
DESCRIPTION TITLE OF THE INVENTION: LIQUID HEATING APPARATUS AND LIQUID
HEATING METHOD 5 TECHNICAL FIELD [0001] The present invention relates to a
liquid heating apparatus capable of highly efficiently heating liquid in a
short time. The present invention particularly relates to a liquid heating
apparatus that can be suitably used to rapidly heat cleaning fluid at a
resist stripping step included in 10 semiconductor manufacturing process
and to a liquid heating method therefore. BACKGROUND ART [00021 As a
method used at a resist stripping step in semiconductor 15 fabrication, a
sulfuric acid electrolytic method has been known wherein sulfuric acid
solution is electrolyzed to form peroxosulfuric acid (peroxodisulfuric
acid: molecular peroxosulfuric acid and ionic peroxosulfuric acid) and
then cleaning is performed using the peroxosulfuric acid solution as
cleaning fluid. Resist stripping efficiently proceeds at a resist
stripping 20 step, when the temperature of cleaning fluid is elevated (to
about 120C to 190C). It can be considered that this is because when the
temperature of cleaning fluid produced using such a sulfuric acid
electrolytic method is increased to a predetermined high temperature,
peroxosulfuric acid in the cleaning fluid autolyzes, and sulfate radicals
having extremely strong 25 oxidation power are thus generated and
contribute to cleaning.           Radicals have only short lifetime, and
therefore, if the temperature of cleaning fluid is raised earlier,
peroxosulfuric acid in the cleaning fluid will autolyze too early and its
radicals will be consumed without contributing to cleaning. When the
temperature of peroxosulfuric acid solution is increased 5 to high
temperature, peroxosulfuric acid autolyzes to generate sulfate radicals,
and the concentration of sulfate radicals consequently increases. The
generated sulfate radicals simultaneously decompose to decrease the
concentration of sulfate radicals. The concentration of sulfate radicals
peaks after several tenths of a second to several seconds from the
elevation of 



10 the temperature of peroxosulfuric acid solution, the time interval
varying also based on the temperature of the solution. Therefore, since it
is most efficient to set the timing of elevating temperature in such a
manner as to contribute to cleaning just when the concentration of sulfate
radicals reaches its peak, it is necessary to appropriately set optimum
timing. 15If cleaning fluid is slowly heated over a long time (for
example, for several minutes), the autolysis of peroxosulfuric acid and
the associated decomposition of sulfate radicals proceed during the
elevation of temperature. Therefore, at the time of the completion of the
elevation of temperature, the concentration of peroxosulfuric acid is
already low. 20 Results shown in FIG. 7 are obtained by theoretically
calculating based on reaction kinetics and Arrhenius equation, and the
results show that lifetime of peroxosulfuric acid is extremely short under
high temperature. [0003] As seen from the above, it is necessary to
perform the elevation of temperature of cleaning fluid in a very short
time (in several seconds) 25 immediately before cleaning.           On the
other hand, under lower temperature, the efficiency of the electrolysis of
sulfuric acid solution is higher and the rate of the autolysis of
peroxosulfuric acid is lower. It is thus preferable that sulfuric acid
solution be electrolyzed at low temperature (about 20C to 60C). When used
as 5 cleaning fluid at a resist stripping step, it is necessary to
instantaneously elevate sulfuric acid solution, which is electrolyzed at
low temperature, to high temperature from low temperature immediately
before cleaning. Various apparatus for heating fluid have been proposed.
For example, such a fluid heating apparatus 40 as shown in FIG. 8 10 has
been conventionally used in a step of heating pure water or the like in
semiconductor fabrication. The fluid heating apparatus 40 includes: a
closed quartz vessel 41 in the shape of a tube; a liquid inlet 41a and a
liquid outlet 41b provided obliquely with each other on a side wall of the
closed quartz vessel 41; and an infrared heater 42 in the closed quartz
vessel 41. 15 Pure water or the like flows into the closed quartz vessel
41 through the liquid inlet 41a, is heated by being contacted with the
circumference of the infrared heater 42, and then discharged out of the
liquid outlet 41b. 



