the lower end of the cooling bath 260. The pump 70 is attached to the
sulfuric acid transportation pipe 78 and a sixth valve 96 is attached between
the pump 70 and a wafer processing bath 100. With the operation of the
pump 70, concentrated sulfuric aéid inside the concentration adjustment
bath 250 flows through the sulfuric acid traneportation pipe 78 and it is
supplied to the wafer processing bath 100.

[0073] A plurality of fluid level sensors 85E are attached to the cooling
bath 260 wherein a degree of opening of a fourth valve 94 is adjusted by
these three fluid level sensors 85E so as to keep the amount of the
concentrated sulfuric acid B inside the coohng bath 260 at substantially a
~ constant level. o

[0074] A schematic co'nstrui:tion' of the cooling bath 260 is illustrated in
Fig. 5. o . o ' . _

[0075] In Fig. 5, the cooling bath 260 comprises an inner side sealed
container 261 and an external sealed container 262 respectively made of
qliarts glass. A prescribes space S is defined between these containers 261,
262, wherein when cooled water flows in the space S via a cooing water pipe
231A so that concentrated sulfuric acid having hlgh temperature and stored
~.inside the inner 31de container 261 is cooled

[0076] Returning back to Flg 4, one end of a sulfuric acid injection pipe
77 for injecting fr esh sulfunc ac1d for adjusting concentration of the
concentrated sulfuric acid B is introduced in the reaction bath 10. The
“other end of the sulfuric acid injection pipe 77 is introduced in a sulfuric acid |
tank 101 disposed 1n81de the sulfuric acid recycle apparatus 201.. A sulfuric. -

- acid t__ransportatlon pump T7A and a’ ﬁﬂ;h valve 95 are provided on the

. 20..._



sulfuric acid injeétion pipe 77 at substantially central portion thereof. With
the provision of these components, sulfuric acid is' pumped up from the
sulfuric acid tank 101 by the sulfuric acid transportation pump 77A if
. concentration of the concentrated sulfuric acid B obtained in the reaction
bath 10 is less than a prescribed level of concentration, and the thus pumped
sulfuric acid is injected into the concentration adjustment bath 50 through
the sulfuric acid-injection pipe 77 so as to increase concentration of the
concentrated sulfuric acid B to a prescribed level.

[0077] In the second embodiment, cehcentration of the concentrated
sulfuric acid B is set principally by a heating temperature inside the reaction
bath 10 and a quantity of the wafer cleaning waste fluid A supphed to the
reaction bath 10 per unit of time. :

- [0078] = Each one end of two waste fluid supply pipes 202 is connected to
the bottom portion of the reaction bath 10, and a waste fluid supply pipe 203

is branched from the sulfuric acid tranéportation pipe 78, and the other ends

of the waste fluid supply pipes 202, 203 are introduced in a waste fluid tank
204. Valves 205 are provided respectively on the waste fluid supply pipes
1202, 203, and when the valves 205 are oberated, concentrated sulfuric acid
inside and the reaction bath 10 and the cooling bath 260 is supplied to the
waste fluid tank 204 as a waste-fluid. Further, a ﬂuld level sensor 206 is
provided in the waste fluid tank 204. _ _

[0079] . Gas exhaust lines 79 are attached to the raw material bath 40 so
as to exhaust a gas such as water vapor produced in the raw material bath
" 40 to the outside the sulfuric acid recycle apparaﬁus 201. :
{0080} Pump driving'air is supplied to a pump cohstituting the sulfuric
acid recycle apparatus 201 via a valve 207, and a driving air 1s supplied to a
valve, and other drlvmg units via a valve 208. . |
- [0081] Accordmg to the second embodiment, the sulfuric acid recycle
~apparatus 201 is contained in a casing 210. '

[0082] - An external configuration of the casing 2101 is illustrated in F1g 6.
Flg 6(A) is a front view of the casing 210, _and Fig. 6(B) is a side view of the
~ casing 210. In the same figures, the casing 210 is formed of substantially in
a box shape, and comprises a body 210A in which the reaction bath 10, the

