OPTICAL SENSOR MODULE HAVING BAND-PASS FILTER AND PROCESS

MONITORING SYSTEM HAVING THE SAME

BACKGROUND OF THE INVENTION
TECHNICAL FIELD

[0001] Example embodiments of the present invention relate to an optical sensor module
having a band-pass filter and a process monitoring system having the optical sensor module.
More particularly, example embodiments of the present invention relate to an optical sensor
module having a band-pass filter and a process monitoring system having the optical sensor
module, capable of removing background signals effectively and detecting an end point of
the process more accurately, in monitoring the process using plasma light emitted from a
semiconductor or display manufacturing process, especially the process with a high aspect

ratio and a low open ratio.

DISCUSSION OF THE RELATED ART

[0002] Plasma is used in various ways in the manufacturing process of semiconductors
or displays, and in processes where such plasma is used, the status of the process may be
monitored through sensing of light emitted from the plasma.

[0003] Furthermore, many spectroscopic sensors using band-pass filters are being used
to monitor the process status.

[0004] In addition, in the case of the spectral sensor using the band-pass filter, a signal of
relatively high intensity compared to signal acquisition noise and dark current noise may be
obtained through photoelectron amplification by enlarging the area of the photodetector and
applying high voltage. Thus, various kinds of technologies such as U.S. patent No.

8,817,267.



[0005] However, this band-pass filter type spectral sensor has a problem in that it is
difficult to distinguish between a signal to be observed and a signal existing in the same
wavelength band.

[0006] Thus, technology such as Korean laid-open patent No. 10-2023-0142267 is being
developed to remove background signals from incident signals and obtain only the emission
signals that are purely monitored. In Korean laid-open patent No. 10-2023-0142267, the
technology for obtaining the pure emission signal through linear approximation is disclosed
when the intensity change range for background signal and noise wavelength change is
relatively small.

[0007] Here, in order to remove the background signal through this linear approximation,
an ultra-narrow band transmission filter is required to selectively transmit only the emission
optical signal band and the background signal band adjacent thereto. However, accurately
manufacturing the ultra-narrow band transmission filter for the selected specific wavelength

band has the problem of relatively high manufacturing difficulty.

SUMMARY

[0008] Example embodiments of the present invention provide an optical sensor module
having a band-pass filter, capable of removing background signals effectively and detecting
an end point of the process more accurately, in monitoring the process using plasma light
emitted from a semiconductor or display manufacturing process, especially the process with
a high aspect ratio and a low open ratio.

[0009] Inaddition, example embodiments of the present invention also provide an optical
sensor module having a band-pass filter, capable of removing background signals effectively
by adjusting an inclination angle of the band-pass filter, without manufacturing band-pass

filters for the optical signal wavelength to be monitored and the background signal
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wavelength separately.

[0010] In addition, example embodiments of the present invention also provide and a
process monitoring system having the optical sensor module.

[0011] According to one aspect of the present invention, the optical sensor module
includes an optical detecting part, a transmission filter part and a filter holder part. The
optical detecting part has at least two optical detectors spaced apart from each other. The
transmission filter part is disposed over the optical detecting part and has at least two
transmission filters. The filter holder part is disposed over the optical detecting part, and the
transmission filter part is mounted on the filter holder part. The transmission filters are
spaced apart from each other and respectively disposed over the optical detectors. The
transmission filters are disposed with different angles with respect to an incident light.
[0012] In an example embodiment, upper surfaces of the filter holder part may extend
with inclined angles different from each other, and the transmission filters may be
respectively mounted on the upper surfaces of the filter holder part.

[0013] In an example embodiment, a normal line of each of the transmission filters may
form an acute angle with respect to the incident light.

[0014] According to one aspect of the present invention, the optical sensor module
includes a module receiving part, a splitter, an optical detecting part and a transmission filter
part. The module receiving part is configured to form a receiving space. An incident portion
into which a light is incident is formed in a first side surface of the module receiving part.
The splitter part is disposed in the receiving space, and has at least one splitter configured to
split an incident light. The optical detecting part has optical detectors disposed at a second
side surface and a third side surface. The second side surface faces the first side surface and
the third side surface is adjacent to the first side surface. The transmission filter part is

disposed between the splitter and the optical detector, and has transmission filters having
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inclined angles different from each other with respect to the optical detector.

[0015] In an example embodiment, each of the splitters may include an incident surface
disposed toward the incident light, a first surface disposed toward the third side surface, and
a second surface disposed toward the second side surface.

[0016] In an example embodiment, the transmission filter part may include a first
transmission filter extending parallel with the third side surface, a second transmission filter
inclined with respect to the second side surface by a predetermined angle.

[0017] In an example embodiment, the splitter part may include a plurality of splitters
arranged along a direction of the incident light.

[0018] In an example embodiment, the transmission filter part may include a plurality of
first transmission filters inclined with respect to the third side surface, and a plurality of
second transmission filters extending parallel with the second side surface.

[0019] In an example embodiment, angles of the first transmission filters with respect to
the third side surface may be different from each other. An angle of each of the first
transmission filter with respect to the third side surface may be an acute angle.

[0020] In an example embodiment, the optical detecting part may include a plurality of
first optical detectors spaced apart from each other on the third side surface, in the same
number as the number of the splitters, and a single second optical detector disposed on the
second side surface regardless of the number of the splitters.

[0021] According to one aspect of the present invention, a process monitoring system has
the optical sensor module mentioned above. Among the transmission filters, the
transmission filter having a first inclined angle transmits an emission optical signal in an
emission optical signal band, and the transmission filter having a second inclined angle
transmits a background signal in a background signal band. The process monitoring system

includes a signal processor configured to calculate a pure emission optical signal in which
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the background signal is removed, based on the emission optical signal and the background
signal.

[0022] In an example embodiment, the first and second inclined angles may be
determined to be changed with each other, according to the emission optical signal band and
the background signal band.

[0023] According to one aspect of the present invention, an optical sensor module
includes a module receiving part, a splitter part, a transmission filter part and an optical
detecting part. The module receiving part is configured to form a receiving space, and an
incident portion into which a light is incident is formed in a first side surface of the module
receiving part. The splitter part is disposed in the receiving space, and has at least one splitter
configured to split an incident light. The transmission filter part has at least two transmission
filters arranged along a direction perpendicular to a direction of the incident light, and the
transmission filters is configured to transmit predetermined signals of different bands. The
optical detecting part has at least two optical detectors respectively arranged with the
transmission filters, and the optical detectors is configured to detect a light passing through
the transmission filters.

[0024] In an example embodiment, the transmission filters may be spaced apart from
each other, a full width at half maximum (FWHM) of each of the transmission filters may
be 10 nm or less, and a size of each of the transmission filters may be larger than that of each
of the optical detectors.

[0025] In an example embodiment, the splitter part may include a first splitter receiving
the incident light, and at least one additional splitter receiving a light split from the first
splitter.

[0026] In an example embodiment, the first splitter may be disposed at a first side of the

module receiving part to be aligned with the incident light. The additional splitter may be
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spaced apart from the first splitter by a predetermined distance and may be arranged along
an arranged direction of the transmission filters.

[0027] Inan example embodiment, as the light is split and provided from the first splitter
to the additional splitter, an amount of the light incident into each of the transmission filters
may be changed.

[0028] In an example embodiment, the first splitter may be disposed at a center of the
module receiving part to be arranged with the incident light. The additional splitter may be
spaced apart from the first splitter along a direction of the incident light, and at least two
additional splitters may be arranged to be perpendicular to the direction of the incident light.
[0029] In an example embodiment, the additional splitters may be respectively arranged
with the transmission filters, and an amount of the light incident into each of the transmission
filters from each of the additional splitters may be uniformly maintained.

[0030] According to one aspect of the present invention, a process monitoring system has
the optical sensor module mentioned above. Each of the transmission filters transmitting
signals in different bands is configured to transmit an emission optical signal in an emission
optical signal band and a background signal in a background signal band. The process
monitoring system includes a signal processor configured to calculate a pure emission
optical signal in which the background signal is removed, based on the emission optical
signal and the background signal.

[0031] According to example embodiments of the present invention, conventionally, in
order to extract only the pure emission optical signal excluding the background signal from
the conventional emission optical signal, it was necessary to detect the signals of the
emission optical signal band and the background signal band, respectively. However, the
production of a conventional ultra-narrow band transmission filter for this purpose had

limitations in the production process.



[0032] Thus, according the present example embodiments, transmission filters arranged
adjacent to each other form different angles with respect to an incident light, that is, the
normal lines of the transmission filters form different angles with the incident light. Then,
optical signals of various bands may be detected through a single incident light, and accurate
and easy detection of pure emission optical signals may be performed by merely removing
signals in the background signal band.

[0033] By forming the transmission filters to have different inclination angles so that they
are spaced apart from each other, accurate detection of pure emission optical signals may be
performed while omitting the production of ultra-narrow band transmission filters. Then,
the manufacturing process of the optical sensor module may be easy, and signal processing
for optical signal detection may also be easily performed.