In addition, a fluid heating apparatus 50 as shown in FIG. 9 is known. The
fluid heating apparatus 50 includes a double-tube structure. Liquid to 20
be heated flows via an inlet 51a for the liquid to be heated and an outlet
51b for the liquid to be heated both provided for an inner tube 51. On the
other hand, heat transfer oil flows through between the inner tube 51 and
an outer tube 52 via an inlet 52a for the heat transfer oil and an outlet
52b for the heat transfer oil both provided for the outer tube 52. The
fluid to be heated 25 is heated due to the heat exchange between these
fluids through a wall of the  inner tube 51.        Moreover, a fluid
heating apparatus has also been proposed in which heating efficiency is
improved by providing a flow channel for fluid to be heated along both
outer and inner circumferences of a tubular ceramic 5 heater (see Patent
Document 1). RELATED ART DOCUMENT PATENT DOCUMENT       [0004] Patent
Document 1: Japanese Unexamined Patent Application 10 Publication No.
H05(1993)-79695 SUMMARY OF THE INVENTION PROBLEMS THAT THE INVENTION IS TO
SOLVE [0005] If high-temperature fluid such as heat transfer oil is used
as a 



15 heating source like the foregoing fluid heating apparatus 50, for
example, heat is transferred by conductive heat transfer and
forced-convective heat transfer in the order of oil, quartz wall and
solution. In order to transfer a large amount of heat in a short time by
the above heat transfer method, it is preferable to increase the
temperature of heat transfer oil to the highest 20 possible temperature
(for example, 1000C or higher). The highest usable temperature of heat
transfer oil industrially used, however, is only about 350C to 400C. Since
the heat volume of heating source is large in case of the method using
heat transfer oil or the like, it is difficult to instantaneously start
and stop rapid heating. 25In contrast, if a near-infrared heater emitting
near-infrared rays, 4  such as a halogen lamp heater, is used, heat energy
is directly transferred to fluid through radiant heat from light.
Near-infrared rays having wavelength of 0.8 micrometers to several
micrometers pass through quartz, and 99% or more thereof is absorbed by a
water layer having thickness of 5 several millimeters to several tens of
millimeters. In case of a lamp heater, heating can be instantaneously
started and stopped by turning on and off, and heating temperature can
also be adjusted as desired using lamp output. Therefore, near-infrared
lamp heaters have conventionally used for heating high-concentration
sulfuric acid solution. 10 [0006] In case of the foregoing fluid heating
apparatus 40, for example, however, ultrapure water and chemical solution
are heated at the rate of several liters per minute. In this case, the
volume of a quartz vessel becomes several liters due to the output and
dimensions of lamp, and liquid residence time thus becomes as long as 1 to
2 minutes. If the chemical 15 liquid contains peroxosulfuric acid in it,
the autolysis of peroxosulfuric acid proceeds, and peroxosulfuric acid is
thus wasted. Therefore, when using the fluid heating apparatus 40, it is
necessary to set the temperature of a heat transfer surface to extremely
high temperature (about 300C to 500C varying also based on the heat
resistance 20 of components). However, when setting the temperature of a
heat transfer 



surface to extremely high temperature, the autolysis rate of
peroxosulfuric acid extremely increases locally at the heat transfer
surface, and peroxosulfuric acid is consequently wasted. Therefore, the
concentration of peroxosulfuric acid becomes lower after the temperature
elevation. Hence, 25 it is necessary to increase the temperature of
sulfuric acid solution while  suppressing the autolysis of peroxosulfuric
acid within a heating apparatus as much as possible by not setting the
temperature of a heat transfer surface to high temperature, and to
activate the autolysis of peroxosulfuric acid using the high temperature
of sulfuric acid solution. 5However, even if heating is performed with the
foregoing well-known heating apparatuses, it is difficult to heat sulfuric
acid solution to high temperature in a short time while maintaining the
concentration of peroxosulfuric acid. That is, under the condition that
heat transfer medium is used or even under the condition that a lamp is
used as a heating 10 apparatus, if a liquid flow channel has too large
flow channel thickness, radiant heat from light is not transferred to
distant liquid. Therefore, it is impossible to evenly increase the
temperature of entire liquid. [00071 In consideration of above, it is an
object of the present invention to provide a liquid heating apparatus
capable of heating liquid to be heated of 15 low temperature to high
temperature in a short time without setting the temperature of a heat
transfer surface to high temperature and a liquid heating method
therefore. 



MEANS FOR SOLVING THE PROBLEMS 20 [0008] The liquid heating apparatus of a
first aspect of the present invention includes: a flow channel member
forming a flow channel allowing liquid to flow and having flow channel
thickness of 10 mm or smaller, the flow channel member composed of
material transmitting near-infrared rays; and a near-infrared heater
placed over the outside of at least one of opposite flow 25 channel
surfaces of the flow channel and heating the liquid in the flow  channel.
[0009] The liquid heating apparatus of a second aspect of the present
invention is characterized in that the near-infrared heaters may be placed
over the outside of both the flow channel surfaces in the first aspect of
the 5 present invention. 



