
Specification    A sulfuric acid recycling type cleaning system and a
sulfuric acid recycling type persulfuric acid supply apparatus 5[Technical
field] [0001]    The present invention relates to a sulfuric acid recycling
type cleaning system that uses a sulfuric acid solution repeatedly to
regenerate a persulfuric acid solution and supplies it to a 10 cleaning
apparatus in which silicon wafers etc. are cleaned to remove
contaminants etc. adhering to them by using the persulfuric acid solution
which can serve effectively for their removal, and also relates to a sulfuric
acid recycling type persulfuric acid supply apparatus that supplies
persulfuric acid to said cleaning 15 system.  [Background art] [0002] The
wafer cleaning step in a very large scale integrated circuit (VLSI)
production process serves for removal of resist residue, 20 fine particles,
metal, oxide films folmed spontaneously, etc., and generally uses a mixed
solution of concentrated sulfuric acid and hydrogen peroxide (SPM) or a
mixed solution produced by blowing ozone into concentrated sulfuric acid
(SOM) . When hydrogen peroxide or ozone is added to high-concentration
25 sulfuric acid, the sulfuric acid is oxidized to form persulfuric acid. It is
known that persulfuric acid shows a high oxidizing power and high
cleaning performance as it self -decomposes, and can serve effectively for
cleaning wafers etc.      In addition to the above-mentioned persulfuric acid
production 0 methods, it is known that a persulfuric acid solution for
cleaning  



can be produced by electrolyzing an aqueous solution containing sulfate
ions in an electrolysis reactor (see patent references 1 and 2). [0003] 5
[Patent reference 1] Tokukai (unexamined Japanese patent publication)
2001-192874 [Patent reference 2] Tokuhyo (published Japanese
translation of PCT publication for patent application) 2003-511555
[Disclosure of the invention] 10 [Problems to be solved by the invention]
[0004] In the case of SPM, persulfuric acid formed from a hydrogen
peroxide solution decreases in oxidizing power as it self -decomposes,
and therefore continuous supply of the hydrogen 15 peroxide solution is
necessary to compensate for the decomposition. Furthermore, the
high-concentration sulfuric acid has to be replaced when the sulfuric acid
concentration has decreased to a certain level. In said method, however,
the persulf uric acid solution is diluted with the water content of 20 the
hydrogen peroxide solution, making it difficult to maintain a constant liquid
composition, and furthermore, the solution has to be discarded and
replaced at prescribed time intervals or for every few batches. Thus, the
cleaning performance cannot be kept constant, and in addition, a large
volume of chemicals have to 25 be stored. In the case of SOM, on the
other hand, the solution does not undergo dilution, leading to a longer
solution replacement cycle, but it is inferior in cleaning performance as
compared with SPM. [0005] 30 In the case of SPM, furthermore, only a
limited amount of  persulfur c acid can be produced whenthe high-
concentration sulfuric acid and the hydrogen peroxide are poured and
mixed in the cleaning vessel at the beginning and when hydrogen
peroxide is added to the mixture several times later on. In the SOM
method, the ratio of the amount of persulfuric acid generated to that of
ozone added is very low. With these methods, therefore, the concentration
of the resulting persulfuric acid solution is limited, and its cleaning
performance is also limited. 



[0006]    The present invention, which was made against such a
background, is aimed to provide a sulfuric acid recycling type cleaning
system that can largely decrease the sulfuric acid consumption through a
persulfate ion recycling process that produces persulfate ions
electrochemically from an aqueous sulfuric acid solution while using
sulfuric acid repeatedly. [Summary] [0006a] In a first aspect, there is
provided a sulfuric acid recycling type cleaning system comprising a
cleaning apparatus that cleans objects using a persulfuric acid solution as
cleaning fluid, an electrolytic reaction apparatus that regenerates the
persulfuric acid solution by performing electrolytic reaction to produce
persulfate ions from sulfate ions contained in the solution wherein the
solution containing sulfate ions is allowed to flow parallel with the
electrode surface at a linear velocity of 1 to 10,000 m/hr, and a circulation
line that circulates the persulfuric acid solution between the cleaning
apparatus and the electrolytic reaction apparatus, and wherein the
temperature of the solution that is electrolyzed in said electrolytic reaction
apparatus is  kept lower than the temperature of said cleaning fluid.
[0006b] In a second aspect, there is provided a sulfuric acid recycling type
persulfuric acid supply apparatus comprising
anelectrolyticreactionapparatusthatperforms electrolytic reaction to
regenerate a persulfuric acid solution by producing persulfate ions from
sulfate ions contained in the solutions wherein the solution containing
sulfate ions is allowed to flow parallel with the electrode surface at a linear
velocity of 1 to 10,000 m/hr, and a circulation line that circulates the
persulfuric acid solution between said electrolytic reaction apparatus and
a cleaning apparatus that uses persulfuric acid, and wherein the
temperature of the solution that is electrolyzed in said electrolytic reaction
apparatus is kept in the range of 10 to 90C. [Means for solving the
problems] [0002]    Thus, the sulfuric acid recycling type cleaning system
of the invention specified in claim 1 is characterized in that it comprises a
cleaning apparatus that cleans objects using a persulfuric acid solution as
cleaning fluid, an electrolytic reaction apparatus that regenerates the
persulfuric acid solution by performing electrolytic reaction to produce
persulfate ions from sulfate ions contained in the solution, and a
circulation line that circulates the persulfuric acid solution between the
cleaning apparatus and the electrolytic reaction apparatus. [0008] The
sulfuric acid recycling type cleaning system specified in claim 2 is
characterized in that in the sulfuric acid recycling type cleaning system of
the invention, the temperature of the 



solution that is electrolyzed in said electrolytic reaction apparatus is kept
lower than the temperature of said cleaning fluid. [0009] 5The sulfuric acid
recycling type cleaning system specified in claim 3 is characterized in that
in the sulfuric acid recycling type cleaning system of the invention, the
temperature of the solution that is electrolyzed in said electrolytic reaction
apparatus is kept in the range of 10 to 90C. 10[0010]     The sulfuric acid
recycling type cleaning system specified in claim 4 is characterized in that
the sulfuric acid recycling type cleaning system of the invention comprises
a heating means to heat said cleaning fluid. 15[0011]     The sulfuric acid
recycling type cleaning system specified in claim 5 is characterized in that
the sulfuric acid recycling type cleaning system of the invention comprises
a cooling means to cool the solution that is to be electrolyzed in said
electrolytic 20 reaction apparatus. [0012]    The sulfuric acid recycling type
cleaning system specified in claim 6 is characterized in that the sulfuric
acid recycling type cleaning system of the invention comprises a cooling
means to cool 25 the solution that is to be electrolyzed in said electrolytic
reaction apparatus. [0013] The sulfuric acid recycling type cleaning
system specified in claim, 7 is characterized in that the sulfuric acid
recycling type 



30 cleaning system of the invention comprises a heat exchange means  to
perform heat exchange in said circulation line between the comparatively
lower temperature feed persulfuric acid solution flowing from said
electrolytic reaction apparatus and the comparatively higher temperature
return persulfuric acid solution flowing from said cleaning apparatus.
[0014]   The sulfuric acid recycling type cleaning system specified in claim
8 is characterized in that passages in said circulation line are made of
quartz or tetrafluoroethylene. 10[0015]   The sulfuric acid recycling type
cleaning system specified in claim 9 is characterized in that the sulfuric
acid recycling type cleaning system of the invention comprises a
decomposition unit that decomposes contaminants removed from objects
by said 15 cleaning. [0016]   The sulfuric acid recycling type cleaning
system specified in claim 10 is characterized in that in the sulfuric acid
recycling type cleaning system of the invention, the solution to be 20
electrolyzed in said electrolytic reaction apparatus has a sulfuric acid
concentration in the range of 8M to 18M. [0017]    The sulfuric acid
recycling type cleaning system specified in claim 11 is characterized in
that of the electrodes in the 25 electrolytic reaction apparatus in the
sulfuric acid recycling type cleaning system of the invention, at least an
anode is a conductive diamond electrode. [0018]        The sulfuric acid
recycling type cleaning system specified in 30 claim 12 is characterized in
that in the sulfuric acid recycling 



type cleaning system of the invention, the conductive diamond electrodes
provided in the electrolytic reaction apparatus are self-standing type
conductive diamond electrodes produced by laminating conductive
diamond on a substrate followed by removing 5 the substrate. [0019]   The
sulfuric acid recycling type cleaning system specified in claim 13 is
characterized in that in the sulfuric acid recycling type cleaning system of
the invention, the object to be cleaned 10 is a semiconductor substrate.
[0020]   The sulfuric acid recycling type cleaning system specified in claim
14 is characterized in that in the sulfuric acid recycling type cleaning
system of the invention, electrolysis is controlled 15 so that ratio of the
rate of TOC (total organic carbon) increase resulting from the removal of
organic contaminants in said cleaning apparatus to the rate of persulfuric
acid production in said electrolysis apparatus (persulfuric acid production
rate (g/L/hr) per TOC increase rate in cleaning vessel (g/L/hr)) is 20 in the
range of 10 to 500. [0021]   The sulfuric acid recycling type cleaning
system specified in claim 15 is characterized in that the sulfuric acid
recycling type cleaning system of the invention comprises an ultrapure
water or 25 hydrogen peroxide solution replenishment line to supply
ultrapure water or a hydrogen peroxide solution to said persulfuric acid
solution. [0022]         The sulfuric acid recycling type cleaning system
specified in 30 claim 16 is characterized in that in the sulfuric acid
recycling  



type cleaning system of the invention, said ultrapure water or hydrogen
peroxide solution replenishment line is provided to inject ultrapure water or
a hydrogen peroxide solution into the bottom portion of the cleaning
vessel in the cleaning apparatus. 5[0023]    The sulfuric acid recycling
type cleaning system specified in claim 17 is characterized in that the
sulfuric acid recycling type cleaning system of the invention comprises a
sulfuric acid concentration measurement means to monitor the sulfuric
acid 10 concentration of the solution so that the injection from said
ultrapure water or hydrogen peroxide solution replenishment line can be
controlled based on concentration measurements taken by said sulfuric
acid concentration measurement means. [0024] 15The sulfuric acid
recycling type cleaning system specified in claim 18 is characterized in
that in the sulfuric acid recycling type cleaning system of the invention,
injection of the ultrapure water or hydrogen peroxide solution from said
ultrapure water or hydrogen peroxide solution replenishment line is
conducted when 20 the concentration measured by said sulfuric acid
concentration measurement means is 0.2M or more higher than a
prescribed value. [0025]    The sulfuric acid recycling type cleaning system
specified in claim 19 is characterized in that said sulfuric acid
concentration 25 measurement means is designed to use the
absorptiometry to measure the sulfuric acid concentration. [0026]       The
sulfuric acid recycling type cleaning system specified in claim 20 is
characterized in that the sulfuric acid recycling type 30 cleaning system of
the invention comprises a liquid volume  measurement means to monitor
the volume of the cleaning fluid in the cleaning vessel in said cleaning
apparatus so that the injection action of said ultrapure water or hydrogen
peroxide solution replenishment line is controlled based on measurements
5 taken by said liquid volume measurement means. 



