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Description

BACKGROUD

Technical Field

[0001] Embodiments of the disclosure relate to the
technical field of Raman spectrum inspection, and in par-
ticular to a Raman spectrum inspection apparatus.

Description of Related Art

[0002] Raman spectrum analysis technology is a non-
contact spectrum analysis technology based on Raman
scattering effect, which can qualitatively and quantita-
tively analyse the composition of a substance. Raman
spectrum is a molecular vibration spectrum that can re-
flect the fingerprint characteristics of molecules, and can
be used for the inspection of substance. Since the differ-
ence between a wave number of Raman spectrum and
a wave number of the incident light is independent of a
light source, but is determined only by the scattering ob-
ject (i.e., object to be inspected), the Raman spectrom-
eter can inspect and identify the substance by the Raman
spectrum generated by the Raman effect of the object to
be inspected for an exciting light. Raman spectrum in-
spection methods have been widely used in the fields of
liquid security inspection, gem identification, explosive
inspection, drug inspection, medicine inspection, etc.
[0003] In recent years, Raman spectrum analysis tech-
nology has been widely used in the fields of dangerous
goods inspection and substance identification. In the field
of substance identification, because the colours and
shapes of various substances are different from each
other, it is usually hard for a person to accurately deter-
mine the properties of the substance, and a Raman spec-
trum is determined by the molecular energy level struc-
ture of the object to be inspected, and thus a Raman
spectrum can be used as the "fingerprint" information of
a substance for substance identification. Therefore, Ra-
man spectrum analysis technology has been widely used
in the fields of customs, public safety, food & medicine,
environment, etc.

[Pages 2a and 2b inserted here]

[0004] In prior Raman spectrum inspection apparatus,
an optical path for the exciting light and a detection optical
path are often coincident. In order to make the exciting
light that is reflected or scattered by the object to be in-
spected not affect the inspection of the Raman spectrum
(signal light), dichroic mirrors are often used for beam-
splitting. The dichroic mirror exhibits high reflectivity to
the exciting light, while exhibiting high transmissivity to
the Raman scattering signal light. However, in practice,
the conventional Raman spectrum inspection apparatus
having the dichroic mirror is not satisfied for detection of
weak Raman signal.

SUMMARY

[0005] In order to alleviate the above issues of the con-
ventional Raman inspection apparatus in the prior art,
the present invention provides a Raman spectrum in-
spection apparatus as defined in appended claim 1. Pre-
ferred embodiments are defined in the appended de-
pendent claims.
[0006] An embodiment provides a Raman spectrum
inspection apparatus, including:

an exciting light source configured to emit an exciting
light to a sample to be inspected;
an optical device configured to collect an optical sig-
nal from a position, which is irradiated by the exciting
light, of the sample to be inspected; and
a spectrometer configured to generate a Raman
spectrum of the sample to be inspected from a re-
ceived optical signal,
wherein an excitation optical path in which the excit-
ing light passes from the exciting light source to the
sample to be inspected and a detection optical path
in which the optical signal received by the spectrom-
eter passes from the sample to be inspected to the
spectrometer are separated from each other.

[0007] EP3040709A1 relates to a liquid object identi-
fication apparatus that includes: a laser for emitting an
exciting light; an optical module configured to guide the
exciting light to the liquid object and collect a Raman
scattered light from the liquid object; and a spectrometer
configured to form a Raman spectrum of the liquid object
from the Raman scattered light, where the optical module
has a first illumination optical path, a second illumination
optical path and a collecting optical path, and the first
illumination optical path and the collecting optical path at
least partly share a common optical axis, and the second
illumination optical path has an optical axis deviated from
the optical axis of the collecting optical path, and the op-
tical module further includes a deflectable reflector or
prism configured to switch the illumination optical path
depending on a package of the liquid object.
[0008] US2010141939A1 relates to an optical system
for Raman spectroscopy applications. The optical sys-
tem comprises a beam generating assembly, an optical
microscope assembly, and a signal detection assembly,
where the beam generating assembly comprises a laser
source and converts laser output into an input beam to
the optical microscope assembly; the optical microscope
assembly comprises a plasmon-generating optical probe
set-up and an objective lens, the beam generating as-
sembly configured to direct the radially polarized beam
into the plasmon-generating optical probe set-up which
comprises a metal coated, tapered, apertureless tip de-
fining an apex; the apertureless tip configured to excite
surface plasmon waves and direct the surface plasmon
waves to the apex of the tip; and the objective lens is
configured to collect near field optical signals from a sam-
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ple positioned adjacent to the apex of the apertureless
tip and direct the near field optical signals to the signal
detection assembly.
[0009] CN106290300A and EP3279642A1 relate to a
Raman spectrometer that comprises a laser for emitting
exciting light, a spectrograph for receiving Raman scat-
tered light and converting a light signal to an electric sig-
nal after the light is split, a probe for illuminating the ex-
citing light to a sample and collecting Raman scattered
light on the sample; and an optical-fiber system connect-
ed between the laser and the probe and between the
probe and the spectrograph.
[0010] EP3118608A1 relates to a divided-aperture la-
ser differential confocal Brillouin-Raman spectrum meas-
uring device that comprises a light source system con-
figured to generate an exciting light beam to be focused
onto a measured sample by an objective after passing
through an illuminating pupil on a pupil plane of the ob-
jective and obtain a sample excited light beam including
excited Raman scattering light, Brillouin scattering light,
Rayleigh scattering light and reflected light; a dichroic
optical system configured to separate the Raman scat-
tering light from the sample excited light beam; a Raman
spectrum detecting system; a beam splitting system con-
figured to split the Brillouin scattering light, Rayleigh scat-
tering light and reflected light; a Brillouin spectrum de-
tecting system; a divided-aperture laser differential con-
focal detecting system; a data processing unit configured
to calculate three-dimensional position information of the
measured sample using the Airy disk detected by the
divided-aperture laser differential confocal detecting sys-
tem and the sample displacement obtained by a position
sensor; a processing system configured to control a
three-dimensional scanning system to move the meas-
ured sample to next measured point; a data fusion mod-
ule configured to perform 3D reconstruction and spec-
trum information fusion of the measured sample using
position information of each measured point and the cor-
responding Raman spectrum signal and Brillouin spec-
trum signal.
[0011] US2015216417A1 relates to a probe head for
a diagnostic instrument, the probe head comprising a
transmission optical fiber, a plurality of collection optical
fibers, and a lens to transmit light from the transmission
optical fiber to a test site, where the ends of the collection
optical fibers are bevelled.
[0012] US2009323057A1 relates to a Raman spec-
troscopy system having a detection center that includes
at least one light source for outputting exciting light to
excite an object to generate Raman scattered light, and
an analysis device for obtaining Raman spectroscopy of
the object. The system further includes at least one de-
tection terminal, each having at least one Raman probe
to introduce the exciting light to the detected object, to
collect the Raman scattered light generated by the object,
and to return the Raman scattered light to the detection
center.
[0013] US2007222981A1 relates to a standoff detec-

