US 20190013248A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2019/0013248 A1

Kawabata et al. 43) Pub. Date: Jan. 10, 2019
(54) NOZZLE FOR SUBSTRATE ANALYSIS GOIN 1/14 (2006.01)
HOIL 21/67 (2006.01)
(71) Applicant: IAS INC., Tokyo (JP) (52) US.CL
. CPC ...... HOIL 22/10 (2013.01); HOIL 21/67288
(72) Inventors: Katsuhiko Kawabata, TOkyO (JP), (201301), GOIN 1/14 (201301), GOIN 128
Sungjae Lee, Tokyo (JP); Tatsuya (2013.01)
Ichinose, Tokyo (IP)
(73) Assignee: IAS INC., Tokyo (JP) (57) ABSTRACT
(21) Appl. No.: 15/750,566
_ Provided is a nozzle for substrate analysis with a simple
(22) PCT Filed: Oct. 25, 2016 structure, which enables analysis to be reliably performed
) without leaking an analysis liquid when a substrate having
(86) PCT No:: PCT/IP2016/081508 high hydrophilicity is scanned with the analysis liquid. The
§ 371 (c)(1), nozzle for analysis of a substrate according to the present
(2) Date: Feb. 6, 2018 invention includes: a double pipe including a nozzle main
body that discharges and suctions an analysis liquid, and an
(30) Foreign Application Priority Data outer pipe disposed on the outer periphery of the nozzle
main body so as to surround the scanning analysis liquid;
Mar. l, 2016 (JP) ............................... P2016-038639 exhaust means having an exhaust path between the nozzle
Oct. 18,2016 (IP) oo P2016-204062 main body and the outer pipe; and a gas spraying pipe for
.. . . spraying an inert gas to the tip of the nozzle main body in
Publication Classification a direction substantially parallel to a substrate surface, the
(51) Int. CL gas spraying pipe being disposed on the outer periphery of
HOIL 21/66 (2006.01) the tip of the outer pipe and on a side opposite to a scanning
GOIN 128 (2006.01) direction of the nozzle.
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NOZZLE FOR SUBSTRATE ANALYSIS

TECHNICAL FIELD

[0001] The present invention relates to a nozzle for ana-
lyzing an analysis object such as a very small amount of
metal which is contained in a substrate.

BACKGROUND ART

[0002] A nozzle to be used for analysis of a substrate such
as a semiconductor wafer is used when a metal, an organic
substance or the like mixed in a substrate in a production
process or the like is detected with a very small amount of
an analysis liquid. Specifically, in analysis of a substrate
with a silicon oxide film or nitride film or the like formed on
a base material such as a silicon wafer, the nozzle is used
when etching as a pretreatment of the formed film by a vapor
phase decomposition method or the like is performed to
leave impurities in the formed film as residues on a substrate
surface, a very small amount of an analysis liquid is then
discharged, and the substrate surface is scanned with the
discharged analysis liquid to recover the impurities. On a
hydrophobic substrate, an analysis liquid is easily kept in a
droplet state by surface tension, and therefore a substrate
surface can be scanned as described above. A metal etc. on
the substrate can be moved into the analysis liquid by such
scanning with the use of the nozzle, followed by analyzing
the analysis liquid.

[0003] As the nozzle for analysis of a substrate, a nozzle
is known which is configured to discharge an analysis liquid
onto a substrate from a tip and suction the analysis liquid
after scanning a substrate surface with the discharged analy-
sis liquid and which includes a double pipe including a
nozzle main body that discharges and suctions the analysis
liquid, and an outer pipe disposed on the outer periphery of
the nozzle main body so as to surround the scanning analysis
liquid (e.g. Patent Document 1). The nozzle for analysis of
a substrate with a double pipe structure, which is disclosed
in Patent Document 1, has such a characteristic that a
substrate surface can be scanned in a short time, and an
analysis liquid hardly falls during scanning.

