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SCANNING ELECTRON MICROSCOPE WITH COMPOSITE DETECTION
SYSTEM AND SPECIMEN DETECTION METHOD

TECHNICAL FIELD

The disclosure relates to the field of scanning electron microscope technologies, and in
particular, to a scanning electron microscope with a composite detection system and a specimen

detection method.

BACKGROUND

A scanning electron microscope is a commonly used microscopic analysis instrument.
Generally, an electron beam is focused on a specimen through an objective lens of a scanning
electron microscope to produce a tiny beam spot, and the electron beam excites and produces
Secondary Electrons (SE), Back-scatter Electrons (BSE), an X-ray, and the like, so that a detector
may be used to observe a morphology of a specimen surface and analyze material composition.

Currently, there are many methods for implementing energy spectrum detection. For
example, a side-type X-ray detector may be used. However, a solid angle of an X-ray signal
received by the X-ray detector is small, and the X-ray detector has a low collection efficiency and
cannot obtain a high-speed X-ray image. Although a solid angle of a detected X-ray can be
increased by arranging multiple X-ray detectors, this implementation method is complex, and
requires a large occupation space.

In addition, in a process of using a conventional scanning electron microscope, a
high-resolution BSE image of a specimen and an X-ray image of the specimen are captured in
different conditions, and thus a relatively long time needs to be consumed. In addition, when
information about the two images needs to be compared, further processing and analysis need to be
performed on the two images because image sizes and center positions of the two images are
slightly different due to different image capturing conditions. This requires a longer time, thereby

reducing detection efficiency.

SUMMARY

In view of this, embodiments of the disclosure are intended to provide a scanning electron

microscope with a composite detection system and a specimen detection method, to detect BSEs
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and an X ray within a relatively large solid angle range at the same time, and thus improve
detection efficiency.

To achieve the above purpose, technical solutions of embodiments of the disclosure are
achieved as follows.

The embodiments of the disclosure provide a scanning electron microscope with a
composite detection system, including a composite objective lens system, a composite detection
system, and a detection signal amplification and analysis system.

The composite objective lens system includes an immersion magnetic lens and an electro
lens, and configured to focus an initial electron beam to a specimen to form a convergent beam
spot.

The composite detection system is located in the composite objective lens system.

The magnetic field of the immersion magnetic lens is immersed in the specimen, and an
opening direction of a pole piece is directed towards the specimen.

The electro lens includes the composite detection system, the specimen, a control electrode,
and a voltage source, and is configured to decelerate the initial electron beam and focus the initial
electron beam onto the specimen, and separate Back-scatter Electrons (BSE) from a transmission
path of an X-ray.

The composite detection system is located below an inner pole piece of the immersion
magnetic lens, is located above the control electrode, and includes an annular BSE detector and an
annular X-ray detector that have a same axis center, where the axis center is a center of a principal
optic axis of an electron beam produced by an electron source.

The BSE detector is located in an inner ring, and the X-ray detector is located in an outer
ring.

Optionally, the annular BSE detector and the annular X-ray detector are located on a same
plane or on different planes.

Optionally, a distance between the control electrode at a lowermost end of the composite
objective lens system and the specimen is less than or equal to 5 mm.

Optionally, a distance between the control electrode located at a lowermost end of the
composite objective lens system and the specimen is greater than or equal to 0.5 mm and is less
than or equal to 2 mm.

Optionally, a diameter of a center hole of the annular BSE detector is less than or equal to 3

Optionally, a diameter of a center hole of the annular BSE detector is greater than or equal
to 0.5 mm and is less than or equal to 2 mm.

Optionally, a diameter of a center hole of the annular X-ray detector is greater than 3 mm



10

15

20

25

30

35

WO 2020/220569 PCT/CN2019/107106

and is less than 10 mm.

Optionally, a diameter of a center hole of the control electrode is greater than that of a
center hole of the annular BSE detector and is less than or equal to an external diameter of the
annular X-ray detector.

Optionally, the annular BSE detector is a semiconductor detector, and

the detector used for the annular X-ray detector is a semiconductor silicon drift detector or
a semiconductor lithium drift detector.

Optionally, a layer of conductive metal film is disposed on a lower surface of the annular
BSE detector; and a hermetic window is disposed on a lower surface of the annular X-ray detector.