[0034] Here, the transmission filters may be arranged continuously in one direction and
spaced apart from each other, but alternatively, they may be arranged at different positions
in a predetermined storage space.

[0035] A splitter unit is provided to split the incident light and provide it to two planes
perpendicular to each other, so that the light is split and provided in a plurality of directions.
Then, the transmission filters that transmit each branched light are formed so that the angle
of inclination, that is, the angle of the normal, with respect to the incident light is different
from that of the incident light. Thus, signals of different frequency bands may be detected
from the single light. In addition, by removing the background signal from the signals
detected in this way, the pure emission optical signal may be easily detected with a simple
calculation.

[0036] In particular, by separating and providing light in directions perpendicular to each
other through branching as described above, signal overlap or interference between the

transmission filter that transmits the optical signal in the emission optical signal band and
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the transmission filter that transmits the background signal in the background signal band
may be minimized. Thus, the accuracy of the detected optical signal may be further
improved.

[0037] In addition, along one side of the module storage unit, a plurality of transmission
filters may be arranged to be spaced apart from each other to form different angles, and
splitters to provide light may also be arranged to be spaced apart from each other. Thus,
signals of various transmission bands may be detected according to various incidence angle
changes, and filtering of background signals may be implemented more accurately.

[0038] Furthermore, considering the band of the emitted optical signal or the band of the
background signal, the tilt angle formed by the transmission filters may be determined in
various ways, so that emitted optical signals may be optimally detected in accordance with
the characteristics of various processes. Then, the efficiency and accuracy of process
monitoring may be improved.

[0039] In addition, regarding plasma light emitted from semiconductor or display
manufacturing processes that use plasma, especially processes with high aspect ratio and
low open ratio, the end point of the process may be detected more accurately by
implementing a high signal-to-noise ratio (SNR). In particular, an optical signal is detected
by aligning transmission filters that transmit signals of a preset band and optical detectors
that are aligned with the optical detectors that detect the corresponding light, so that detection
accuracy may be improved while minimizing the increase in sensor size caused by using a
large-area photodetector as in the prior art.

[0040] Here, the transmission filters and light detectors may be replaced and installed
depending on the characteristics of the plasma light, so that a detection system with the
optimal band may be performed according to various plasma usage environments. In

addition, the transmission filters are spaced at a predetermined distance, and the size of the
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transmission filter is made larger than the size of the photo detector, so that signal
interference due to alignment error between the transmission filter and photodetector may
be minimized.

[0041] In addition, a splitter unit that splits light is located in front of the transmission
filters, so that the problem of reduced spatial resolution caused by monitoring multiple
signals may be solved.

[0042] The problem of spatial resolution deterioration may be solved by splitting the light
generated from the plasma light source into light incident on each transmission filter through
the splitter unit. Here, although signal reduction may occur due to the distribution of light,
this may be solved by applying the transmission filters to a large area and each transmitting
signals of a specific band.

[0043] In addition, the splitters included in the splitter unit are arranged in various ways,
so that the signal-to-noise ratio (SNR) of signals in individual wavelength bands may be

controlled in various ways.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1A is a graph showing an intensity of an emission signal according to a
wavelength and a filter transmission rate in an optical sensor module, and FIG. 1B is a graph
showing a state of detecting a transmission optical signal and a transmission background
signal of FIG. 1A;

[0045] FIG. 2A is a perspective view illustrating an optical sensor module according to
an example embodiment of the present invention, and FIG. 2B is a side view illustrating the
optical sensor module of FIG. 2A;

[0046] FIG. 3 is a graph showing a wavelength change according to a filter incident angle

of an optical signal in the optical sensor module of FIG. 2A;
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[0047] FIG. 4A is a perspective view illustrating an optical sensor module according to
another example embodiment of the present invention, and FIG. 4B is a plan view illustrating
the optical sensor module of FIG. 4A;

[0048] FIG. 5 is a graph showing a method of obtaining an intensity of an emission signal
and a filter transmission rate, using the wavelength change according to a filter incident
angel of an optical signal, in a process monitoring system having the optical sensor module
of FIG. 4A.

[0049] FIG. 6 is a graph showing a method of detecting a transmission optical signal and
a transmission background signal, using the process monitoring system having the optical
sensor module of FIG. 4A;

[0050] FIG. 7A is a perspective view illustrating an optical sensor module according to
still another example embodiment of the present invention, and FIG. 7B is a plan view
illustrating the optical sensor module of FIG. 7A;

[0051] FIG. 8 is a schematic view illustrating an optical sensor module according to still
another example embodiment of the present invention;

[0052] FIG. 9 is a schematic view illustrating an optical sensor module according to still
another example embodiment of the present invention;

[0053] FIG. 10 is a schematic view illustrating an optical sensor module according to still
another example embodiment of the present invention;

[0054] FIG. 11A and FIG. 11B are graphs showing plasma monitoring results in an
etching process using a conventional diffraction-based spectrometer;

[0055] FIG. 12 is a graph showing characteristics of a transmission filter part and an
emission optical signal applied to the process monitoring system of the present example
embodiment; and FIG. 13A and FIG. 13B are graphs showing plasma monitoring results in

an etching process using the process monitoring system according to the present example
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embodiment to which the transmission filter part of FIG. 12 is applied.

[0056]
[0057]
[0058]
[0059]
[0060]
[0061]
[0062]
[0063]
[0064]
[0065]
[0066]
[0067]
[0068]
[0069]

[0070]

<Reference numerals>

10, 11, 12, 13, 100, 101 : optical sensor module

1 : light source 2 : light

4 : incident light 5 : split light

6 : analysis light 20 : base part

30, 500, 501, 1400 : optical detecting part

31, 32, 33,510, 520, 530, 511, 521, 1401, 1402, 1403 : optical detector
40 : filter holder part 41, 42, 43 : filter holder

50, 400, 401, 1300 : transmission filter part

51, 52,53, 410,420, 430, 411, 421, 1301, 1302, 1303 : transmission filter
200, 201 : module receiving part 211, 212 : incident portion

250, 251, 252 : window part

300, 301, 1500, 1510 : splitter part

310, 320, 1501, 1502, 1503, 1504, 1511, 1512, 1513 : splitter

600 : signal processor

DETAILED DESCRIPTION OF THE INVENTION

[0071]

accompanying drawings, in which example embodiments of the present invention are shown.
The present invention may, however, be embodied in many different forms and should not
be construed as limited to the example embodiments set forth herein. Rather, these example

embodiments are provided so that this disclosure will be thorough and complete, and will

The present invention is described more fully hereinafter with reference to the

fully convey the scope of the present invention to those skilled in the art.

[0072]

The terminology used herein is for the purpose of describing particular example
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embodiments only and is not intended to be limiting of the present invention. As used herein,
the singular forms “a,” “an” and “the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0073] It will be further understood that the terms “comprises” and/or “comprising,”
when used in this specification, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations, elements, components, and/or groups
thereof.

[0074] Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood that terms, such as those defined
in commonly used dictionaries, should be interpreted as having a meaning that is consistent
with their meaning in the context of the relevant art and will not be interpreted in an idealized
or overly formal sense unless expressly so defined herein.

[0075] Hereinafter, the present invention will be explained in detail with reference to the
accompanying drawings.

[0076] Here, before explaining the example embodiments of the present invention, an
example of detecting a transmission optical signal and a transmission background signal in
an optical sensor module will be described.

[0077] FIG. 1A is a graph showing an intensity of an emission signal according to a
wavelength and a filter transmission rate in an optical sensor module, and FIG. 1B is a graph
showing a state of detecting a transmission optical signal and a transmission background
signal of FIG. 1A.

[0078] The optical sensor module explained below monitors a process state based on a

plasma optical signal generated in a plasma using process among semiconductor or display
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manufacturing processes such as an etching process. Various kinds of process information
such as an end of the process may be obtained, by monitoring the optical signal of the process
using the optical sensor module.

[0079] For example, when the optical sensor module having transmission filters
transmitting the signals in different wavelength bands on an emission signal OS emitted in
the above-mentioned plasma process is used, a pure emission optical signal which finally
needs to be detected may be extracted.

[0080] The plasma emission signal is discontinuous with respect to the wavelength, and
a background signal such as a molecular emission signal MES and an infrared heater signal
IR, a dark current DCN and a signal acquisition noise RON are continuous with respect to
the wavelength. Thus, using the above characteristics of the signals, the signals except for
the pure emission optical signal may be effectively removed.

[0081] As illustrated in FIG. 1A, a band-pass filter OF selectively transmitting only an
atomic emission signal OS1 to be observed, and band-pass filters BF1 and BF2 selectively
transmitting wavelength bands adjacent to the signal OS1 are used. Then, the signal BS1 of
the sum of the plasma emission signal, the background signal and the noise is obtained, and
the signal LBS2 and RBS2 of the overlapping signal of the background signal and the noise
is obtained.