[0010] The liquid heating apparatus of a third aspect of the present
invention is characterized in that the flow channel may be an annular flow
channel in the first or second aspect of the present invention. [0011] The
liquid heating apparatus of a fourth aspect of the present 10 invention is
characterized in that at least a portion of the flow channel member, the
portion forming the flow channel surface of the side where the
near-infrared heater is placed, may be composed of quartz in any one of
the first to third aspects of the present invention. [0012] The liquid
heating apparatus of a fifth aspect of the present 15 invention may
further include a spacer placed or encapsulated within the flow channel to
reduce volume of the flow channel in any one of the first to fourth
aspects of the present invention.    [0013] The liquid heating apparatus
of a sixth aspect of the present invention is characterized in that the
spacers may be plural in the fifth 20 aspect of the present invention.
[0014] The liquid heating apparatus of a seventh aspect of the present
invention is characterized in that the spacers may be granular-shaped and
filled in the flow channel in the sixth aspect of the present invention.
[0015] The liquid heating apparatus of a eighth aspect of the present 25
invention is characterized in that the spacers may be rod-shaped along
liquid  flowing direction and arranged in rows within the flow channel in
the sixth aspect of the present invention.   [0016] The liquid heating
apparatus of a ninth aspect of the present invention is characterized in
that the spacer may be composed of quartz in 5 any one of the fifth to
eighth aspects of the present invention. [0017] The liquid heating
apparatus of a tenth aspect of the present invention is characterized in
that an orifice and/or a header may be formed at a liquid inlet portion
and/or a liquid outlet portion of the flow channel in such a manner as to
have enlarged flow channel area to promote even 



10 distribution of the liquid in any one of the first to ninth aspects of
the present invention. [0018] The liquid heating apparatus of an eleventh
aspect of the present invention is characterized in that the liquid may be
sulfuric acid solution with concentration of 65% to 96% by weight in any
one of the first to tenth 15 aspects of the present invention. [0019] A
liquid heating method of a twelfth aspect of the present invention
includes: using the liquid heating apparatus according to any one of the
first to eleventh aspects of the present invention to heat a liquid in the
liquid heating apparatus maintaining residence time of the liquid in the
liquid 20 heating apparatus within a range of 0.5 to 5 seconds. [0020] A
liquid heating method of a thirteenth aspect of the present invention is
characterized in that liquid temperature may differ by 50C or more between
the liquid inlet portion and the liquid outlet portion in the flow channel
of the liquid heating apparatus in the twelfth aspect of the present
25invention.  [0021] A liquid heating method of a fourteenth aspect of the
present invention is characterized in that liquid temperature may be 60C
to 80C at the liquid inlet portion, and liquid temperature may be 120C to
190C at the liquid outlet portion in the liquid heating method in the
thirteenth aspect of 5 the present invention. EFFECT OF THE INVENTION 



[0022] Since a liquid heating apparatus according to the present invention
includes: a flow channel member forming a flow channel allowing liquid to
10 flow and having flow channel thickness of 10 mm or smaller, the flow
channel member composed of material transmitting near-infrared rays; and a
near-infrared heater placed over the outside of at least one of opposite
flow channel surfaces of the flow channel and heating the liquid in the
flow channel, it is possible to instantaneously and evenly heat the
liquid. 15 From the point of view of instantaneous and even heating of
liquid, it is more preferable that the flow channel thickness is 5 mm or
smaller. Further, in order to secure sufficient liquid flow, the flow
channel thickness is preferably 1 mm or bigger, more preferably 2 mm or
bigger. Moreover, in order to allow fluid to evenly flow through the flow
channel, it is preferable 20 that the flow channel thickness be
substantially constant. [0023] Since near-infrared rays pass through
quartz, a flow channel member and spacers composed of quartz do not
prevent heat transfer, and it is possible to efficiently transfer heat.
[0024] Since it is difficult to delicately process quartz, it has been
difficult to 25 form a flow channel having a narrow flow channel area,
that is, small volume  According to another present invention using
spacers, however, a flow channel having an appropriately narrow flow
channel area can be formed by simple work, i e , inserting the spacers
into a flow channel of a quartz tube commercially available. 5 [0025]
According to the present invention, the shape of spacers is not
particularly limited. Spacers may be rod-shaped or granular-shaped, for
example. In case of rod-shaped or granular-shaped spacers, small clearance
is formed between a flow channel and each spacer by making the diameter of
spacers some smaller than flow channel thickness, and liquid thus rapidly
10 flows. [0026] According to another aspect of the present invention,
since pressure loss is provided by forming a header at a liquid inlet
portion and a small hole such as an orifice at between the header and a
flow channel performing heating, it is possible to equalize the
distribution of flow volume within a 15 flow channel even in case of a
narrow flow channel, that is, in such a case where plural spacers are
inserted therein, for example. Note that the residence time of
high-temperature liquid can be shortened by reducing the volume of a
header at a liquid outlet portion. 