Optionally, both a thickness of the annular BSE detector and a thickness of the annular
X-ray detector are less than 10 mm.

Optionally, the detection signal amplification and analysis system is connected to the
annular BSE detector and/or the annular X-ray detector, and is configured to process a first signal
generated by the annular BSE detector based on received back-scatter electrons and/or a second
signal generated by the annular X-ray detector based on a received X-ray.

Optionally, the detection signal amplification and analysis system is further configured to
synthesize the processed first signal and the processed second signal to form a composite image.

The embodiments of the disclosure further provide a specimen detection method, applied to
a scanning electron microscope provided with a composite detection system, where the method
includes the following operations:

An accelerated initial electron beam is enabled to enter a composite objective lens system
along a principal optic axis, pass through a center hole of a composite detection system, and
converge on a specimen to produce signal electrons, wherein the composite detection system
includes an annular back-scatter electron BSE detector and an annular X-ray detector that have a
same axis center, where the axis center is a center of the principal optic axis of the electron beam.

The annular back-scatter electron BSE detector and the annular X-ray detector respectively
receive back-scatter electrons BSEs and an X-ray from the signal electrons produced at a same
location of the specimen.

Optionally, the operation of respectively receiving, by the annular Back-scatter Electron
(BSE) detector and the annular X-ray detector, Back-scatter Electrons (BSE) and an X-ray from
the signal electrons produced at a same location of the specimen includes: causing the BSEs in the
signal electrons to perform accelerated movement upwards under action of an electric field of an
electro lens of the composite objective lens system and under influence of an immersion magnetic
lens, and receiving the BSEs by the annular BSE detector in an outer ring; and causing the X-ray

produced at the same location of the specimen to move upwards, and to be received by the annular
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X-ray detector.

Optionally, the method further includes: processing, by a detection signal amplification and
analysis system, the BSEs received by the annular BSE detector and the X-ray received by the
annular X-ray detector, and outputting the processed BSEs and the processed X-ray.

The scanning electron microscope with a composite detection system provided in the
embodiments of the disclosure includes a composite objective lens system including an immersion
magnetic lens and an electro lens, configured to focus an initial electron beam to a specimen to
form a convergent beam spot; a composite detection system located in the composite objective lens
system; and a detection signal amplification and analysis system. A magnetic field of the
immersion magnetic lens is immersed in the specimen, and an opening direction of a pole piece is
directed towards the specimen; the electro lens includes the composite detection system, the
specimen, a control electrode, and a voltage source, and is configured to decelerate the initial
electron beam and focus the initial electron beam onto the specimen, and separate Back-scatter
Electrons (BSE) from a transmission path of an X-ray; the composite detection system is located
below an inner pole piece of the immersion magnetic lens, is located above the control electrode,
and includes an annular Back-scatter Electron (BSE) detector and an annular X-ray detector that
have a same axis center, where the axis center is a center of a principal optic axis of an electron
beam produced by an electron source; and the BSE detector is located in an inner ring, and the
X-ray detector is located in an outer ring. The annular composite detection system in the
embodiments of the disclosure is located in the composite objective lens system, and can ensure
high resolution of an image while ensuring receiving BSEs and an X-ray at the same time, at a
same location of a specimen and at a same emission angle, so as to implement fast imaging and

improve detection efficiency of the specimen.

DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic structural diagram of a scanning electron microscope with a
composite detection system according to an embodiment of the disclosure;

FIG. 2 is a schematic diagram of a movement track of BSEs in a scanning electron
microscope according to an embodiment of the disclosure;

FIG. 3 is a schematic diagram of movement tracks of BSEs and an X-ray in a scanning
electron microscope according to an embodiment of the disclosure;

FIG. 4 is a schematic diagram of a detection system of BSEs and an X-ray according to an
embodiment of the disclosure; and

FIG. 5 is a schematic flowchart of a specimen detection method according to an embodiment
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of the disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

The following describes the disclosure with reference to accompany drawings and
embodiments. It should be understood that the specific embodiments described herein are used only
to explain the disclosure, but are not intended to limit the disclosure.

