Description

Title of Invention: SUBSTRATE  CLEANING LIQUID AND

SUBSTRATE CLEANING METHOD

Technical Field
fooo1}

The present invention relates to manufacturing of
electronic components, and relates to a substrate cleaning
liquid and a substrate cleaning methed that, while etching
of silicon oxide on a substrate having silicon oxide and

silicon nitride is suppressed, etches silicon nitride.

Background Art
[0002]

In a semiconductor manufacturing process, silicon
nitride is utilized for a hard mask in forming cf a silicen
oxide film, a side wall for protecting a fine pattern, a
stopper of CMP polishing, and the like. Morecver, in
accordance with an increase 1n degree of semiconductor
integration, miniaturizing of a structure and thinning of
a film structure have advanced, and therefore the film
thickness of a silicon oxide film has also been
increasingly thinner. In order to etch silicon nitride
for patterning, etching is conducted, and a phosphoric
acid solution at about 160°C has conventionally been used
for such etching of a silicon nitride film (for example,

Patent Literature 1). The phosphoric acid solution at



about 160°C, however, not only removes a silicon nitride
film, but also partlally removes a silicon oxide film due
to etching by the phosphoric acid solution.

In order to enhance productivity for preforming high
precision patterning, it is necessary to promote etching
of silicon nitride while selectively suppressing etching
of silicon oxide, and an improved method has been
conventionally proposed in which 3iN is selectively etched
while etching of S$Si0:; is suppressed in cleaning of a
substrate on which Si0; and SiIN are exposed, thereby
resulting in an increase in selection ratio that means the
ratio of the etching rate of S5i0: to the etching rate of
SiN {see, for example, Patent Literatures 2 and 3).
foooz]

In Patent Literature 2, an etching sclution containing
sulfuric acid and fluoride as main conpenents and
containing water in an amount of 5% by mass or less has
been prcposed. Moreover, in Patent Literature 3, an
etching liquid containing phosphoric acid, sulfuric acid,
and an oxidant dincluding no metal element has been
proposed, and the oxidant has been, for example, ammonium

peroxcdisulfate.
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rocod4]
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Summary of Invention
Technical Problem
[0065]

In accordance with a narrower line width of a
semiconductor substrate, however, even fine etching is
supposed to have a large impact to form a structure having
a thinner thickness of a Si0; film and a narrower line
width than a conventiconal one. In view of such a
circumstance, SiN etching that has high selectivity while
the cleaning effect on S5iN is sufficiently ensured is
increasingly demanded.

[0006]

The present invention has been made in view of the
above cilrcumstance, and an cbject therecf is to provide a
substrate cleaning liquid and a substrate cleaning method
that impart a good etching rate of silicon nitride and
that also impart a high selection ratio while etching of

silicon oxide is suppressed.

Solution te Problem
[0007]
That i1s, with respect to the substrate cleaning liguid

of the present invention, a first aspect of the present



invention provides a cleaning liguid for use in cleaning
of a substrate having silicon nitride and silicon oxide on
the same substrate, at least a portion of one or both of
the silicon nitride and the silicon oxide being exposed on
the substrate, wherein the cleaning 1liguid includes
phosphoric acid, electrolytic sulfuric acid including
persulfuric acid produced by electrolysis of sulfuric
acid, and water, and is warmed to 165°C or higher and lower
than a boiling point for use in the cleaning.

[c008]

A second aspect of the present invention provides a
substrate cleaning method according to the first aspect,
wherein a concentration of the persulfuric acid produced
by electrolysis in an entire cleaning liquid is 1.0 to 8.0
g/L.
roogs]

A third aspect of the present invention provides the
substrate cleaning liguid according tc any of the first
and second aspects, wherein a concentration of the
phosphoric acid is 15 to 40% by mass and a concentration
of the sulfuric acid is 30 tco 85% by mass in the entire
cleaning liguid.

[co10]

A fourth aspect of the present invention provides the
substrate cleaning liquid according te any of the first to
third aspects, wherein a ratio of a concentration (% by
mass) of the phosphoric acid to a concentration (% by mass)

of the sulfuric acid ranges from 1:1.5 to 1:4 in the entire



cleaning liguid.
0011]

A fifth aspect of the present invention provides the
substrate cleaning liguid according to any of the first tc
fourth aspects, having a water content of 15 to 25% by
mass.

[001z]

A sixth aspect of the present invention provides the
substrate cleaning liguid according to any of the first to
fifth aspects, for wuse in sheet-type cleaning of the
substrate.

[0013]

A seventh aspect of the present invention provides a
substrate cleaning method that 1s a method for cleaning a
substrate having silicon nitride and silicon c¢xide on the
same substrate, at ileast a portion of one or both of the
silicon nitride and the gilicon oxide being exposed on the
substrate, the methed including bringing the substrate
into contact with the substrate cleaning ligquid according
to the first to sixth aspects of the present invention to
selectively etch the silicon nitride on the substrate,
[oo14}

An eighth aspect of the present invention provides
the substrate cleaning method according to the seventh
aspect, wherein the silicon nitride is stacked on the
gilicon cxide on the substrate.

[0015]

A ninth aspect of the present invention provides the



substrate cleaning method according to the seventh or
eighth aspect, wherein the substrate has a pattern line
width of 32 nm cr less.

[0016]

A tenth aspect of the present invention provides the
subgstrate cleaning method according to any c¢f the seventh
to ninth aspects, including cleaning the substrate by the
cleaning liguid in a sheet-type manner.

[0017]

An eleventh aspect of the present invention provides
the substrate c¢leaning method according to any of the
seventh to tenth aspects, including recovering a cleaning
liquid used for c¢leaning, subjecting the cleaning liquid
to electrolysis to increase a concentration of persulfuric
aclid, and thereafter further subjecting the resulting
cleaning liquid to the cleaning as a cleaning liguid.
[co18]

Hereinafter, configurations defined in the present
invention are described.