[0027] According to a liquid heating method of the present invention,
since 20 the liquid heating apparatus according to the present invention
is used to heat a liquid in the liquid heating apparatus maintaining the
residence time of the liquid in the liquid heating apparatus within the
range of 0.5 to 5 seconds, it is possible to instantaneously heat the
liquid without causing any change in the composition of the liquid and so
on. 25 [0028] Residence time of the liquid in the liquid heating apparatus
(liquid  flow time) is preferably 5 seconds or shorter, more preferably 2
seconds or shorter to suffice instantaneous heating. On the other hand, in
case of the residence time shorter than 0.5 seconds, it is necessary to
set flow channel thickness within the range of 1 mm or smaller or a heat
flux of a heater 5 within the range of 30 to 50 W/cm2 or higher. Since
structural problem thus arises, 0.5 second or longer is preferable. For
the same reason, 1 second or longer is more preferable. BRIEF DESCRIPTION
OF THE DRAWINGS 10[00291        FIG. 1(a) is a schematic cross-sectional
view of a liquid heating apparatus according to an embodiment of the
present invention along the longitudinal direction thereof, and FIG. 1(b)
is a cross-sectional view taken from line b-b in FIG. 1(a); 15FIG. 2(a) is
a detailed cross-sectional view of the above liquid heating apparatus
along the longitudinal direction thereof, and FIG. 2(b) is a
cross-sectional view taken from line b-b in FIG. 2(a);        FIG. 3 is a
diagram showing a single-wafer resist stripping system in which the liquid
heating apparatus according to the embodiment is used; 20 FIG. 4 is a
graph showing the relationship between the temperature of peroxosulfuric
acid solution (60C to 110C) and the half-life of peroxosulfuric acid; 



FIG. 5(a) is a schematic cross-sectional view of a liquid heating
apparatus according to another embodiment of the present invention along
25 longitudinal direction thereof, and FIG. 5(b) is a cross-sectional view
taken  from line b-b in FIG. 5(a);        FIG. 6(a) is a schematic
cross-sectional view of a liquid heating apparatus according to further
another embodiment of the present invention along longitudinal direction
thereof, and FIG. 6(b) is a cross-sectional view 5 taken from line b-b in
FIG. 6(a);        FIG. 7 is a graph showing the relationship between the
temperature of peroxosulfuric acid solution (120C to 170C) and the
lifetime of peroxosulfuric acid;              FIG. 8 is a schematic
diagram showing an example of conventional 10 liquid heating apparatuses;
FIG. 9 is a schematic diagram showing another example of conventional
liquid heating apparatuses. EMBODIMENTS FOR CARRYING OUT THE INVENTION 15
[00301 (FIRST EMBODIMENT)        A liquid heating apparatus according to
an embodiment of the present invention will be described below. 



FIG. 1 is a schematic diagram of the liquid heating apparatus 1. An
annular flow channel 4 is formed with a double-tube structure 20 where the
diameters of two tubes are approximate as shown in the figure; that is,
the annular flow channel 4 is provided between an inner tube and an outer
tube, and its flow channel thickness is set at 10 mm or smaller. It is
preferable that the annular flow channel 4 is vertically installed. In the
installed condition, a tubular large-volume header 3 communicates with the
25 lower side (liquid inflow side) of the annular flow channel 4. The
header 3  is provided with a lower inflow port 2. Liquid to be heated
flows into through the lower inflow port 2, and upward flow along the
direction of the axis of the annular flow channel 4 is thereby generated
in the annular flow channel 4 through the header 3. The upper side of the
annular flow channel 5 4 is gradually reduced a diameter and concentrated
to the center so that the annular flow channel 4 communicates with an
upward-open upper outflow port 5. The liquid to be heated flows through
the annular flow channel 4 and then flows out through the upper outflow
port 5. The annular flow channel 4 and the header 3 are made of quartz
exhibiting nonelution, 10 oxidation-resisting, and heat-resisting
properties. Quartz has a heat conductivity of 1.0 W/m/k and therefore has
good heat transfer properties. [0031] Rod-shaped spacers 6 with a diameter
smaller than the flow channel thickness are arranged parallel to one
another across the entire circumference of the annular flow channel 4, but
the spacers 6 are not fixed 15 to the inside of the flow channel. By
making the flow channel thickness at the height near the inflow port of
the annular flow channel 4 smaller than the diameter of the rod-shaped
spacers 6, the rod-shaped spacers 6 can be held within the annular flow
channel 4 without falling. Above the height near the inflow port, small
clearance is formed among the rod-shaped spacer 20 6 and an inside inner
circumference surface and an outside inner circumference surface of the
annular flow channel 4. Clearance may be formed among the rod-shaped
spacers 6, or such many rod-shaped spacers 6 as being contacted with each
other may be arranged within the annular flow channel 4. 25Although
rod-shaped spacers 6 are adopted as spacers in this  embodiment, the
present invention is not limited to such a shape. That is, the shape of
spacers is not particularly limited provided that the spacers have the
effect of achieving predetermined residence time within a heating
apparatus by decreasing inner cross sectional area of an annular flow 