In the related art, the X-ray detector used in the electron microscope is a conventional
side-type tubular X-ray detector. When an electron beam of an electron microscope bombards a
specimen, an X-ray is produced. Because the produced X-ray is emitted from a specimen surface at a
4 JI solid angle, the side-type X-ray detector can only receive an X-ray on a hemispherical surface
within a small solid angle. In this case, signal efficiency is relatively low; noise is relatively large;
and averaging needs to be performed on X-ray image signals for several times to reduce the noise.
As aresult, a high-speed X-ray image cannot be obtained.

To improve X-ray detection efficiency or obtain more abundant X-ray image information,
usually, several X-ray detectors or multiple X-ray detector channels are used to increase a solid
angle of the detecting X-ray. For example, in a space between an objective lens of an electron beam
microscope and a specimen, four detectors are arranged in four quadrants. Alternatively, an X-ray
detector with two channels may detect X-rays on upper and lower hemispheres within a specific
solid angle range, and may obtain more X-ray information, so as to improve the detection efficiency
and increase the detection speed. Although this solution can improve X-ray detection efficiency, the
implementation thereof is relatively complex, and needs a large occupation space.

In the related art, in an embodiment in which an annular-sheet-type X-ray detector is used,
X-rays in larger solid angles are detected in addition to X-rays passing through a central hole; a
collection solid angle of the X-ray detector is up to 60 degrees; reception efficiency of X-rays is high;
and as a result, an imaging speed of an X-ray image is greatly improved. However, there are the
following problems. First, the X-ray detector needs to be inserted between an objective lens and a
specimen, and in this case, the X-ray detector blocks detection of other signal electrons such as BSEs
and SEs, which prevents simultaneous imaging. In addition, the X-ray detector occupies the space,
and increases a working distance between the objective lens and the specimen. Usually, a longer
working distance of a scanning electron microscope leads to lower resolution. Usually, when the
scanning electron microscope is working at a high resolution, the working distance is less than 2 mm,
and the sheet-type X-ray detector occupies more than 5 mm due to its telescopic structure and its
thickness, so that the working distance is increased. In this case, the resolution of the scanning

electron microscope is relatively low, that is, a beam spot of an electron beam focused on the
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specimen is relatively large. In this case, an area in which X-ray information is produced is larger
than an area in which X-ray information is produced when the resolution is high, and material
information reflected by the produced X-ray image is not as accurate as that when the working
distance is small.

In the related art, to enable BSE collection as well as implement high-efficiency, an optional
embodiment is further provided. To be specific, a composite electromagnetic objective lens of an
electron microscope is provided with an annular back-scatter electron (BSE) detector and a
secondary electron (SE) detector located above the objective lens. However, there is no X-ray
detector in this system, signal electrons and X-rays produced on the specimen cannot be observed
simultaneously. That is, spectrum collection and collection of back-scatter rays cannot be performed
simultaneously. If a conventional manner is used to observe an X-ray energy spectrum produced by
an electron beam on the specimen, an additional EDS detector needs to be used. A conventional
tubular EDS detector inserted from a side of an objective lens has a small solid angle for receiving
signals and low reception efficiency, and therefore cannot implement high-speed X-ray signal
detection. However, an annular EDS detector has a large solid angle for receiving signals and has
high efficiency, but it needs to be inserted into the space between the objective lens and the specimen,
which not only increases a working distance between the objective lens and the specimen and affects
resolution of the objective lens, but also occupies a track of signal electrons to be detected by the
BSE detector. As a result, the BSE detector cannot receive electrons at this time.

In view of the foregoing problem, embodiments of the disclosure provide a scanning
electron microscope with a composite detection system. As illustrated in FIG. 1, the scanning
electron microscope includes a composite objective lens system 11 composed of an immersion
magnetic lens 101 and an electro lens 10. The composite objective lens system 11 is configured to
focus an initial electron beam (that is, an electron beam 103) to a specimen to form a convergent
beam spot. The scanning electron microscope further includes a composite detection system 102
located in the composite objective lens system 11, and a detection signal amplification and analysis
system 30.

The composite detection system 102 is located below an inner pole piece 101c of the
immersion magnetic lens, is located above a control electrode 106, and includes an annular
Back-scatter Electron (BSE) detector 102a and an annular X-ray detector 102b that have a same
axis center, where the axis center is a center of a principal optic axis 104 of an electron beam 103
produced by an electron source (not shown in FIG. 1).