In the present invention, persulfuric acid produced
by electrolyzing sulfuric acid is included, and a
persulfuric acid salt is not included.

In the present invention, etchability of silicon
nitride Dby phosphoric acid 1s favorabkly achieved.
Phosphoric acid, however, has a function of etching silicon
oxide, and therefcre etching of silicon oxide by phosphoric
acid is suppressed by sulfuric acid and persulfuric acid.

Such functions enable silicon nitride to be selectively



etched for performing effective cleaning.

Hereinafter, respective conditions and the like are

described in more detail.
[00189]
Concentration of persulfuric acid: 1.0 g/L to 8.0 g/L

A strong oxidation power of persulfuric acid
(collective term cf peroxomonoéulfuric acid and
peroxodisulfuric acid) inhibits silicon oxide from being
etched by phosphoric acid. A persulfuric acid salt
conventionally proposed is lower in degree of dissociation
than persulfuric acid, and reguires an increase in the
amount thereof to be added. In accordance with this, a
precipitate derived from a counter ion can be attached to
a substrate. Accordingly, persulfuric acid is reguired
not to be persulfuric acid derived from the salt, but to
be persulfuric acid produced by electrolysis of sulfuric
acid or mainly the persulfuric acid.

In the present invention, the concentration of
persulfuric acid is not limited to a particular range, and
the concentration of persulfuric acid desirably ranges
from 1.0 to 8.0 g/L in the entire cleaning liguid. Such a
range set can result in a further increase in selection
ratio. If the concentration is less than 1.0 g/L, the
function of suppressing etching of silicon oxide by
phosphoric acid 1s not sufficient, and even 1f the
concentration 1is more than 8.0 g/I, the function of
suppressing the etching of silicen oxide 1s not further

significantly improved. Herein, it is more desirable for



the same reason that the lower limit be set to 2.0 g/L and
the upper limit be set to 6.0 g¢/L.
[0020]

In addition, in order to aid the persulfuric acid
produced by electrolysis of sulfuric acid, persulfuric
acid produced by mixing of sulfuric acid and hydrogen
peroxide or mixing of sulfuric acid and ozone can be added
for supplement.

[0021]
Temperature of cleaning liquid: 165°C or higher and lower
than bolling point

In order that the cleaning liguid sufficiently
achieves the function of etching silicon nitride, the
cleaning liguid desirably has a temperature of 165°C cr
higher and lower than the boiling point in cleaning.

If the temperature of the cleaning liguid is low, the
function of etching silicon nitride by phosphoric acid is
not sufficiently achieved. Herein, even when the cleaning
liguid has a temperature of 165°C cr higher, etching of
gsilicon oxide is not promoted and rather the suppression
function therecf increases tTo provide a high selection
ratioc because the cleaning liquid includes the persulfuric
acid produced by electrolysis of sulfuric acid and sulfuric
acid. If not properly containing the persulfuric acid
produced by electrclysis of sulfuric acid and sulfuric
acid, the cleaning liguid is warmed to thereby accelerate
etching of silicon oxide, not providing a high selection

ratio.



The temperature of the «cleaning liguid is more
desirably 170°C or higher from the above viewpoint, and is
further desirably 175°C or higher for the same reason.

In addition, the temperature of the cleaning liquid
is desirably lower than the boilling point in terms of
handleability.
r0022]

Concentration of phosphoric acid: 15 te 40% by mass
Concentration of sulfuric acid: 30 to 85% by mass

The concentration of phosphoric acid and the
concentration of sulfuric acid are balanced to thereby
keep etchability of silicon nitride high and suppress
etching of silicon oxide, thereby imparting a high
selection ratio while the cleaning effect is maintained.

Here, if the concentration of phosphoric acid is less
than 15% by mass, the etching rate of SiN decreases to
result in a reduction in practicality. On the other hand,
if the concentration of phosphoric acid is more than 40%
by mass, the etching rate of 510; increases to result in a
reduction in selection ratio SiN/Si10;. Accordingly, the
concentration of phosphoric acid is desirably 15 to 40% by
mass. Herein, it is more desirable for the same reason
that the lower limit of the concentration of phosphoric
acid be 24% by mass and the upper limit thereof be 40% by
mass.

In addition, if the concentration of sulfuric acid is
less than 30% by mass, suppression of etching 1is

insufficient and the etching rate of S$Si0x 1is high,
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resulting in a reduction in practicality. On the other
hand, if the concentration of sulfuric acid 18 more than
85% by mass, the etching rate of SiN decreases to result
in a reduction in practicality. Accerdingly, the
concentration of sulfuric acid i1s desirably 30 to B85% by
mass. Harein, it is more desirable for fthe same reason
that the lower limit of the concentration of sulfuric acid
be 50% by mass and the upp@r limit thereof be 70% by mass.

Herein, the concentration of phosphoric acid and the
concentration of sulfuric aclid are each expressed as the
concentration in the entire cleaning liguid.
r0023]

Concentration ratic of phosphoric acid to sulfuric acid:
1:1.% to 1:4 (concentration ratio (% by mass))

The concentration (% by mass) of phosphoric acid and
the concentration (% by mass) of sulfuric acid in a mixed
liguid in which phosphoric acid and sulfuric acid are mixed
are balanced in & proper ratic to thereby impart a high
selection ratio while the cleaning effect is maintained.