21



~ cooling bath 260 and the other constituting rnembers are housed, casters
210B provided on the lower surface of the body 210A and stoppers 210C
disposed at portions close to the casters 210B. The sulfuric acid recycle
apparatus 201 housed in the casing 210 can be transported to an arbitrary
place by the casters 210B with ease, and it can be fixed to the arbitrary place
by the stoppers 210C. | | '_

-[0083] Provided in the body 210A at the front central portion and left
" upper portion are two windows 211 made of a translucent member such as
_glass so as to see the inside of the casirlg 210. . A unit for operating the

| sulfuric acid recycle apparatus 201, for example, an operation panel 212 for

- - operating valves and pumps, is provided on the right upper portion of the

body 210A. A schematic view of the sulfuric acid recycle apparatus 201, an
operation button, an operation switch, and operation procedures are
represented on the operation panel 212. .
[0084]  The sulfuric acid accordlng to the second embodiment of the
invention is recycled substantially in the same manner as the first
embodiment of the invention, and hence a difference therebetween is briefly
and mainly described hereinafter.
[0085] Firstly, the wafer cleaning waste fluid A which is lowered in
concentration of sulfuric acid and has a prescribed temperature, e.g., 150°C
upon completion of the cleaning processj is supplied to the raw material bath
40 by a raw material transportation pump 75B at a prescribed speed. The
wafer cleaning waste fluid A which is once stored in the raw material bath 40
is injected into the reactioh bath 10 at a prescribed speed, Ie.g., two liters per
ten minutes. Accordingly, the quantity of the wafer cleaning waste fluid A
inside the reaction bath 10is kept substarltially at a constant level.
[0086] Although the wafer cleaning waste fluid A injected in the reaction
bath 10 flows through a gep defined between the lower end of the first
“partition plate' 11A and the bottom surface 10A of the reaction bath 10 to
spaces between the first partition plate 11A to third partition plate 11C, it is
gradually heated by the first to third heaters 20A, 20B, 20C at a temperature
ranging’ from 150°C to 315°C so that Water and the like contained in the
‘wafer cleaning waste fluid A are moved to progress concentration of sulfuric
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acid. :
[0087] :The -concentrated sulfuric acid B obtained in the foregoing

manner is supplied to the cooling bath 260 from the discharge port 13 of the
~ reaction bath 10 through the concentrated sulfuric acid discharge pipe 72,
and it is cooled at a temperature of about 150°C in the cooling bath 260. A
degree of opening of the fourth valve 94 is adjusted so that a quantity of the
concentrated sulfuric acid B _inside, the cooling bath 260 is kept at a
prescribed level by the fluid level sensors 85E provided in the cooling bath
260. The concentrated sulfuric acid B cooled in the cooling bath 260 is
supplied to the wafer processing bath 100 by the ‘pump 70 through the
sulfuric acid transportation pipe 78 and it is mixed with hydrogen peroxide
solution in the wafer processing bath 100 where it is legenerated as a Wafer
_ cleamng fluid C. _ ' :
[0088] According to the second embodiment having the foregoing
cbnstrut:ﬁon, the following functions and effects can be achieved as well as
those of (1) to (6), (10) to (12) of the first embodiment of the invention.

~ (18) Since the waterdrop storage bath 17 is prov1ded along the

c1rcumferent1a1 surface of the inner wall of the reaction bath 10, it is possible
to prevent concentration of the concentrated sulfuric acid B from lowering or
" a quality of the concentrated sulfuric acid B from deﬂeriorating when water
and the like Whlch are once removed from the wafer cleaning waste fluid A
are mixed agaln with the concentrated sulfuric acid B. :

(14) Since the sulfuric acid tank 101 and the sulfuric acid
transportatlon pump 77A are prov1de and fresh sulfm ic acid is supphed to
adjust concentration of sulfuric acid, if need be, concentration of the
concentrated sulfuric acid B obtained in ‘the reaction bath 10 can be
increased with ease when it is lower than a desired value.:

_ (15) Since the coolmg bath 260 is provided, he concentrated
~ sulfuric acid B can be transportedfo the wafer processing bath 100 after the
concentrated sulfuric acid B having a high temperature is cooled to a

prescribed temperature upon completidn_of the concentration process, and
 hence a bad influence is not exerted upon the pump 70 and the like.