The BSE detector 102a is located in an inner ring, and the X-ray detector 102b is located in
an outer ring.

In an embodiment of the disclosure, after entering the composite objective lens system 11
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along the principal optic axis 104, the electron beam 103 passes through a center hole of the
composite detection system 102, and is focused on a specimen 105 under action of an
electromagnetic field to form a focus point.

In an embodiment, the annular BSE detector and the annular X-ray detector are located on
a same plane, as shown in FIG. 1.

In another embodiment, the annular BSE detector and the annular X-ray detector are
located on different planes.

In an embodiment of the disclosure, as shown in FIG. 1, the composite objective lens
system 11 includes an immersion magnetic lens 101, where the immersion magnetic lens 101 is an
immersion magnetic lens excited by a current coil. An exciting coil 101a, of the immersion
magnetic lens 101, formed by winding metal wires is externally provided with a housing 101b
made of a ferromagnetic material. An opening of the immersion magnetic lens 101 is a pole piece
of the magnetic lens. The pole piece of the magnetic lens includes an inner pole piece 101c close to
a central optical axis and an outer pole piece 101d far away from the central optical axis. A
magnetic field of the magnetic lens is immersed in the to-be-observed specimen 105. An opening
of a pole piece of an objective lens of a conventional non-immersion magnetic lens faces towards a
principal optic axis of an electron beam. A converging magnetic field of the magnetic lens is
relatively far away from the specimen. Therefore, a focal length of the objective lens is relatively
large and an imaging aberration is relatively large, which is not conducive to resolution
observation. However, the immersion magnetic lens has a smaller focal length and a relatively
smaller aberration, and it is suitable to converge the electron beam 103 to a smaller microbeam
spot and it is suitable for high resolution observation. In addition, there are the composite detection
system 102, the control electrode 106, and the specimen 105 below the magnetic lens, and the
composite detection system 102, the control electrode 106, and the specimen 105 have different
voltages and form a retarding-type electrostatic lens. The electrostatic lens (that is, the electro lens
10) is a retarding-type cathode lens. There is a specific overlap between an electric field of the
retarding-type cathode lens and a magnetic field of the immersion magnetic lens, and composite
focusing of the retarding-type cathode lens and the immersion magnetic lens may further reduce an
aberration of the objective lens system, so as to obtain an aberration less than that of a pure
immersion magnetic lens to obtain a smaller focused beam spot, thereby achieving higher
resolution.

The electron beam 103 passes through the center hole of the composite detection system
102 and a center hole of the control electrode 106, and is converged on the specimen 105. Both the
composite detection system 102 and the immersion magnetic lens 101 are in a low ground

potential, and voltages V1 and V2 are applied on the specimen 105 and the control electrode 106
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respectively. A voltage value of the specimen meets V1<-3 kV; the voltage V2 of the control
electrode meets V1<V2<0; and after the voltage value of the specimen is determined, of the
voltage V2 may be adjusted to control a track of returned signal electrons.

The electro lens 10 includes the annular composite detection system 102, the specimen 105,
the annular control electrode 106, and a voltage source (there is a related structure, and it is not
shown in the figure), and is configured to decelerate the initial electron beam 103 and focus the
initial electron beam 103 onto the specimen 105, and separate BSEs from a transmission path of an
X-ray. A center hole of the annular composite detection system is @1, and an external diameter of a
detection area of the composite detection system 102 is ®3 (a detection external-diameter of the
X-ray detector), where ®1<3mm. In an optional embodiment, a range of ®1 is 0.5 mm to 2 mm.
An inner bore diameter of the control electrode 106 is ®2, and meets ®3>D2>D1. A distance from
the control electrode 106 of the electro lens 10 to the specimen 105 is a Working Distance (WD) of
the scanning electron microscope of the objective lens system. To obtain a tiny focused beam spot,
implement high resolution, and obtain relatively high efficiency of the BSE detector and the X-ray
detector, a distance less than or equal to 5 mm is usually selected as the WD. In an optional
embodiment, a range of the WD is 0.5 mm to 2 mm.

The composite detection system 102 includes an annular Back-scatter Electron (BSE)
detector 102a and an annular X-ray detector 102b, where the annular BSE detector 102a is located
in an inner ring of the annular X-ray detector 102b.