[0027]    The sulfuric acid recycling type cleaning system specified in claim
21 is characterized in that the sulfuric acid recycling type cleaning system
of the invention comprises a liquid level 10 measurement means to
monitor the liquid level of the cleaning fluid in the cleaning vessel in said
cleaning apparatus so that the injection action of said ultrapure water or
hydrogen peroxide solution replenishment line is controlled based on
measurements taken by said liquid level measurement means 15[0028]
The sulfuric acid recycling type cleaning system specified in claim 22 is
characterized in that the sulfuric acid recycling type cleaning system of the
invention comprises a liquid weight measurement means to monitor the
weight of the cleaning fluid in 20 the cleaning vessel in said cleaning
apparatus so that the injection action of said ultrapure water or hydrogen
peroxide solution replenishment line is controlled based on measurements
taken by said liquid weight measurement means. [0029] 25The sulfuric
acid recycling type cleaning system specified in claim 23 is characterized
in that in the sulfuric acid recycling  type cleaning system of the invention,
said liquid weight measurement means is designed to measure the
combined weight of the cleaning vessel and the cleaning fluid in the
cleaning vessel. 30[0030]     The sulfuric acid recycling type persulfuric
acid supply apparatus specified in claim 24 is characterized in that it
comprises an electrolytic reaction apparatus that performs electrolytic
reaction to regenerate a persulfuric acid solution 5 by producing persulfate
ions from sulfate ions contained in the solution, and a circulation line that
circulates the persulfuric acid solution between said electrolytic reaction
apparatus and a cleaning apparatus that uses persulfuric acid, [0031]
10The sulfuric acid recycling type persulfuric acid supply 



apparatus specified in claim 25 is characterized in that in the sulfuric acid
recycling type persulfuric acid supply apparatus of the invention, the
sulfuric acid recycling type persulf uric acid supply apparatus of the
invention comprises a cooling means 15 to cool the return solution flowing
from the cleaning apparatus to the electrolytic reaction apparatus in said
circulation line to the range of 10 to 90C. [0032] The sulfuric acid recycling
type persulfuric acid supply 20 apparatus specified in claim 26 is
characterized in that the sulfuric acid recycling type persulfuric acid supply
apparatus of the invention comprises a heating means to heat the feed
solution flowing from the electrolytic reaction apparatus to the cleaning
apparatus in said circulation line to the range of 100 25to 170C. [0033]
The sulfuric acid recycling type persulfuric acid supply apparatus specified
in claim 27 is characterized in that the sulfuric acid recycling type persulf
uric acid supply apparatus 30 of the invention comprises a heat exchange
means to perfoim heat  exchange between the feed solution flowing from
the electrolytic reaction apparatus to the cleaning apparatus and the
return solution flowing from the cleaning apparatus to the electrolytic
reaction apparatus in said circulation line. 5[0034] The sulfuric acid
recycling type persulfuric acid supply apparatus specified in claim 28 is
characterized in that in the sulfuric acid recycling type persulfuric acid
supply apparatus of the invention, the sulfate ion concentration of said
solution 



10 is BM or more. [0035]   The sulfuric acid recycling type persulfuric acid
supply apparatus specified in claim 29 is characterized in that of the
electrodes placed in said electrolytic reaction apparatus in the 15 sulfuric
acid recycling type persulfuric acid supply apparatus of the invention, at
least an anode is a conductive diamond electrode. [0036] The sulfuric acid
recycling type persulfuric acid supply 20 apparatus specified in claim 30 is
characterized in that in the sulfuric acid recycling type persulfuric acid
supply apparatus of the invention, passages in said circulation line are
made of tetrafluoroethylene. [0037] 25Thus, according to the present
invention, persulfate ions in the cleaning fluid self-decompose to develop
an oxidizing power, which in turn serves for effective removal of
contaminants from the object being cleaned. In the cleaning fluid, the
persulfuric acid concentration gradually decreases as the persulfate ions
in 30 the solution continue to self-decompose. This persulfuric acid
solution is sent to an electrolytic reaction apparatus through a circulation
line. In the electrolytic reaction apparatus, an electric current is applied
between an anode and a cathode that are placed in a solution containing
sulfate ions in order to 



5 oxidize sulfate ions to form persulfate ions, leading to regeneration of a
persulfuric acid solution with a sufficiently high persulfuric acid
concentration. The regenerated persulfuric acid solution is sent to the
cleaning apparatus through the circulation line, followed by effective
cleaning of the object 10 with the high-concentration persulfuric acid
solution as described above. The persulfuric acid solution is circulated
repeatedly between the cleaning apparatus and the electrolytic reaction
apparatus to ensure continuous effective cleaning while maintaining a
constant persulfuric acid concentration. When the 15 process is started
up, sulfuric acid may be used to produce a persulfuric acid solution in the
electrolytic reaction apparatus, which is then sent to the cleaning
apparatus to start the circulation of the persulfuric acid solution. [0038]
20Persulfuric acid self -decomposes faster at higher temperatures to show
higher cleaning performance. At a high temperature of 130C, for example,
the self-decomposition rate is as high as to achieve a half-value period of
about five minutes. In the electrolytic reaction apparatus, on the other
hand, persulfuric 25 acid is produced more efficiently and the electrodes
suffer less damage at lower solution temperatures. In the present
invention, the cleaning apparatus and the electrolytic reaction apparatus
are separated from each other, so that the solution electrolyzed in the
electrolytic reaction apparatus can be maintained at a 30 lower
temperature than the cleaning fluid, serving to increase  the efficiencies of
the processes in the cleaning apparatus and the electrolytic reaction
apparatus. [0039]    The cleaning fluid can be maintained at an
appropriate temperature by heating with an appropriate means of heating.
Such means of heating useful for the present invention include, but not
limited to, ordinary heaters and other heating apparatuses that perform
heat exchange with hot water or vapor. The appropriate temperature
range of the cleaning fluid may be, for 10 example, from 100 to 170C. The
cleaning perfoirnance of the persulfuric acid solution deteriorates as the
temperature falls below this range. At temperatures above 170C, on the
other hand, persulfuric acid will self-decompose at a very high rate and fail
to oxidize the resist sufficiently, so the above temperature range 15 is
assumed to be appropriate. 



[0040]    The solution to be electrolyzed in the electrolytic reaction
apparatus may be cooled to an appropriate temperature with an
appropriate means of cooling. Such means of cooling include, for 20
example, coolers of an air-cooling or a water-cooling type. An appropriate
temperature range of the solution being electrolyzed is 10 to 90C. The
efficiency of electrolysis will deteriorate and the electrode damage will be
larger as the temperature rises above the range described above. If the
temperature falls below 25 the range, on the other hand, very large heat
energy will be required to heat the cleaning vessel to a temperature of
130C, and a very long pipe will be necessary for heat exchange, indicating
that this is not practical. For this reason, it is more desirable that the lower
limit is 40C and upper limit is 80C, 30 respectively.     Said heating means
and cooling means may be provided on the cleaning apparatus or the
electrolytic reaction apparatus, or may be provided in the circulation line.
Or, a separate line may be provided in the cleaning apparatus or the
electrolytic reaction 5 apparatus to perform heating or cooling of the
solution. [0 0 4 1]    Temperature adjustment of the solution being
electrolyzed and the solution used as cleaning fluid can be achieved by
inter heat exchange that is perfoimed as they are sent from either
apparatus 10 to the other through the circulation line. If heat exchange is
perfoi ed between the persulfuric acid solution (return solution) that has a
comparatively higher temperature and flows from the cleaning apparatus
to the electrolytic reaction apparatus and the persulfuric acid solution
(feed solution) that has a 15 comparatively lower temperature and flows
from the electrolytic  reaction apparatus to the cleaning apparatus, the
return solution with a higher temperature will be cooled as it is deprived of
heat by the feed solution, and will reach a temperature desirable for
electrolysis in the electrolytic reaction apparatus. The feed 20 solution with
a lower temperature will be heated through heat exchange, and will be
adjusted to a temperature desirable for use as cleaning fluid. Said heat
exchange may be perfoimed with an appropriate means of heat exchange
such as heat exchanger. The material for passages in the circulation line
including the 25 passage for said means of heat exchange should
preferably be quartz or tetrafluoroethylene, which are not easily damaged
by persulf uric acid. 



A means of heating the cleaning fluid and a means of cooling the solution
to be electrolyzed may also be provided in addition 30 to said means of
heat exchange.  [0042]   Furthermore, in order to decompose the organic
matters including resist that have been dissolved into the persulfuric acid
solution as a result of the cleaning, a device for their decomposition may 5
be provided inside or outside the circulation line. Such a device may be,
for example, a theLal decomposition apparatus or an electrolytic reaction
apparatus. [0043] In the system described above, the solution to be
electrolyzed 10 in the electrolytic reaction apparatus contains sulfate ions,
and therefore, the efficiency of persulf ate ion production in the electrolytic
reaction apparatus is largely influenced by the sulfuric acid concentration.
Specifically, the efficiency of persulfate ion production increases as the
sulfuric acid 15 concentration decreases. If the sulfuric acid concentration
is decreased, however, the organic matters including resist will decrease
in solubility and become more difficult to remove from the object being
cleaned. From this, the sulfuric acid concentration in the solution used for
this system should 20 preferably be, for example, in the range of 8M to
18M. For the same reason, the lower limit should more preferably be 12M
and upper limit should more preferably be 17M, respectively. [0044]
However, the water content in the sulfuric acid solution 25 decreases,
though only gradually, as a result of electrolysis. The water content also
decreases as a result of evaporation. To replenish for this loss of water, it
is desirable to add ultrapure water or a hydrogen peroxide solution as the
water content 



decreases. For addition of said ultrapure water or a hydrogen 30 peroxide
solution, a replenishment line may be provided to supply  ultrapure water
or a hydrogen peroxide solution to said persulfuric acid solution. If water is
poured on the surface of the sulfuric acid solution, a large heat will be
generated to cause part of the water added to evaporate or scatter at the
surface, 5 leading not only to a loss of ultrapure water or the hydrogen
peroxide solution but also to danger to the operator. To avoid this, it is
preferred that said ultrapure water or hydrogen peroxide solution
replenishment line be provided in such a way that said ultrapure water or
hydrogen peroxide solution is 10 injected into the bottom part of the
cleaning vessel in the cleaning apparatus. [0045]     If the operator
supplies water carelessly as the water content appears to have decreased
significantly, the sulfuric acid 15 concentration may change largely to
cause a large change in the performance for removal of resist and other
organic matters. So, a means of sulfuric acid concentration measurement
may be provided to measure the sulfuric acid concentration of the solution
that is circulating through the circulation line to allow 20 said ultrapure
water or hydrogen peroxide solution replenishment line to perform
injection operation based on concentration measurements taken by said
means of sulfuric acid concentration measurement. Concentration
measured may be shown on an appropriate display 25 apparatus to allow
the operator to operate the ultrapure water or hydrogen peroxide solution
replenishment line based on the measurements displayed, or a control
valve etc. maybe provided in the ultrapure water or hydrogen peroxide
solution replenishment line that is controlled based on the measurements
30 to allow the ultrapure water or hydrogen peroxide solution
replenishment line to be operated automatically. 