[0082] Here, when the intensity change width Al with respect to the wavelength change
AM of the background signal and the noise is relatively small, the following equation (1) is

satisfied through a linear approximation.

BS = —+(LBS,+RBS))

[0083] Equation (1)

[0084] Here, a calculation is performed between signals whose corresponding bands have

been transmitted through the band-pass filters OF, BF1 and BF2. Then, among the
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wavelength band signals OS1 of the plasma emission signal to be observed, only the pure
emission signal OS2 from which the background signal has been removed may be obtained.
[0085] For more detailed information about the acquisition of the pure emission signal
using the band-pass filters of FIG. 1A and FIG. 1B, Korean Patent Application No. 10-2022-
0041282 (filed on April 1, 2022) may be referred.

[0086] Accordingly, among the signals included in the plasma emission signal OS,
acquiring only the pure emission signal excluding the background signal may be performed
through the band-pass filters filtering the signals in different bands and the calculation for
the corresponding signals. Finally, it is necessary to accurately implement the band-pass
filters that may filter the signals in different bands.

[0087] Accordingly, the example embodiments of the present invention relate to an
optical sensor module that accurately implements the band-pass filters for only obtaining the
pure emission signal from the above plasma emission signal, and a process monitoring
system having the optical sensor module. Hereinafter, it will be described in detail with
reference to the drawings.

[0088] FIG. 2A is a perspective view illustrating an optical sensor module according to
an example embodiment of the present invention, and FIG. 2B is a side view illustrating the
optical sensor module of FIG. 2A.

[0089] Referring to FIG. 2A and FIG. 2B, the optical sensor module 10 according to the
present example embodiment includes a base part 20, an optical detecting part 30, a filter
holder part 40 and a transmission filter part 50.

[0090] The base part 20 has a plate shape extending along a direction with a
predetermined area, as illustrated in the figure, and forms a base on which the optical
detecting part 30 is mounted.

[0091] The optical detecting part 30 is formed on the base part 20, and includes a plurality
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of optical detectors 31, 32 and 33 detecting the light. Each of the optical detectors 31, 32,
33 has the same structure and shape, and the optical detectors 31, 32, 33 are spaced apart
from each other by a predetermined distance.

[0092] Forexample, each of the optical detectors 31, 32, 33 may have a rectangular shape
with a predetermined area, and the distance between the optical detectors 31, 32 and 33 may
be smaller than the area of each of the optical detectors 31, 32 and 33.

[0093] Here, the area of each of the optical detectors 31, 32 and 33, and the distance
between the optical detectors may be changed variously. The area may be designed
considering the area of the transmission filter part 50 explained below, and in the case of the
distance, any separation distance sufficient to prevent interference or overlap when receiving
signals of different wavelength bands is sufficient.

[0094] Each of the optical detectors 31, 32 and 33 detects the signals filtered by
transmitting the transmission filters of the transmission filter part 50 explained below. The
signal detected by each of the optical detectors is the signal with different wavelength bands.
[0095] Here, the optical detectors are illustrated to be three optical detectors arranged in
a line, but not limited thereto and thus two or at least four optical detectors may be arranged
in a line

[0096] Alternatively, a plurality of the optical detectors may be arranged in a matrix shape,
and two or more rows and columns are sufficient in a matrix array and various combinations
may be possible.

[0097] Accordingly, as the number and the arrangement of the optical detectors are
changed, the number and the arrangement of the filter holder part 40 and the transmission
filter part 50 may be changed. However, for the convenience of explanation, hereinafter, the
optical detectors are three, and the number and the arrangement of the filter holder part and

the transmission filter part are assumed to be formed to correspond to the optical detectors.
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[0098] The filter holder part 40 is an integrally formed structure disposed over the optical
detecting part 30, and the filter holder part 40b may have a rectangular block shape extending
in a line as a whole.

[0099] The optical detectors 31, 32 and 33 are spaced apart from each other, but the filter
holder part 40 is the integrally formed structure.

[00100] Here, the filter holder part 40 is a fixing structure fixing the transmission filter
part 50 mounted on an upper surface of the filter holder part 40. A lower surface of the filter
holder part 40 forms a plane shape extending parallel with an extending direction of the base
part 20.

[00101] The filter holder part 40 may have a predetermined height or thickness, and the
upper surface of the filter holder par 40 forms a plurality of inclined surfaces on which the
transmission filter part 50 is mounted, unlike the lower surface of the filter holder part 40
extending parallel with the base part 20.

[00102] The upper surface of the filter holder part 40 includes the surfaces divided in the
same number as the number of the optical detectors 31, 32 and 33, and the surfaces form
angles different from each other as illustrated in the figure.

[00103] Thus, transmission filters 51, 52 and 53 of the transmission filter part 50 are
respectively mounted on the surfaces of the filter holder part 40 forming the different angles.
[00104] Each of the transmission filters 51, 52 and 53 has the same area and has a plate
shape, but an inclined angle of each of the transmission filters 51, 52 and 53 is different.
[00105] As illustrated in the figure, when the light is vertically incident into the optical
sensor module 10 from a light emission device such as a plasma device PS, a normal
direction of each of the transmission filters 51, 52 and 53 forms the different angle with
respect to the incident light.

[00106] For example, a normal direction of the first transmission filter 51 may form a first
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angle 01 with respect to the incident light, a normal direction of the second transmission filter
52 may form a second angle 0> with respect to the incident light, and a normal direction of
the third transmission filter 53 may form a third angle 05 with respect to the incident light.
[00107] The first to third angles may be 01, 02, and 03 are respectively defined as incident
angles of the lights incident into the first to third transmission filters 51, 52 and 53.

[00108] Among the first to third angles, the following equation (2) may be satisfied.

oo109] 3029129328 ,=0° Equation (2)

[00110] Here, the first to third angles are different from each other. Each of the first and
second angles may be an acute angle, and the third angle may be an acute angle more than
0°. Here, when the third angle is 0°, the third transmission filter 53 has a plane shape
extending perpendicular to the incident light.

[00111] Accordingly, each of the first to third transmission filters 51, 52 and 53 has the
different angle with respect to the incident light, and transmits the different band of signal
for the incident light.

[00112] Thus, the light passing through each of the first to third transmission filters 51, 52
and 53 is detected at each of the first to third optical detectors 31, 32 and 33.

[00113] Then, a signal processor explained below performs a predetermined calculation
on the signals having the different bands of wavelength as explained in FIG. 1A and FIG.
1B, and then the pure emission optical signal may be obtained.

[00114] The detailed explanation on this is explained below.

[00115] For example, each of the first to third transmission filters 51, 52 and 53 may
include a band-pass filter based on Brag Reflector. Each of the first to third transmission
filters 51, 52 and 53 is an ultra-narrow band transmission filter with a narrow transmission
width at half maximum FWHM of several nm or less in a visible light band, and may be

performed as a brag mirror having a resonance layer. The structure of each of the first to
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third transmission filters may be manufactured by alternately stacking heterogeneous thin
films with different refractive indices to a thickness of several tens of nm.

[00116] FIG. 3 is a graph showing a wavelength change according to a filter incident angle
of an optical signal in the optical sensor module of FIG. 2A.

[00117] For the optical sensor module 10 of FIG. 2B, as the inclined angles 01, 02, and 63
of the transmission filters 51, 52 and 53 changes, the wavelength of the transmitted light also
changes, and the change of the transmission wavelength is shown in FIG. 3.

[00118] As explained above, each of the first to third transmission filters 51, 52 and 53 is
the band-pass filter based on Brag Reflector, and the relationship between a filter incident
angle of the light and a wavelength of a transmission center is defined as Equation (3).

a1 1/2
hg=2o|1——Lsin %

[00119] * Equation (3)

[00120] Here, Ao is the wavelength of the transmission center of the transmission filter
which is formed to be inclined, Ao is a the wavelength of the transmission center for vertically
incident optical signal, no is the refractive index of an air, n+ is the refractive index of the
transmission filter, and 0 is an incident angle of the optical signal passing through the
transmission filter.

[00121] Finally, the wavelength A¢ of the transmission center of the transmission filter
moves toward a shorter wavelength compared to the designed wavelength, and this may be
confirmed in FIG. 3.

[00122] Using these characteristics, the wavelength of the transmitted optical signal is
determined to transmit the optical signal in the band that requires transmission, by forming
the inclination angle of the first to third transmission filters 51, 52 and 53 variously.
[00123] When the inclination angles of the first to third transmission filters 51, 52 and 53

are formed based on the pure emission optical signal band and the background signal band
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in the emission light in the plasma process, as explained referring to FIG. 1A and FIG. 1B,
the pure emission optical signal may be detected from the emission light based on the optical
signals of each detected band.