In another embodiment, the composite detection system 102 is of an annular sheet structure;
its thickness is several millimeters; and a thicknesses of each of the annular BSE detector and the
annular X-ray detector is less than 10 mm, so as to avoid occupying overmuch space between the
immersion magnetic lens 101 and the specimen 105.

In an embodiment, the annular back-scatter electron detector 102a is a semiconductor
detector, for example, a PN junction semiconductor detector, and the annular X-ray detector 102b
is a semiconductor silicon drift detector or a semiconductor lithium drift detector, which can
effectively control a thickness of the composite detector.

In an embodiment, as shown in FIG. 2 and FIG. 3, a layer of surface metal film is plated on
a surface of the annular back-scatter electron detector 102a, and is made of metals with good
conductivity such as gold or aluminum, and back-scatter electrons emitted from the specimen pass
through the metal film and are detected by a PN junction semiconductor detector. A hermetic
window is disposed on a surface of a silicon drift detector of the annular X-ray detector 102b, to
protect the silicon drift detector and resist bombardment of back-scatter electrons and the like.

In an embodiment, as shown in FIG. 4, the detection signal amplification and analysis

system 30 is connected to the annular back-scatter electron detector 102a and/or the annular X-ray
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detector 102b, and is configured to process a first signal generated by the back-scatter electron
detector 102a based on received back-scatter electrons and/or configured to process a second
signal generated by the X-ray detector 102b based on a received X-ray.

In an embodiment, as shown in FIG. 4, the detection signal amplification and analysis
system 30 is connected to the annular BSE and/or the annular X-ray detector, and is configured to
process a first signal generated by the annular BSE detector based on received back-scatter
electrons and/or configured to process a second signal generated by the X-ray detector based on
the received X-ray.

In an actual application process, the detection signal amplification and analysis system 30
may include: a signal amplification subdevice including a first signal amplification subdevice
(amplifier) 300a and a second signal amplification device (amplifier) 300b; and a signal processing
subdevice including a first signal processing subdevice 30la and a second signal processing
subdevice 301b.

The first signal amplification subdevice 300a is configured to amplify a back-scatter
electron signal. The second signal amplification device 300b is configured to amplify an X-ray
signal.

The signal processing subdevice 301a is configured to process the amplified first signal,
and output the processed first signal to form a first image. The second signal processing subdevice
301b is configured to process the amplified second signal and output the processed second signal
to form a second image.

The detection signal amplification and analysis system 30 is further configured to synthesize
the processed first signal and the processed second signal, to form a composite image. In an
implementation process, the detection signal amplification and analysis system 30 may further
include a signal synthesis subdevice 302, configured to perform synthesis processing on the first
signal processed by the first signal processing subdevice 301a and the second signal processed by
the second signal processing subdevice 301b, to form a composite image.

In this embodiment of the disclosure, amplification processing is performed on both a
signal output by the back-scatter electron detector and a signal output by the X-ray detector, to
generate a back-scatter electron image and an X-ray energy spectrum image for targeted detection.
Alternatively, the processed first signal output by the back-scatter electron detector and the
processed second signal output by the X-ray detector are synthesized by the signal synthesis
subdevice 302, to obtain a composite image at a collection efficiency of 100% or close to 100%.

Based on the description of the scanning electron microscope with a composite detection
system in the embodiments, an embodiment of the disclosure further provides a specimen detection

method. As shown in FIG. 5, the method procedure includes the following steps.
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In step 501, an accelerated initial electron beam is enabled to enter a composite objective
lens system along a principal optic axis, pass through a center hole of a composite detection system,
and converge on a specimen to produce signal electrons.

In step 502, Back-scatter Electrons (BSE) and an X-ray are received by an annular BSE
detector and an annular X-ray detector respectively from the signal electrons produced at a same
location of the specimen.

In an embodiment, the operation of respectively receiving, by the annular Back-scatter
Electron (BSE) detector and the annular X-ray detector, Back-scatter Electrons (BSEs) and an
X-ray from the signal electrons produced at a same location of the specimen includes: causing the
BSEs in the signal electrons to perform accelerated movement upwards under action of an electric
field of an electro lens of the composite objective lens system and under influence of an immersion
magnetic lens, and receiving the BSEs by the annular BSE detector in an inner ring; and causing
the X-ray produced at the same location of the specimen to move upwards, and to be received by
the annular X-ray detector in an outer ring.