(16) Since the cooling bath 260 comprises the inner side sealed
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container 261 and the outer side sealed csntainer 262 and cooled water flows
through the space S between these containers 261, 262, cooling effect can be
enhanced by flowing fluid, and hence these container need not be cooled by a
- large quantity of cooled water, thereby rendering the cooling bath 260 small-
sized. | | _ | _

(17) Since a heating teinperature inside the reaction bath 10 is
set at not more than 315°C, a material of parts used for the reaction bath is
not limited to a high fire-resistive material, thereby prev_entirlg the unit from
a large-sized and complex. Further, since a heating temperature inside the
reaction bath 10 is not less than 150°C, sulfuric acid concentration efficiency
(dehydration efficiency) becomes high, thereby obtaining a predetermining
effect. _

~ (18) Since the amount of fluids inside the reaction bath 10, the
raw material bath 40, and the cooling bath 260 are controlled by a pluralitjr
of fluid level sensors 85C, 85D, 85E, it is pbssible to sufficiently effect the
concentration process at a prescribed speed, and also possible to prevent the
wafer cleaning waste fluid A and. the concentrated sulfuric acid B from
. overflowing the reaction bath 10, the raw mater 1al bath 40, and the cooling
bath 260. ' | _
19y Although the aspirator 230 has a construction to suck air .
inside the reaction bath 10 by water which flows through the suction pipe
230A and the drainpif)e 2308, even if small quantity of sulfuric acid is mixed
~with the sucked air, sulfuric acid is stored in water inside the water tank
230D. | Accordingly, sulfuric acid is -not discharged to an atmosphere, and
hence it is convenient in an env1ronmental point of view.
(20) Since the sulfumc acid recycle apparatus 201 is housed in
~ the casing 210 havmg casters, the sulfuric acid recycle apparatus 201 can be
transported with ease as a whole. ) |
- [Example] - :
| [0089] An example for confirming the effect of the sulfuric amd recycle
- apparatus according to the second emhodlment of the mventlon is described .

as follows.

'[0090] . In this example, the inside of the reaction bath 10 having a
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capacity.of 5.5 liters is set at a prescribed heaﬁng temperatin‘e (temperature
of heaters), and test fluid of 2 liters is supplied from the raw material bath
40 having a capacity of 3 liters to the reaction bath 10 for 16 minutes. After
- the test fluid is heated in the reaction bath 10 for a preseribed period of time,
it is supplied to the cooling bath 260 and a sample fluid of 2 liters is taken
out as samples from the coolihg bath 260 to a sample container. The above
procedure is repeated every 20 minutes forming one cycle.
[0091] B Specific gravity of sulfuric acid in the sample container is
calculated on the basis of sulfuric acid having concentration of 98 % and a
specific gravity of 1.834. The result of the test is shown as follows.
[Example 1] o
Test Fluid: sulfuric acid having concentration of 83.5% at a
~ temperature of 55°C | |
Heater setting temperature; 190°C
- Time reaching the setting temperature; 40 minutes;
The result is represented by Table 1

[Table 1]

Test Fluid | Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5
Specific 17359 | 1.7634| 1.7662| 1.7656| 1.7653| 1.7636
Gravity (g/cc) '

_ Concentration 83.5 -87.3 - 87.7 8_7 .6 87.6 87.3
| (%) -

'[Example.'2.]

* Test Fluid: sulfuric acid having concentration of 81.7% at a
temperature of 45°C. L

Heater setting temperature; 190°C _
' Time reaching the setting temperature; 45 minutes
The result is represented by Table 2

- [Table 2]
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Test Fluid | Sample 1 | Sample 2 | Sample 3 | Sample4 | Sample 5
Specific 1.7228 1.755| 1.7589| 1.7568| 1.7563| 1.7556
‘Gravity (g/cc) o
| Concentration 81.7 86 86.7 86.4 86.3 86.2 |
(%) | |
[Example 3] : , _
' - Test Fluid: sulfuric acid having concentration of 84.6% at a
temperature of 55°C
Heater setting temperature; 200°C |
Time reaching the setting temperature; 55 minutes
'The result is represented by Table 3 |
[Table 3] _
Test Fluid | Sample 1 | Sample 2 | Sample 3 | Sample 4
Specific 1.7439  1.7703| 1.7712| 1.7711| 1.7706
Gravity (g/cc) | . o
Concentration| 84.6 88.3 88.4 884 88.3
(%) |
[Example 4]