For the present invention, there are no specific limitations on the means of
sulfuric acid concentration measurement if it can serve to measure the
sulfuric acid concentration properly, but 5 the use of absorptiometry etc. is
preferred because it can determine the sulfuric acid concentration quickly.
A preferable sulfuric acid concentration may be prescribed beforehand for
the solution so that the measured concentration can be compared with the
prescribed concentration in controlling 10 the operation of the ultrapure
water or hydrogen peroxide solution replenishment line. In this case, it is
preferred that said ultrapure water or hydrogen peroxide solution
replenishment line perfoim the injection of the ultrapure water or hydrogen
peroxide Solution when the measured concentration becomes 0.2M or
more 15 higher than the prescribed concentration. This is because the
efficiency of persulfuric acid production in the electrolysis reactor
decreases rapidly if the concentration becomes 0.2M or more higher than
the optimum value, while influence on the efficiency of persulfuric acid
production is small if the 20 difference is less than 0.2M. [0046]
FurtheLtuore, the injection operation of the ultrapure water or hydrogen
peroxide solution replenishment line may be performed based on the
volume of the cleaning fluid in the cleaning vessel 25 in the cleaning
apparatus in stead of basing on the sulfuric acid concentration. A
decrease in the volume of the cleaning fluid indicates a rise in the sulfuric
acid concentration. In the cleaning system, the volume of the solution in
the circulation line and the electrolysis reactor stays nearly constant
during 30 the cleaning and electrolysis processes, and a change in the  



volume of the solution will cause a change in the volume of the cleaning
fluid in the cleaning vessel. The volume of the cleaning fluid can be
determined from the weight or the level of the cleaning fluid in the cleaning
vessel. These values may be measured by 5 appropriate means to
measure the amount of the fluid to allow the injection operation of the
ultrapure water or hydrogen peroxide solution replenishment line to be
controlled based on the measurement. Depending on the type of quantity
to be measured, said means to measure the amount of the fluid may be a
means of 10 liquid level measurement if liquid level measurement is
required, or a means of liquid weight measurement if liquid weight
measurement is required. Or, the volume of the cleaning fluid can be
deteLmined by measuring the volume of the space left in the cleaning
vessel. 15For the invention, there are no specific limitations on the means
to measure the amount of the cleaning fluid if it can serve for the purpose
of measurement, and various existing sensors may be used. In performing
such measurement, an optimum liquid level or weight may be prescribed
so that the prescribed value can be 20 compared with the measurement to
allow the ultrapure water or hydrogen peroxide solution replenishment line
to perform replenishment operation (on/off switching, injection volume
control, etc.) based on the difference value. [0047] 25In the electrolytic
reaction apparatus, electrolysis is performed on a pair of electrodes, i.e.
anode and cathode. For the present invention, there are no specific
limitations on the material of the electrodes. However, if platinum, a
substance widely used as electrode material, is used for the anode in the
30 electrolytic reaction apparatus of the present invention,  persulfate ions
cannot be produced efficiently and platinum will be dissolved undesirably.
Compared with this, a diamond electrode can produce persulfate ions
efficiently without suffering significant damage. It is preferred therefore
that a diamond 5 electrode be used as the anode which works to produce
persulfate ions, and it is more preferred that both the anode and the
cathode be diamond electrodes. [0048) 



A preferred conductive diamond electrode may be a product that 10 is
produced by using a base of a semiconductor material such as silicon
wafer on which a thin conductive diamond layer is formed, followed by
dissolution of the wafer, or a product that is produced by performing
precipitation to form a self-standing type plate of polycrystal diamond
instead of using a base. A product 15 consisting of a diamond layer
formed on a metal substrate such as Nb, W and Ti may be used, but in
this type, the diamond layer will peel off more easily as the electric current
density increases. [0049] 20 A process for producing persulfate ions from
sulfate ions using conductive diamond electrodes has been published (Ch.
Comninellis et al., Electrochemical and Solid-State Letters, Vol .3 (2)
77-79 (2000) , Tokuhyo (published Japanese translation of PCT
publication for patent application) 2003-511555) for cases where 25 the
electric current density is about 0.2 A/cm2. However, in the case of an
electrode consisting of a thin diamond layer supported on a metal
substrate, the diamond layer can peel off and fail to work in a short period
of time. Thus, it is preferred to use self-standing type conductive diamond
electrodes that are 30 produced by precipitation on a substrate followed
by removal of  the substrate. [0050]   Said thin layer of conductive
diamond is produced by doping a thin diamond layer with a required
amount of boron or nitrogen 5 during a diamond synthesis process in
order to allow the layer to develop conductivity. Boron-doped layers are
used frequently. If the degree of doping is too low, the layer will not have a
desired technological advantage, while the effect of doping will level of f if
the layer is doped excessively. The optimum degree of doping 10 is
generally in the range of 50 to 20,000 ppm relative to the amount of
carbon in the thin diamond layer.   For the present invention, conductive
diamond electrodes in the form of a plate are used in most cases, but a
plate having a network structure can also be used. Thus, for the present
invention, there 



15 are no specific limitations on the number and form of said electrodes.
[0051]    It is preferred that the electrolysis using said conductive diamond
electrodes be performed by applying an electric current 20 with a density
in the range of 10 to 100,000 A/m2 to the surface of the conductive
diamond electrodes and allowing a solution containing sulfate ions to flow
parallel with the diamond electrode surface at a linear velocity of 1 to
10,000 m/hr so that they come in contact with each other. 25The cleaning
apparatus used may be either of a single disc processing type or of a
batch processing type, but soluble TOC substances are dissolved into the
cleaning fluid as resist and other contaminants are removed and dissolved
during the cleaning of an electronic substrate in said cleaning apparatus.
Here, it 30 is necessary to remove the TOC substances efficiently from
the  cleaning fluid and prevent re-adhesion of organic substances onto the
electronic substrate, and therefore the persulfuric acid production rate
(g/L/hr) in the electrolytic reaction apparatus should preferably be 10 to
500 times the generation rate (g/L/hr) 5 of the TOC substances that result
from removal and dissolution of resist in the cleaning apparatus. This
serves to achieve a good balance between the consumption and
formation of persulfuric acid, permitting efficient cleaning and efficient
electrolysis. For the same reason, the lower limit should preferably be 20
and the upper 10 limit should preferably be 300, respectively.
[Advantageous effect of the invention] 



[0052]   As described above, the sulfuric acid recycling type cleaning
system of the invention consists of a cleaning apparatus that 15 performs
cleaning by using a persulfuric acid solution as cleaning fluid, an
electrolytic reaction apparatus that perfoits electrolytic reaction to
regenerate the persulfuric acid solution by producing persulfate ions from
sulfate ions contained in the solution, and a circulation line that circulates
the persulfuric 20 acid solution between the cleaning apparatus and the
electrolytic reaction apparatus, so that the sulfuric acid solution can be
used repeatedly and that the persulfuric acid solution which serves to
enhance the removal performance can be regenerated on-site in the
electrolytic reaction apparatus and used for cleaning. 25[0053]
Furthermore, the sulfuric acid recycling type persulfuric acid supply
apparatus of the invention consists of an electrolytic reaction apparatus
that perfoius electrolytic reaction to regenerate the persulfuric acid
solution by producing persulfate 30 ions from the sulfate ions contained in
the solution, and a  circulation line that circulates the solution between the
electrolytic reaction apparatus and the cleaning apparatus that consumes
persulfuric acid, so that instead of adding chemicals from outside, the
sulfuric acid solution can be used repeatedly 5 to allow the electrolytic
reaction apparatus to produce and supply the persulfuric acid solution
on-site. [Brief description of the drawings] [0054]      [Figure 1] a schematic
drawing showing a mode of the sulfuric acid 10 recycling type cleaning
system of the invention. [Figure 2] A schematic drawing showing another
mode of the system. [Figure 3] A schematic drawing showing a mode of
the sulfuric acid recycling type persulfuric acid supply apparatus of the
invention. 



15 [Figure 41 A schematic drawing showing another mode of the sulfuric
acid recycling type cleaning system of the invention. [Figure 5] A
schematic drawing showing still another mode. [Figure 6] A schematic
drawing showing still another mode. [Explanation of numerals] 20[0055]
1cleaning vessel 2persulfuric acid solution 4return pipe 5feed pipe 25
6liquid feed pump 7heat exchanger 10, 10a and 10b electrolysis reactor
11, lla and llb anode 12, 12a and 12b cathode 30 13bipolar electrodes
14DC power supply 20thermal decomposition reactor 21heater 



25ultrapure water replenishment line 5 30semiconductor wafer 40sulfuric
acid recycling type persulfuric acid supply apparatus 50sulfuric acid
concentration measurement apparatus 51a liquid level sensor 10 51b
liquid level sensor 52weighing apparatus [Best mode for carrying out the
invention' [0056] (Embodiment 1-1) 15 An embodiment of the sulfuric acid
recycling type cleaning system of the invention is explained below based
on Figure 1.   An electrolysis reactor 10 which corresponds to the
electrolytic reaction apparatus of the invention is connected through a
return pipe 4 and a feed pipe 5 to a cleaning vessel 20 1 which
corresponds to the cleaning apparatus of the invention. In both the return
pipe 4 and the feed pipe 5, at least the inner surfaces are made of
tetrafluoroethylene, and a liquid feed pump 6 for feeding the persulfuric
acid solution 2 is provided in the line of the return pipe 4. The circulation
line of the invention 25 comprises said return pipe 4, feed pipe 5, and
liquid feed pump 6. A heat exchanger 7 that corresponds to the heat
exchange means of the invention is provided between the retuin pipe 4
and the feed pipe 5, and said heat exchanger 7 serves for heat exchange
between the solution flowing in the return pipe 4 and the solution 30
flowing in the feed pipe 5. In the tubes (not shown) within the 



heat exchanger 7 as well, at least the inner surface is made of
tetrafluoroethylene. The use of tetrafluoroethylene, which is resistant to
persulfuric acid, as material for the return pipe 4, feed pipe 5, and tubes in
the heat exchanger 7 serves to prevent damage from being caused by
persulfuric acid. Heat exchange between the solutions is performed
between the return pipe 4 and the feed pipe 5 in this embodiment, but for
the present invention, the return pipe 4 may be provided with a cooling
means that cools the solution preferably down to 10 to 90C while the feed
pipe 10 5 may be provided with a heating means that heats the solution
preferably up to 100 to 170C. [0057] An anode 11 and a cathode 12 are
provided in said electrolysis reactor 10, and bipolar electrodes 13...13 are
provided at 15 prescribed intervals between the anode 11 and the cathode
12. For the present invention, the electrodes may not be of a bipolar type
but may comprise only an anode and La cathode. Said anode 11 and the
cathode 12 are connected with a DC power supply 14 to allow the
electrolysis reactor 10 to perform direct-current 20 electrolysis. [0058]    In
this embodiment, said electrodes 11, 12, and 13 comprises diamond
electrodes. Said diamond electrodes are produced by producing a thin
diamond layer over a substrate and doping it with 25 boron preferably in
the range of 50 to 20,000 ppm relative to the amount of carbon in said thin
diamond layer. Furthel_more, it may be a self-standing type electrode
which is produced by removing the substrate after producing the thin
layer. [0059] 30The cleaning vessel 1 is connected with the theLLual
decomposition reactor 20, which corresponds to the decomposition
apparatus of the invention, through circulation pipes for thermal
decomposition 22, 24, which are provided separately from said circulation
line. A liquid feed pump 23 is provided in the line 