In an embodiment, the method further includes the operations of processing, by a detection
signal amplification and analysis system, the BSEs received by the annular BSE detector and the
X-ray received by the annular X-ray detector, and outputting the processed BSEs and the processed
X-ray.

As shown in FIG. 2, when an electro lens 10 works, a voltage V2 of a control electrode 106
and a voltage V1 on the specimen form an electrostatic field between a composite detection system
102 and a specimen 1035, and electric potential line distribution of the electrostatic field is shown
by 108 in FIG. 2. A surface voltage of the specimen is more negative than a surface voltage of the
composite detection system 102, so that an electron beam 103 is decelerated and focused to the
specimen, while signal electrons generated by the electron beam on the specimen and emitted
upwards, such as back-scatter electrons, are accelerated to the composite detection system.

Herein, because the voltage of the control electrode 106 meets V2>V1, the electric
potential line 108 forms a downward pocket shape along the control electrode. If BSEs emitted at
an angle 0 relative to a specimen surface is not affected by external force, the BSEs move on a
track along a dotted line direction (shown by 109 in FIG. 2), but due to action of an electric field of
the electro lens 10, the BSEs perform accelerated movement upwards through upward attraction of
component force of the electric field, and after action of another component force Fe of the electric
field towards a principal optic axis 104, the BSEs are received by an annular BSE detector 102a in
an inner ring of the composite detection system 102 after the track of the BSEs bends towards the
principal optic axis 104. In addition, a magnetic field of an immersion magnetic lens101 also

increases such a track bending effect.
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As shown in FIG. 3, an X-ray is a high energy electromagnetic wave with an ultrashort
wavelength and is almost not affected by a field of an electromagnetic lens, and therefore BSEs
109 and an X-ray 110 emitted at a same position of the specimen and at a same angle 0 are affected
by the electromagnetic field differently, so that movement tracks of the BSEs 109 and the X-ray
110 are different, and the BSEs 109 and the X-ray 110 are separated from each other. The BSEs
109 are received by the annular BSE detector 102a in an inner ring, while the X-ray is received by
the X-ray detector 102b in an outer ring. A detection external-diameter ®3 of the X-ray detector
determines a solid angle Q of the X-ray detector. Compared with a conventional side-inserted
X-ray detector, this solid angle of the X-ray detector greatly increases a reception amount of the
signals, and is helpful to improve the efficiency of the X-ray detector.

In this embodiment of the disclosure, under action of the composite objective lens system
11, the back-scatter electron detector may also receive more BSEs emitted at a small angle relative
to the specimen surface, most BSE electrons can be efficiently collected, and merely a small
quantity of BSEs pass through a center hole of the detector and are not received. In addition, due to
action of an electric field, BSEs bombard the detector in an accelerated manner, which also helps
the BSE semiconductor detector to more effectively receive and detect electrons.

In this embodiment of the disclosure, the BSE detector and the X-ray detector that are
located below the objective lens of the immersion magnetic lens, the control electrode and the
specimen form a retarding electro lens, so as to ensure high resolution of the composite objective
lens system and control the path of back-scatter electrons. Back-scatter electrons and an X-ray
emitted at a same position of the specimen and at a same emission angle are separated and are
received by the annular BSE detector and the X-ray detector respectively. The annular detector can
make the system obtain the BSEs and the X-ray emitted at the same position, at the same angle and
at the same time, and ensure high collection efficiency, so as to implement fast imaging of a BSE
signal image and an X-ray signal image at the same time.

The foregoing provides only description about preferred embodiments of the disclosure and

is not intended to limit the protection scope of the disclosure.
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CLAIMS

1. A scanning electron microscope with a composite detection system, comprising:

a composite objective lens system comprising an immersion magnetic lens and an electro
lens, and configured to focus an initial electron beam to a specimen to form a convergent beam
spot;

a composite detection system located in the composite objective lens system; and

a detection signal amplification and analysis system, wherein

a magnetic field of the immersion magnetic lens is immersed in the specimen, and an
opening direction of a pole piece is directed towards the specimen;

the electro lens comprises the composite detection system, the specimen, a control
electrode, and a voltage source, and is configured to decelerate the initial electron beam and focus
the initial electron beam onto the specimen, and separate Back-scatter Electrons (BSEs) from a
transmission path of an X-ray;

the composite detection system is located below an inner pole piece of the immersion
magnetic lens, is located above the control electrode, and comprises an annular BSE detector and
an annular X-ray detector that have a same axis center, where the axis center is a center of a
principal optic axis of an electron beam produced by an electron source; and

the BSE detector is located in an inner ring, and the X-ray detector is located in an outer

ring.