If the concentration ratio is less than 1:1.5, namely,
the concentration of sulfuric acid is relatively lower,
suppression of etching 1is insufficient and the etching
rate of SiCx is high, resulting in a reduction in
practicality. On the other hand, if the concentration
ratioc is more than 1:4, the function of phosphoric acid is
so suppregssed tTo decrease the etching rate of SiN,
resulting in a reduction in practicality. Accordingly,

the concentration ratio of phosphoric acid to sulfuric
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acid is desirably 1:1.5 to 1:4. Furthermcre, it 1is more
desirable that the lower limit of the concentration ratioc
of phosphoric acid to sulfuric acid be set to 1:2 and the
upper limit thereof be set to 1:3.

In addition, the concentration ratic of phosphoric
acid to sulfuric acid particularly desirably satisfies the
above range at the concentration of phosphoric acid and
the concentration of sulfuric acid in the proper ranges.
(o024}

Water content: 15 to 25% by mass

If the water content in the cleaning liguid is less
than 15% by mass, the hydrogen ion concentration decreases
to thereby decrease the etching rate of SiN based on the
following reaction schemne. In addition, 1f the water
content is more than 25% by mass, the boiling point is too
decreased to enable a high-temperature treatment to bDe
performed, resulting in a decrease in the etching rate of
$iN. Therefore, the water content desirably ranges from
15 to 25% by mass. Herein, it is more desirable for the
same reason that the lower limit be set to 18% by mass and
the upper limit be set to 22% by mass.

SiN3Ng + 12H20 + 4HY —> 351 (OH) i + 4NHg® <—> 6H0O + 38i0z
+ 4NHg*

[0025]

In the present inventiocn, an obiect to be cleaned is
a substrate having silicon nitride and silicon oxide on
the same substrate, at least a portion of the silicon

nitride and the silicon oxide being exposed on the
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substrate. The type and the like of the substrate are not
particularly limited in the present invention, and the
form where the silicon nitride and the silicon oxide are
present is also not limited to a particular form. With
respect to the silicon nitride and the silicon oxide, the
silicon nitride can be stacked on the silicon oxide. In
such a case, etching of the silicon oxide is problematic
and suppression of the etching of the silicon oxide is
regquired from the point when the silicon nitride 1is
previously etched and the silicon oxide is exposed from
the silicon nitride.

(0026}

Herein, in the present invention, a particularly
suitable object to be cleaned is a semiconductor substrate
high in degree of integration having a pattern line width
to be formed or formed on the substrate of 32 nm or less.
When such a substrate having a fine line width is cleaned
by a conventional cleaning liquid, a portion corresponding
to the fine line width is easily damaged if the cleaning
effect is to be sufficiently achieved. On the other hand,
the cleaning liguid and the cleaning method of the present
invention suppress etching of the silicon oxide to the
minimum without damaging the porticn corresponding to the
fine line width, thereby making effective cleaning
possible.

In the present invention, however, the pattern line
width of the substrate to be cleaned is not limited to a

particular one.



r0027]

Moreover, while a cleaning method using the cleaning
liguid of the present invention can conduct cleaning in a
batch-type manner in which substrates are immersed in the
cleaning liguid, the method 1is suitable for cleaning in a
sheet-type manner in which the cleaning liguid is sprayed,
dropped, flowed down, and the like on one substrate to
allow the cleaning liguid to ke brought intc contact with
the substrate. The batch-type cleaning has a problem of
reattachment of particles, and the sheet-type cleaning is

more suiltable for removing a metal residue.

Advantageous Effects of Invention
[0028]

As described above, the present invention can allow
silicon nitride to be effectively etched while etching of
silicon oxide is suppressed to result in a further increase
in selection ratiec, and can also allow effective cleaning
to be performed without causing any contamination due to
a cleaning liguid component. In particular, the present
invention can allow cleaning to be performed even on a
substrate having a fine pattern line width without any

trouble.

Brief Description cf Drawings
[0028]
[Figure 1] Figure 1 is a view illustrating a substrate

cleaning system for use in cone embodiment of the present



inventicn.

[Figure 2] Figure 2 is again a view illustrating anocther
substrate cleaning system.

[Figure 3] Figure 3 is again a wview illustrating still
another substrate cleaning system.

[Figure 4] Figure 4 is again a view illustrating still
another substrate cleaning system.

[Figure 5] Figure 5 1s a graph showing the etching rate
and the selection ratic according to the concentratiocn of
persulfuric acid in Examples of the present invention.
[Figure 6] Figure © is again a graph showing the etching
rate and the selection ratio of silicon nitride according
to the presence of persulfuric acid, the water content,

and the difference in warming temperature.

Description of Embodiments
[co30]

{(Embodiment 1)

Hereinafter, one embodiment of the present invention
is described.

Since an apparatus (cleaning machine) that conducts
cleaning is generally used for a portion that conducts an
etching reaction, the portion that conducts an etching
reaction is also designated as a cleaning machine in the
description of the present embodiment.

A semiconductor substrate cleaning system la having

the cleaning machine is described beleow based on Figure 1.

[0031]



_15_

The semiconductor substrate cleaning system 1la
includes a cleaning machine 2 corresponding to a cleaning
porticen, a first solution storage tank 4 that stores an
electrolytic sulfuric acid soluticn including persulfuric
acid produced by electreolysis of sulfuric acid, and a
second soluticon storage tank 10 that stores a phosphoric
acid solution. The electrolytic sulfuric acid solution
including persulfuric acid corresponds to a first
solution, and the phosphoric acid solution corresponds to
a second solution.

The cleaning machine 2 can be either of a sheet-type
cleaning machine or a batch-type cleaning machine, and is
more desirably a sheet-type cleaning machine that can
constantly conduct a treatment with a clean liguid.

[0032]

The cleaning machine 2 includes a delivery portion 30
that delivers a scolution for cleaning to a semiconductor
substrate 100, The delivery portion 30 sprays, drops, or
flows down the soluticon for cleaning to the semiconductor
substrate 100, or, in the case of a batch-type cleaning
machine, supplies the solution into a cleaning tank.
Herein, such dropping and flowing down can be conducted by
blowing the solution to the semiconducter substrate 100 by
application of pressure.