tion system that comprises a hand-held unit that directs
an excitation beam onto a surface located away from the
hand-held unit and an optical subsystem that captures
scattered radiation from the surface as a result of the
beam of light. The hand-held unit is connected via a link
to a processing unit which comprises a fiber-coupled
spectrograph to convert scattered radiation to spectral
data, and a processor that analyzes the collected spectral
data to detect and/or identify a hazardous substance.
[0014] In an embodiment, the optical device further in-
cludes:
a filter configured to filter out the exciting light from the
optical signal having passed through the first lens.
[0015] In an embodiment, the optical device includes:

a filter configured to filter out the exciting light from
the optical signal having passed through the first
lens,
wherein the exciting light passes through the first
lens and is focused by the first lens to the sample to
be inspected.

[0016] In an embodiment, the first lens is an aspheric
lens.
[0017] In an embodiment, a diameter of the first lens
is greater than sum of a beam diameter of the exciting
light and a beam diameter of the optical signal delivered
to the spectrometer from an excitation position.
[0018] In an embodiment, the optical device includes:

a filter configured to filter out the exciting light from
the optical signal having passed the first lens;
wherein the exciting light passes through the first
lens and is focused by the first lens to the sample to
be inspected; and the exciting light and a part of the
optical signal from the position, which is irradiated
by the exciting light, of the sample to be inspected
are separated from each other.

[0019] In an embodiment, the reflective component is
provided in the excitation optical path, and the reflective
component is provided between the first lens and the
filter, and is configured to guide the exciting light to the
first lens and only partially block the optical signal from
the position, which is irradiated by the exciting light, of
the sample to be inspected.
[0020] In an embodiment, a projection area of a reflec-
tive surface of the reflective component on the first lens
is smaller than area of the first lens.
[0021] In an embodiment, the optical device further in-
cludes:
a third lens configured to focus and transmit the optical
signal having passed through the filter to the spectrom-
eter.
[0022] In an embodiment, the filter is a long-pass filter
or a notch filter.
[0023] With the Raman spectrum inspection apparatus
according to the above embodiments, it is possible to
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avoid using a dichroic mirror, thereby improving the in-
spection accuracy of the Raman spectrum inspection ap-
paratus on the Raman signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] For a better understanding of the disclosure,
embodiments of the disclosure will be described accord-
ing to the following figures:

FIG. 1 shows a structural diagram of a conventional
Raman spectrum inspection apparatus having a di-
chroic mirror;
FIG. 2 shows a schematic diagram of a Raman spec-
trum having noise peak envelope obtained using the
Raman spectrum inspection apparatus as shown in
FIG. 1;
FIG. 3 shows a structural diagram of a Raman spec-
trum inspection apparatus according to an example
of the disclosure not covered by the claims;
FIG. 4 shows a structural diagram of a Raman spec-
trum inspection apparatus according to another ex-
ample not covered by the claims;
FIG. 5 shows a structural diagram of a Raman spec-
trum inspection apparatus according to an embodi-
ment of the disclosure;
FIG. 6 shows a reflective component in a Raman
spectrum inspection apparatus according to an em-
bodiment of the disclosure;
FIG. 7A and FIG. 7B show an inhibitory effect of the
Raman spectrum inspection apparatus according to
Fig.3 on noise peak envelope by comparison; and
FIG. 8A and FIG. 8B in enlarged view show an in-
hibitory effect of the Raman spectrum inspection ap-
paratus according to Fig.3 on noise peak envelope
by comparison.

[0025] The figures do not show all of the circuits or
structures in the Raman spectrum inspection apparatus
according to embodiments of the disclosure. The same
reference numerals denote the same or similar compo-
nents or features throughout the drawings.