[0004] Specifically, the nozzle for analysis of a substrate
with a double pipe structure is one shown in FIG. 1. A nozzle
1 in FIG. 1 includes a double pipe including a nozzle main
body 10 and an outer pipe 20, and the nozzle main body 10
is connected to a syringe pump 30 via a tube, so that an
analysis liquid D can be discharged. The outer pipe 20 is
provided with a suction means 21 connected to a pump (not
illustrated) so that a space between the nozzle main body 10
and the outer pipe 20 is brought into a reduced-pressure
atmosphere. The nozzle for analysis of a substrate as shown
in FIG. 1 is moved in such a manner that a surface of a
substrate to be analyzed is scanned with the analysis liquid
D held at a tip portion of the nozzle main body 10. During
scanning, a space between the nozzle main body 10 and the
outer pipe 20 is brought into a pressure-reduced atmosphere
to prevent falling of the analysis liquid held at the tip portion
of the nozzle main body 10. Thus even when the nozzle
diameter is increased for improving the efficiency of sub-
strate analysis, the analysis liquid does not fall.

[0005] In addition, as another prior art, there has been
proposed a substrate treatment apparatus for treating a
surface of a substrate with droplets, the substrate treatment
apparatus including: a tool capable of expelling a gas from
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an opening provided along a circular imaginary line; a
pressure sensor for detecting an internal pressure of the gas
expelled from the opening in the tool; and a scanning device
which is capable of adjusting a position of the tool along a
direction orthogonal to the surface of the substrate so as to
reduce a difference between the internal pressure and a
specific pressure value as a predetermined pressure value
while the gas expelled from the opening is sprayed to the
surface of the substrate with the tool held in such a manner
that droplets deposited on the substrate surface are sur-
rounded by the opening when the substrate is viewed in the
direction orthogonal to the surface of the substrate, and
which is capable of relatively moving the tool along the
surface of the substrate while the gas expelled from the
opening is sprayed to the surface of the substrate with the
tool held in such a manner that droplets deposited on the
substrate surface are surrounded by the opening when the
substrate is viewed in the direction orthogonal to the surface
of the substrate (e.g. Patent Document 2).

[0006] In the substrate treatment apparatus in Patent
Document 2, droplets can be prevented from falling from the
tool by spraying a gas from the periphery of the droplets (of,
for example, an analysis liquid) deposited on the surface of
the substrate. The substrate treatment apparatus is capable of
holding droplets even when the surface of the substrate is
hydrophilic to the droplets.

RELATED ART DOCUMENT

Patent Documents

[0007] Patent Document 1: JP 2011-128033 A
[0008] Patent Document 2: JP 2012-009475 A
[0009] However, even in the case of the nozzle in Patent

Document 1, a phenomenon in which an analysis liquid is
leaked on a side opposite to the moving direction (scanning
direction) of a nozzle tends to easily occur in analysis of a
substrate surface with a nozzle tip portion relatively moved
(scanned) with respect to the substrate surface when the
substrate surface has high hydrophilicity. Specifically, in
analysis of a substrate surface having high hydrophilicity, a
phenomenon easily occurs in which the analysis liquid D is
leaked on a side opposite to the scanning direction from the
tip of the nozzle.

[0010] In addition, in the substrate treatment apparatus in
Patent Document 2, droplets can be reliably held, but when
the pressure of a gas expelled from the opening is exces-
sively high, the contact area of the held droplets with the
substrate decreases, and therefore it is necessary to strictly
adjust the pressure. Consequently, the apparatus structure
tends to be complicated. In addition, strict control of the
pressure of a gas expelled from the opening tends to be
difficult.

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0011] An object of the present invention is to provide a
nozzle for analysis of a substrate with a simple structure,
which enables analysis to be reliably performed without
leaking an analysis liquid from the nozzle in scanning of a
substrate with the analysis liquid even when the substrate
has high hydrophilicity.
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Means for Solving the Problems

[0012] For achieving the above-mentioned object, the
present invention provides a nozzle for analysis of a sub-
strate which includes: a double pipe including a nozzle main
body that discharges and suctions an analysis liquid, and an
outer pipe disposed on the outer periphery of the nozzle
main body so as to surround the scanning analysis liquid; an
exhaust means having an exhaust path between the nozzle
main body and the outer pipe; and a gas spraying pipe for
spraying an inert gas to the tip of the nozzle main body in
a direction substantially parallel to a substrate surface, the
gas spraying pipe being disposed on the outer periphery of
the tip of the outer pipe and on a side opposite to a scanning
direction of the nozzle.