5 channel. For example, spherical or arc-shaped spacers may be adopted. As
a material for the spacers, quartz exhibiting nonelution,
oxidation-resisting, and heat-resisting properties is used as in the case
of the flow channel member. The rod-shaped spacers 6, however, are much
preferred because they also have the effect of guiding liquid to be heated
in 10 the direction of the axis of the annular flow channel 4 to allow the
liquid to be heated to flow smoothly. [0032] An external heater 7 is
provided on the outer circumference side of the annular flow channel 4,
and an internal heater 8 is provided on the inner circumference side of
the annular flow channel 4. The above structure 15 constitutes the liquid
heating apparatus 1 according to the present invention. It is desirable
that the heaters evenly heat the outer circumference surface and/or the
inner circumference surface of the annular flow channel 4. FIG. 2 more
specifically shows the liquid heating apparatus 1 in detail. 20In FIG. 2,
two straight-tube halogen heaters as the internal heater 8 are placed in a
center portion of the annular flow channel 4 on the inner circumference
side. Halogen heaters as the external heater 7 are placed on the outer
circumference side of the annular flow channel 4. Note that heat sources
can be appropriately selected in accordance with the purpose. As 25 an
external heater, spiral heaters may be placed to encircle the flow channel



member. The internal heaters 8 and the external heaters 7 correspond to
near-infrared heaters according to the present invention, and each
includes a halogen heater to emit near-infrared rays (with wavelength of
0.8 to 2.5 pm). [0033] A method for fixing the components constituting the
liquid heating 5 apparatus 1 is not particularly limited on condition that
the components are placed as shown in FIG. 2. As the simplest method, it
can be considered that, for example, the lower part of the quartz tube
body of the annular flow channel 4 and an upper nozzle having the upper
outflow port 5 are held with clamps or the like attached to a support
column separately provided. In the 10 case of the external heater 7 in the
spiral shape, it is composed of several heaters, and each heater is held
with a clamp or the like. Since outer surfaces of the halogen heaters are
coated with reflective material, setup must be carefully performed in
order that the material is prevented from being rubbed and falling off.
Likewise, the internal heaters are supported 15 at their lower portions.
When setting up the liquid heating apparatus 1, it is important to install
the liquid heating apparatus 1 vertically so as to allow liquid to flow
upward. It is consequently possible to avoid troubles such as the
reduction in heat transfer efficiency due to the residence of bubbles
generated from 20 boiling or the like within a flow channel, and it can be
expected that liquid flows evenly. [00341 With the liquid heating
apparatus 1 according to the first embodiment of the present invention,
liquid flows while the residence time of the liquid is maintained within
the range of 0.5 to 5 seconds, and the liquid is 25 reliably heated. For
example, the liquid residence time required for heating  2 liter/min of
solution at 60C to 150C is 1.5 seconds. This is because the plurality of
rod-shaped spacers 6 is placed within the annular flow channel 4 to reduce
the flow channel area and allow liquid to flow while being contacted with
heating surfaces facing the heaters. In the case where 5 sulfuric acid
solution is used as liquid to be heated, it is possible to avoid boiling
of the sulfuric acid solution or the rapid autolysis of peroxosulfuric
acid (peroxodisulfuric acid) since the temperature of a liquid-contacting
heating surface is 200C or lower. 