2. The scanning electron microscope of claim 1, wherein the annular BSE detector and the annular

X-ray detector are located on a same plane or on different planes.

3. The scanning electron microscope of claim 1, wherein a distance between the control electrode
at a lowermost end of the composite objective lens system and the specimen is less than or equal to

5 mm.

4. The scanning electron microscope of claim 1 or 3, wherein a distance between the control
clectrode located at a lowermost end of the composite objective lens system and the specimen is

greater than or equal to 0.5 mm and is less than or equal to 2 mm.

5. The scanning electron microscope of claim 1, wherein a diameter of a center hole of the annular

BSE detector is less than or equal to 3 mm.
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6. The scanning electron microscope of claim 1 or 5, wherein a diameter of a center hole of the

annular BSE detector is greater than or equal to 0.5 mm and is less than or equal to 2 mm.

7. The scanning electron microscope of claim 1, wherein a diameter of a center hole of the annular

X-ray detector is greater than 3 mm and is less than 10 mm.

8. The scanning electron microscope of claim 1, wherein a diameter of a center hole of the control
electrode is greater than that of a center hole of the annular BSE detector and is less than or equal

to an external diameter of the annular X-ray detector.

9. The scanning electron microscope of claim 1, wherein the annular BSE detector is a
semiconductor detector, and
the annular X-ray detector includes a semiconductor silicon drift detector or a

semiconductor lithium drift detector.

10. The scanning electron microscope of claim 1, wherein a layer of conductive metal film is
disposed on a lower surface of the annular BSE detector; and a hermetic window is disposed on a

lower surface of the annular X-ray detector.

11. The scanning electron microscope of claim 1, wherein both a thickness of the annular BSE

detector and a thickness of the annular X-ray detector are less than 10 mm.

12. The scanning electron microscope of claim 1, wherein the detection signal amplification and
analysis system is connected to at least one of the annular BSE detector or the annular X-ray
detector, and is configured to process at least one of the following: a first signal generated by the
annular BSE detector based on received back-scatter electrons, or a second signal generated by the

annular X-ray detector based on a received X-ray.

13. The scanning electron microscope of claim 12, wherein the detection signal amplification and
analysis system is further configured to synthesize the processed first signal and the processed

second signal to form a composite image.

14. A specimen detection method, applied to a scanning electron microscope with a composite

detection system, wherein the method comprises:
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enabling an accelerated initial electron beam to enter a composite objective lens system
along a principal optic axis, pass through a center hole of a composite detection system, and
converge on a specimen to produce signal electrons, wherein the composite detection system
comprises an annular Back-scatter Electron (BSE) detector and an annular X-ray detector, wherein
the BSE detector has a same axis center as that of the annular X-ray detector, where the axis center
is a center of the principal optic axis of the electron beam; and

respectively receiving, by the annular back-scatter electron BSE detector and the annular
X-ray detector, back-scatter electrons BSEs and an X-ray from the signal electrons produced at a

same location of the specimen.

15. The specimen detection method of claim 14, wherein the respectively receiving, by the annular
Back-scatter Electron (BSE) detector and the annular X-ray detector, Back-scatter Electrons (BSE)
and an X-ray from the signal electrons produced at a same location of the specimen comprises:

causing the BSEs in the signal electrons to perform accelerated movement upwards under
action of an electric field of an electro lens of the composite objective lens system and under
influence of an immersion magnetic lens, and to be received by the annular BSE detector in an
inner ring; and

causing the X-ray produced at a same location of the specimen to move upwards, and to be

received by the annular X-ray detector in an outer ring.

16. The method according to claim 14, wherein the method further comprises:
processing, by a detection signal amplification and analysis system, the BSEs received by
the annular BSE detector and the X-ray received by the annular X-ray detector, and outputting the

processed BSEs and the processed X-ray.