DETAILED DESCRIPTION OF EMBODIMENTS

[0026] Technical solution of the disclosure will be fur-
ther described in detail by way of examples and embod-
iments with reference to the accompanying drawings. In
the description, the same or similar reference numerals
denote the same or similar components. The following
description of examples and embodiments of the disclo-
sure with reference to the drawings is intended to explain
the general inventive concept of the disclosure, and
should not be construed as a limitation of the disclosure.
[0027] According to the general concept of the disclo-
sure, it provides a Raman spectrum inspection apparatus
including: an exciting light source configured to emit an
exciting light to a sample to be inspected; an optical de-

vice configured to collect an optical signal from a position,
which is irradiated by the exciting light, of the sample to
be inspected; and a spectrometer configured to generate
a Raman spectrum of the sample to be inspected from
the received optical signal, wherein an optical path in
which the exciting light passes from the exciting light
source to the sample to be inspected (called as an exci-
tation optical path) and an optical path in which the optical
signal received by the spectrometer passes from the
sample to be inspected to the spectrspectrometerometer
(called as a detection optical path) are separated from
each other. As an example, the excitation optical path is
adjacent to the detection optical path.
[0028] Additionally, in the following detailed descrip-
tion, for ease of explanation, many specific details are
set forth in order to provide a thorough understanding of
the disclosed examples and embodiments. However, it
will be apparent that one or more embodiments may also
be practiced without these specific details. In other in-
stances, well-known structures and devices are shown
in the drawings to simplify the drawings.
[0029] FIG. 1 shows a structural diagram of a conven-
tional Raman spectrum inspection apparatus 100. A di-
chroic mirror 12 is provided in the Raman spectrum in-
spection apparatus 100. The dichroic mirror 12 exhibits
high reflectivity for an exciting light 11, while exhibiting
high transmissivity for a Raman scattering signal light
21’. The dichroic mirror 12 is inclined with respect to both
the excitation optical path and the detection optical path.
Thus, the exciting light 11 may be reflected by the dichroic
mirror 12 to a sample 30 to be inspected, and the Raman
scattering signal light 21’ from the sample 30 to be in-
spected may be directed through the dichroic mirror 12
toward a spectrometer 40.
[0030] Since the sample to be inspected is excited by
the exciting light, not only the Raman scattering light will
be emitted, but also fluorescence will be excited out.
Therefore, in order to obtain a pure Raman signal, it
needs to subtract a fluorescence signal from the obtained
signal through a process such as baseline correction at
the final spectrometer. However, when the fluorescence
of the sample is strong, there will be a "noise peak en-
velope", that is, there is a relatively large amplitude of
spike noise in the Raman spectral signal, as shown in
FIG. 2 (the intensity of the vertical ordinate in FIG. 2 in-
dicates normalized values). However, these noise peak
envelopes cannot be removed by baseline correction.
Therefore, the Raman scattering optical signal is likely
to be impure. Finally, the measured signal will include
these spike noises of the fluorescence, which will result
in erroneous substance inspection. After long-term stud-
ies by the inventors of the present application, it has been
found that the occurrence of these noise peak envelopes
is greatly associated with the dichroic mirror in the Raman
spectrum inspection apparatus. For this reason, in the
embodiments of the disclosure, a Raman spectrum in-
spection apparatus that does not include a dichroic mirror
is provided.
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[0031] FIG. 3 shows a Raman spectrum inspection ap-
paratus 200 according to an example. The Raman spec-
trum inspection apparatus 200 includes: an exciting light
source (for example a laser device) 10 configured to emit
the exciting light 11 to the sample 30 to be inspected; an
optical device 20 configured to collect an optical signal
21 from a position, which is irradiated by the exciting light
11, of the sample 30 to be inspected; and a spectrometer
40 configured to generate a Raman spectrum of the sam-
ple 30 to be inspected from the received optical signal.
In this embodiment, an optical path 31 in which the ex-
citing light 11 passes from the exciting light device 20 to
the sample 30 to be inspected and an optical path 32
passed through by the optical signal 21 received by the
spectrometer 40 from the sample 30 to be inspected to
the spectrometer 40 are separated from each other. In
this embodiment, since the optical path 31 of the exciting
light 11 is separated from the optical path 32 of the optical
signal 21, the dichroic mirror 12 in the Raman spectrum
inspection apparatus 200 can be omitted.
[0032] With the above-mentioned Raman spectrum in-
spection apparatus 200 that does not include a dichroic
mirror, the spike noise of the fluorescence in the Raman
spectral signal described above can be effectively sup-
pressed. FIG. 7A shows the noise peak envelope in the
Raman spectral signal obtained by a Raman spectrum
inspection apparatus using a dichroic mirror 12. FIG. 7B
shows the effect of the above-mentioned Raman spec-
trum inspection apparatus according to the embodiments
of the present disclosure suppressing the noise peak en-
velope. From the comparison of FIG. 7A and FIG. 7B, it
can be seen that the Raman spectrum inspection appa-
ratus 200 can significantly suppress the noise peak en-
velope. In order to show the effect of suppressing the
noise peak envelope more clearly, FIG. 8A and FIG. 8B
are provided. FIG. 8A shows a locally enlarged view of
the spectral signal obtained by the Raman spectrum in-
spection apparatus having the dichroic mirror 12. FIG.
8B shows a locally enlarged view of the spectral signal
obtained by the above Raman spectrum inspection ap-
paratus 200 that does not include the dichroic mirror. The
signals shown in FIG. 8A and FIG. 8B are those that have
been processed by such as baseline correction and re-
moval of random noises. Such two data processing meth-
ods will be explained at the last paragraphs of the present
description. From FIG. 8A, it can be seen that spike nois-
es with large amplitudes may be observed in the left part
in FIG. 8A after the baseline correction (removing the
baseline) has been applied to the signal. The inventors
have found these are noise interference caused by the
dichroic mirror. If Raman characteristic peaks in the de-
tection signal are relatively weak, the amplitudes of the
characteristic peaks may be comparable to those of the
spike pulses shown in the left part in FIG. 8A or even less
than those of the spike pulses shown in the left part in
FIG. 8A, and thus errors will occur in inspection. In con-
trast, from the spectrum signal after the baseline correc-
tion (removing the baseline) FIG. 8B, it can be seen that