5 of the circulation pipe for thermal decomposition 22, and the
combination of the circulation pipes for theimal decomposition 22, 24 and
the liquid feed pump 23 allows the cleaning fluid to circulate between the
cleaning vessel 1 and the thermal decomposition reactor 20. Furthermore,
a heater 21 is provided 10 in the thermal decomposition reactor 20 to heat
the liquid in the vessel, and said heater 21 also serves as the heating
means for the present invention. [00601        The working of a sulfuric acid
recycling type cleaning system 15 configured as described above is
explained below. A sulfuric acid solution with a sulfuric acid concentration
of 10 to 18M is poured in the cleaning vessel 1 and ultrapure water is
added up to a volume ratio of 5:1 to produce a sulfuric acid solution. The
solution is sent continuously by the liquid feed 20 pump 6 to the
electrolysis reactor 10. In the electrolysis reactor 10, electricity is applied
to the anode 11 and the cathode 12 by the DC power supply 14 so that
the bipolar electrodes 13...13 are polarized to allow anodes and cathodes
to be foLmed at prescribed intervals. The solution sent to the electrolysis
reactor 10 is 25 allowed to flow between these electrodes. The output of
the liquid feed pump 6 should preferably be adjusted so that the linear
velocity of the liquid flow is in the range of 1 to 10,000 m/hr. Furthezmore,
the application of electricity should preferably be adjusted so that the
current density at the surface of the diamond 30 electrodes comes in the
range of 10 to 100,000 A/m2.  [0061]    When electricity is applied to the
solution in the electrolysis reactor 10, the sulfate ions in the solution is
oxidized to form persulfate ions, resulting in the regeneration of the
persulfuric 5 acid solution 2. This persulfuric acid solution 2 is sent
through the feed pipe 5 to the cleaning vessel 1 to provide the
high-concentration persulfuric acid solution 2 in the cleaning vessel 1. In
the cleaning vessel 1, in spite of a slight decrease in the concentration of
persulfate ions resulting from 10 self-decomposition, the solution
circulates between the cleaning vessel 1 and the electrolysis reactor 10
and it is electrolyzed in the electrolysis reactor 10, producing persulfate
ions to maintain a high-concentration of persulfate ions. For this practical
mode, the process of producing persulfuric acid from 15 sulfuric acid
during its start-up period was described previously, but for the invention,
persulfuric acid may be procured in advance. However, the use of
electrolytic reaction apparatus for persulfuric acid production is
advantageous because persulfuric acid can be produced on-site. 20[0062]



Furthermore, the persulfuric acid solution 2 in the cleaning vessel 1 can
be heated by circulating the persulfuric acid solution 2 between the
cleaning vessel 1 and the theal decomposition reactor 20 through the
circulation pipes for 25 thelmal decomposition 22, 24, and liquid feed
pump 23, while heating the solution in the themal decomposition reactor
20 with the heater 21. The circulation through the circulation pipes for
theimal decomposition 22, 24, and liquid feed pump 23 may be started
after the persulfuric acid concentration in the cleaning 30 vessel 1 has
increased up to a required level.  [0063] Cleaning of a semiconductor
wafer 30, which is the object to be cleaned, is started after the
temperature of the persulfuric acid solution 2 that acts as cleaning liquid in
the cleaning vessel 5 1 has been increased by the above-mentioned
heating up to about 130C. Specifically, the semiconductor wafer 30 is
immersed in the cleaning vessel 1. In the cleaning vessel 1, strong
oxidative conditions have been developed as a result of
self-decomposition of persulf ate ions and effect of sulfuric acid, and thus,
the 10 contaminants etc. on the semiconductor wafer 30 are removed
effectively and transferred into the persulfuric acid solution 2. The
substances removed and transferred into the persulfuric acid solution 2
are decomposed by the action of persulfate ions. The persulfuric acid in
the cleaning vessel 1 is sent to the 15 electrolysis reactor 10 through the
return pipe 4 and the liquid feed pump 6, and persulfate ions are produced
from sulfate ions as described above, so that the persulfuric acid
concentration which has decreased as a result of self -decomposition is
increased to regenerate the persulfuric acid solution 2. 20[0064] As the
persulfuric acid solution 2 flows through the return pipe 4 from the
cleaning vessel 1 to the electrolysis reactor 10, it  undergoes heat
exchange in the heat exchanger 7 with the persulfuric acid solution 2 that
flows through the feed pipe 5 



25 after being electrolyzed in the electrolysis reactor 10. The persulfuric
acid solution 2 flowing out of the cleaning vessel 1 has been heated up to
about 130C to ensure effective cleaning. The persulfuric acid solution 2
flowing out of the electrolysis reactor 10, on the other hand, has a
temperature of about 40C. 30 During the heat exchange between the two
flows of the persulfuric  acid solution 2, the persulfuric acid solution 2
flowing through the return pipe 4 is cooled down to a temperature of
nearly about 40C while the persulfuric acid solution 2 flowing through the
feed pipe 5 is heated up to a temperature of nearly about 130C. 5 After
the heat exchange in the heat exchanger 7, the persulfuric acid solution 2
flowing through the return pipe 4 cools naturally afterward and gradually to
about 40C, which is a suitable temperature for electrolytic reaction. If more
positive cooling is necessary, a cooling means, for example a
water-cooling or 10 air-cooling means, may be provided for forced cooling
of the electrolysis reactor 10. After undergoing heat exchange in the heat
exchanger 7, the persulfuric acid solution 2 flowing through the feed pipe
5 reaches the cleaning vessel 1, and mixes with the persulfuric acid
solution 2 left in the cleaning vessel 1. If the 15 temperature of the
persulfuric acid solution 2 in the cleaning vessel 1 becomes too low, it
may be heated with the heater 21 up to a temperature suitable for
cleaning. As described above, the persulfuric acid solution 2 is cooled as it
flows from the cleaning vessel 1 to the electrolysis reactor 10, and after
being 20 electrolyzed, it is heated as it flows back from the electrolysis
reactor 10 to the cleaning vessel 1. During this cycle, the quantity of heat
released from the cooling process is nearly equal to the quantity of heat
consumed for the heating process, and therefore, if the efficiency of the
heat exchanger 7 is very high, 25 the temperature control of the
persulfuric acid solution 2 can be perfoLwed very efficiently by supplying a
small amount of heat energy from outside to compensate for heat
dissipation. [00651      The persulfuric acid solution 2 polluted with
contaminants in the 30 cleaning vessel 1 is sent through the circulation
pipe for theimal  decomposition 24 to the theHal decomposition reactor
20, where it is heated with the heater 21 up to an appropriate temperature
(130C for example) to ensure that resist and other organic substances will
be decomposed to enhance the cleanliness of the 5 persulfuric acid
solution 2. This sulfuric acid solution is returned to the electrolysis reactor
10 through the circulation pipe for thermal decomposition 22 and the liquid
feed pump 23 so that cleaning will be continued with the persulfuric acid
solution 2 that has restored a high cleaning performance, 



10Thus, if the sulfuric acid recycling type cleaning system is used to clean
the semiconductor wafer 30, the persulfuric acid solution 2 can be used
repeatedly, without supplying additional hydrogen peroxide solution or
ozone, in order to allow effective cleaning to be continued while
regenerating the persulfuric acid 15 solution 2. [00661 (Embodiment 1-2)
Another embodiment of the sulfuric acid recycling type cleaning system of
the invention is explained below based on Figure 2. 20For some parts of
embodiment 1-2 configured similarly to embodiment 1 described above,
the same numerals are used and their explanations are omitted or
simplified.    The cleaning vessel 1 is equipped with a heater 21 to heat
the persulfuric acid solution 2, and also equipped with an ultrapure 25
water replenishment line 25 to supply ultrapure water to the persulfuric
acid solution 2.    The cleaning vessel 1 is connected with electrolysis
reactors 10a and 10b, which correspond to said electrolytic reaction
apparatus, through a return pipe 4 and a feed pipe 5. A liquid 30 feed
pump 6 is provided in the return pipe 4, and a heat exchanger  7 is
provided between the return pipe and the feed pipe 5 as in the case of
embodiment 1. [0067] 



The electrolysis reactors 10a and 10b are connected in series, 5 and the
return pipe 4 is connected with the electrolysis reactor 10a and the return
pipe 5 is connected with the electrolysis reactor 10b. A connecting pipe 4a
is provided between the electrolysis reactor 10a and the electrolysis
reactor 10b. Thus, the solution 10 flows through the return pipe 4,
electrolysis reactor 10a, connecting pipe 4a, electrolysis reactor 10b, and
feed pipe 5 in this order.   An anode lla and a cathode 12a are provided in
the electrolysis reactor 10a, an anode 11b and a cathode 12b provided in
the 15 electrolysisreactorlob, bipolar electrodes 13a...13a provided at
prescribed intervals between the anode lla and the cathode 12a, and
bipolar electrodes 13b...13b provided at prescribed intervals between the
anode llb and the cathode 12b. For the present invention, the electrodes
used in the electrolysis reactor may 20 not be of a bipolar type but may
comprise only an anode and a cathode. For this embodiment, diamond
electrodes are used as the electrodes 11a, 11b, 12a, 12b, 13a, and 13b.
As in the case of embodiment 1, these diamond electrodes are produced
by doping thin diamond layers with boron. The set of the anode lla and the
cathode 12a 25 and the set of the anode llb and the cathode 12b are
connected with a DC power supply 14 in parallel to allow the electrolysi's
reactors 10a and 10b to perform direct-current electrolysis. [0068]      The
working of the sulfuric acid recycling type cleaning system 30 described
above is explained below.      The cleaning vessel 1 contains a sulfuric
acid solution with a sulfuric acid concentration of 8 to 18M and ultrapure
water, which are heated with the heater 21 up to about 130C. The mixing
ratio of sulfuric acid and ultrapure water is adjusted 5 appropriately by
supplying ultrapure water from the ultrapure water replenishment line 25
while taking transpiration into account. The sulfuric acid solution is sent to
the electrolysis reactor 10a by the liquid feed pump 6. In the electrolysis
reactor 10a, electricity is applied to the anode ha and the cathode 12a 