[0033]

A first solution transport path 5 that transports the

solution in the first sclution storage tank 4 is connected

ro the first solution storage tank 4. In addition, a
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second solution transport path 11 that transports the
solution in the second solution storage tank 10 is
connected to the second solution sterage tank 10. The
first sclution transport path 5 is provided with a liguid-
feeding pump 6, and the second solution transport path 11
is provided with a liguid-feeding pump 12. The first
solution transport path 5 and the second solution transport
path 11 are Jjoined together at the downstream of the
liguid~feeding pump 6 and the liquid-feeding pump 12 to
form a common transport path 20 that transports a mixed
solution 1in which the first solution and the second
solution are mixed, and the downstream end of the common
transport path 20 1s ccnnected to the delivery portion 30.
Moreover, the common transport path 20 is provided with a
heater 7 that heats the mixed solution tc be fed.

[0034]

The first solution storage tank 4 accommodates a
sulfuric acid solution that 1is adjusted so that the
concentration of persulfuric acid is a predetermined
concentration of 1.0 to 8.0 g/L and the concentration of
sulfuric acid is a predetermined concentration of 30 tco
85% by mass in the mixed solution.

The electrolytic sulfuric acid solution as the first
solution can be supplied to the first solution storage
tank 4 in a batch-type manner and stored therein, or can
be continucusly supplemented with an electrolytic sulfuric
acid solution including a reguired amount of persulfuric

acid, depending on the amount thereof consumed. The



- 17 -

electrolytic sulfuric acid solution can be effectively
oroduced by electrolysis of sulfuric acid, and added for
supplement.

On the other hand, in the second solution storage tank
10, the concentration of phosphoric acid in the mixed
solution 1s adjusted so as to be a predetermined
concentration of 15 to 40% by mass.

[0035]

When the semiconductor substrate 100 is cleaned, the
semiconductor substrate 100 is placed on and supported by
a semiconductor suppert tocl, and also the sulfuric acid
solution including persulfuric acid in the first solution
storage tank 4 is fed through the first solution transport
path 5 at a predetermined flow rate by the liquid-feeding
pump 6 and the phosphoric acid solution in the second
solution storage tank 10 is fed through the second solution
transport path 11 at a predetermined flow rate by the
liguid~feeding pump 12. Both the soclutions are mixed in
the common transport path 20 where both the transport paths
are joined together. Herein, the flow rate of the sulfuric
acid soluticn and the flow rate of the phosphoric acid
solution are set so that when both the solutions are mixed,
a predetermined mixing ratio is achieved and the flow rate
of the soluticns mixed is a predetermined flow rate.
[0036]

In the present embodiment, the mixed liguid of the
electrolytic sulfuric acid solution including persulfuric

acid with phosphoric acid 1s transiently heated by the
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heater 7 after these are 7joined together. The heating
temperature 1s adjusted so that when the mixed liquid is
brought into contact with the semiconductor substrate 100,
the liguid temperature reaches a predetermined temperature
of 165°C or higher {lower than the boiling point). In the
present embodiment, while the mixed liquid is heated In
the common trangport path 20, respective heaters can be
provided on both of the first solution transport path o
and the second sclution transport path 11 to heat the
respective sclutions, or heating in each of the transport
paths and heating in the common transpcrt path can ke used
together. In both of the cases, the liguid temperature on
the semiconductor 100 i1s desirably adiusted so as to be a
predetermined temperature of 165°C or higher (lower than
the beiling point).

[0037]

The sulfuric acid sclution including persulfuric acid
and the phosphoric acid solution are delivered from the
delivery portion 30 in the state of a mixed solutlion where
the concentration of persulfuric acid is 1.0 to 8.0 g/L,
the concentration of phosphoric acid is 15 to 40% by mass,
the concentration of sulfuric acid is 30 to 85% by mass,
the water content is 15% by mass to 25% by mass, and the
liquid temperature is 165°C or higher (lower than the
boiling point), to be brought into contact with the
semiconductor substrate 100 for performing etching of the
semiconductor substrate 100.

The concentrations of the sulfuric acid solution and
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the phosphoric acid soluticon, and the water content can be
adiusted by mixing with water in the first solution storage
tank 4 for providing each predetermined concentration, or
by supplying the sulfuric acid solution adjusted tc have
a predetermined concentration toe the first soclution
storage tank 4. In addition, as 1in the case of the
sulfuric acid solution, the phosphoric acid soluticon can
also be mixed with water in the second solution storage
tank 10 or a phosphoric acid solution adjusted tc have a
predetermined concentration can also be supplied to the
second solution storage tank 10.

The sulfuric acid soluticn including persulfuric acid
and the phosphoric acid soluticn can be delivered from the
delivery portion 30 in the state of being mixed or can be
mixed on the semiconductor substrate 100, where the
concentration of persulfuric acid is 1.0 to 8.0 g/L; the
concentration of phosphoric acid is 15 to 40% by mass, the
concentration of sulfuric acid is 30 to 85% by mass, the
water content is 15% by mass to 25% by mass in the mixed
solution, and the ligquid temperature 1is 165°C or higher
(lower than the boiling point), and the adjustment methods
of the solutions and the etching method are not limited to
those described above.

[0038]

{Embodiment 2)

Next, a semiconductor substrate cleaning system 1lb of
Embocdiment 2 is described based on Figure 2. Herein, the

same configurations as in Embodiment 1 are represented by
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the same reference numerals, and the description therecof
is omitted cor simplified.

The semiconductor substrate c¢leaning system 1b
includes a sheet-type cleaning machine 2 corresponding to
an etching porticn, a first solution storage tank 4 that
stores an electrolytic sulfuric acid sclution including
persulfuric acid produced by electrolysis, and a second
solution storage tank 10 that stores a phosphoric acid
solution.