[0013] In the nozzle for analysis of a substrate according
to the present invention, the exhaust path between the nozzle
main body and the outer pipe is decompressed for holding
the analysis liquid present at the tip of the nozzle main body,
and by spraying an inert gas to the tip of the nozzle main
body in a direction substantially parallel to the substrate
surface by the gas spraying pipe disposed on the outer
periphery of the tip of the outer pipe and on a side opposite
to a scanning direction of the nozzle, the analysis liquid apt
to leak from the outer pipe of the nozzle is forced back into
the nozzle, and even during scanning of the substrate,
leakage of the analysis liquid from the nozzle can be more
reliably prevented. The nozzle for analysis of a substrate
according to the present invention has a structure in which
the exhaust path between the nozzle main body and the outer
pipe can be decompressed, so that the present invention can
be implemented with such an extremely simple structure that
a gas spraying pipe is disposed on the outer periphery of the
tip of the outer pipe and on a side opposite to a scanning
direction of the nozzle. In the nozzle for analysis of a
substrate according to the present invention, leakage of the
analysis liquid can be effectively prevented merely by
adjusting the spraying amount of an inert gas sprayed from
the gas spraying pipe, and therefore a mechanism for strictly
controlling pressure adjustment in decompression of the
exhaust path between the nozzle main body and the outer
pipe, or the like is not required. As the inert gas to be used
for spraying, a nitrogen gas, an argon gas or the like can be
used.

[0014] The shape of the gas spraying pipe in the present
invention is not particularly limited, and the spraying angle
of the inert gas from the gas spraying pipe is preferably in
a range of 0 degree to 75 degrees with respect to the
substrate surface. When the inert gas is sprayed perpendicu-
larly to the substrate surface, the inert gas collided against
the substrate flows and spreads in a direction substantially
parallel to the substrate surface, and for ensuring that the
inert gas sprayed to the substrate surface actively flows
toward the tip of the nozzle main body, the inert gas is
sprayed at a spraying angle of 0 degree to 75 degrees with
respect to the substrate surface, i.e. the inert gas is sprayed
in a direction parallel to the substrate surface, or the inert gas
is sprayed in a direction inclined with respect to the direction
perpendicular to the substrate surface, so that leakage of the
analysis liquid can be effectively prevented. Even when the
spraying angle exceeds 75 degrees, the effect of spraying
inert gas is not significantly changed, and the spraying
amount of the inert gas tends to increase. The spraying angle
is more preferably 0 degree to 30 degrees.
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[0015] The nozzle for analysis of a substrate according to
the present invention is particularly suitable for analysis of
a substrate having high hydrophilicity. Examples of the
substrate having high hydrophilicity include semiconductor
substrates obtained by bulk-etching so called a P+ or P++
silicon wafer having a relatively high boron content, silicon
wafers injected with ions with high energy, silicon wafers
after decomposition of an organic substance on a silicon
wafer by dry etching, and SiC or glass wafers.

Advantageous Effects of the Invention

[0016] As described above, the present invention provides
a nozzle for analysis of a substrate which includes a double
pipe including a nozzle main body that discharges and
suctions an analysis liquid, and an outer pipe disposed on the
outer periphery of the nozzle main body so as to surround
the scanning analysis liquid, and the nozzle has such an
extremely simple structure that a gas spraying pipe is
disposed on the outer periphery of the tip of the outer pipe
and on a side opposite to a scanning direction of the nozzle.
Thus, falling of the analysis liquid during scanning can be
reliably prevented, and even a substrate surface having high
hydrophilicity can be efficiently analyzed without falling of
the analysis liquid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 depicts a sectional view of a conventional
double-pipe nozzle for analysis of a substrate.

[0018] FIG. 2 depicts a sectional view of a nozzle for
analysis of a substrate in an embodiment.

[0019] FIG. 3A depicts a schematic view of a longitudinal
cross-section of a nozzle tip in the embodiment.

[0020] FIG. 3B depicts a schematic view of a lateral
cross-section of the nozzle tip in the embodiment.

DESCRIPTION OF EMBODIMENT

[0021] Hereinafter, an embodiment of the present inven-
tion will be described. FIG. 2 shows a sectional view of a
nozzle for analysis of a substrate in this embodiment. A
nozzle 1 in FIG. 2 includes a double pipe including a nozzle
main body 10 and an outer pipe 20. The nozzle main body
10 is connected to a syringe pump 30 via a tube, so that an
analysis liquid D can be discharged to the tip side. The outer
pipe 20 is provided with suction means 21 connected to a
pump (not illustrated) so that a space between the nozzle
main body 10 and the outer pipe 20 is brought into a
reduced-pressure atmosphere.