[00124] FIG. 4A is a perspective view illustrating an optical sensor module according to
another example embodiment of the present invention, and FIG. 4B is a plan view illustrating
the optical sensor module of FIG. 4A.

[00125] The optical sensor module 100 according to the present example embodiment is
structurally different from the optical sensor module 10 of FIG. 2A and FIG. 2B, such as the
arrangement of the optical detecting part and the transmission filter part, and additional
inclusion of a splitter part. However, The optical sensor module 100 according to the present
example embodiment is the same as the optical sensor module 10 of FIG. 2A and FIG. 2B,
in the configuration of changing the inclination angle of the transmission filters in
consideration of the band of the transmitted signal and finally detecting the pure emission
optical signal through this. Thus, the structure and the arrangement of the optical sensor
module 100 are detailed explained below.

[00126] Referring to FIG. 4A and FIG. 4B, the optical sensor module 100 according to the
present example embodiment includes a module receiving part 200, a splitter part 300, a
transmission filter part 400 and an optical detecting part 500.

[00127] As illustrated in the figure, the module receiving part 200 has a rectangular frame
shape, and includes first and second side surfaces 210 and 220 facing each other along a first
direction X and third and fourth side surfaces 230 and 240 facing each other along a second
direction Y perpendicular to the first direction X. A predetermined receiving space 202 is
formed inside of the module receiving part 200 by the first to fourth side surfaces 210, 220,
230 and 240.

[00128] Here, an upper portion of the module receiving part 200 is illustrated to be open,
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but this is for explain an inside of the module receiving part 200. Thus, the upper portion of
the module receiving part 200 is enclosed and the inside of the module receiving part 200 is
enclosed.

[00129] An incident portion 211 into which the emitted light from the plasma device PS
is incident is formed at the first side surface 210 of the module receiving part 200, and the
incident portion 211 may include a transparent window.

[00130] The first side surface 21 is the structure directly attached to a visible window of
the plasma device, and the incident portion 211 may be the visible window of the plasma
device.

[00131] The splitter part 300 is received by the receiving space 202, and includes first and
second splitters 310 and 320 sequentially arranged along the first direction X.

[00132] In the present example embodiment, the splitter part 300 includes two splitters,
but not limited thereto, and 3 or more splitters may be sequentially arranged along the first
direction X.

[00133] Accordingly, the number of the splitters along the first direction X which is the
direction of the incident light maybe sufficient to be 2 or more, and the number thereof is
not limited. Further, when three or more splitters are disposed, the number of the optical
detectors and the number of the transmission filters may be the same number as that of the
splitters.

[00134] However, hereinafter for the convenience of explanation, it will be explained that
two splitters 310 and 320 are arranged along the first direction X.

[00135] Each of the splitters 310 and 320 has a prism shape, and the inclination surface of
each of the splitters 310 and 320 is arranged to be inclined with an incident direction of the
incident light.

[00136] A first surface 311 of the first splitter 310 extends parallel with the first direction
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X, an incident surface 313 of the first splitter 310 extends parallel with the second direction
Y, and a second surface 312 of the first splitter 310 is inclined with respect to an incident
direction of the incident light. For example, the second surface 312 is inclined with respect
to the first direction which is the incident direction of the incident light, by about 45°.
[00137] In addition, the second splitter 320 is disposed to be spaced apart from the first
splitter 310 at a rear side of the first splitter 310 along the incident direction of the light, and
the arrangement of a first surface 321, a second surface 322 and an incident surface 323 is
substantially same as that of the first splitter 310. For example, the first surface 321 of the
second splitter 320 is parallel with the first direction X, the incident surface 323 thereof is
parallel with the second direction Y, and the second surface 322 thereof is inclined with
respect to the first direction X by about 45°.

[00138] Accordingly, as the first and second splitters 310 and 320 are sequentially
arranged, the emitted light incident into the incident portion 211 is split continuously as an
arrow of FIG. 4B.

[00139] The light incident into the incident portion 211 is split by the first splitter 310, to
be provided into the first transmission filter 410 through the first surface 311 and to be
provided into the incident surface 323 of the second splitter 320 through the second surface
312.

[00140] In addition, the light incident into the incident surface 323 of the second splitter
320 is split by the second splitter 320, to be provided into the second transmission filter 420
through the first surface 321 and to be provided into the third transmission filter 430 through
the second surface 322.

[00141] Accordingly, the incident light is split and is provided to the transmission filters
through the splitters.

[00142] The optical detecting part 500 detects the optical signal passing through the
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transmission filter part 400, and is substantially same as the optical detecting part 30 of FIG.
2A except for the disposition and arrangement of the optical detection part 500.

[00143] As illustrated in the figure, the optical detecting part 500 includes first to third
optical detectors 510, 520 and 530. The first and second optical detectors 510 and 520 are
disposed on the third side surface 230 and are spaced apart from each other, and the third
optical detector 530 is disposed on the second side surface 220.

[00144] The areas of the first to third optical detectors 510, 520 and 530 are the same with
each other.

[00145] As the third optical detector 530 is fixed and disposed on the second side surface
220, the third optical detector 530 detects the optical signal when the light passing through
the incident portion 211 of the first side surface 210 merely passes through the first and
second splitters 310 and 320. Here, the signal transmitted in a predetermined band by the
third transmission filter 430 is detected.

[00146] Alternatively, the first optical detector 510 is fixed and disposed on the third side
surface 230, and faces and is parallel with the first surface 311 of the first splitter 310.
[00147] Then, as the light incident into the incident portion 211 is split by the first splitter
310 and is provided into the first surface 311, the first optical detector 510 detects the signal.
Here, the signal transmitted in a predetermined band by the first transmission filter 410 is
detected.

[00148] The second optical detector 520 is fixed on the third surface 230 and is spaced
apart from the first optical detector 510. The second optical detector 520 faces and is parallel
with the first surface 321 of the second splitter 320.

[00149] Then, as the light split through the second surface 312 of the first splitter 310 is
split again by the second splitter 320 and then is provided to the first surface 323, the second

optical detector 520 detects the signal. Here, the signal transmitted in a predetermined band
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by the second transmission filter 420 is detected.

[00150] The transmission filter part 400 transmits a signal of a predetermined band, and
includes the first to third transmission filters 410, 420 and 430. Here, the functions of the
first to third transmission filters 410, 420 and 430 are substantially same as those of the first
to third transmission filters 51, 52 and 53 of FIG. 2A.

[00151] The first transmission filter 410 is disposed between the first surface 311 of the
first splitter 310 and the first optical detector 510, and is inclined with respect to the first
direction X which is parallel with the first surface 311 and the third side surface 230 by a
first angle 0;.

[00152] Thus, a normal direction of the first transmission filter 410 forms the first angle
01 with an incident direction of the light passing through the first surface 311.

[00153] Inaddition, the second transmission filter 420 is disposed between the first surface
321 of the second splitter 320 and the second optical detector 520, and is inclined with
respect to the first direction X which is parallel with the first surface 321 and the third side
surface 230 by a second angle 0.

[00154] Thus, a normal direction of the second transmission filter 420 forms the second
angle 0> with an incident direction of the light passing through the first surface 321.
[00155] Further, the third transmission filter 430 is disposed between the second surface
322 of the second splitter 320 and the third optical detector 530, is parallel with the second
side surface 220 and is along the second direction Y. The third transmission filter 430 is not
inclined with the second side surface 220.

[00156] Thus, a normal direction of the third transmission filter 430 forms a third angle 63
with an incident direction of the light passing through the second surface 322, but here, the
third angle 63 may be 0°.

[00157] Alternatively, the third angle 63 may not be 0°.
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[00158] The first to third angles 01, 62 and 63 may satisfy Equation (4) below. However,
Equation (4) may be an example relationship, and if each angle satisfies an acute angle of 0°
or more, the condition for forming different sizes is satisfied, and the size relationship

between them may be changed in various ways.

otsey 206 8 08 >0°

[00160] Accordingly, as the first to third transmission filters 410, 420 and 430 are disposed

Equation (4)

with the angles different from each other, the first to third transmission filters 410, 420 and
430 transmit the wavelengths of different bands and thus the pure emission optical signal
may be obtained finally.

[00161] FIG. 5 is a graph showing a method of obtaining an intensity of an emission signal
and a filter transmission rate, using the wavelength change according to a filter incident
angel of an optical signal, in a process monitoring system having the optical sensor module
of FIG. 4A. FIG. 6 is a graph showing a method of detecting a transmission optical signal
and a transmission background signal, using the process monitoring system having the
optical sensor module of FIG. 4A.

[00162] Referring to FIG. 5, the process monitoring system having the optical sensor
module 100 further includes a signal processor 600. The signal process part 600 performs
the signal processing as explained referring to FIG. 1A and FIG. 1B, and then the pure
emission optical signal is obtained.