The first soluticn storage tank is provided with a
heater 8, and the second solution storage tank is provided
with a heater 9. The temperature of the first solution
storage tank 4 1in which the electrolytic sulfuric acid
solution including persulfuric acid 1s stored is desirably
set to a temperature at which the reaction rate of self-
deconposition of persulfuric acid is relatively low, for
example, 50 to 100°C.

The first solution storage tank 4 accommodates a
sulfuric acid solution that is adjusted so that the
concentration of persulfuric acid 1is a predetermined
concentration of 1.0 to 8.0 g/L and the concentration of
sulfuric acid 1s a predetermined concentration cof 30 to
98% by mass in the mixed solution cobtained by mixing with
the phosphoric acid solution, as in Embodiment 1. On the
other hand, in the second solution storage tank 10, the
concentration of phosphoric acid is adjusted so as to be
15 to 40% by mass in the mixed solution obtained by mixing

with the electrolytic sulfuric acid solution including
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persulfuric acid, as in Embodiment 1.

The electrolytic sulfuric acid scolution as the first
sojution can be supplied to the f£irst solution storage
tank 4 in a batch-type manner and stored therein, or can
be continuously supplemented with an electrolytic sulfuric
acid seolution including a reguired amount of persulfuric
acid, depending on the amount thereof consumed. The
electrolytic sulfuric acid solution can be effectively
produced by electrolysis of the sulfuric acid solution,
and added for supplement.

[o039]

In the present embodiment, a mixed liquid of the first
solution (electrolytic sulfuric acid solution) and the
second solution (phospheric acid) is transiently heated by
a heater 7 for temperature rise so that when the mixed
liguid is brought into contact with a semiconductor
substrate 10G, the liguid temperature reaches a
poredetermined temperature cf 165°C or higher (lower than
the boiling point). If the mixed liquid is here heated by
the heaters 8 and 9, the load of heating by the heater 7
can be decreased. When the sclution including persulfuric
acid 1s heated 1in the storage tank, however, the
temperature thereof 1is desirably suppressed to 100°C or
lower so that self-decomposition of persulfuric acid does
not progress too much. When the semiconductor substrate
100 is etched, the semiconductor substrate 100 is supported
by a semiconductor support tool and the sulfuric acid

solution including persulfuric acid in the first sclution
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storage tank 4 is fed through a first solution transport
path 5 at a predetermined flow rate by a liguid-feeding
pump 6 and the phosphoric acid solution in the second
solution storage tank 10 is fed through a second sclution
transport path 11 at a predetermined flow rate by a liquid-
feeding pump 12. Both the solutions are mixed in a common
transport path 20 where both the transport paths are joined
together. Herein, the flow rate of the sulfuric acid
soluticon and the flow rate of the phosphoric acid sclution
are set so0o that when both the solutions are mixed, a
predetermined concentration ratio is achieved and the flow
rate of the sclutions mixed is a predetermined flow rate.

The sulfuric acid solution including persulfuric acid
is heated by the heater 8 in the first soclution storage
tank 4 and the phosphoric acid solution is heated by the
heater 9 in the second solution storage tank 10, and when
these solutions are brought into to contact with the
semiconductor substrate 100, the liguid temperature is
adijusted so as to be a predetermined temperature of 165°C
or higher (lLower than the boiling point).

The mixed soluticn of the electrolytic sulfuric acid
solution and the phosphoric acid solution, in the state
where the concentration of persulfuric acid is 1.0 to 8.0
g/L, the concentration of phesphoric acid is 15 to 40% by
mass, the concentration of sulfuric acid is 30 to 85% by
mass, the water content is 15% by mass to 25% by mass, and
the liquid temperature is 165°C or higher (lower than the

boiling point), is delivered from a delivery portion 30 to
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be brought into contact with the semiconductor substrate
100 for performing etching of the semiconductor substrate
100.

[0040]

(Embodiment 3)

Next, a semiconductor substrate cleaning system lc of
Embodiment 3 is described based on Figure 3. Herein, the
same configurations as in Embodiment 1 are represented by
the same reference numerals, and the description thereof
is omitted or simplified.

In this Embodiment, a first solution transport path 5
connected to a first solution storage tank 4 and a second
solution transport path 11 connected to a second solution
storage tank 10 are connected to a mixing tank 25, and a
common transport path 20 connected to the mixing tank 205
is connected to a delivery portion 30. The mixing tank 25
is provided with a mixing tank heater 26, and the common
transport path 20 is provided with a heater 7.

In this Embodiment, in order that phosphoric acid and
sulfuric acid in the mixed liquid of the first solution
(electrolytic sulfuric acid soluticn) and the second
solution (phosphoric acid solution) are stored in the
mixing tank 25 in a predetermined concentration ratio, the
first solution f{electrolytic sulfuric acid solution) is
transported from the first solution storage tank 4 through
the first solution transport path 5 to the mixing tank 25
by a liquid-feeding pump 6, and the second soclution

(phosphoric acid solution) is transported from the second
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solution storage tank 10 through the seccond solution
transport path 11 to the mixing tank 25 by a liquid-feeding
pump 12.

[0041]

The solution in the mixing tank 25 is adjusted so that
the concentration of persulfuric acid is a predetermined
concentration of 1.0 to 8.0 g/L, the concentration of
sulfuric acid is a predetermined concentration of 30 to
85% by mass, the concentration of phosphoric acid is a
predetermined concentration of 15 to 40% by mass, and the
water content is 15% by mass to 25% by mass.