Test Fluid: sulfuric acid 'ha.ving concentration of 91.5% at a
_temperature of 120°C '

- Heater setting temperature; 230°C

Time reaching the setting temperature; 29 minutes
The result is represented by Table 4

[Table 4] .
Test Fluid | Sample 1 | Sample 2 | Sample 3
Specific 1.7933| -1.8145| 1.816| 1.8168
Gravity (g/cc) | T |
Concentration 91.5 94.4 94.7 94.8
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(%)

[Example 5]
. Test 'F.‘luid: sulfuric acid having concentration of 85.2% at a
temperature of 90°C _ '
Heater setting temperature; 230°C
Time reaching the setting temperature; 37 mmutes

The result is represented by Table 5 _

[Table 51
Test Fluid | Sample 1 | Sample 2 | Sample 3
Specific 17479 17913 1.7924| 1.7962
Gravity (g/cc) | ' -
Concentration 862 - 912 914 91.9
1%

[0092] It has been found from the going examples 1 to 5 that test fluid is
concentrated at the heater setting temperature (heated temperature)
ranging from 190°C to 230°C. ' |
[0093] The invention is not limited to' the first and second embodiments
but it can be modified and 1mproved within a scope to achieve the object of
" the invention. '
[0094] For example, although the ﬁrst to th1rd partltlon plates 11A 11B,
11C have been provided inside the reaction bath 10 in the first-and second
embodiments, the number of the partition plate 11 is not limited to three but
it may be four. Further, the arrangemeht of each partition plate 11 is not
limited to that of the first and second embodiments, but it may be
constructed that the partition plates 11 which are provided between two side
walls to be spaced between one side wall to another wall by a prescribed
interval and arranged alternately so that wafel cleaning fluid flows in zigzag
-in the reaction bath 10 in horizontal direction toward the discharge port. |
Further, although the inclination plate 16 is provided in the reaction bath 10
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but a vertical partition plate which is not inclined may be used instead of the
inclination plate 16. Further, partition plates and the inclination plate may
not be provided in the inclination plate 16.

[0095] In the first and second embodiments, although the heaters 20 are
provided as heating units, they may not be provided. For example, heaters
may be substituted with a unit for removing water and hydrogen peroxide
solution when it increases in decompression._ Further, although the
waterdrop storage bath 17 is provided so as to cover the lower portion of the
gas discharge port 14 of the reaction bath 10, it may not be provided in the
reaction bath 10. Further, the position for providing the waterdrop storage
bath 17 may, for example extend on the entire periphery of the side surface
of the reaction bath 10 if it covers the upper portion of the discharge port 13
and the lower portion of the gas discharge port 14. Further, the positions of
the introduction port 12, the discharge port 13 and the gas discharge port 14
provided in the reaction bath 10 are not limited to those in the first and
second embodiments but they may be set arbitrarily. |

[0096] ‘Although three heaters, namely, first to third heaters 20A, 20B,
20C are provided inside the reaction bath 10 in the first and second
embodiments, the number of the heater is not linﬁted to three. That is, the
number of heaters is set at arbitrary number which is determined by the
number of spaces which are defined by the partitioned by the partition plates,
and the like. Further, the heating unit is not limited to that which is heated
from the inside thereof as set forth in the first and second embodiments but
heating units which can heat the reaction bath from the outside can be used.
Still further, the number of each temperature sensor 80 and each fluid level
sensor 85B may be set at appropriate' numbers depending on the number of
the reaction bath to be used. :

~ [0097] | Although the raw material bath 40 is used in the first and second
~ embodiments, it may not be used partmularly That is, a construction
wherein wafer cleaning waste fluid can be injected from the wafer processing
bath d.trectly to the reaction bath can be employed

[00981  Still further although ad_]ustment of concentratlon of the .
concentrated sulfuric ac1d Bis _eﬁ'ected,by injecting fresh sulfuric acid in the
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concentrated sulfuric acid B while providing the concentration adjustment
“bath 50 in the first and second embodiments, the concentration adjustment
bath 50 may not be provided if concentrated sulfuric acid having sufficient
- concentration is obtained only by a concentration process in the reaction
bath. Still further, although the cooling bath 60 is provided in the first and
second embodiments, it may not be provided particularly.