[00163] When the third angle 05 of the third transmission filter 430 is preset to be 0°, the
first angle 0; of the first transmission filter 410 is preset to be 5°, and the second angle 6> of
the second transmission filter 420 is preset to be 9° in the optical sensor module 100 of FIG.
4A, the signal of different wavelength bands are detected by the first to third optical detectors
510, 520 and 530.

[00164] For example, the third transmission filter 430 having the third angle 653 is the
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background signal transmission filter BF2, and then the signal in the background signal
wavelength band is transmitted and the background signal is detected by the third optical
detector 530.

[00165] In addition, the first transmission filter 410 having the first angle 0; is the band-
pass filter OF selectively transmitting the atomic emission signal OS1, and then the atomic
emission signal is transmitted and the atomic emission signal is detected by the first optical
detector 510.

[00166] Further, the second transmission filter 420 having the second angle 0, is the
background transmission filter BF1, and then the signal in the background signal wavelength
band with a different wavelength is transmitted and the different wavelength background
signal is detected by the second optical detector 520.

[00167] Thus, as illustrated in FIG. 6, in the optical sensor module 100 at which the first
to third angles 01, 02 and 03(=0°) satisfy Equation (4), when the splitter part 300 is designed
to have 1/2 incident on the observation target optical signal wavelength band OF and 1/4
incident on the background signal wavelength bands BF1 and BF2, the signal processor 600
obtains the pure emission optical signal in which the background signals are removed based
on the signals detected by the first to third optical detectors 510, 520 and 530.

[00168] Here, the signal processor 600 may obtain the pure emission optical signal via a
simple arithmetic calculation (OS2-(1/2)(LBS2+RBS2)) between the signals detected by the
optical detectors.

[00169] Accordingly, as the transmission filters 410, 420 and 430 of the transmission filter
part 400 are disposed to be inclined with the incident light and the inclined angle of each of
the transmission filters 410, 420 and 430 are variously changed, the signals in the different
bands may be detected and the information on the pure emission optical signal except for

the background signal may be easily obtained.
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[00170] FIG. 7A is a perspective view illustrating an optical sensor module according to
still another example embodiment of the present invention, and FIG. 7B is a plan view
illustrating the optical sensor module of FIG. 7A.

[00171] The optical sensor module 200 according to the present example embodiment is
substantially same as the optical sensor module 100 of FIG. 4A and FIG. 4B, except for the
number of the splitters and the number and arrangement of the optical detectors and
transmission filters, and thus the same reference numerals are used for the same elements
and any repetitive explanation will be omitted.

[00172] Referring to FIG. 7A and FIG. 7B, the optical sensor module 200 according to the
present example embodiment includes a module receiving part 200, a splitter part 301, a
transmission filter part 401 and an optical detecting part 501.

[00173] The module receiving part 200 is substantially same as that in FIG. 6A, but only
one splitter is configured and the size of the receiving space 202 may be smaller.

[00174] The splitter part 301 includes a single splitter, and as explained above, the splitter
301 includes a first surface 311 extending along the first direction X, an incident surface 313
extending along the second direction Y, and a second surface 312 inclined by 45° with
respect to the first direction X.

[00175] Thus, the light incident into the incident portion 211 is incident into the incident
surface 313 and then is split by the splitter 301. Then, the light is provided toward a first
transmission filter 411 through the first surface 311, and is also provided toward a second
transmission filter 421 through the second surface 312.

[00176] The optical detecting part 501 includes a first optical detector 511 fixed at the
third side surface 230 and a second optical detector 521 fixed at the second side surface 220.
[00177] Here, the first and second optical detectors 511 and 521 detect the signals with

different bands, and the detected signals are operated by the signal processor 600 to be
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obtained as the pure emission optical signal as explained above.

[00178] The transmission filter part 401 includes the first transmission filter 411 disposed
between the first optical detector 511 and the first surface 311, and the second transmission
filter 421 disposed between the second optical detector 521 and the second surface 312.
[00179] Here, the first transmission filter 411 is disposed between the first surface 311 of
the splitter 301 and the first optical detector 511, and is inclined by a first angle 01 with
respect to the first direction X which is parallel with the first surface 311 and the third side
surface 230.

[00180] Then, a normal direction of the first transmission filter 411 forms the first angle
01 with respect to the incident direction of the light transmitting the first surface 311, and the
first angle 6; may be 0°.

[00181] Alternatively, the first angle 0; formed by the first transmission filter 411 may not
be 0°.

[00182] The second transmission filter 421 is disposed between the second surface 312 of
the splitter part 301 and the second optical detector 521, and is inclined by a second angle 6>
with respect to the second direction Y which is parallel with the second side surface 220.
[00183] Then, a normal direction of the second transmission filter 421 forms the second
angle 0, with respect to the incident direction of the light transmitting the second surface 321,
and the second angle 0, may be an acute angle.

[00184] The normal direction of the second transmission filter 421 forms the second angle
02 with respect to the incident direction of the light passing through the second surface 312.
[00185] In the present example embodiment, the first and second angles 6; and 6> may
satisfy Equation (5). The relationship in Equation (5) below is only an example, and if each
angle satisfies an acute angle of 0° or more, it satisfies the condition that the sizes are

different from each other, and the size relationship between them may be varied in various
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ways.

[00186] 20720 2> = 12 07 Equation (5)

[00187] Accordingly, as the first and second transmission filters 411 and 421 are disposed
with having different angles, the first and second transmission filters 411 and 421 transmit
the wavelengths with different bands, and thus the pure emission optical signal may be
obtained finally. The obtainment of the pure emission optical signal is performed by the
signal processor 600, and the detailed calculation is the same as explained above referring
to FIG. 5 and FIG. 6.

[00188] The optical sensor module 200 according to the present example embodiment,
transmits the signals with different wavelength bands using two transmission filters. Thus,
the optical sensor module 200 may be applied when the intensity of the background signal
is relatively weak compared to the intensity of the emission optical signal, in the signal
emitted from the process to be measured.

[00189] When the background signal in the band surrounding the emission optical signal
is relatively weak, the background signal is effectively removed by the single transmission
filter and then the pure emission optical signal may be effectively obtained.

[00190] In the same way, when the intensity of the background signal is relatively strong
compared to the intensity of the emission optical signal, it is necessary to acquire signals in
multiple channels by increasing the number of transmission filters.

[00191] To performing this, four or more channels may be required in addition to the three
channels as in FIG. 4A and FIG. 4B, and thus three or more splitters, three or more
transmission filters and three or more optical detectors may be configured in a similar
arrangement to the arrangement as explained above.

[00192] FIG. 8 is a schematic view illustrating an optical sensor module according to still
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another example embodiment of the present invention.

[00193] Referring to FIG. 8, the optical sensor module 11 according to the present example
embodiment includes a module receiving part 201, a window part 250, a transmission filter
part 1300 and an optical detecting part 1400.

[00194] The module receiving part 201 may have a block shape forming a predetermined
inner space 202, and includes an incident portion 212 toward a light source 1. The window
part 250 is formed at the incident portion 212. Here, the window part 250 may be omitted
and a light 2 may be directly incident into the incident portion 212. However, in the example
embodiments below, the light 2 is incident into the incident portion 212 through the window
part 250.

[00195] The transmission filter part 1300 and the optical detecting part 1400 are received
in the inner space 202 of the module receiving part 201, and although not shown in the figure,
a mounting part on which the transmission filter part 1300 is mounted and a mounting part
on which the optical detecting part 1400 is mounted may be formed by partitioning in the
inner space 202.

[00196] The transmission filter part 1300 and the optical detecting part 1400 are
respectively mounted in the areas divided into predetermined areas in the inner space 202,
and the mounted structures of the transmission filter part 1300 and the optical detecting part
1400 may be variously designed.

[00197] For example, the transmission filter part 1300 and the optical detecting part 1400
may be mounted on the mounting parts formed like slits, or may be mounted on the mounting
parts at which separate fixing members are configured.

[00198] Further, the transmission filter part 1300 and the optical detecting part 1400 may
be detached from the inner space 202 of the module receiving part 201 and may be removed

externally, and any other transmission filter part or optical detecting part may be selectively
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mounted. That is, the transmission filter part 1300 and the optical detecting part 1400 may
be selectively attached to and detached from the module receiving part 201, and thus optimal
transmission filter part and optical detecting part may be selectively mounted considering
the characteristics of the light 2 to be detected.

[00199] The window part 250 includes a transparent material, and the light 2 generated
from the light source 1 is provided into the module receiving part 201 through the window
part 250.

[00200] Here, the incident portion 212 of the module receiving part 201 is positioned to
face the light 2, and the incident portion 212 is also open like a window. Thus, the light 2
passing through the window part 250 is incident into the inner space 202 through the incident
portion 212.

[00201] In FIG. 8, the window part 250 is spaced apart from the incident portion 212, but
FIG. 8 is illustrated to explain the structure of the window part 250 and the window part 250
is substantially attached to the incident portion 212.