the Raman spectrum inspection apparatus 200 that does
not include the dichroic mirror can effectively suppress
the spike noises of fluorescence (i.e., "noise peak enve-
lope"), for example, a noise variance of the Raman spec-
tral signal can be reduced to a low value of about 0.2.
[0033] As described above, the use of a Raman spec-
trum inspection apparatus 200 that does not include a
dichroic mirror may significantly reduce the noise peak
envelope, which is significant for Raman inspection of
weak signals. When the sample to be inspected has
strong fluorescence signal and weak Raman signal, if a
Raman spectrum inspection apparatus including a dich-
roic mirror is used for inspection, the Raman optical signal
is likely to be submerged in the noise peak envelope and
treated as noise. In contrast, after eliminating an influ-
ence of the dichroic mirror, the probability of Raman sig-
nal to be extracted will increase greatly, thereby improv-
ing the ability of detecting weak Raman signal with fluo-
rescence interference.
[0034] As an example, as shown in FIG. 3, in the Ra-
man spectrum inspection apparatus 200, the optical path
31 (hereinafter referred to as an excitation optical path)
in which the exciting light 11 travels from the exciting light
source 10 to a sample 30 to be inspected offsets by a
predetermined angle relative to the optical path 32 (here-
inafter referred to as a detection optical path) in which
optical signal 21 received by the spectrometer 40 travels
from the sample 30 to be inspected to the spectrometer
40. In this way, the excitation optical path and the detec-
tion opticalpath can be separated from each other, and
the irradiation position (or referred to as excitation posi-
tion) of the exciting light 11 on the sample 30 to be in-
spected can be kept substantially the same as the posi-
tion of the optical signal 21 collected by the optical device
20, thereby avoiding using a dichroic mirror.
[0035] Regarding the predetermined angle by which
the excitation optical path offsets with respect to the de-
tection optical path, the inventors have developed it thor-
oughly. On one hand, in order to make the area on which
the exciting light is focused in coincidence with the fo-
cusing area of the first lens 22 for collecting the signal
light as possible, the predetermined angle is as small as
possible while separating the two optical paths (the ex-
citation optical path and the detection optical path) from
each other and preventing their mounts from being inter-
fered with each other; on the other hand, the first lens 22
for collecting the signal light should have an enough large
diameter to collect sufficient signal light, however, the
predetermined angle between the detection optical path
and the excitation optical path will increase as the diam-
eter of the first lens 22 increases. Thus, a balance be-
tween the above two aspects is desired. In an embodi-
ment, the predetermined angle may be between 15 de-
grees and 90 degrees, such as between 20 degrees and
60 degrees. The predetermined angle can prevent the
excitation optical path and the detection optical path from
being disturbed by each other.
[0036] The optical device 200 may include a first lens
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22 and a filter 23. The first lens 22 may be configured to
collect the optical signal 21 from a position (hereinafter
referred to as excitation position), which is irradiated by
the exciting light 11, of the sample 30 to be inspected.
As an example, the first lens 22 can collimate the optical
signal 21 to some extent. The filter 23 may be configured
to filter out the exciting light from the optical signal passed
through the first lens 22. The filter 23 can fully realize the
long-pass filtering function of a dichroic mirror, and can
avoid the noise peak envelope caused by the dichroic
mirror.
[0037] As an example, a second lens 13 may be pro-
vided in the excitation optical path, and the second lens
13 is configured to focus the exciting light 11 onto the
sample 30 to be inspected. However, the second lens 13
is not always necessary, for example, the exciting light
11 may also directly illuminate the sample 30 to be in-
spected without being focused by the lens.
[0038] As an example, the optical device 20 may fur-
ther include a third lens 24. The third lens 24 is configured
to focus the optical signal 21 having passed through a
filter 23 and to direct it to the spectrometer 40. The third
lens 24 may help to increase the efficiency of the spec-
trometer 40 receiving the optical signal.
[0039] FIG. 4 shows a structural diagram of a Raman
spectrum inspection apparatus according to another ex-
ample.
[0040] In the Raman spectrum inspection apparatus
300 shown in FIG. 4, the optical device 20 also includes
a first lens 22 and a filter 23. The first lens 22 may be
configured to collect the optical signal 21 from the posi-
tion, which is irradiated by the exciting light 11, of the
sample 30 to be inspected. The exciting light 11 passes
through the first lens 22 and is focused by the first lens
22 onto the sample 30 to be inspected, while the exciting
light 11 and the optical signal 21 which is directed to the
spectrometer 40 from the excitation position of the sam-
ple 30 to be inspected are separated from each other,
e.g., in space. In this example, it is also possible to avoid
using the dichroic mirror. For example, a first lens 22
having a relatively large diameter may be selected to be
sufficient to collect the optical signal 21 on a region of
the lens while converging the exciting light 11 on another
region. Such two regions are separated from each other.
As an example, since a beam diameter of the exciting
light 11 is usually smaller than a beam diameter of the
optical signal 21 from the excitation position, the exciting
light 11 can be guided onto the region of the first lens 22
near its periphery, while leaving a large region to collect
the optical signal 21. As an example, the diameter of the
first lens 22 may be arranged to be greater than sum of
the beam diameter of the exciting light 11 and the beam
diameter of the optical signal 21 received by the spec-
trometer 40 from the excitation position. In this way, the
excitation optical path and the detection optical path both
pass through the first lens 22 without intersecting each
other.
[0041] In the above example, the lens for converging