The electrolytic sulfuric acid solution as the first
solution can Dbe supplied to the first solution storage
tank 4 in a bkatch-type manner and stored therein, or can
be continucusly supplemented with an electrolytic sulfuric
acid solution including a reguired amount of persulfuric
acid, depending on the amount thereof consumed. The
electrolytic sulfuric acid solution can be effectively
produced by electrolysis of the sulfuric acid solution,
and added for supplement.

The mixed solution stored in the mixing tank 25 is 1if
necessary heated by the mixing tank heater 26, and
transported through the common transport path 20 by a
liquid-feeding pump 23. The mixed solution 1s here
transiently heated by the heater 7 for temperature rise so
that when the mixed solution is brought into contact with
a semiconductor substrate 100, the iiquid femperature

reaches a predetermined temperature of 165°C or higher
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(lower than the boiling point). If the mixed solution is
here heated by the heater 26, the lcad of heating by the
heater 7 can be decreased. When the mixed solution
including persulfuric acid i1s heated in the mixing tank
25, nowever, the temperature therecf 1s desirably
suppressed to 100°C or lower so that self-decomposition of
persulfuric acid does not progress too much. The mixed
solution is brought intc contact with the semiconductor
substrate 100 to  thereby perform etching of the
semiconductor substrate 100,

[0042]

(Embodiment 4)

A semiconductor substrate cleaning system 1d of
Embodiment 4 is described based on Figure 4. Herein, the
same configurations as in Embodiment 1 are represented by
the same reference numerals, and the description thereof
is omitted or simplified.

In this Embodiment, tThe semiconductor substrate
cleaning system 1d includes a «<¢leaning machine 2
corresponding to the etching portion, and a recovered
liguid storage tank 40 for recovering, circulating, and
reusing the mixed ligquid of the electrelytic sulfuric acid
solution and the phosphoric acid solution which is used
for etching and exits from the cleaning machine 2. A
transport path 41 is connected between the cleaning machine
2 and the reccvered liquid storage tank 40, and furthermore
a transport path 42 is connected tc the recovered liguid

storage tank 40 and the transport path 42 is provided with
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a liguid-feeding pump 43. BAn electrolysis apparatus 50 is
connected to the end of the transport path 42 at the
downstream of the liguid-feeding pump 43. The draining
poertion of the electrolysis apparatus 50 is connected to
the cleaning machine 2 by a transport path 51, and the
downstream end of the transport path 51 is connected to a
delivery portion 30. In addition, the transport path 51
is provided with a heater 7 that heats the mixed solution
fed.

[0043]

The mixed liquid collected in the recovered liguid
storage tank 40 1is fed through the transport path 42 to
the electrolysis apparatus 50 by the liquid-fesding pump
43. In the electrolysis apparatus 50, the mixed solution
recovered is electrolyzed under a predetermined condition
to provide a mixed liguid of phosphoric acid/sulfuric acid,
including perphosphoric acid and persulfuric acid adjusted
at predetermined concentrations, set at a predetermined
concentration and a predetermined temperature, and the
mixed liquid is transiently heated by the heater 7 through
the transport path 1. The heating temperature is adjusted
so that when the mixed liquid is brought into contact with
a semiconductor substrate 100, <the liguid temperature
reaches a predetermined temperature of 165°C or higher
(lower than the boiling point). The mixed ligquid is
adjusted so that the concentration of phosphoric acid is
a predetermined concentration of 15 to 40% by mass, the

concentration of sulfuric @ acid is & predetermined
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concentration of 30 to 85% by mass, and the water content
is 15% by mass to 25% by mass. In the electrolysis
apparatus 50, electrolysis conditions are adjusted so that
the concentration of persulfuric acid in the mixed liquid
is a predetermined concentration of 1.0 to 8.0 g/L. The
mixed liguid including the electrelytic sulfuric acid is
heated to a predétermined temperature, delivered from the
delivery portion 30, to be brought into contact with the
semiconductor substrate 100 for performing etching of the
semiconductor substrate 100.

[0044]

The present apparatus is more preferable because the
mixed liguid used for etching can be recovered and
persulfuric acid decreased by reaction and self-
decomposition can be re-produced by electrelysis of the
mixed solution to be supplied, and therefore the amount of
a chemical liguid to be used can be reduced and the amount

of a liguid to be wasted can alsc be reduced.

Examples
[0045]
[Experimental Example 1]

Sulfuric acid at a predetermined concentration is
electrolyzed to produce electrolytic sulfuric acid.

Mixed were 500 mL of phosphoric acid having a
predetermined concentration and 1000 mL of electrolytic
sulfuric acid including sulfuric acid whose concentration

was the same as the concentration (% by mass) of phosphoric
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acid to thereby prepare a mixed liguid in which the ratio
of phosphoric acid to sulfuric acid was 1:2 (concentration
ratio (% by weight)) and the concentration of persulfuric
acid was 5 g/L with the moisture concentration being
adjusted to a predetermined value. Herein, the
concentration of persulfuric acid in the mixed liguid was
measured as follows: the concentration of an oxidative
substance was measured by the ilodine titration method, the
concentration of hydrogen peroxide was analyzed by the
potassium permanganate titration mathed, and the
difference therebetween was calculated as the
concentration of persulfuric acid.

The mixed liguid was heated to 180°C and dropped on a
gsilicon substrate, on which SiN was exposed, for 3 minutes,
and the resultant was subjected to a SiN etching test.
The test conditions are shown in Table 1.