[0022] Further, in the nozzle 1 in this embodiment, a gas
spraying pipe 40 for spraying an inert gas is disposed on the
outer periphery of the tip of the outer pipe 20. The gas
spraying pipe 40 is disposed at a position corresponding to
a side opposite to the scanning direction (moving direction)
of the nozzle 1. The nozzle scanning operation can be
performed for the whole surface of a substrate W by, for
example, a method in which the nozzle is moved from the
inside to the outside while the substrate (wafer W) is rotated.
[0023] The gas spraying pipe 40 is in the form of a pipe,
and may be disposed substantially parallel to the substrate
surface, or disposed in an inclined state with respect to the
substrate surface in such a manner that the inert gas flows
toward the tip of the nozzle main body on the outer periph-
ery of the tip of the outer pipe 20. Specifically, as shown in
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FIG. 3A, the gas spraying pipe 40 is disposed in such a
manner that the inert gas is sprayed at a spraying angle 6 of
0 degree to 75 degrees.

[0024] For example, when the spraying angle is 30
degrees, a location X allowing the inert gas to be sprayed in
a direction substantially parallel to the substrate surface in
such a manner that the inert gas moves to the tip of the
nozzle main body 10 as shown in FIG. 3B is selected as a
position at which the inert gas is sprayed by the gas spraying
pipe 40. The spraying position can be determined with
consideration given to the pipe cross-sectional area of the
gas spraying pipe 40, the spraying amount and the like. For
the flow rate of the inert gas to be sprayed, the pipe diameter
and the gas flow rate is adjusted so that the linear velocity
of the inert gas expelled from the gas spraying pipe 40 is 10
to 30 m/sec. Specifically, the pipe diameter of the gas
spraying pipe 40 is set to 0.5 to 3.0 mm.

[0025] Analysis using the nozzle for analysis of a substrate
in this embodiment will be described. In the nozzle in this
embodiment, a nozzle is used in which the size of the nozzle
main body is 10 mm, the outer pipe is 20 mm, and thus the
ratio of the size of the outer pipe to the size of the nozzle
main body is 2 in terms of a diameter (the same applies to
nozzles in Comparative Examples 1 and 2 as described
below). The gas spraying pipe 40 has a pipe inner diameter
of 2.0 mm, and the inert gas is sprayed to a location
(spraying position X) at a distance of 50 mm from the outer
peripheral end of the outer pipe 20 shown in FIG. 3B so that
the spraying angle is 30 degrees.

[0026] Specific analysis methods and results of carrying
out the analysis methods will now be described. As analysis
methods, a method of Comparative Example 1, a method of
Comparative Example 2 and a method of Example 1 were
sequentially carried out, and the scan speed of the nozzle and
leakage of the analysis liquid were examined. Here, a
conventional nozzle for analysis of a substrate as shown in
FIG. 1 was used, and suction means 21 was not used in
Comparative Example 1, the conventional nozzle for analy-
sis of a substrate was used, and suction means 21 was used
in Comparative Example 2, and a nozzle for analysis of a
substrate which includes a gas spraying pipe as shown in
FIG. 2 was used in Example 1. As a substrate to be analyzed,
a semiconductor substrate including an 8-inch silicon wafer
containing boron in an amount of 5x10'° atoms/cm>.

Comparative Example 1

[0027] First, the provided semiconductor substrate was
subjected to etching by a vapor phase decomposition method
using an ozone gas and hydrofluoric acid vapor. Thereafter,
a surface of the semiconductor substrate was scanned at a
rate of 1 mm/sec by use of the nozzle in FIG. 1 to carry out
analysis.