10 by the DC power supply 14 so that the bipolar electrodes 13a...13a are
polarized. The solution sent to the electrolysis reactor 10a is allowed to
flow at linear velocity of 1 to 10,000 m/hr, and electricity is applied so that
the current density at the surface of the diamond electrodes comes in the
range of 10 to 100,000 A/m2. 15[0069]   As the solution flows in the
electrolysis reactor 10a, persulfate ions are produced from sulfate ions,
and then the solution is sent to the electrolysis reactor 10b through the
connecting pipe 4a. Similarly, persulfate ions are produced from 20 sulfate
ions in the electrolysis reactor 10b as well to provide a high-concentration
persulfuric acid solution 2. The high-concentration persulfuric acid solution
2 is sent to the cleaning vessel 1 through the feed pipe 5. In the
electrolysis reactor 10b as well, the current density at the surface of the 25
diamond electrodes is adjusted in the range of 10 to 100,000 A/m2. [0070]
The cleaning vessel 1 now contains the high-concentration persulfuric
acid solution 2 that has undergone electrolysis as described above, and a
semiconductor wafer 30 is cleaned as in 30 the above-mentioned case to
remove resist and other undesired  substances effectively from the
semiconductor wafer 30. The persulfuric acid solution 2 in the cleaning
vessel 1 gradually decreases in persulfuric acid concentration as a result
of self-decomposition, but after being sent to the electrolysis 5 reactors
10a and 10b through the return pipe 4 and the liquid feed pump 6, it is
regenerated by electrolysis to increase its persulfuric acid concentration.
As it flows through the return pipe 4, it undergoes heat exchange in the
heat exchanger 7 with the persulfuric acid solution 2 flowing through the
feed pipe 5 10 after being electrolyzed in the electrolysis reactor 10b. As a
result of heat exchange, the persulfuric acid solution 2 flowing through the
return pipe 4 is cooled down to a temperature of several tens of degrees C
slightly above 40C, while the persulfuric acid solution 2 flowing through
the feed pipe 5 is heated up to a 15 temperature of a hundred and several
tens of degrees C slightly below 130C. After this, the persulfuric acid
solution 2 flowing through the return pipe 4 cools naturally down to about
40C, a temperature suitable for electrolytic reaction. The persulfuric acid
solution 2 flowing through the feed pipe 5 is sent to the 20 cleaning vessel
1, and subsequently it is heated with the heater 21 up to a temperature
suitable for cleaning. In this embodiment as well, the sulfuric acid solution
is used repeatedly to regenerate the persulfuric acid solution 2 to allow
effective cleaning to be continued. 25[0071] 



(Embodiment 2) An embodiment of the sulfuric acid recycling type
persulfuric acid supply apparatus of the invention is explained below
based on Figure 3. 30For some parts of this embodiment configured
similarly to the  embodiment described above, the same numerals are
used and their explanations are simplified.     A return pipe 4 in which at
least the inner surface is made of tetrafluoroethylene is connected to the
electrolysis reactor 5 10a, while a feed pipe 5 in which the inner surface is
similarly made of tetrafluoroethylene is connected to the electrolysis
reactor 10b.A liquid feed pump 6 for sending the persulfuric acid solution 2
is provided in the line of the return pipe 4, and a heat exchanger 7 is
provided between the return pipe 4 and the 10 feed pipe 5. The circulation
line of the present invention comprises the return pipe 4, feed pipe 5, and
liquid feed pump 6 in this embodiment. [0072] A connecting pipe 4a is
provided to connect the electrolysis 15 reactor 10a to the electrolysis
reactor 10b, and the solution flows through the return pipe 4, electrolysis
reactor 10a, connecting pipe 4a, electrolysis reactor 10b, and feed pipe 5
in this order. An anode ha and a cathode 12a are provided in the
electrolysis 20 reactor 10a, an anode llb and a cathode 12b provided in
the electrolysisreactorlob, bipolar electrodes 13a_13a provided at
prescribed intervals between the anode lla and the cathode 12a, and
bipolar electrodes 13b,..13b provided at prescribed intervals between the
anode llb and the cathode 12b. These electrodes ha, 25 11b, 12a, 12b,
13a, and 13b are made of diamond electrodes. [0073] On-off valves 15a
and 15b are provided near the end of the return pipe 4 and the feed pipe
5, respectively, in the circulation line 



to configure the sulfuric acid recycling type persulfuric acid 30 supply
apparatus 40 for the invention so that the persulfuric acid  solution can be
sent to the cleaning apparatus through the feed pipe 5 that is equipped
with the on-off valve 15a, while the sulfuric acid solution is returned from
the cleaning apparatus through the return pipe that is equipped with the
on-off valve 5 15b, in order to allow the persulfuric acid to be regenerated
in the electrolysis reactors 10a and 10b. Here, the linear velocity of the
liquid flow and the electric current density are set appropriately as in the
embodiments described above. The ends of the on-off valves 15a and 15b
are connected to the 10 cleaning vessel 1 to allow the persulfuric acid
solution regenerated in the electrolysis reactors 10a and 10b to be used
for cleaning. The circulation line can be detachable from the cleaning
vessel 1 to allow the persulfuric acid solution to be sent to other cleaning
apparatuses, and a change-over valve may 15 be provided to allow
persulfuric acid to be fed to two or more cleaning apparatuses. As in the
case of the sulfuric acid recycling type cleaning system described in the
above-mentioned mode, the sulfuric acid recycling type persulfuric acid
supply apparatus 40 can send the 20 solution to and receive it from the
cleaning vessel 1 to serve for cleaning of the semiconductor wafer 30.
[0074] (Embodiment 3-1)         Another embodiment of the sulfuric acid
recycling type cleaning 25 system of the invention is explained below. For
some parts of this mode configured similarly to the modes described
above, the same numerals are used and their explanations are omitted or
simplified.         Electrolysis reactors 10a and 10b are connected in series
by 30 a connecting pipe 4a, and a retuku pipe 4 is connected with an 



electrolysis reactor 10a and a feed pipe 5 is connected with an electrolysis
reactor lob. A liquid feed pump 6 is provided in the return pipe 4, and a
heat exchanger 7 is provided between the return pipe 4 and the feed pipe
5. 5[0075] An anode 11a, cathode 12a, and bipolar electrodes 13a...13a
that are made of diamond are provided in the electrolysis reactor 10a, and
similarly, an anode 11b, cathode 12b, and bipolar electrodes 13b...13b
that are made of diamond are provided in the electrolysis 10 reactor 10b.
[0076] The cleaning vessel 1 to which the return pipe 4 and the feed pipe
5 are connected is equipped with a sulfuric acid concentration
measurement apparatus 50, which works as said sulfuric acid 15
concentration measurement means, in which part of the cleaning fluid in
the cleaning vessel 1 is circulated to allow the sulfuric acid concentration
of the cleaning fluid to be measured. The sulfuric acid concentration
measurement apparatus 50 is configured to measure the sulfuric acid
concentration by 20 absorptiometry, for which known apparatuses can be
used. On the other hand, an ultrapure water replenishment line 25 is
connected to the cleaning vessel 1, and an on-oft electromagnetic valve
26 is connected to the ultrapure water replenishment line 25. The opening
and closing motion of the on-off electromagnetic valve 25 26 can be
controlled by the sulfuric acid concentration measurement apparatus 50.
For the sulfuric acid concentration measurement apparatus 50, a sulfuric
acid concentration to be maintained in the cleaning vessel 1 is preset as a
standard value, with the standard value being stored in a storage means
such as 30 memory device and read out as required.  [0077] The working
of a sulfuric acid recycling type cleaning system configured as described
above is explained below. In this embodiment, as well as in the
embodiment described above, 5 the cleaning vessel 1 contains sulfuric
acid, and ultrapure water is added to adjust the sulfuric acid concentration
to an appropriate value in the concentration range of 8 to 18M and heated
with an appropriate heater 21 up to about 130C. Here, a sulfuric acid
concentration to be maintained is preset as a standard value 



10 in the sulfuric acid concentration measurement apparatus 50, with the
electromagnetic on-of f valve 26 being closed when cleaning is started.
The sulfuric acid solution is sent to the electrolysis reactor 10a by the
liquid feed pump 6. In the electrolysis reactor 10a, 15 persulfate ions are
produced from sulfate ions that are contained in the solution, and the
solution is then sent through the connecting pipe 4a to the electrolysis
reactor 10b where persulf ate ions are produced from sulfate ions as in
the above case to produce a high-concentration persulfuric acid solution
20 2. Here, the linear velocity of the liquid flow and the electric current
density are set appropriately as in the modes described above. [0078] The
cleaning vessel 1 contains a high-concentration persulfuric 25 acid
solution 2 which is used for cleaning of a semiconductor wafer 30 to
remove resist etc. from the semiconductor wafer 30, The persulfuric acid
solution 2 in the cleaning vessel 1 gradually decreases in persulfuric acid
concentration as a result of self -decomposition, but after being sent to the
electrolysis 30 reactors 10a and 10b through the return pipe 4 and the
liquid feed  pump 6, persulfate ions are regenerated by electrolysis. In this
mode as well, the sulfuric acid solution can be used repeatedly in order to
allow effective cleaning to be continued while regenerating the persulfuric
acid solution 2. 5The solution gradually increases in sulfuric acid
concentration as a result of electrolysis and evaporation of water as it
circulates through the cleaning vessel 1 and the electrolysis reactors 10a
and 10b. The sulfuric acid concentration of the solution is measured
continuously or at 10 appropriate intervals with the sulfuric acid
concentration measurement apparatus 50. Furthermore, the sulfuric acid
concentration measurement apparatus 50 compares the measured
concentration with the preset value, and opens the electromagnetic on-off
valve 26 if the measured concentration is 15 0.2M or more higher than the
preset value to allow ultrapure water to be injected to the cleaning vessel
1 from the ultrapure water replenishment line 25. The quantity to be
injected may be preset in advance, or the sulfuric acid concentration
measurement 



apparatus 50 may be designed to monitor the sulfuric acid 20
concentration to maintain the injection until the difference between the
measured concentration and the preset value becomes less than 0.2M.
After the injection, the electromagnetic on-off valve 26 is closed through
the control by the sulfuric acid concentration measurement apparatus 50.
Said control serves to 25 maintain the sulfuric acid concentration of the
solution appropriately and automatically, allowing the regeneration of
persulfate ions to be perfoimed efficiently by the electrolysis reactors 10a
and 10b. (0079) 30 (Embodiment 3-2)  In embodiment 3-1 described
above, the sulfuric acid concentration of the solution is monitored for
control of the injection of ultrapure water into the solution to maintain an
appropriate sulfuric acid concentration of the solution, but 5 instead, the
volume of the solution may be monitored for estimation of the sulfuric acid
concentration of the solution to control the injection of ultrapure water into
the solution.    In this embodiment, the volume of the solution is monitored
by measuring the liquid level of the solution in the cleaning 10 vessel 1
before being sent to the cleaning apparatus. This embodiment is
explained below. For some parts of this embodiment configured similarly
to the embodiment described above, the same numerals are used and
their explanations are omitted or simplified. 15[0080]    In the cleaning
vessel 1, liquid level sensors 51a and 51b, which work as said liquid level
measurement means, are provided near the liquid level in order to monitor
the level of the persulfuric acid solution 2 contained in the cleaning vessel
1. 20 In the case of the liquid level sensors 51a and 51b, the liquid level
sensor 51b, for example, receives light emitted by the liquid level sensor
51a, and the liquid level is detekmined as the lower limit of the range
where light can reach. There are no specific limitations on the structure of
the liquid 25 level measurement means for the invention, and a
floating-type sensor may be used to monitor the liquid level. However, the
persulfuric acid solution 2 has a strong oxidizing power, and therefore, a
non-contact type sensor, which does not come in contact with the solution,
is preferred. In the controller (not 30 shown) which receives output from
the liquid level sensor 51b, 