Herein, the etching rate of silicon nitride was
determined by dividing the reduction in film thickness of
a silicon substrate with a silicon nitride film thereon,
which was the difference between the thicknesses hefore
and after an etching treatment determined using an
ellipsometer manufactured by Mizejiri Optical Co., Ltd.,
by the etching time. In addition, the selection ratio of
etching of silicon nitride to silicon oxide was determined
by dividing the etching rate of silicon nitride by the
etching rate of silicon oxide determined in the same manner
as in that of silicon nitride. The results are shown in

Table 1.
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[Table 1]
Concentration Phosphoric Concentration] Temperatuwre Etching
Concentration Moisture Selection
of phosphoric acid: of persulfuric | of the cleaning 1 rate of SiN
of sulfuric acid concentration ratio
acid Sulfuric acid acid hquid (A /rmin)
Gomparative 1
86wt B6wt% 1:2 14wt % 5g/L 180°C 78 148
Exarmple 1
Experimental
B5with 85wtk 1.2 15wi% S5/l 180°C 90 192
Example 1
Experimental
82wtk 82wtk 1.2 18wi% 5g/l. 180°C 87 2190
Example 2
Experimertal
78wtk 78wt 1.2 22wt 9% Sg/L 180°C 79 237
Example 3
Expertmental
Thwith Towth i:2 25wt 9% S5g/1. 180°C 78 228
Example 4
Comparative
T2wt% 72wt 1.2 28wt% Sg/l. 180°C 25 g8
Example 2
[0047]

Tt has been revealed from Table 1 that the moisture
concentration (water content) is suitably 15 to 25% by
mass, more sulitably 18 to 22% by mass from the viewpoints
of favorable etching and a high selection ratioc of gsilicon
nitride.

[0048]
[Ixperimental Example 2]

The SiN etching test was performed under the same
conditions as in Example 1 except that the electrolysis
conditions of sulfuric acid were varied so that the
concentration of persulfuric acid in the mixed liquid was
a predetermined concentration. When the concentration of
persulfuric acid was 0, however, such electrolysis was not
performed.

The mixed liguid was heated to 180°C and dropped on a
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silicon substrate, on which 8Si0z was exposed, for 15
minutes, and a 5i0; etching test was performed. The
etching rate and the selection ratio of each case were

calculated in the same manner as in Experimental Example

1.
The test conditions and the test results are shown in
[Table 2]
Cencentration Phospheric Concentration! Temperature Etohing
Concentration Moisture Selection
of phosphoric acid: of persulfuric | of the cleaning | rate of SiN
of sulfuric acid conceniratian h ratio
acid Sulfuric acid acid fiquid {A/min)
Comparative
Bowith 85wtk 1.2 15wt% Og/L 180°C 78 150
Example 3
Experimental
85wtk 85wt 1.2 15wt% 1g/L 180°C 80 177
Example 5
Exparimental
8hwth 85wit% 1:2 15wt3% e/l 180°C 87 200
Exampie 6
Experimental
85wt 8owt%h 1.2 15wt% 4g/L 180°C 88 222
Example 7
Experimental
B5wih 85wt% 12 1Bwtoh gg/l. 180°C 77 250
Example 8
Experimentat
B5wi% B5wi% 1.2 15wt% 8p/L 180°C 27 252
Exampie 9
[c049]

Under the present conditions, even when the
concentration of persulfuric acid in the mixed ligquid was
1.0 g/L, the selection ratio was 170 or more, when the
concentration was 2.0 ¢g/L or more, the selection ratioc was
200 or more, furthermore, when the concentration of
persulfuric acid was 6.0 g/L or more, the selection ratio
was about 250, and even when the concentration of
persulfuric acid was further increased, the selection
ratio was about 250.

On the other hand, the test in the case of addition
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of hydrogen peroxide to sulfuric acid under assumption of
SPM was also performed for comparative data, and the
results are shown in the graph of Figure 5 together with
the results in Table 2. The results of the test simulating
sPM (sulfuric acid/hydrogen peroxide water) did not reach
a selection ratio of even 150 under all the conditions.
[0050]

[Table 2]

[oos1]

[Experimental Example 3]

The SiN etching test was performed under the same
conditions as in each of Comparative Example 3 and Example
1 except that the concentration of phosphoric acid, the
concentration of sulfuric acid, the moisture
concentration, and the liquid temperature were changed in
each of the cases of the mixed liquid not including
persulfuric acid and the mixed liguid including
persulfuric acid (5 g/L).

The mixed liquid was heated at a predetermined
temperature and dropped on a silicon substrate, on which
Si0p was exposed, for 15 minutes to perform the Si0; etching
test. The etching rate and the selection ratio of each
case were calculated in the same manner as 1in Experimental
Example 1. The test conditions and the test results are
shown in Table 3.

[o052]
In the case of the mixed liguid not containing

persulfuric acid, an increase in the warming temperature



- 32 -

not only enhances the function of etching silicen nitride,
but also promotes the etching of silicon oxide, and
inversely reduces the selection ratio.

On the other hand, in the case of the mixed liguid
containing persulfuric acid, an increase in the
temperature of the mixed liguid enhances the function of
etching silicon nitride, but etching of silicon oxide is
suppressed and therefore the selection ratio is

significantly enhanced.

[0053]
[Table 3]
Concentration Phosphoric Concentration] Temperature Etching
Congcentration Maisture Selection
of phosphoric acid: of persuifuric | of the claaning | rate of SiN
of sulfuric acid concantration ! ratio
acid Sulfuric acid acid liquid (A Zmin)
Comparative
80wtk 80wtk 1:2 20wt% 0g/L. 160°C 42 148
Example 4
Comparative
80wt% 80wtk 1.2 20wt Og/L 180°C 83 140
Exampie 5
Comnarative
80wtk 80wt% 1:2 20wi%% 5g/l. 160°C 50 157
Example 6
Experimental
80wt% BOwth 1.2 20wt% Sg/t. 165°C 56 180
Example 10
Experimental
80wtk 80wt 1:2 20wt 5g/L 170°C 72 200
Example 11
Experimental
80wth 80wt% 1.2 20wt % Sg/1. 180°C 85 250
Example 12
[0054]

[Experimental Example 4]

The SiN etching test was performed under the same
conditicns as in Example 1 except that the concentration
ratio of phosphoric acid and sulfuric acid in the mixed
ligquid after mixing was varied.