[0028] As an analysis procedure, first the nozzle was
immersed in an analysis liquid containing 3% HF and 4%
H,0,, and the analysis liquid was suctioned with the syringe
pump 30 to fill a liquid reservoir of the nozzle main body 10
with 1000 pL of the analysis liquid. Thereafter, 800 uL, of the
analysis liquid D was discharged onto the semiconductor
substrate W, and an scanning operation of the nozzle was
performed in such a manner that the analysis liquid D passed
over the whole surface of the substrate W while the analysis
liquid D was held at the tip of the outer pipe 20 so as to
surround the analysis liquid D. In Comparative Example 1,
spraying means 21 was not used. As a result, in Comparative
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Example 1, the analysis liquid was leaked from the nozzle
tip even when the scan speed of the nozzle (relative speed of
the wafer and the nozzle) was 1 mm/sec.

Comparative Example 2

[0029] In Comparative Example 2, the same conditions as
in Comparative Example 1 were employed, and during the
nozzle scanning operation, a space between the nozzle main
body 10 and the outer pipe 20 was brought into a pressure-
reduced atmosphere by suction means 21 at a suction rate of
0.3 to 1.0 L/min by use of a pump. As a result, in Com-
parative Example 2, a phenomenon in which the analysis
liquid is leaked from the nozzle tip did not occur when the
scan speed of the nozzle was 2 mm/sec. However, the
analysis liquid was leaked when the scan speed of the nozzle
was 3 mm/sec.

Example 1

[0030] In Example 1, analysis was performed by use of a
nozzle for analysis of a substrate which includes a gas
spraying pipe as shown in FIG. 2. As an inert gas, a nitrogen
gas was used, and the spraying amount was set to 2.0 L/min.
A space between the nozzle main body 10 and the outer pipe
20 was brought into a pressure-reduced atmosphere with
suction means 21 under the same conditions as in Compara-
tive example 2. As a result, in Example 1, a phenomenon in
which the analysis liquid is leaked from the nozzle tip did
not occur even when the scan speed of the nozzle was 10
mm/sec. The whole surface of the substrate was subjected to
a scanning operation by the nozzle without causing the
analysis liquid to remain on the substrate surface during the
nozzle scanning operation.

[0031] The results of the analyses described above showed
that merely by spraying the inert gas to the outer periphery
of the outer pipe with the gas spraying pipe, a scanning
operation of the nozzle was performed at a rate higher by a
factor of 5 as compared to the case where only the suction
means of the nozzle was used (Comparative Example 2).
Further, it was found that in a wafer having high hydrophi-
licity, it was not necessarily able to hold the analysis liquid
at the nozzle tip during scanning merely by decompression
with the suction means of the nozzle even when the scan
speed was reduced, but when the gas spraying pipe was
used, it was able to reliably hold the analysis liquid at the
nozzle tip as long as the scan speed was reduced, so that a
phenomenon in which the analysis liquid is leaked from the
nozzle tip was effectively prevented.

INDUSTRIAL APPLICABILITY

[0032] In the present invention, even a substrate having
high hydrophilicity can be analyzed while a phenomenon in
which an analysis liquid is leaked from the tip of a nozzle is
reliably prevented, and therefore a very small amount of
contaminants such as, for example, metal contained in the
substrate can be efficiently analyzed. In addition, the nozzle
has an extremely simple structure, and a mechanism for
adjustment of a gas spraying pressure, etc. is unnecessary,
resulting in improvement economic efficiency in terms of an
apparatus cost.

REFERENCE SIGNS LIST

[0033]
[0034]

10 Nozzle main body
20 Outer pipe
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[0035] 21 Suction means
[0036] 30 Syringe pump
[0037] 40 Gas spraying pipe
[0038] W Wafer (substrate)
[0039] D Analysis liquid

1. A nozzle for substrate analysis, comprising: a double
pipe including a nozzle main body that discharges and
suctions an analysis liquid, and an outer pipe disposed on an
outer periphery of the nozzle main body so as to surround
the analysis liquid to be scanned; and having an exhaust
device employing a space between the nozzle main body and
the outer pipe as an exhaust path; wherein the nozzle allows
a gas spraying pipe disposed on an outer periphery of a tip
of the outer pipe and on a side opposite to a scanning
direction of the nozzle to spray an inert gas to a substrate
surface to thereby have the inert gas flow toward a tip of the
nozzle main body and in a direction substantially parallel to
the substrate surface.

2. The nozzle for substrate analysis according to claim 1,
wherein an inert gas spraying angle at which the inert gas is
sprayed to the substrate surface is in a range of 0 degree to
75 degrees with respect to the substrate surface.
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