the exciting light 11 and the lens for collecting the optical
signal 21 is the same lens, thus the excitation position of
the exciting light 11 on the sample 30 to be inspected
can be easily adjusted to a focal point of the first lens 22.
Collecting the optical signal 21 from the focal point of the
first lens 22 helps to increase the collection efficiency,
which can significantly increase the intensity of the col-
lected optical signal 21. The first lens 22 can collimate
the optical signal 21 from the excitation position at its
focal point into approximately parallel light beams, which
also facilitates the transmission of the optical signal 21.
[0042] In an example, in order to guide the exciting
light directionally to a suitable region of the first lens 22,
a mirror 14 may be provided in the excitation optical path.
The mirror 14 is configured to guide the exciting light 11
to the first lens 22.
[0043] As an example, the first lens 22 may be an as-
pheric lens, which helps to avoid distortion of the optical
path, especially for the first lens 22 with a large diameter.
Since different regions of the first lens 22 are respectively
used for converging the exciting light 11 and collecting
the optical signal 21, it is also very advantageous to pre-
vent the distortion of the optical paths.
[0044] FIG. 5 shows a structural diagram of a Raman
spectrum inspection apparatus according to an embod-
iment of the disclosure.
[0045] In the Raman spectrum inspection apparatus
400 shown in FIG. 5, the optical device 20 also includes
the first lens 22 and the filter 23. The first lens 22 may
be configured to collect the optical signal 21 from a po-
sition, which is irradiated by the exciting light 11, of the
sample 30 to be inspected. The exciting light 11 passes
through the first lens 22 and is focused by the first lens
22 onto the sample 30 to be inspected. And the exciting
light 11 and a part of the optical signal 21 from an exci-
tation position of the sample 30 to be inspected are sep-
arated from each other. In this example, the exciting light
11 is separated from only a part (but not all) of the optical
signal 21, while another part of the optical signal 21 not
separated from the exciting light 11 may be unable to
reach the spectrometer. This means that a part of the
optical signal 21 from the excitation position can be ap-
propriately sacrificed to avoid the use of a dichroic mirror.
[0046] In this example, the lens for converging the ex-
citing light 11 and the lens for collecting the optical signal
21 is the same lens. Therefore, the excitation position of
the exciting light 11 on the sample 30 to be inspected
can be easily adjusted to a focal point of the first lens 22.
Collecting the optical signal 21 from the focal point of the
first lens 22 helps to increase the collection efficiency,
which can also significantly increase the intensity of the
collected optical signal 21, and which can also collimate
the optical signal 21 from the excitation position at the
focal point into approximately parallel light beams. Fur-
thermore, since the exciting light 11 is not necessary to
be separated from all of parts of the optical signal 21
having passed through the first lens 22, this can make
the spatial arrangement more compact.
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[0047] The reflective component 15 is provided in the
excitation optical path. The reflective component 15 may
be provided between the first lens 22 and the filter 23,
and configured to guide the exciting light 11 to the first
lens 22 and to only partially block the optical signal 21
from the excitation position of the sample 30 to be in-
spected. In this example, the reflective component 15 is
provided not only in the optical path of the exciting light
11, but also in the optical path of the optical device 20.
However, the optical path 31 in which the exciting light
11 passes from the exciting light source 10 to the sample
30 to be inspected and the optical path 32 in which the
optical signal 21 received by the spectrometer 40 passes
from the sample 30 to be inspected to the spectrometer
40 are still separated from each other, because the part
of the optical signal 21 that is not separated from the
exciting light 11 is blocked by the reflective component
15 rather than received by the spectrometer 40. The op-
tical path 32 in which the part of the optical signal 21
received by the spectrometer 40 passes from the sample
30 to be inspected to the spectroscope 40 is still sepa-
rated from the excitation optical path. In the example of
FIG. 5, the reflective component 15 blocks a middle part
of the optical signal 21 collected by the first lens 22, and
the blocked part of the optical signal will not reach the
spectrometer 40. However, the part of optical signal sur-
rounding the reflective component 15 is not blocked by
the reflective component 15, and can still be directed to
the spectrometer 40. The optical path in which the optical
signal that finally reaches the spectrometer 40 is still sep-
arated from the excitation optical path.
[0048] As an example, a projection area of a reflective
surface of the reflective component 15 on the first lens
22 may be smaller than an area of the first lens 22, and
may be, for example, 50%, 30%, 10%, or less of the area
of the first lens 22, such as 20% to 40% of the area of
the first lens 22. This may ensure that the reflective com-
ponent 15 does not block all of parts of the optical signal
21 collected by the first lens 22. In general, reduction of
the projection area of the reflective surface of the reflec-
tive component 15 on the first lens 22 facilitates increas-
ing the intensity of the optical signal reaching the spec-
trometer 40. However, the diameter of the reflective com-
ponent 15 cannot be too small to provide sufficient ex-
citing light 11 reflected to the sample 30 for the Raman
inspection. As an example, the reflective component 15
can guide the exciting light 11 toward the first lens 22
along an axis of the first lens 22. The portion of the re-
flective component 15 for reflecting the exciting light 11
is for example located on the axis of the first lens 22.
However, the embodiments of the present disclosure are
not limited to this.
[0049] As shown in FIG. 6, the reflective component
15 has a reflective region 16 for reflecting the exciting
light 11; and a light transmission hole 17 allowing a part
of the optical signal 21 from the excitation position of the
sample 30 to be inspected to pass through. As an exam-
ple, the reflective region 16 may be located in a central