a liquid level to be maintained may be preset in advance to allow the
sulfuric acid concentration of the solution to be maintained appropriately
based on the liquid level monitored. The controller can control the opening
and closing motion of the electromagnetic 5 on-off valve 26 based on the
liquid level monitored. [0081] During the cleaning with the persulfuric acid
solution, the liquid level in the cleaning vessel 1 is monitored continuously
or at appropriate intervals with the liquid level sensors 51a and 51b. 10
The controller receives output from the liquid level sensor 51b, compares
the measured liquid level and the preset liquid level, and if the measured
liquid level is lower bya prescribed quantity than the preset value, controls
the electromagnetic on-off valve 26 so that ultrapure water is injected to
the cleaning vessel 1 15 from the ultrapure water replenishment line 25.
The preset value for triggering the control of the electromagnetic on-off
valve 26 by the liquid level sensor 51b maybe set up discretionarily and
therefore may be zero. The preset value may also be the variation in the
liquid level that is equivalent to an increase 20 of 0.2M in the
concentration of the solution that takes place as the water content
decreases to lower the level from the required height. A prescribed
volume of ultrapure water may be injected at a time, or the liquid level may
be monitored with the liquid level sensors 51a and 51b to allow injection to
be continued until 25 the difference between the measured and the preset
liquid level becomes less than a prescribed value. Through this control,
the sulfuric acid concentration of the solution is maintained at an
appropriate value, and the regeneration of persulf ate ions is perfoimed
efficiently in the electrolysis reactors 10a and 10b. 30[0082]  (Embodiment
3-3) In embodiment 3-2 described above, the volume of the solution is
monitored based on the liquid level in the cleaning vessel so that the
injection of ultrapure water into the solution is controlled to maintain an
appropriate sulfuric acid concentration of the solution, but instead, the
weight of the solution in the cleaning vessel may be monitored so that the
sulfuric acid concentration of the solution is estimated to allow the
injection of ultrapure water into the solution is controlled. Such an
embodiment is 10 explained below. For some parts of this embodiment
configured similarly to the embodiment described above, the same
numerals are used and their explanations are omitted or simplified. 



[0083] 15 The cleaning vessel 1 is placed on top of the weighing
apparatus 52, which serves a said liquid weight measurement means, so
that the change in the weight of the liquid contained in the cleaning vessel
1 can be measured with the weighing apparatus 52. The liquid weight
equivalent to the required sulfuric acid concentration is 20 prescribed in
the weighing apparatus 52. Whether the sulfuric acid concentration of the
solution is maintained at an appropriate value is determined from the
weight measurement. Furthermore, the weighing apparatus 52 also
serves to control the opening and closing motion of the electromagnetic
on-off valve 26, so that 25 if the weight measured with the weighing
apparatus 52 differs by a prescribed quantity from the prescribed value,
the  electromagnetic on-off valve 26 is controlled to allow the ultrapure
water is injected to the cleaning vessel 1 from the ultrapure water
replenishment line 25. The prescribed quantity 30 maybe set up
discretionarily and therefore may be zero. The preset  value may also be
the variation in the liquid weight that is equivalent to an increase of 0.2M
in the concentration of the solution that takes place as the water content
decreases to reduce the weight from the required value. 5[0084] During
the cleaning with the persulfuric acid solution, the weight of the cleaning
vessel 1 is monitored continuously or at appropriate intervals with the
weighing apparatus 52. The weight of the body of the cleaning vessel 1 is
constant, and therefore, 10 the change in the measurement taken by the
weighing apparatus 52 indicates the change in the weight of the solution
in the cleaning vessel 1. The weighing apparatus 52 compares the
measured and the prescribed weight, and if the measured weight is lower
by more than a prescribed quantity, the electromagnetic on-off valve 26 15
is controlled to allow ultrapure water is injected to the cleaning vessel 1
from the ultrapure water replenishment line 25. For control of the injection
of ultrapure water, the quantity to be injected maybe preset in advance, or
the weighing apparatus 52 may be designed to monitor the weight to
maintain the injection 20 until the measured weight becomes equal to a
prescribed value. This control allows the sulfuric acid concentration of the
solution to be maintained at an appropriate value. For embodiment 3-1 to
3-3 described above, the ultrapure water replenishment line is provided to
supply ultrapure water into the 



25 persulfuric acid solution as required, but for the present invention, a
replenishment line that supplies hydrogen peroxide solution instead of
ultrapure water may be provided to perform similar operations as in the
modes described above. Furthezmore, both an ultrapure water
replenishment line and a hydrogen peroxide 30 solution replenishment
line may be provided and allowed to perfoLm  similar operations.
[Example 1] [0085] An example of the invention is described below. 5 A
sulfuric acid recycling type cleaning systemasshown in Figure 1 was used
to perform cleaning under the following conditions. Circulated solution:
high-concentration sulfuric acid solution (volume ratio of sulfuric acid to
ultrapure water = 5:1), volume of solution: 50L 10Electrolysis reactor
Conductive diamond electrodes (5,000 ppm boron doped), anode area: 40
dm2 Electrolysis condition        Current density: 3000 A/m2, solution
temperature: 40C, flow 15 velocity: 10 m/hr Cleaning vessel  Persulfuric
acid concentration: 3g/L, temperature: 130C Wafer cleaning capacity 300
of 5-inch wafers/hr 20 Cleaning was carried out using the system
described above, and results showed that the required frequency of
sulfuric acid replacement was decreased to one third, namely from
150L/day in prior art to 50L/day, and that addition of hydrogen peroxide
was not necessary. 



25[0086] (Example 1-2) A sulfuric acid recycling type cleaning system as
shown in Figure 2 was used to perfoLm cleaning under the following
conditions. A high-concentration sulfuric acid solution prepared by mixing
30 40L of 98% concentrated sulfuric acid and 10L of ultrapure water  was
poured in a cleaning vessel and maintained at 130C. In the electrolysis
reactor, two cells connected in series were placed, each cell containing 10
electrodes, and each electrode comprising boron-doped (boron doping:
5,000 ppm) conductive diamond 5 supported on a Si substrate with a
diameter of 15 cm and thickness of 1 mm. The total effective electrolysis
area was 30 dm2 and the current density was 3,000 A/m2, and the
electrolysis was conducted at 40C. From the analysis of a sample of the
solution flowing out from the outlet of the electrolysis reactor, it was shown
that 10 the persulfuric acid production rate was 3g/L/hr. For one
immersion cycle, 50 five-inch silicon wafers coated with resist were
immersed for 10 minutes in the cleaning vessel to perform dissolution of
resist (TOC increase rate: 0.06 g/L/hr). The resultant solution was
circulated with a liquid feed pump between 15 the cleaning vessel and the
electrolysis reactors at a flow rate of 1 L/min (linear velocity of liquid flow:
80 m/hr). When the resist-coated silicon wafers was immersed, the
solution in the cleaning vessel became brown and the TOC concentration
was 30 mg/IL at first, but after nearly 10 minutes of circulation, the solution
20 in the cleaning vessel became colorless and transparent with the TOC
concentration below the detection limit. Such wafer cleaning was
conducted for 8 hours (cleaning 2,400 wafers), and results showed that
the high-concentration sulfuric acid solution served effectively for resist
removal and that the TOC concentration 25 decreased below the
detection limit. Wafer cleaning was continued further for 32 hours
(cleaning 9,600 wafers, totaling 12,000 wafers), and results again showed
that the high-concentration sulfuric acid solution served effectively for
resist removal and that the TOC concentration decreased below the
detection limit. 30[0087]  (Comparative example 1) 



A solution prepared by adding 10L of a 3596 hydrogen peroxide solution
to 40L of a 98-6 concentrated sulfuric acid was poured in a cleaning
vessel was maintained at 130C. According to the same immersion cycle
as in Example 1-2, resist-coated wafers were immersed in this solution for
dissolution of resist. In the first 6 cycles (cleaning 300 wafers), the solution
became brown immediately after the start of immersion, but it became
colorless and transparent in nearly 10 minutes, and the TOC
concentration 10 reached the detection limit. For the next set of 50 wafers,
however, the solution remained brown, and the TOC concentration was
still 30 mg/L in 10 minutes after the start of immersion. Then, 10L of the
solution was taken out from the cleaning vessel and 10L of a hydrogen
peroxide solution was added, followed by maintaining 15 the resultant
solution at 130C. In the first 2 cycles (cleaning 100 wafers), the solution
becomes brown immediately after the start of immersion, but it becomes
colorless and transparent in nearly 10 minutes, and the TOC
concentration reaches the detection limit. For the next set of 50 wafers,
however, the solution 20 remained brown, and the TOC concentration was
still 30 mg/L in 10 minutes after the start of immersion. Then again, 10L of
the solution was taken out from the cleaning vessel and 10L of a hydrogen
peroxide solution was added. The wafer immersion test was continued,
but when 50 wafers were immersed, the solution 25 failed to remove the
resist effectively, leaving some resist on the wafers after 10 minutes.
Replacement of the entire solution became necessary when cleaning of a
total of 400 wafers was finished. [0088] 30(Example 1-3)  Cleaning test
was performed under the same test conditions as in Example 1-2 except
that the temperature of the persulfuric acid solution in the cleaning vessel
was varied. Other test conditions were the same as in Example 1-2.
Results showed that when cleaning was perfomed with a cleaning fluid
heated at 90C, the rate of resist removal from wafers was low in the first
cycle, and resist was left on the wafers, indicating that cleaning was not
achieved satisfactorily. When cleaning was performed with a cleaning fluid
heated at 130C 10 (Example 1-2) , on the other hand, the resist removal
rate was high, and the persulfuric acid production rate was also sufficiently
high (3g/L/hr) as compared with the TOC increase rate (0.06g/L/hr) ,
indicating that cleaning was achieved effectively. In another cleaning test
where a cleaning fluid was heated at 180C, the 15 persulfuric acid
production rate was sufficiently high (3g/L/hr) in the first cycle as
compared with the TOC increase rate (0.06g/L/hr) , but the persulfuric
acid in the cleaning vessel self -decomposed rapidly, and the amount of
the remaining persulfuric acid was not sufficiently large for complete
removal 20 of TOC substances, leaving 30 mg/L of TOC substances in
the solution. This clearly indicates that the temperature of the cleaning
fluid should preferably be in the range of 100C to 170C. 