[00202] In addition, in the present example embodiment, the window part 250 is formed
on an entire surface of the incident portion 212, and thus the light 2 passing through the
window part 250 is uniformly incident into the transmission filters of the transmission filter
part 1300 disposed inside of the module receiving part 201.

[00203] The transmission filter part 1300 includes a plurality of transmission filters 1301,
1302 and 1303 disposed along a direction perpendicular to a direction of the incident light
(first direction X), and each of the transmission filters has a predetermined area.

[00204] Each of the transmission filters 1301, 1302 and 1303 is formed along a direction
parallel with an YZ plane which is perpendicular to the first direction X, and the area of each
of the transmission filters 1301, 1302 and 1303 is the same.

[00205] Here, in FIG. 8, three transmission filters are illustrated, but the number thereof
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is not limited thereto, and two transmission filters or four or more transmission filters may
be configured.

[00206] The transmission filters 1301, 1302 and 1303 are arranged along the second
direction Y perpendicular to the first direction X, and are spaced apart from each other along
the second direction Y by a predetermined distance.

[00207] Here, each of the transmission filters 1301, 1302 and 1303 transmits the signal of
a predetermined band for the incident light 2, and the transmitting bands of the transmission
filters 1301, 1302 and 1303 may be predetermined to be different from each other.

[00208] The transmission filters 1301, 1302 and 1303 may be selectively mounted
considering the characteristics of the plasma light 2, so that each of the transmission filters
may be selected to transmit the light signal having the predetermined band and then may be
mounted on the module receiving part 201, considering the characteristics of the plasma
process.

[00209] Accordingly, the transmission filters should be selected to transmit the light
having the predetermined band considering the characteristics of the plasma process. Thus,
the transmission band width of the transmission filter should be wider than the half width of
the signal to be observed, to enhance signal-to-noise ratio as the amount of gain increases.
However, the transmission band width thereof should be limited not to include signals in
surrounding wavelength bands which are not to be observed.

[00210] Here, the full width at half maximum FWHM of each of the transmission filters
1s 10 nm or less. The FWHM may be determined considering the bands of atomic (>1nm)
and molecular (~10nm) emission signals present in the plasma and considering the
characteristics of the plasma light 2 generated in the plasma process.

[00211] The optical detecting part 1400 is disposed at a rear side of the transmission filter

part 1300 along the path of the light 2, that is the first direction X. As explained above, the
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optical detecting part 1400 is detachably positioned at a certain mounting part of the inner
space 202.

[00212] Here, the optical detecting part 1400 includes a plurality of optical detectors 1401,
1402 and 1403, and each of the optical detectors 1401, 1402 and 1403 is aligned with each
of the transmission filters 1301, 1302 and 1303 along the first direction X.

[00213] Thus, each of the optical detectors 1401, 1402 and 1403 has a shape similar to
each of the transmission filters 1301, 1302 and 1303, such as a rectangular plate shape, and
the optical detectors 1401, 1402 and 1403 are spaced apart from each other by a
predetermined distance along the second direction Y.

[00214] Thus, each of the optical detectors 1401, 1402 and 1403 detects the optical signal
having a predetermined band transmitting each of the transmission filters 1301, 1302 and
1303.

[00215] Here, each of the optical detectors 1401, 1402 and 1403 may have an area of 10
1~10? mm?. The area of each optical detector may be determined considering photon flux in
the wavelength band of the signal of the light 2.

[00216] In addition, each of the optical detectors 1401, 1402 and 1403 may include a photo
diode, an avalanche photodiode, a multi pixel photon counter (MPPC) and so on, and these
may be selected considering the need for signal amplification.

[00217] In addition, as explained above, the transmission filters 1301, 1302 and 1303 are
spaced apart from each other along the second direction Y, to minimize the signal
interference due to the alignment error between the transmission filter and the optical
detector. Here, to minimize the signal interference, the side of each of the optical detectors
1401, 1402 and 1403 may be smaller than that of each of the transmission filters 1301, 1302
and 1303.

[00218] The transmission filters 1301, 1302 and 1303 have the same size or area with each
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other, and the optical detectors 1401, 1402 and 1403 have the same size or area with each
other. However, the size or the area of each of the transmission filters is larger than that of
each of the optical detectors, and the signal interference may be minimized.

[00219] As explained above, the process monitoring system having the optical sensor
module 11 further includes a signal processor, although not shown in the figure. The signal
processor performs the signal processing based on the signals detected by the optical
detectors 1401, 1402 and 1403 in the same way as explained above.

[00220] Although not shown in the figure, the signal processor is disposed at a rear side
of the optical detecting part 1400 along the path of the light 2, that is the first direction X.
The signal processor may be positioned in the inner space 202 of the module receiving part
201 or may be positioned at an outside of the module receiving part 201.

[00221] The signal processor processes the optical signal detected by the optical detecting
part 1400 into the optical signals for monitoring, and for example, may include a signal
integrator, a signal converter and a signal operator.

[00222] The signal integrator integrates the detected optical signal by setting an exposure
time or integration time for each individual signal and the signal converter performs A/D
conversion on the integrated signal to remove noise included in the signal. The signal
calculator removes the background signal from the converted and noise-removed signal,
thereby finally leaving only the optical signal that needs to be monitored in relation to the
process conditions in the plasma process.

[00223] Accordingly, the optical signal of the monitoring target is transmitted, and through
this, information about the process conditions or process status of the plasma process, which
is the monitoring target process, may be obtained. Here, the obtained information may
include various process information used in the process, such as the start of the process, the

type of gas used in the process, and the end of the process, as described above.
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[00224] For example, each of the transmission filters 1301, 1302 and 1303 transmits the
signal having different band, and then an emission optical signal in the emission optical
signal band and a background signal in the background signal band may be received through
each of the transmission filters. In addition, the signals may be detected by each of the
optical detectors 1401, 1402 and 1403.

[00225] Thus, the signal processor performs the signal processing as explained referring
to FIG. 1A and FIG. 1B, and then calculates or obtains the pure emission optical signal in
which the background signal is removed based on the emission optical signal and the
background signal.

[00226] FIG. 9 is a schematic view illustrating an optical sensor module according to still
another example embodiment of the present invention.

[00227] The optical sensor module 12 according to the present example embodiment is
substantially same as the optical sensor module 11 of FIG. 8, except for a splitter part 1500
between the window part 251 and the transmission filter part 1300, and thus the same
reference numerals are used for the same elements and any repetitive explanation will be
omitted.

[00228] In the optical sensor module 11 of FIG. 8, as the area of the transmission filter and
the optical detector increase, the light source 1 and 1" incident into the adjacent transmission
filter and the adjacent optical detector may be changed, and thus the signal of the light 2 and
2" may also be changed.

[00229] Thus, in the optical sensor module 12 according to the present example
embodiment, the problem due to the change of the light source and the signal of the light
may be solved.

[00230] Referring to FIG. 9, the optical sensor module 12 further includes the splitter part

1500.
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[00231] In the optical sensor module 11 of FIG. 8, multiple optical signals are detected by
performing the transmission filter for each band, and thus multiple optical signals are
monitored at the same time, and the transmission filter and the optical detector having
relatively larger area or size are used for performing this.

[00232] As the area of the transmission filter or the optical detector becomes larger and
simultaneous monitoring of multiple signals is performed, the problem of reducing spatial
resolution may be caused. As the signals of similar wavelength bands are monitored within
a predetermined space using a single monitoring device, the problem may occur in which
the spatial resolution for distinguishing these signals from each other is deteriorated.
[00233] Accordingly, in the present example embodiment, the problem of the spatial
resolution deterioration may be minimized by interposing the splitter part 1500.

[00234] In the present example embodiment, the splitter part 1500 is disposed in the inner
space 202, and is disposed between the incident portion 212 and the transmission filter part
1300.

[00235] The splitter part 1500 may be detachably mounted on the mounting part which is
formed at the inner space 202, like the transmission filter part 1300 and the optical detecting
part 1400 as explained above.

[00236] Asillustrated in FIG. 9, the splitter part 1500 includes a first splitter 1501 disposed
adjacent to the incident portion 212, and additional splitters 502, 503 and 504 disposed
between the first splitter 1501 and the transmission filter part 1300.

[00237] Here, as illustrated in the figure, the first splitter 1501 may be disposed at a center
of the incident portion 121, and the incident light 4 is incident into the first splitter 1501.
[00238] The window part 251 is formed at a central area of the incident portion 212, and
thus the light 2 from the light source 1 is incident into the window part 251 of the incident

portion 212. Thus, the light 2 is incident into the inner space 202 only passing through the
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center of the incident portion 212.

[00239] Here, the first splitter 1501 is aligned with the window part 251 along the first
direction X, and thus the incident light 4 passing through the window part 251 is only
incident into the first splitter 1501.