portion of the reflective component 15, while the light
transmission hole 17 may be located radially outside the
reflective region 16. In this circumstance, the area of the
reflective region 16 may also meet the above mentioned
ratio. Such structure is more conducive to adjusting and
fixing the reflective component 15. The overall shape of
the reflective component 15 may be any shape such as
a circle, a rectangle, a square, a hexagon, etc.
[0050] As an example, the optical device 20 may fur-
ther include a third lens 24 configured to focus and deliver
the optical signal 21, which has passed through the filter
23, to the spectrometer 40. The third lens 24 helps to
increase the efficiency of the spectroscope 40 for receiv-
ing the optical signal.
[0051] As an example, the filter 23 may be a long-pass
filter or a notch filter. It can effectively filter out Rayleigh
scattering light. The optical signal 21 collected by the first
lens 22 often includes not only the Raman optical signal
21, but also Rayleigh light, fluorescence, etc. The exciting
light has a shorter wavelength than Raman light, and thus
can be removed using a long-pass filter or notch filter. A
cut-off wavelength of the long-pass filter or the notch filter
can be set according to actual requirements. For exam-
ple, when the Raman spectrum processed by the spec-
trometer in the Raman spectrum inspection apparatus
has a wavelength range of 550 to 1100 nm, the cut-off
wavelength can be set to allow light in the wavelength
range to pass through.
[0052] Additionally, in order to remove the interference
in the optical signal 21, the spectrum data obtained by
the Raman spectrum inspection apparatus can further
be subject to processes of random noise removal and
baseline correction so as to reduce the influence of noise.
Random noise removal removes the random noise con-
tained in the spectrum. Common methods include, but
are not limited to: moving window average smoothing,
polynomial moving average filtering, and the like. Addi-
tionally, before the analysis of the spectrum, it is possible
to inhibit the fluorescence background to some extent.
Baseline correction is used to remove the fluorescence
signal in the signal light, thereby obtaining a relatively
pure Raman signal. Common methods include, but are
not limited to: polynomial fitting, wavelet transform tech-
niques, Fourier transform techniques, and the like. The
processing of signals is not limited to the above two ways.
[0053] According to the Raman spectrum inspection
apparatus of embodiments of the disclosure, with the
separation design of the excitation optical path and the
detection optical path, it avoids the use of a dichroic mir-
ror, suppresses the noise peak envelope caused by the
dichroic mirror, and improves the inspection accuracy of
the Raman signal, especially improves the ability to resist
the interference of fluorescence.
[0054] Unless there are technical obstacles or contra-
dictions, the above various examples and embodiments
of the disclosure can be freely combined to form addi-
tional embodiments. These other embodiments all fall
within the protection scope of the disclosure as defined
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by the claims.
[0055] Although the disclosure has been described in
conjunction with the drawings, the embodiments dis-
closed in the drawings are intended to illustrate the ex-
emplified embodiments of the disclosure and cannot be
construed as a limitation of the disclosure. The dimen-
sional proportions in the drawings are merely schematic,
and are not to be construed as limiting the disclosure.

Claims

1. A Raman spectrum inspection apparatus (200),
comprising:

an exciting light source (10) configured to emit
an exciting light to a sample (30) to be inspected;
an optical device (20) configured to collect an
optical signal (21) from a position, which is irra-
diated by the exciting light (11), of the sample
(30) to be inspected; and
a spectrometer (40) configured to generate a
Raman spectrum of the sample (30) to be in-
spected from a received optical signal (21),
wherein an excitation optical path (31) in which
the exciting light (11) passes from the exciting
light source (10) to the sample (30) to be inspect-
ed and a detection optical path (32) in which the
optical signal received by the spectrometer (40)
passes from the sample (30) to be inspected to
the spectrometer (40) are separated from each
other,
wherein the optical device (20) comprises a first
lens (22) configured to collect the optical signal
(21) from the position, which is irradiated by the
exciting light (11), of the sample (30) to be in-
spected, and
wherein a reflective component (15) is provided
in the excitation optical path (31), and the reflec-
tive component (15) has a reflective region (16)
for reflecting the exciting light (11) towards the
first lens (22),
characterized in that the reflective component
(15) has a light transmission hole (17) allowing
a part of the optical signal (21) from the position,
which is irradiated by the exciting light (11), of
the sample (30) to be inspected to pass through.

2. The Raman spectrum inspection apparatus (200) of
claim 1, wherein the optical device (20) further com-
prises:
a filter (23) configured to filter out the exciting light
(11) from the optical signal (21) having passed
through the first lens (22).