[0089] (Example 1-4) 25 Then, cleaning test was pert orated under the
same test conditions as in Example 1-2 except that the temperature of the
solution in the electrolysis reactor was varied, other test conditions were
the same as in Example 1-2.          Results showed that when the
temperature of the solution in 30 the electrolysis reactor was 5C, the
persulfuric acid production  rate was 4.5 g/L/hr, and a sufficient volume of
persulfuric acid was maintained as compared with the TOC increase rate
of 0.06 g/L/hr, but since the temperature of the cleaning fluid was 130C,
heating was necessary to increase the temperature of the solution 5 by
125C, which required long pipes for circulation as well as a large input of
heat energy. Thus, a large portion of the persulfuric acid was consumed
before reaching the cleaning vessel, and 30 mg/L of TOO substances
were left in the solution at the end of the first cycle. Compared with this,
when the temperature 10 of the solution in the electrolysis reactor was
10C, 40C, 80C, or 90C, the persulfuric acid production rate was 4 g/L/hr, 3
g/L/hr, 1.2 g/L/hr, or 0.9 g/L/hr, respectively, suggesting that persulfate
ions were produced efficiently. The electrodes were free of damage after
1,000 hours of electrolysis. When the 15 temperature of the solution in the
electrolysis reactor was 100C, on the other hand, the persulfuric acid
production rate was 0.25 g/L/hr, clearly showing that the persulfate ion
production rate deteriorated. Thus, the ratio of (persulfuric acid production
rate (g/L/hr)/TOC increase rate (g/L/hr)) was less than 10, and 20
oxidative decomposition did not proceed satisfactorily. Furthermore, 500
hours of electrolytic reaction resulted in exfoliation of the conductive
diamond layer from the Si substrate. Thus, it was clearly shown that the
temperature of the solution used for the electrolytic reaction should
preferably be in the 25 range of 10 to 90C. [00903 (Example 1-5) Then,
cleaning test was pertoitued under the same test conditions as in Example
1-2 except that the current density in the 30 electrolysis reactor was varied
to change the persulfuric acid  



production rate. Other test conditions were the same as in Example 1-2.
As a result, a sufficiently high persulfuric acid production rate as
compared with the TOC increase rate was obtained and effective cleaning
was achieved when the current density was in the range of 10 to 100,000
A/m2 as shown in Table 1. [0091]  [Table 1] Result of examination varied
current density Run No. current density (A/m2) persulfuric ions production
rate  TOC cease rate 1g/wild persulfuric acid / TOC TOC concentration in
a solution 



(r98/1)  30mg/1 cleaning effect for wafers  X 1 7.5 0.1 0.06 1.7   2 3000
3.0 0.06 50 



<5mg/1   5000 4.8 0.06 80 <5mg/1 0 4 7500 6.5 0.06 108 <5mg/1 0 



5 10000 9.0 0.06 150 <5mW1 0 6 120000 electrode broken 0.06 electrode
broken 30mg/I X persulfuric acid / TOC persul c ions production rate /
TOC increase rate [ 0 0 9 2 ] 



5(Example  1-6) Cleaning test was performed under the same test
conditions as in Example 1-2 except that the persulfuric acid production
rate was varied by changing the linear velocity of the liquid flow in the
electrolysis reactor. Other test conditions were the same as in 10 Example
1-2. Results are shown in Table 2. When the linear velocity of the liquid
flow was 0.3 m/hr, many air bubbles were foimed in the electrolysis cells,
making it impossible to perform the electrolysis reaction. For a linear
velocity of 20,000 m/hr, on the other hand, a very 15 long tube would be
required for heat exchange, making it impossible to design a practical
system. A sufficiently high persulfuric acid production rate, relative to the
TOC increase rate, and a satisfactory cleaning performance were
achieved when the linear velocity was in the range of 1 to 10,000 m/hr.
20[0093]  [Table 2 ]  Run No. linear velocity (m/hr) persulfuric ions 



production rate [g/Whr) TOC increase rate persulfuric acid / TOC TOC
concentration in a solution (mei cleaning effect for wafers  0.3  electrolytic
reaction is di sable 



0.06  30mg/I X 2 5 3.0 0.06 50 <5mg/1 0 3 40 3.2 0.06 53 



<5mg/I 0 4 300 3.3 0.06 55 <5mg/1 0  5000 3.5 0.06 58 <5mg/1  



6 20000 The apparatus cannot be established actually 0.06  30mg/I X
persulfuric acid / TOC : persulfuric ions production rate / TOC increase
rate [ 0 0 9 4 ] (Example 2) 5 A high-concentration sulfuric acid solution
prepared by mixing 40L of 98% concentrated sulfuric acid and 8L of
ultrapure water was poured in a cleaning vessel and maintained at 130C.
As shown in Figure 3, in the electrolysis reactor, two cells connected in
series were placed, each cell containing 10 electrodes, and each 10
electrode comprising boron-doped conductive diamond supported on a Si
substrate with a diameter of 15 cm and thickness of 1 mm. The effective
anode area and the current density were 30 dm2 and 30 A/dm2,
respectively, and the electrolysis was conducted at 4 0 C. From the
analysis of a sample of the solution flowing out from 



15 the outlet of the electrolysis reactor, it was shown that the persulfate
ions production rate was 3g/L/hr. For one immersion cycle, 50 six-inch
silicon wafers coated with resist were immersed for 10 minutes in the
cleaning vessel to perform dissolution of resist (TOC increase rate: 0.04
g/L/hr) . The resultant solution 20 was circulated with a pump between the
cleaning vessel and the  electrolysis reactors at a flow rate of 1 L/min.
[0095] When the resist-coated silicon wafers was immersed, the solution
in the cleaning vessel became brown and the TOC concentration was 5
30 mg/L at first, but after nearly 10 minutes of circulation, the solution in
the cleaning vessel became colorless and transparent with the TOC
concentration below the detection limit. Such wafer cleaning was
conducted for 8 hours (cleaning 2,400 wafers), and results showed that
the high-concentration sulfuric acid solution 10 served effectively for resist
removal and that the TOC concentration decreased below the detection
limit, Wafer cleaning was continued further for 32 hours (cleaning 9,600
wafers, totaling 12,000 wafers), and results again showed that the
high-concentration sulfuric acid solution served effectively for 15 resist
removal and that the TOC concentration decreased below the detection
limit. [0096] (Comparative example 2) In a cleaning vessel, 40L of 98%-
concentrated sulfuric acid was 20 poured and 8L of a 3596 hydrogen
peroxide solution was added to produce a solution, which was then
heated at 130C. According to the same immersion cycle as in Example 1,
resist-contaminated wafers were immersed in the solution to carryout
dissolution of the resist. In the first 6 cycles (cleaning 300 wafers), the 25
solution served to perform resist removal effectively, and though it
became brown immediately after the start of immersion, it became
colorless and transparent in nearly 10 minutes, and the TOC
concentration reached the detection limit. For the next set of 50 wafers,
however, resist was left on the wafers, the solution 



30 remaining brown, and the TOC concentration being still 30 mg/L  in 10
minutes after the start of immersion. Thus, these 50 wafers were excluded
because it was considered that they had not undergone effective
treatment. Subsequently, 8L of the solution was taken out from the
cleaning 5 vessel, and 8L of a hydrogen peroxide solution was added to
produce a solution, which was then heated at 130C. The wafer immersion
test was continued. In the first 2 cycles (cleaning 100 wafers); the solution
served to perform resist removal effectively, and though it became brown
immediately after the start of immersion, 10 it became colorless and
transparent in nearly 10 minutes, and the TOC concentration reached the
detection limit. For the next set of 50 wafers, however, resist was left on
the wafers, the solution remaining brown, and the TOC concentration
being still 30 mg/L in 10 minutes after the start of immersion. Thus, these
50 wafers 15 were excluded because it was considered that they had not
undergone effective treatment. [0097] Then again, 8L of the solution was
taken out from the cleaning vessel and 8L of a hydrogen peroxide solution
was added. The wafer 20 immersion test was continued, but when 50
wafers were immersed, the solution failed to remove the resist effectively,
leaving some resist on the wafers after 10 minutes. Replacement of the
entire solution became necessary when cleaning of a total of 400 wafers
was finished. Wafers thus cleaned were placed in a wafer analyzer, 25
where they were heated at 400C and the organic residue was measured
with a mass spectrometer. The amount of organic residue was in the
range of about 500  to 1000 pg/cm2, suggesting that highly clean wafers
were not obtained. Furthermore, the periphery of the pattern was
observed by low acceleration voltage type scanning 30 electron
microscopy, and results showed that a large amount of  resist residue was
left. 



[00981 (Example 3-1) A high-concentration sulfuric acid solution prepared
by mixing 5 40L of 9796- concentrated sulfuric acid and 8L of ultrapure
water was poured in a cleaning vessel and maintained at 130C. In the
electrolytic reaction apparatus, two electrolysis cells connected in series
were placed, each cell containing 10 electrodes, and each electrode
comprising boron-doped conductive 10 diamond supported on a Si
substrate with a diameter of 15 cm and thickness of 1 mm. The effective
anode area and the current density were 30 dm2 and 30 A/dm2,
respectively, and the electrolysis was conducted at 40C. From the
analysis of a sample of the solution flowing out from the outlet of the
electrolytic reaction apparatus, 15 it was shown that the persulfate ions
production rate was 3g/L/hr. For one immersion cycle, 50 six-inch silicon
wafers coated with resist were immersed for 10 minutes in the cleaning
vessel. Immersion was continued for a total of 40 hours (cleaning a total of
12,000 wafers) to perform dissolution of resist (TOC increase 20 rate: 0.04
g/L/hr). During this process, the sulfuric acid concentration of the sulfuric
acid solution was monitored continuously with a sulfuric acid concentration
measurement apparatus, and whenever the sulfuric acid concentration
reaches 16.6M, ultrapure water was 25 injected automatically until the
sulfuric acid concentration reaches 16.4M. This allowed the sulfuric acid
concentration to be maintained in the range of 16.3 to 16.7M throughout
the process. [0099] 30(Example 3-2)  A high-concentration sulfuric acid
solution prepared by mixing 40L of 97% concentrated sulfuric acid and 8L
of ultrapure water was poured in a cleaning vessel and maintained at
130C. In the electrolytic reaction apparatus, two electrolysis cells 5
connected in series were placed, each cell containing 10 electrodes, and
each electrode comprising boron-doped conductive diamond supported on
a Si substrate with a diameter of 15 cm and thickness of 1 mm. The
effective anode area and the current density were 30 dm2 and 30 A/dm2,
respectively, and the electrolysis was 



10 conducted at 40C. From the analysis of a sample of the solution
flowing out from the outlet of the electrolytic reaction apparatus, it was
shown that the persulfate ions production rate was 3g/L/hr. For one
immersion cycle, 50 six-inch silicon wafers coated with resist were
immersed for 10 minutes in the cleaning vessel. 15 Immersion was
continued for a total of 40 hours (cleaning a total of 12,000 wafers) to
perfoim dissolution of resist (TOC increase rate: 0.04 g/L/hr). During this
process, the liquid level of the sulfuric acid solution was monitored
continuously with a level sensor provided 20 in the cleaning vessel, and
whenever the liquid level lowered by 5mm, ultrapure water was injected
automatically to raise the liquid level up to the initial height. This allowed
the sulfuric acid concentration to be maintained in the range of 16.2 to
16.7M throughout the process. 25[0100]  (Example 3-3) A
high-concentration sulfuric acid solution prepared by mixing 40L of 97%
concentrated sulfuric acid and 8L of ultrapure water was poured in a
cleaning vessel and maintained at 130C. In the 30 electrolytic reaction
apparatus, two electrolysis cells  connected in series were placed, each
cell containing 10 electrodes, and each electrode comprising boron-doped
conductive diamond supported on a Si substrate with a diameter of 15 cm
and thickness of 1 mm. The effective anode area and the current density
were 30 dm2 and 30 A/dm2, respectively, and the electrolysis was
conducted at 40C. From the analysis of a sample of the solution flowing
out from the outlet of the electrolytic reaction apparatus, it was shown that
the persulfate ions production rate was 3g/L/hr. For one immersion cycle,
SO six-inch silicon wafers coated with 10 resist were immersed for 10
minutes in the cleaning vessel. Immersion was continued for a total of 40
hours (cleaning a total of 12,000 wafers) to perform dissolution of resist
(TOC increase rate: 0.04 g/L/hr) .The whole of cleaning vessel was put on
the load cell. 15 During this process, the total weight of the cleaning
vessel was monitored continuously, and whenever the weight decreased
by 0.1kg, 0.1kg of ultrapure water was injected automatically. This allowed
the sulfuric acid concentration to be maintained in the range of 16.0 to
16.8M throughout the process. 20[0101] Thus, the invention has been
explained above based on practical modes and examples, but these
modes or examples do not impose any limitations on the invention, and
they may be modified in the scope of the invention. 25[Industrial
applicability] [0102] 