The mixed ligquid was heated to 180°C and dropped on a
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silicon substrate, on which $i0: was exposed, for 15
minutes, to perform the $5i0:; etching test. The etching
rate and the selection ratio ¢f each case were calculated
in the same manner as in Experimental Example 1. The test

conditions and the test results are shown in Table 4.

[0055]
[Table 4]
Concentration Phosphoric Concentration: Temperaturs Etching
Concentration Maisture Selection
of phosphoric acid: of persulfurie | of the cleaning | rate of SiN
of sulfuric acid concentration ratio
acid Sulfuric acid acid liquid (A /min)
Comparative
B5wit% B5wit% 2:1 15wt%% 5g/1. 180°C 118 58
Example 7
Comparative
8bwih 85wih 11 15wt%s Sg/l 186°C 167 1585
Exampie 8
Experimental
85wtk BSwth 1:1.5 15wt%6 5g/l - 180°C 95 170
Example 13
Experimental
Bowth B5wth 1:2 15wi% 5a/L. 180°C 90 192
Examptle 1
Experimental
85wtk 85wtk 1.3 15wt% 5g/L. 180°C 62 201
Example 14
Experimental
85wtk 85wtk 14 15wt%a LT74 0 180°C 38 215
Exarnple 15
Comparative
Bowth 85wt 1.5 15wt 5g/L 180°C 30 218
Example 8
[0056]

Under the present conditions, when the concentration

(3 by mass) of sulfuric acid is 1.5 times or more the
concentration (% by mass) of phosphoric acid, the selection
ratio is 170 or more. On the other hand, when the ratio
of the concentration (% by mass) of phosphoric acid to the
concentration (3 by mass) of sulfuric acid is 1:5, the
etching rate of SiN is reduced while the selection ratio
is high. Accordingly, 1t has been confirmed that the

concentration ratio of phosphoric acid to sulfuric acid is
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preferably 1:1.5 to 1:4, and is more preferably 1:2 to 1:3
for the same reason.
[0057]

As described above, 1t has been indicated according
to the present invention that the following results can be
obtained: the etching rate of SiN is 35 or more {preferably
60 or more) and the selection ratio is 170 or morse
{preferably 190 or more).

[0058]

Herelnabove, the present invention is described based
on the above, but the present invention is not limited to
the descriptions cof Embodiments and Examples above, and
can be appropriately modified without departing the scope

of the present invention.

Reference Signs List

[0059]

la, 1b, 1lc, 1d: semiconductor substrate cleaning system
2: cleaning machine

4: first solution storage tank

5: first sclution transport path
6: liguid-feeding pump

8: heater

9: heater

10: second solution storage tank
11: second solution transport path
12: ligquid-feeding pump

20: commen transport path
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23: ligquid-feeding pump

25: mixing tank

26: heater

30: delivery portion

40: recovered liguid storage tank
41: transport path

42: transport path

43: liguid-feeding pump

51: transport path

100: semiconductor substrate
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Claims

Claim 1]

A substrate cleaning liquid that is a cleaning liguid
for use in cleaning of a substrate having silicon nitride
and silicon oxide on the same substrate, at least a pertion
of one or both of the silicon nitride and the silicon cxide
being exposed on the substrate, wherein the cleaning liguid
comprises phosphoric acid, electrolytic sulfuric acid
including persulfuric acid produced by electrolysis of
sulfuric acid, and water, and is warmed to 165°C or higher
and lower than a boiling point for use in the cleaning.
[Claim 2]

The substrate cleaning liguid according to claim 1,
wherein a concentration of the persulfuric acid produced
by electrolysis in an entire cleaning liguid is 1.0 to 8.0
g/L.

[Claim 3]

The substrate cleaning liquid according to claim 1 or
2, wherein a concentration cof the phosphoric acid is 15 to
40% by mass and a concentration of the sulfuric acid is 30
to 85% by mass in the entire cleaning liquid.

[Claim 4]

The substrate cleaning liguic according to any of
claims 1 to 3, wherein a ratio of a concentration (% by
mass) of the phosphoric acid to a concentration (% by mass)
of the sulfuric acid ranges from 1:1.5 to 1:4 in the entire

cleaning liquid.



[Claim 5]

The substrate cleaning liguid acccrding to any of
claims 1 to 4, having a water content of 15 to 25% by mass.
[Claim 6]

The substrate cleaning liguid according to any of
claims 1 to 5, for use in sheet-type cleaning of the
substrate.

[Claim 7]

A substrate cleaning method that is a method for
cleaning a substrate having silicon nitride and silicon
oxide on the same substrate, at least a portion of one or
both of the silicon nitride and the silicon oxide being
exposed on the substrate, the method comprising bringing
the substrate into contact with a substrate cleaning liguid
according to any of claims 1 to 6 to selectively etch the
silicon nitride on the substrate.

[Claim 8]

The substrate cleaning method according to claim 7,
wherein the silicon nitride is stacked con the silicon cxide
on the substrate.

[Claim 9]

The substrate cleaning method according to claim 7 or
8, wherein the substrate has a pattern line width of 32 nm
or less.

[Claim 10]

The substrate cleaning method accerding to any of

claims 7 to 9, comprising cleaning the substrate by the

cleaning liguid in a sheet-type manner.



[Claim 11]

The substrate cleaning method according to any of
claims 7 to 10, comprising recovering a cleaning liguid
used for cleaning, subjecting the cleaning ligquid to
electrolysis to increase a concentration of persulfuric
acid, and thereafter further subjecting the resulting

cleaning ligquid to the cleaning as a cleaning liguid.