3. The Raman spectrum inspection apparatus (200) of
claim 1, wherein the optical device (20) comprises:

a filter (23) configured to filter out the exciting
light (11) from the optical signal (21) having
passed through the first lens (22),
wherein the exciting light (11) passes through
the first lens (22) and is focused by the first lens
(22) to the sample (30) to be inspected.

4. The Raman spectrum inspection apparatus (200) of
claim 1, wherein the first lens (22) is an aspheric lens.

5. The Raman spectrum inspection apparatus (200) of
claim 1, wherein a diameter of the first lens (22) is
greater than sum of a beam diameter of the exciting
light (11) and a beam diameter of the optical signal
(21) delivered to the spectrometer (40) from an ex-
citation position.

6. The Raman spectrum inspection apparatus (200) of
claim 1, wherein the optical device (20) further com-
prises:

a filter (23) configured to filter out the exciting
light (11) from the optical signal (21) having
passed through the first lens (22);
wherein the exciting light (11) passes through
the first lens (22) and is focused by the first lens
(22) to the sample (30) to be inspected; and the
exciting light (11) and a part of the optical signal
(21) from the position, which is irradiated by the
exciting light (11), of the sample (30) to be in-
spected are separated from each other.

7. The Raman spectrum inspection apparatus (200) of
claim 6, wherein the reflective component (15) is pro-
vided between the first lens (22) and the filter (23),
and is configured to guide the exciting light (11) to
the first lens (22) and only partially block the optical
signal (21) from the position, which is irradiated by
the exciting light (11), of the sample (30) to be in-
spected.

8. The Raman spectrum inspection apparatus (200) of
claim 1, wherein a projection area of a reflective sur-
face of the reflective component (15) on the first lens
(22) is smaller than area of the first lens (22).

Patentansprüche

1. Raman-Spektrum-Inspektionsvorrichtung (200),
umfassend:

eine Anregungslichtquelle (10), ausgelegt zum
Emittieren eines Anregungslichts zu einer zu in-
spizierenden Probe (30);
eine optische Einrichtung (20), ausgelegt zum
Erfassen eines optischen Signals (21) aus einer
Position der zu inspizierenden Probe (30), die
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durch das Anregungslicht (11) bestrahlt wird;
und
ein Spektrometer (40), ausgelegt zum Erzeugen
eines Raman-Spektrums der zu inspizierenden
Probe (30) aus einem empfangenen optischen
Signal (21),
wobei ein optischer Pfad (31) der Anregung, auf
dem das Anregungslicht (11) von der Anre-
gungslichtquelle (10) zu der zu inspizierenden
Probe (30) gelangt, und ein optischer Pfad (32)
der Detektion, auf dem das von dem Spektro-
meter (40) empfangene optische Signal von der
zu inspizierenden Probe (30) zu dem Spektro-
meter (40) gelangt, voneinander getrennt sind,
wobei die optische Einrichtung (20) eine erste
Linse (22) umfasst, ausgelegt zum Erfassen des
optischen Signals (21) aus der Position der zu
inspizierenden Probe (30), die durch das Anre-
gungslicht (11) bestrahlt wird, und
wobei eine reflektierende Komponente (15) in
dem optischen Pfad (31) der Anregung bereit-
gestellt ist und die reflektierende Komponente
(15) eine Reflexionsregion (16) zum Reflektie-
ren des Anregungslichts (11) zu der ersten Linse
(22) aufweist, dadurch gekennzeichnet, dass
die reflektierende Komponente (15) ein Luft-
durchlassloch (17) aufweist, dass den Durch-
lass eines Teils des optischen Signals (21) aus
der Position der zu inspizierenden Probe (30),
die durch das Anregungslicht (11) bestrahlt wird,
zu ermöglichen.

2. Raman-Spektrum-Inspektionsvorrichtung (200)
nach Anspruch 1, wobei die optische Einrichtung
(20) ferner umfasst:
ein Filter (23), ausgelegt zum Ausfiltern des Anre-
gungslichts (11) aus dem optischen Signal (21) nach
dem Durchlaufen der ersten Linse (22).

3. Raman-Spektrum-Inspektionsvorrichtung (200)
nach Anspruch 1, wobei die optische Einrichtung
(20) umfasst:

ein Filter (23), ausgelegt zum Ausfiltern des An-
regungslichts (11) aus dem optischen Signal
(21) nach dem Durchlaufen der ersten Linse
(22),
wobei das Anregungslicht (11) die erste Linse
(22) durchläuft und durch die erste Linse (22)
auf die zu inspizierende Probe (30) fokussiert
wird.

4. Raman-Spektrum-Inspektionsvorrichtung (200)
nach Anspruch 1, wobei die erste Linse (22) eine
asphärische Linse ist.

5. Raman-Spektrum-Inspektionsvorrichtung (200)
nach Anspruch 1, wobei ein Durchmesser der ersten

Linse (22) größer ist als die Summe eines Strahl-
durchmessers des Anregungslichts (11) und eines
Strahldurchmessers des aus einer Anregungsposi-
tion zu dem Spektrometer (40) zugestellten opti-
schen Signals (21).