[00240] Here, the additional splitters 1502, 1503 and 1504 are disposed at a rear side of
the first splitter 1501 along the first direction X. In the present example embodiment, the
additional splitters 1502, 1503 and 1504 may be aligned with the transmission filters 1301,
1302 and 1303, and thus three additional splitters are respectively aligned with the
transmission filters along the first direction X, as illustrated in the figure.

[00241] Accordingly, a split light 5 provided through the first splitter 1501 is provided to
each of the transmission filters 1301, 1302 and 1303 through each of the additional splitters
1502, 1503 and 1504. Thus, each of the transmission filters 1301, 1302 and 1303 and each
of the optical detectors 1401, 1402 and 1403 performs the detection on the optical signal
having the predetermined band.

[00242] When the incident light 4 is uniformly split by the first splitter 1501 and then is
provided to the additional splitters 1502, 1503 and 1504, an analysis light 6 incident into the
transmission filters 1301, 1302 and 1303 through the additional splitters 1502, 1503 and
1504 may be the light having the same amount of light 700.

[00243] In addition, in FIG. 9, the number of the additional splitters 1502, 1503 and 1504
is the same as that of the transmission filters and thus the additional splitters 1502, 1503 and
1504 are respectively aligned with the transmission filters, but the number of the additional
splitters should not be the same as that of the transmission filters and the additional splitters
should not be respectively aligned with the transmission filters.

[00244] That is, when the light split by the first splitter 1501 is incident into each of the

transmission filters 1301, 1302 and 1303 with the same amount of the light, the number of
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the additional splitters 1502, 1503 and 1504 is not limited.

[00245] The process monitoring system having the optical sensor module 12 according to
the present example embodiment may include the signal processor. When the signal
processor processes the signal, as explained above, the signal processor obtains or calculates
the pure emission optical signal in which the background signal is removed based on the
emission optical signal and the background signal.

[00246] FIG. 10 is a schematic view illustrating an optical sensor module according to still
another example embodiment of the present invention.

[00247] The optical sensor module 13 according to the present example embodiment is
substantially same as the optical sensor module 12 of FIG. 9, except for dispositions of a
splitter part 1510 and a window part 252, and thus the same reference numerals are used for
the same elements and any repetitive explanation will be omitted.

[00248] Referring to FIG. 10, in the optical sensor module 13 according to the present
example embodiment, the window part 252 is disposed at a first side of the incident portion
212. Thus, the light 2 emitted from the light source 1 is incident into a first side area in
which the window part 252 is formed in the incident portion 212.

[00249] Here, the splitter part 1510 includes a first splitter 1511 and additional splitters
1512 and 1513, and the first splitter 1511 is disposed to be aligned with the window part 252
along the first direction X.

[00250] The first splitter 1511 is also disposed at the first side of the inner space 202, so
that the incident light 4 incident into the first side of the incident portion 212 is incident into
the first splitter 1511. For example, the first splitter 1511 may be disposed to be aligned with
the first transmission filter 1301 along the first direction X.

[00251] Accordingly, the incident light 4 incident into the window part 252 is incident into

the first splitter 1511, and the light is split by the first splitter 1511 and then is provided to

37



the additional splitters 1512 and 1513.

[00252] As illustrated in the figure, the additional splitters 1512 and 1513 are arranged
with the first splitter 1511 along the second direction Y, and the first splitter 1511 and the
additional splitters 1512 and 1513 are spaced apart from each other by a predetermined
distance along the second direction Y. Thus, as the first splitter 1511 is aligned with the first
transmission filter 1301 along the first direction X, the additional splitters 1512 and 1513
are respectively aligned with the second and third transmission filters 1302 and 1302 along
the first direction X.

[00253] Thus, the analysis light 6 passing through the first splitter 1511 is provided to the
first transmission filter 1301, and the analysis light 6 passing through the additional splitters
1512 and 1513 is respectively provided to the second and third transmission filters 1302 and
1303. Thus, as explained above, each of the transmission filters 1301, 1302 and 1303 and
each of the optical detectors 1401, 1402 and 1403 detects the optical signal with a
predetermined band.

[00254] In the present example embodiment, the incident light 4 is split by the first splitter
1511 and then is provided to the additional splitters 1512 and 1513 sequentially, and thus an
amount 701 of the analysis light 6 may be decreased from the first transmission filter 1301
toward the third transmission filter 1303.

[00255] The analysis light 6 having the light quantity different from each other is provided
to each transmission filter that transmits the signal with different band, so that the signal-to-
noise ratio (SNR) may be controlled differently for each individual wavelength band signal.
[00256] Further, in FIG. 10, the incident light 4 is illustrated o be provided to the first
splitter 1511, but the window part 252 may be aligned with one of the additional splitters
1512 and 1513, and thus the incident light 4 may be incident into one of the additional

splitters 1512 and 1513.
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[00257] Accordingly, when the incident light 4 is incident into one of the additional
splitters 1512 and 1513, the splitter into which the incident light 4 is incident functions as
the first splitter and splits the light and then the split light may be provided to the other
splitters. Thus, the amount of the analysis light 6 provided to each transmission filter may
be controlled to be different.

[00258] The process monitoring system having the optical sensor module 13 according to
the present example embodiment may include the signal processor. When the signal
processor processes the signal, as explained above, the signal processor obtains or calculates
the pure emission optical signal in which the background signal is removed based on the
emission optical signal and the background signal.

[00259] FIG. 11A and FIG. 11B are graphs showing plasma monitoring results in an
etching process using a conventional diffraction-based spectrometer.

[00260] Referring to FIG. 11A and FIG. 11B, the results of monitoring plasma in an actual
etching process using a conventional diffraction-based spectrometer are illustrated. FIG.
11A and FIG. 11B show the result of monitoring the plasma light generated in etching with
80mTorr and 700 seconds, with providing carbon tetrafluoride (CF4) and oxygen (O2) at
20sccm and 80scem respectively, when etching a polyimide layer having a depth of 2.7pm.
Here, the optical detector of a commercial diffraction-based spectrometer has a measuring
area of 50 x 50pum? for each wavelength.

[00261] FIG. 11A shows a change of an intensity of the optical signal (Ha intensity)
detected in the etching process, and FIG. 11B shows a change of a noise intensity detected
in the etching process.

[00262] Thus, based on FIG. 11A and FIG. 11B, when the conventional optical detector is
used, the calculation results of signal-to-noise ratio (SNR) may be about 2200 based on the

below calculation.
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SNEconventional technology) = ,\5509 =
[00263] 8.406

[00264] FIG. 12 is a graph showing characteristics of a transmission filter part and an

2200

emission optical signal applied to the process monitoring system of the present example
embodiment. FIG. 13A and FIG. 13B are graphs showing plasma monitoring results in an
etching process using the process monitoring system according to the present example
embodiment to which the transmission filter part of FIG. 12 is applied.

[00265] FIG. 13A and FIG. 13B shows the results of the plasma monitoring using the
optical sensor module 11 according to the previous example embodiment of FIG. 8, in
etching with the same conditions of FIG. 11A and FIG. 11B explained above.

[00266] Here, the transmission filter part 1300 mounted on the optical sensor module 11
of FIG. 8 is determined to transmit the predetermined band of signal as in FIG. 12A.
[00267] In addition, in the optical sensor module 11, the area of each of the transmission
filters has an area of 1 x 1 mm? and the area of the optical detectors also has an area of 1 x 1
mm?. The full width at half maximum (FWHM) of the transmission filter is set to be 1nm.
[00268] FIG. 13A shows the change of the intensity of the optical signal (Ha intensity)
detected in the etching process, and FIG. 13B shows the change of a noise intensity detected
in the etching process.

[00269] Thus, based on FIG. 13A and FIG. 13B, when the optical detector 11 according
to the previous example embodiment of FIG. 8 is used, the calculation results of signal-to-
noise ratio (SNR) may be about 6060 based on the below calculation.

. _ Co422M
SNEexample embodiment) = ————=
[00270] 693

[00271] Accordingly, more increased signal-to-noise (SNR) may be performed when

6060

using the optical sensor module 11 according to the previous example embodiment of FIG.

8, compared to the conventional technology.
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[00272] According to example embodiments of the present invention, conventionally, in
order to extract only the pure emission optical signal excluding the background signal from
the conventional emission optical signal, it was necessary to detect the signals of the
emission optical signal band and the background signal band, respectively. However, the
production of a conventional ultra-narrow band transmission filter for this purpose had
limitations in the production process.

[00273] Thus, according the present example embodiments, transmission filters arranged
adjacent to each other form different angles with respect to an incident light, that is, the
normal lines of the transmission filters form different angles with the incident light. Then,
optical signals of various bands may be detected through a single incident light, and accurate
and easy detection of pure emission optical signals may be performed by merely removing
signals in the background signal band.

[00274] By forming the transmission filters to have different inclination angles so that they
are spaced apart from each other, accurate detection of pure emission optical signals may be
performed while omitting the production of ultra-narrow band transmission filters. Then,
the manufacturing process of the optical sensor module may be easy, and signal processing
for optical signal detection may also be easily performed.