[0035] A liquid heating apparatus according to the present invention can
be 10 used in a resist stripping application by, for example,
incorporating it in such a single-wafer resist stripping system as shown
in FIG. 3. The system is provided with a reservoir 10 in which sulfuric
acid solution containing peroxosulfuric acid, i.e., peroxodisulfuric acid,
hereinafter the sulfuric acid solution of this type referred to as 15
peroxosulfuric acid solution, is stored, an electrolytic device 13 that
electrolyzes sulfate ions to generate persulfate ions, and a cleaning
device 15. The peroxosulfuric acid solution in the reservoir 10 is held at
temperature of 60C to 80C, cooled with a heat exchanger 12 to temperature
suitable for electrolysis (40C to 60C) while being fed with a pump 11, and
then supplied 20 to the electrolytic device 13. In the electrolytic device
13, persulfate ions are generated from sulfate ions by electrolysis. The
peroxosulfuric acid solution is circulated between the electrolytic device
13 and the reservoir 10 at the flow rate of, for example, 5 to 10
liter/min. And further, the 



peroxosulfuric acid solution in the reservoir 10 is drawn therefrom with a
25 pump 14 at the flow rate of, for example, 1 to 2 liter/min, heated to
high  temperature (for example, 120C to 190C, preferably 140C to 160C) in
a short time with the above liquid heating apparatus 1, and then allowed
to flow down to an object to be cleaned (for example, a semiconductor
wafer) accommodated in the cleaning device 15 to clean the object to be
cleaned. 5 Since the peroxosulfuric acid solution is rapidly heated to the
high temperature with the liquid heating apparatus 1 in this event, the
peroxosulfuric acid solution does not autolyze excessively. The
peroxosulfuric acid solution keeping high cleaning power is thus supplied
to the cleaning device 15. The solution used at the cleaning device 15 is
drawn 10 therefrom with a pump 16, cooled with a heat exchanger 17, and
then fed back to the reservoir 10. [0036] When using a liquid heating
apparatus according to the present invention and performing such single
wafer cleaning using peroxosulfuric acid solution as in the system shown
in FIG. 3, sulfuric acid /solution 15 containing peroxosulfuric acid must
be instantaneously heated to about 150C with the liquid heating apparatus
1. Therefore, it is necessary to maintain appropriate temperature of the
solution at a previous apparatus. It is thus preferable that the reservoir
10 is positioned prior to the liquid 



heating apparatus 1 in the system, and the temperature in the reservoir is
20 maintain at 60C to 80C, as in the system shown in FIG. 3. The reason is
that if the temperature in the reservoir is lower than 60C, the load on
the liquid heating apparatus 1 according to the present invention is too
heavy, or if the temperature is higher than 80C, the rate of the autolysis
of the peroxosulfuric acid is too fast, and the concentration of the
peroxosulfuric 25 acid in the reservoir 10 cannot be maintained at high
level (see the graph of  "peroxosulfuric acid solution temperature vs
peroxosulfuric acid autolysis" in FIG. 4).         In the system shown in
FIG. 3, sulfuric acid solution drawn from the reservoir 10 is cooled and
electrolyzed and then fed back to the reservoir 10. 5 In consideration of
the fact that the temperature suitable for electrolysis is in the range
from 40C to 60C, and the temperature increases by about 20C to the range
from 60C to 80C after electrolysis, it is not necessary to separately
adjust the temperature of sulfuric acid solution in the reservoir 10 if
sulfuric acid solution is cooled to the range from 40C to 60C before 10
electrolysis. The above structure is thus adopted.         Sulfuric acid
solution to be electrolyzed especially at this system pereferably has
concentration of 75% to 96% by weight. Resist stripping requires both of
the power for penetrating between a resist and a silicon substrate
(penetration power) and the power for oxidizing the resist 



15 (oxidation power). The lower concentration of sulfuric acid causes to
be the higher the efficiency of the formation of peroxosulfuric acid
having oxidation power. The higher concentration of sulfuric acid causes
to be the greater penetration power. Therefore, an optimum sulfuric acid
concentration is selected from the above range based on the kind of
resist, the shape of 20 pattern formed on silicon substrate, and so on.
[0037] In the liquid heating apparatus 1, sulfuric acid solution at 60C to
80C is heated preferably to 120C to 190C, and more preferably to 140C to
160C, as described above. The sulfuric acid solution containing
peroxosulfuric acid at such temperature exhibits excellent cleaning power
25 due to the oxidation power of peroxosulfuric acid. Since
high-temperature 18 peroxosulfuric acid autolyzes rapidly as described
above, the residence time in the liquid heating apparatus is maintained
for 5 seconds or shorter (preferably 2 seconds or shorter). It is thus
possible to use the peroxosulfuric acid for cleaning before the progress
of the autolysis of the 5 peroxosulfuric acid. [0038] (SECOND EMBODIMENT)
In the liquid heating apparatus 1 according to the first embodiment, the
upper side of the annular flow channel 4 is gradually reduced a diameter
and concentrated to the center. Instead of the annular flow channel 4 10
reduced at an end to collect solution, a flow channel may extend while
keeping annular shape. Another embodiment of the liquid heating apparatus
according to the present invention will be described below with reference
to FIG. 5. [0039] A liquid heating apparatus 20 according to this
embodiment has an 15 annular flow channel 21 including a double-wall
quartz tube, and the flow channel thickness of the annular flow channel 21
is set at 10 mm or smaller. Tubular headers 22 and 23 formed by partially
making a flow channel thickness wider are provided, respectively,
continuously with both ends of the annular flow channel 21. The header 22
at one end is provided at a 20 liquid inlet portion, and an inflow tube 24
along longitudinal direction of the annular flow channel 21 is connected
to the header 22. On the other hand, the header 23 at the other end is
provided at a liquid outlet portion, and an outflow tube 25 along radial
direction of the annular flow channel 21 is connected to the header 23.
Plural rod-shaped spacers 26 along 