[0099] Although quarts glass is used as a material of the reaction bath
10, the raw material bath ‘40, the concentration adjustmeht' bath 50, the
cooling bath 60, the cooling bath 260, the partition plates.11 and.the
inclination plate 16 in the first and second embodiments, other materials
which are not corroded even if they contact sulfuric acid having high
. concentration at high temperature may be employed.  Although water
- cooled unit is employed as the cooling unit 31 .in the first and second
embodiments, an air cooled type cooling unit may be employed. Still further,
| although the. pump 70 is employed, it may not be limited but a dlaphragm
pump and the like may be employed

[00100] - A concrete constructlon a shape and the like for carrying out the
invention may be changed to other constructions which achieve the objects of
the invention. | o _ o
[00101]' According to the invention, the sulfuric acid recycle apparatus
comprises the reaction bath for concentrating sulfuric acid in the wafer
cleaning waste fluid and ‘a supply unit for supplying thus obtained
concen_trated sulfuric acid to the wafer processing bath. - Accordingly, water
.in the wafer cleaning waste fluid and hydi"ogen peroxide solution can be
concentrated and removed so that the thus obtained concentrated sulfuric
acid is supplied to the wafer. processing bath, which can be utilized for
cleaning wafers. Further, it is possible to continuously effect cleaning of
wafers, concentra.ting of sulfuric acid in fhe w'af'er cleaning waste fluid, and
recycling of concentrated sulfuric acid, which is very. efﬁc1ent Asa result a

cost involved in a wafer cleaning pr ocess can be reduced
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 What is claimed is: |

1. A sulfuric acid recycle appafatus for recycling sulfuric acid in
a wafer 'cleaning fluid prepared by mixing_ sulfuric acid and hydrogen
- peroxide solution comprisiné :

a reaction bath 10 having two openings formed of at least an
mtroductmn port 12 and a discharge port 13 for obtalmng concentrated
sulfuric acid by concentrating sulfuric acid in the wafer cleaning waste fluid
introduced from the introduction port 12 upon completion of a tvafer cleaning

| process, then discharging the concentrated sulfuric acid from the discharge
port 13 . '

“a wafer processing bath 100 for processing wafers; and

" a supply unit for supplymg the concentrated sulfuric acid to the
wafer processing bath 100. _

2. The sulfuric acid recycle apparatus according to Claim 1,
whereln the reaction bath 10 includes therein heating units 20 for heating
the wafer cleaning waste fluid and a gas discharge port 14 for discharging a
gas produced from the wafer cleanmg waste fluid when it is heated by the

“heating unit 20; and '

a suction umt 30 for sucking the gas is connected to the gas
dlscharge port 14.
3. The sulfuric ac1d recycle apparatus accordlng to Claim 1 or 2,
- wherein the reaction bath 10 includes therein a plurality of partition plates
11 for changing an advancmg direction of the wafer cleaning waste fluid, and
an inclination plate 16 p051t10ned at a portion closer to the gas discharge port
14 than the partition plates for allowing the concentrated sulfuric acid to
flow along the surface thereof. '
4. The sulfuric acid recycle apparatus according to Claim 3,
‘wherein the inclination plate 16 has irregularities on its surface. |
- 5. The sulfuric acid recycle apparatus according to any of
Claims 1 to 4, wherein the reaction bath 10 has a waterdrop storage bath 17
for preventlng Waterdrop attached to a ce111ng surface of the reaction bath 10

~ from belng mixed with the concentrated sulfuric a01d

6. The sulfunc ac1d recycle apparatus accordlng to any of
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Claims 1 to 5, wherein ﬁesh sulfurlc acid is supphed to the concentrated
sulfuric acid. '

7. The sulfunc ac1d recycle apparatus accordlng to any of

- Claims 2 to 6, wherein a heatmg temperature in the reaction bath 10 ranges . .

from 150 °C to 350 °C.
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