[00275] Here, the transmission filters may be arranged continuously in one direction and
spaced apart from each other, but alternatively, they may be arranged at different positions
in a predetermined storage space.

[00276] A splitter unit is provided to split the incident light and provide it to two planes
perpendicular to each other, so that the light is split and provided in a plurality of directions.
Then, the transmission filters that transmit each branched light are formed so that the angle
of inclination, that is, the angle of the normal, with respect to the incident light is different

from that of the incident light. Thus, signals of different frequency bands may be detected

41



from the single light. In addition, by removing the background signal from the signals
detected in this way, the pure emission optical signal may be easily detected with a simple
calculation.

[00277] In particular, by separating and providing light in directions perpendicular to each
other through branching as described above, signal overlap or interference between the
transmission filter that transmits the optical signal in the emission optical signal band and
the transmission filter that transmits the background signal in the background signal band
may be minimized. Thus, the accuracy of the detected optical signal may be further
improved.

[00278] In addition, along one side of the module storage unit, a plurality of transmission
filters may be arranged to be spaced apart from each other to form different angles, and
splitters to provide light may also be arranged to be spaced apart from each other. Thus,
signals of various transmission bands may be detected according to various incidence angle
changes, and filtering of background signals may be implemented more accurately.
[00279] Furthermore, considering the band of the emitted optical signal or the band of the
background signal, the tilt angle formed by the transmission filters may be determined in
various ways, so that emitted optical signals may be optimally detected in accordance with
the characteristics of various processes. Then, the efficiency and accuracy of process
monitoring may be improved.

[00280] In addition, regarding plasma light emitted from semiconductor or display
manufacturing processes that use plasma, especially processes with high aspect ratio and
low open ratio, the end point of the process may be detected more accurately by
implementing a high signal-to-noise ratio (SNR). In particular, an optical signal is detected
by aligning transmission filters that transmit signals of a preset band and optical detectors

that are aligned with the optical detectors that detect the corresponding light, so that detection
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accuracy may be improved while minimizing the increase in sensor size caused by using a
large-area photodetector as in the prior art.

[00281] Here, the transmission filters and light detectors may be replaced and installed
depending on the characteristics of the plasma light, so that a detection system with the
optimal band may be performed according to various plasma usage environments. In
addition, the transmission filters are spaced at a predetermined distance, and the size of the
transmission filter is made larger than the size of the photo detector, so that signal
interference due to alignment error between the transmission filter and photodetector may
be minimized.

[00282] In addition, a splitter unit that splits light is located in front of the transmission
filters, so that the problem of reduced spatial resolution caused by monitoring multiple
signals may be solved.

[00283] The problem of spatial resolution deterioration may be solved by splitting the light
generated from the plasma light source into light incident on each transmission filter through
the splitter unit. Here, although signal reduction may occur due to the distribution of light,
this may be solved by applying the transmission filters to a large area and each transmitting
signals of a specific band.

[00284] In addition, the splitters included in the splitter unit are arranged in various ways,
so that the signal-to-noise ratio (SNR) of signals in individual wavelength bands may be
controlled in various ways.

[00285] Having described example embodiments of the present invention, it is further
noted that it is readily apparent to those of reasonable skill in the art that various
modifications may be made without departing from the spirit and scope of the invention

which is defined by the metes and bounds of the appended claims.
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WHAT IS CLAIMED IS:

[Claim 1] An optical sensor module comprising;:

an optical detecting part having at least two optical detectors spaced apart from each
other;

a transmission filter part disposed over the optical detecting part and having at least
two transmission filters; and

a filter holder part disposed over the optical detecting part, the transmission filter part
being mounted on the filter holder part,

wherein the transmission filters are spaced apart from each other and respectively
disposed over the optical detectors,

wherein the transmission filters are disposed with different angles with respect to an

incident light.

[Claim 2] The optical sensor module of claim 1, wherein upper surfaces of the
filter holder part extend with inclined angles different from each other, and the transmission

filters are respectively mounted on the upper surfaces of the filter holder part.

[Claim 3] The optical sensor module of claim 2, wherein a normal line of each

of the transmission filters forms an acute angle with respect to the incident light.

[Claim 4] An optical sensor module comprising:
a module receiving part configured to form a receiving space, an incident portion into
which a light is incident being formed in a first side surface of the module receiving part;

a splitter part disposed in the receiving space, and having at least one splitter
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configured to split an incident light;

an optical detecting part having optical detectors disposed at a second side surface
and a third side surface, the second side surface facing the first side surface, the third side
surface being adjacent to the first side surface; and

a transmission filter part disposed between the splitter and the optical detector, and
having transmission filters having inclined angles different from each other with respect to

the optical detector.

[Claim 5] The optical sensor module of claim 4, wherein each of the splitters
comprises:

an incident surface disposed toward the incident light;

a first surface disposed toward the third side surface; and

a second surface disposed toward the second side surface.

[Claim 6] The optical sensor module of claim 5, wherein the transmission filter
part comprises:

a first transmission filter extending parallel with the third side surface;

a second transmission filter inclined with respect to the second side surface by a

predetermined angle.

[Claim 7] The optical sensor module of claim 5, wherein the splitter part

comprises a plurality of splitters arranged along a direction of the incident light.

[Claim 8] The optical sensor module of claim 7, wherein the transmission filter

part comprises:

45



a plurality of first transmission filters inclined with respect to the third side surface;
and
a plurality of second transmission filters extending parallel with the second side

surface.

[Claim 9] The optical sensor module of claim 8, wherein angles of the first
transmission filters with respect to the third side surface are different from each other,
wherein an angle of each of the first transmission filter with respect to the third side

surface is an acute angle.

[Claim 10]  The optical sensor module of claim 7, wherein the optical detecting
part comprises:

a plurality of first optical detectors spaced apart from each other on the third side
surface, in the same number as the number of the splitters; and

a single second optical detector disposed on the second side surface regardless of the

number of the splitters.

[Claim 11] A process monitoring system having the optical sensor module of one
of claim 1 and claim 4,

wherein among the transmission filters, the transmission filter having a first inclined
angle transmits an emission optical signal in an emission optical signal band, and the
transmission filter having a second inclined angle transmits a background signal in a
background signal band,

wherein the process monitoring system comprises a signal processor configured to

calculate a pure emission optical signal in which the background signal is removed, based
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on the emission optical signal and the background signal.

[Claim 12]  The process monitoring system of claim 11, wherein the first and
second inclined angles are determined to be changed with each other, according to the

emission optical signal band and the background signal band.

[Claim 13]  An optical sensor module comprising:

a module receiving part configured to form a receiving space, an incident portion into
which a light is incident being formed in a first side surface of the module receiving part;

a splitter part disposed in the receiving space, and having at least one splitter
configured to split an incident light;

a transmission filter part having at least two transmission filters arranged along a
direction perpendicular to a direction of the incident light, the transmission filters being
configured to transmit predetermined signals of different bands; and

an optical detecting part having at least two optical detectors respectively arranged
with the transmission filters, the optical detectors being configured to detect a light passing

through the transmission filters.

[Claim 14]  The optical sensor module of claim 13, wherein the transmission
filters are spaced apart from each other, a full width at half maximum (FWHM) of each of
the transmission filters is 10 nm or less, and a size of each of the transmission filters is larger

than that of each of the optical detectors.

[Claim 15]  The optical sensor module of claim 13, wherein the splitter part

comprises:
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a first splitter receiving the incident light; and

at least one additional splitter receiving a light split from the first splitter.

[Claim 16]  The optical sensor module of claim 15, wherein the first splitter is
disposed at a first side of the module receiving part to be aligned with the incident light,
wherein the additional splitter is spaced apart from the first splitter by a

predetermined distance and is arranged along an arranged direction of the transmission filters.

[Claim 17]  The optical sensor module of claim 16, wherein as the light is split
and provided from the first splitter to the additional splitter, an amount of the light incident

into each of the transmission filters is changed.

[Claim 18]  The optical sensor module of claim 13, wherein the first splitter is
disposed at a center of the module receiving part to be arranged with the incident light,

wherein the additional splitter is spaced apart from the first splitter along a direction
of the incident light, and at least two additional splitters are arranged to be perpendicular to

the direction of the incident light.

[Claim 19] The optical sensor module of claim 18, wherein the additional
splitters are respectively arranged with the transmission filters, and an amount of the light
incident into each of the transmission filters from each of the additional splitters is uniformly

maintained.

[Claim 20] A process monitoring system having the optical sensor module of

claim 13,
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wherein each of the transmission filters transmitting signals in different bands is
configured to transmit an emission optical signal in an emission optical signal band and a
background signal in a background signal band,

wherein the process monitoring system comprises a signal processor configured to
calculate a pure emission optical signal in which the background signal is removed, based

on the emission optical signal and the background signal.
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