25 longitudinal direction of the annular flow channel 21 are arranged in
rows  across the entire circumference of the annular flow channel 21. The
rod-shaped spacers 26 are made of quartz and each has a diameter securing
a small clearance between each rod-shaped spacer 26 and each of inner
circumference surfaces of the annular flow channel 21 (diameter smaller 5
than the flow channel thickness). Although not shown, plural near-infrared
heaters are placed in such a manner as to penetrate inside the annular
flow channel 21 along solution flowing direction, and a near-infrared
heater is placed in such a manner as to cover the outside of the annular
flow channel. [0040] In the liquid heating apparatus 20, liquid introduced
from the inflow 10 tube 24 is distributed evenly into the annular flow
channel 21 through the header 22, and the liquid is allowed to flow in
longitudinal direction of the annular flow channel 21. Since the flow
channel is restricted with the rod-shaped spacers 26 in the annular flow
channel 21, the liquid smoothly flows while facing the heaters and is
consequently heated evenly and 15 instantaneously with the near-infrared
heaters. The heated liquid flows out of the liquid heating apparatus 20
through the header 23 by means of the outflow tube 25. The liquid heating
apparatus 20 according to this embodiment can be applied to the above
system similarly as the liquid heating apparatus 1. 20 [0041] (THIRD
EMBODIMENT)        In the second embodiment, near-infrared heaters are
placed on both the outer circumference side and the inner circumference
side of the annular flow channel. In one embodiment of the present
invention, however, near-infrared heaters may be placed over the outside
of only one of opposite 25 flow channel surfaces of a flow channel.
A liquid heating apparatus 30 shown in FIG. 6 has an annular flow channel
31 made of quartz, and having flow channel thickness of 10 mm or smaller.
Tubular headers 32 and 33 formed by making flow channel thickness greater
are, respectively, continuous with both ends of the annular 5 flow channel
31. The header 32 at one end is provided at a liquid inlet portion, and an
inflow tube 34 is connected to the header 32. The header 33 at the other
end is provided at a liquid outlet portion, and an outflow tube 35 is
connected to the header 33. Plural rod-shaped spacers 36 along
longitudinal direction of the annular flow channel 31 are arranged in rows
10 across the entire circumference of the annular flow channel 31. The
rod-shaped spacers 36 are made of quartz and each has a diameter securing
a small clearance between each rod-shaped spacer 36 and the annular flow
channel 31. 



[0042] Four rod-shaped near-infrared heaters 37 are placed over the
outside 15 of the annular flow channel 31 on the inner circumference side
and along the longitudinal direction of the annular flow channel 31. On
the other hand, near-infrared heaters are not placed over the outside of
the annular flow channel 31 on the outer circumference side, but
reflective material 38 such as gold or aluminum is coated on an outer
surface on the outer circumference 20 side. As a result, even if a
near-infrared heater is not placed over the outside of the annular flow
channel 31 on the outer circumference side, near-infrared rays emitted
from the near-infrared heaters 37 are reflected on the reflective material
38, and liquid can be thus evenly heated from the outer and inner
circumferences with the reflected heat. According to one 25 embodiment of
the present invention, near-infrared heaters are placed over  



the outside of the annular flow channel 31 on the outer circumference side
and reflective material is coated on a outer surface of the annular flow
channel 31 on the inner circumference side. Near-infrared heaters placed
over the outside on the inner circumference side, however, can more 5
effectively heat liquid to be heated. [00431 Double-tube annular flow
channel is cited as examples in the above embodiments to explain the
liquid heating apparatus according to the present invention since it can
be easily produced. The present invention, however, is not limited to the
content of the above embodiments. Opposite 10 flow channel surfaces may
have flat or curved surfaces to form a band-shaped flow channel, for
example. EXAMPLE [0044] [EXAMPLE 11 15Sulfuric acid solution was heated
using a liquid heating apparatus with an annular flow channel shown in
FIG. 2.        Specifications of the liquid heating apparatus are as
follows: (Dimensions)  Diameter of Liquid Contacting Inner Surface of
Annular Flow Channel: 40 20 mm diameter  Diameter of Liquid Contacting
Outer Surface of Annular Flow Channel: 45 mm diameter  Diameter of Spacer:
2 ram diameter  Length of Part of Flow Channel Performing Heating: 320 mm 