The cleaning system of the invention is suited particularly to cleaning of
silicon wafers, glass substrates for liquid crystals, photomask substrates,
and other substrates for electronic 30 materials, as well as cleaning of
other various objects. More  specifically, it can be used in processes for
removing organic substances such as resist residue adhering to
semiconductor substrates. It can be used also in processes for removing
contaminants including fine particles and metal adhering to 5
semiconductor substrates. In most conventional semiconductor substrate
processing processes, dry etching and ashing steps for oxidizing and
ashing resist, which is organic material, are provided for pretreatment prior
to cleaning. Use of such steps, however, can increase the 10 equipment
and processing costs. Compared with these, the system of the invention,
which can perform cleaning very effectively, can achieve the removal of
resist adequately in a process that does not have such pretreatment steps
for dry etching and ashing. Thus, the invention can serve to establish a
process that is free 15 of such pretreatment steps.  Claims [Claim 1] A
sulfuric acid recycling type cleaning system comprising a cleaning
apparatus that cleans  objects using a persulfuric acid solution as cleaning
fluid, an electrolytic reaction apparatus that regenerates the persulfuric
acid solution by performing electrolytic reaction to produce persulfate ions
from sulfate ions contained in the solution wherein the solution containing
sulfate ions is allowed to flow parallel with the electrode surface at a linear
velocity of I to 10,000 m/hr, and a Circulation line that circulates the
persulfuric acid solution between the cleaning apparatus and the
electrolytic reaction apparatus, and wherein the temperature of the
solution that is electrolyzed in said electrolytic reaction apparatus is kept
lower than the temperature of said cleaning fluid. [Claim 2] A sulfuric acid
recycling type cleaning system as described in claim I wherein the
temperature of the solution that is electrolyzed in said electrolytic reaction
apparatus is kept in the range of 10 to 90C. 



[Claim 3] A sulfuric acid recycling type cleaning system as described in
any of claims 1 or 2 comprising a heating means to heat said cleaning
fluid. [Claim 4] A sulfuric acid recycling type cleaning system as described
in any of claims I or 2 comprising a cooling means to cool the solution that
is to be electrolyzed in said electrolytic reaction apparatus. [Odin 5] A
sulfuric acid recycling type cleaning system as described in claim 3
comprising a cooling means to cool the solution that is to be electrolyzed
in said electrolytic reaction apparatus. [Claim 6] A sulfuric acid recycling
type cleaning system as described in any of claims 1 or 2 comprising a
heat exchange means to perform heat exchange in said circulation line
between the comparatively lower temperature feed persulfuric acid
solution flowing from said electrolytic reaction apparatus and the
comparatively higher temperature return persulfuric acid solution flowing
from said cleaning apparatus. [Claim 7]     A sulfuric acid recycling type
cleaning system as described in claim I wherein passages in said
circulation line are made of quartz or tetralluoroethylene. [Claim 8]    A
sulfuric acid recycling type cleaning system as described in claim I
comprising a decomposition unit that decomposes contaminants removed
from objects by said cleaning. [Claim 9]       A sulfuric acid recycling type
cleaning system as described in claim I wherein the solution to be
electrolyzed in said electrolytic reaction apparatus has a sulfuric acid
concentration in the range 10of 81N4 to 18.M. [Claim 10] 



A sulfuric acid recycling type cleaning system as described in cam I
wherein the electrodes in the electrolytic reaction apparatus, at least an
anode is a conductive diamond electrode. [Claim II] 15A sulfuric acid
recycling type cleaning system as described in 20  claim I wherein the
conductive diamond electrodes provided in the electrolytic reaction
apparatus are self-standing type conductive diamond electrodes produced
by laminating conductive diamond on a substrate followed by removing
the substrate. [Claim 12] A sulfuric acid recycling type cleaning system as
described in claim I wherein the object to be cleaned is a semiconductor
substrate. [Claim 13] A sulfuric acid recycling type cleaning system as
described in claim I wherein electrolysis is 10controlled so that the ratio
between the rate of TOC (total organic carbon) increase resulting from the
removal of organic contaminants in said cleaning apparatus and the rate
of persulfuric acid production in said electrolysis apparatus (persulfuric
acid production rate (g/L/hr) per TOC increase rate in cleaning vessel
(g/L/M)) is in the range of 10 to 500. [Claim l 4] 



15A sulfuric acid recycling type cleaning system as described in claim 1
comprising an ultrapure water or hydrogen peroxide solution
replenishment line to supply ultrapure water or a hydrogen peroxide
solution to said persulfuric acid solution. [Claim 15] A sulfuric acid
recyciling type cleaning system as described in claim 14 wherein said
ultrapure 20water or hydrogen peroxide solution replenishment line is
provided to inject ultrapure water or a hydrogen peroxide solution into the
bottom portion of the cleaning vessel in the cleaning apparatus. [Claim 16]
A sulfuric acid recycling type cleaning system as described in 25 30  either
claim 14 or 15 comprising a sulfuric acid concentration measurement
means to monitor the sulfuric acid concentration of the solution so that the
injection from said ultrapure water or 6hydrogen peroxide solution
replenishment line can be controlled based on concentration
measurements taken by said sulfuric acid concentration measurement
means. [Claim 17] A sulfuric acid recycling type cleaning system as
described in claim 16 wherein injection of the ultrapure water or hydrogen
peroxide solution from said uitrapure water or hydrogen peroxide 



10solution replenishment line is conducted when the concentration
measured by said sulfuric acid concentration measurement means is 0.2M
or more higher than a prescribed value. [Claim 18]   A sulfuric acid
recycling type cleaning system as described in claim 16 wherein said
sulfuric acid concentration measurement means is designed to use
absorptiometry to measure the sulfuric acid 15concentration. [Claim 19] A
sulfuric acid recycling type cleaning system as described in either claim 14
or 15 comprising a liquid volume measurement means to monitor the
volume of the cleaning fluid in the cleaning vessel in said cleaning
apparatus so that the injection action of said ultrapure water or hydrogen
20peroxide solution replenishment line is controlled based on
measurements taken by said liquid volume measurement means. [Claim
20] A sulfuric acid recycling type cleaning system as described in either
claim 14 or 15 comprising a liquid level measurement means to monitor
the liquid level of the cleaning fluid in the cleaning 25 30  vessel in said
cleaning apparatus so that the injection action of said ultrapure water or
hydrogen peroxide solution replenishment line is controlled based on
measurements taken by said liquid level measurement means. [Claim 21]
A sulfuric acid recycling type cleaning system as described in either claim
14 or 15 comprising a liquid weight measurement means to monitor the
weight of the cleaning fluid in the cleaning vessel in said cleaning
apparatus so that the injection action of said ultrapure water or hydrogen
peroxide 



10solution replenishment line is controlled based on measurements taken
by said liquid weight measurement means. [Claim 22] A sulfuric acid
recycling type cleaning system as described in claim 21 wherein said
liquid weight measurement means is designed to measure the combined
weight of the cleaning vessel and the 15cleaning fluid in the cleaning
vessel. [Claim 23] A sulfuric acid recycling type persulfuric acid supply
apparatus comprising an electrolytic reaction apparatus that performs
electrolytic reaction to regenerate a persulfuric acid solution by producing
persulfate ions from sulfate ions contained in the solutions wherein the
solution containing sulfate 20ions is allowed to flow parallel with the
electrode surface at a linear velocity of Ito 10,000 m/hr, and a circulation
line that circulates the persulfuric acid solution between said electrolytic
reaction apparatus and a cleaning apparatus that uses persulfuric acid,
and wherein the temperature of the solution that is electrolyzed in said
electrolytic reaction apparatus is kept in the range of 10 to 90C. 25[Claim
24]  A sulfuric acid recycling type persulfur c acid supply apparatus as
described in claim 23 comprising a cooling means to cool the return
solution flowing from the cleaning apparatus to the electrolytic reaction
apparatus in said circulation line to the range of 10 to 90C. 30  [Claim 25]
A sulfuric acid recycling type persulfuric acid supply apparatus as
described in either claims 23 or 24 comprising a heating means to heat
the feed solution flowing from the electrolytic reaction apparatus to the
cleaning apparatus in said circulation line to the range of 100 to 170C. 



[Claim 26] A sulfuric acid recycling type persulfuric acid supply apparatus
as described in either claim 23 or 24 comprising a heat exchange means
to perform heat exchange between the feed solution flowing from the
electrolytic reaction apparatus to the cleaning apparatus and the return
solution flowing from the cleaning apparatus to the electrolytic reaction
apparatus in said circulation line. [Claim 27] A sulfuric acid recycling type
persulfuric acid supply apparatus as described in claim 23 wherein the
sulfate ion concentration of said solution is 8M or more. [Claim 28] A
sulfuric acid recycling type persulfuric acid supply apparatus as described
in claim 23 wherein of the electrodes residing in said electrolytic reaction
apparatus, at least the anode is a conductive diamond electrode. [Claim
29] A sulfuric acid recycling type persulfui c acid supply apparatus as
described in claim 23 wherein passages in said circulation line are made
of tetrafluoroethylene.  A SULFURIC ACID RECYCLING TYPE
CLEANING SYSTEM AND A SULFURIC ACID RECYCLING TYPE
PERSULFURIC ACID SUPPLY APPARATUS 5 ABSTRACT A system for
cleaning with persulfuric acid which makes it possible to enhance the
persulfuric acid concentration and thereby attain higher cleaning effect
and which 10 permits the continuation of cleaning; and a feeder for
feeding persulfuric acid into a cleaning apparatus. The feeder is provided
with an electrolysis vessel (10) for forming persulfate ions by electrolysis
from sulfate ions contained in a solution and thus regenerating a
persulfuric acid solution, and lines (4), (5) and (6) for circulating a
persulfuric acid solution between a cleaning tank (1) and the electrolysis
vessel (10). 15The system is constituted of the above feeder and a
cleaning tank (1) for cleaning a 



member (30) to be cleaned by the use of a persulfuric acid (2) as the
cleaning fluid.  Figure 1 