6. Raman-Spektrum-Inspektionsvorrichtung (200)
nach Anspruch 1, wobei die optische Einrichtung
(20) ferner umfasst:

ein Filter (23), ausgelegt zum Ausfiltern des An-
regungslichts (11) aus dem optischen Signal
(21) nach dem Durchlaufen der ersten Linse
(22);
wobei das Anregungslicht (11) die erste Linse
(22) durchläuft und von der ersten Linse (22) auf
die zu inspizierende Probe (30) fokussiert wird;
und das Anregungslicht (11) und ein Teil des
optischen Signals (21) von der Position der zu
inspizierenden Probe (30), die durch das Anre-
gungslicht (11) bestrahlt wird, voneinander ge-
trennt sind.

7. Raman-Spektrum-Inspektionsvorrichtung (200)
nach Anspruch 6, wobei die reflektierende Kompo-
nente (15) zwischen der ersten Linse (22) und dem
Filter (23) bereitgestellt und dafür ausgelegt ist, das
Anregungslicht (11) zu der ersten Linse (22) zu füh-
ren und das optische Signal (21) von der Position
der zu inspizierenden Probe (30), die durch das An-
regungslicht (11) bestrahlt wird, nur teilweise zu blo-
ckieren.

8. Raman-Spektrum-Inspektionsvorrichtung (200)
nach Anspruch 1, wobei eine Projektionsfläche einer
reflektierenden Oberfläche der reflektierenden Kom-
ponente (15) auf der ersten Linse (22) kleiner ist als
eine Fläche der ersten Linse (22).

Revendications

1. Appareil d’inspection de spectre Raman (200),
comprenant :

une source de lumière d’excitation (10) configu-
rée pour émettre une lumière d’excitation vers
un échantillon (30) à inspecter ;
un dispositif optique (20) configuré pour re-
cueillir un signal optique (21) à partir d’une po-
sition, qui est irradiée par la lumière d’excitation
(11), de l’échantillon (30) à inspecter ; et
un spectromètre (40) configuré pour générer un
spectre Raman de l’échantillon (30) à inspecter
à partir d’un signal optique reçu (21),
un chemin optique d’excitation (31), dans lequel
la lumière d’excitation (11) passe de la source
de lumière d’excitation (10) à l’échantillon (30)
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à inspecter, et un chemin optique de détection
(32), dans lequel le signal optique reçu par le
spectromètre (40) passe de l’échantillon (30) à
inspecter au spectromètre (40), étant séparés
l’un de l’autre,
le dispositif optique (20) comprenant une pre-
mière lentille (22) configurée pour recueillir le
signal optique (21) provenant de la position, qui
est irradiée par la lumière d’excitation (11), de
l’échantillon (30) à inspecter, et
un composant réfléchissant (15) étant prévu
dans le chemin optique d’excitation (31), et le
composant réfléchissant (15) ayant une région
réfléchissante (16) pour réfléchir la lumière d’ex-
citation (11) vers la première lentille (22), carac-
térisé en ce que le composant réfléchissant
(15) a un trou de transmission de lumière (17)
permettant le passage d’une partie du signal op-
tique (21) provenant de la position, qui est irra-
diée par la lumière d’excitation (11), de l’échan-
tillon (30) à inspecter.

2. Appareil d’inspection de spectre Raman (200) selon
la revendication 1, le dispositif optique (20) compre-
nant en outre :
un filtre (23) configuré pour éliminer par filtrage la
lumière d’excitation (11) du signal optique (21) ayant
traversé la première lentille (22).

3. Appareil d’inspection de spectre Raman (200) selon
la revendication 1, le dispositif optique (20)
comprenant :

un filtre (23) configuré pour éliminer par filtrage
la lumière d’excitation (11) provenant du signal
optique (21) ayant traversé la première lentille
(22),
la lumière d’excitation (11) passant à travers la
première lentille (22) et étant focalisée par la
première lentille (22) sur l’échantillon (30) à ins-
pecter.

4. Appareil d’inspection de spectre Raman (200) selon
la revendication 1, la première lentille (22) étant une
lentille asphérique.

5. Appareil d’inspection de spectre Raman (200) selon
la revendication 1, un diamètre de la première lentille
(22) étant supérieur à la somme d’un diamètre de
faisceau de la lumière d’excitation (11) et d’un dia-
mètre de faisceau du signal optique (21) délivré au
spectromètre (40) à partir d’une position d’excitation.

6. Appareil d’inspection de spectre Raman (200) selon
la revendication 1, le dispositif optique (20) compre-
nant en outre :

un filtre (23) configuré pour éliminer par filtrage

la lumière d’excitation (11) du signal optique (21)
ayant passé à travers la première lentille (22) ;
la lumière d’excitation (11) passant à travers la
première lentille (22) et étant focalisée par la
première lentille (22) sur l’échantillon (30) à
inspecter ; et la lumière d’excitation (11) et une
partie du signal optique (21) provenant de la po-
sition, qui est irradiée par la lumière d’excitation
(11), de l’échantillon (30) à inspecter étant sé-
parées l’une de l’autre.

7. Appareil d’inspection de spectre Raman (200) selon
la revendication 6, le composant réfléchissant (15)
étant prévu entre la première lentille (22) et le filtre
(23), et étant configuré pour guider la lumière d’ex-
citation (11) vers la première lentille (22) et ne blo-
quant que partiellement le signal optique (21) pro-
venant de la position, qui est irradiée par la lumière
d’excitation (11), de l’échantillon (30) à inspecter.

8. Appareil d’inspection de spectre Raman (200) selon
la revendication 1, une zone de projection d’une sur-
face réfléchissante du composant réfléchissant (15)
sur la première lentille (22) étant plus petite que la
zone de la première lentille (22).
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