25  Total Length: 400 mm  (Heater Capacity)  External Heaters: 2 kW x 5 =
10 KW  Internal Heater: 3.2 kW x 1 = 3.2 KW  Total: 13.2 kW 5 [0045]
Sulfuric acid solution having a solution temperature of 65C, a sulfuric
acid concentration of 85% by weight, and a peroxosulfuric acid
concentration of 20 g/liter was heated while flowing through the liquid
heating apparatus 1 at the rate of 2 liter/min. The residence time in the
heating part and in an outlet-side tube (an outlet-side connecting tube 10
corresponding to a part designated as 5 in FIG. 2) was 3.5 seconds. Here,
the temperature of the liquid was raised to 150C, and the peroxosulfuric
acid concentration at the outlet was 16.2 gaiter. [COMPARATIVE EXAMPLE 1]
15Sulfuric acid solution was heated using a closed-vessel liquid heating
apparatus 40 shown in FIG. 8.        That is, the temperature of
2liter/min of the solution having a solution temperature of 65C and a
peroxosulfuric acid concentration of 20 g/liter was increased to 150C
using the liquid heating apparatus 40. The 20 peroxosulfuric acid
concentration at an outlet was 0.5 gaiter. 



DESCRIPTION OF REFERENCE NUMERALS [0046] 1:liquid heating apparatus 25
3:header  4:annular flow channel 6: rod-shaped spacer 7: external heater
8: internal heater 5 20:liquid heating apparatus 21: annular flow channel
22: header 23: header 26:rod-shaped spacer 



10 30:liquid heating apparatus 31: ann War flow channel 32: header 33:
header 36:rod-shaped spacer 15 37:near-infrared heater 38:reflective
material  CLAIMS 1. A liquid heating apparatus, comprising;        a flow
channel member forming a flow channel allowing liquid to flow and having
flow channel thickness of 10 mm or smaller, the flow channel 5 member
composed of material transmitting near-infrared rays; and        a
near-infrared heater placed over the outside of at least one of opposite
flow channel surfaces of the flow channel and heating the liquid in the
flow channel. 



10 2. The liquid heating apparatus according to claim 1, wherein the
near-infrared heaters are placed over the outside of both the flow channel
surfaces.       3. The liquid heating apparatus according to claim 1 or 2,
wherein the flow 15 channel is an annular flow channel.  4. The liquid
heating apparatus according to any one of claims 1 to 3, wherein at least
a portion of the flow channel member, the portion forming the flow channel
surface of the side where the near-infrared heater is placed, 20 is
composed of quartz.  5. The liquid heating apparatus according to any one
of claims 1 to 4, further comprising a spacer placed or encapsulated
within the flow channel to reduce volume of the flow channel. 25   6. The
liquid heating apparatus according to claim 5, wherein the spacers are
plural.      7. The liquid heating apparatus according to claim 6, wherein
the spacers are 5 granular-shaped and filled in the flow channel.  8. The
liquid heating apparatus according to claim 6, wherein the spacers are
rod-shaped along liquid flowing direction and arranged in rows within the
flow channel. 10  9. The liquid heating apparatus according to any one of
claims 5 to 8, wherein the spacer is composed of quartz.  10. The liquid
heating apparatus according to any one of claims 1 to 9, 



15 wherein an orifice and/or a header are/is formed at a liquid inlet
portion and/or a liquid outlet portion of the flow channel in such a
manner as to have enlarged flow channel area to promote even distribution
of the liquid.     11. The liquid heating apparatus according to any one
of claims 1 to 10, 20 wherein the liquid is sulfuric acid solution with
concentration of 65% to 96% by weight.  12. A liquid heating method,
comprising:              using the liquid heating apparatus according to
any one of claims 1 to 25 11 to heat a liquid in the liquid heating
apparatus with maintaining 26  residence time of the liquid in the liquid
heating apparatus within a range of 0.5 to 5 seconds.    13. The liquid
heating method according to claim 12, wherein liquid 5 temperature differs
by 50C or more between the liquid inlet portion and the liquid outlet
portion in the flow channel of the liquid heating apparatus.    14. The
liquid heating method according to claim 13, wherein liquid temperature is
60C to 80C at the liquid inlet portion, and liquid 10 temperature is 120C
to 190C at the liquid outlet portion. 




