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LIGHT EMITTING DEVICE, OPTICAL DETECTION SYSTEM, OPTICAL 

DETECTION DEVICE AND OPTICAL DETECTION METHOD 

 

[0001] The present application claims priority to Chinese Patent Application No. 

201811022876.0, titled "OPTICAL DETECTION APPARATUS AND OPTICAL DETECTION 5 

METHOD", filed on September 3, 2018, with the China National Intellectual Property 

Administration, and to Chinese Patent Application No. 201810846138.1, titled "LIGHT 

EMITTING APPARATUS, OPTICAL DETECTION SYSTEM AND OPTICAL DETECTION 

METHOD", filed on July 27, 2018, with the China National Intellectual Property Administration, 

both of which are incorporated herein by reference in their entirety. 10 

 

FIELD 

[0002] The present disclosure relates to the technical field of optical detection, and in particular 

to a light emitting apparatus, an optical detection system, an optical detection apparatus and an 

optical detection method. 15 

 

BACKGROUND 

[0003] With the development of modern science and technology, a size of a semiconductor chip 

continually decreases, and a processing technology of the semiconductor chip is continually 

updated. However, many steps are required to process the semiconductor chip, and chip 20 

non-conformance generated in any processing step may lead to failure of the whole chip. 

Therefore, in the conventional technologies, a chip detection process is generally introduced after 

a key processing step. By detecting information such as a three-dimensional surface contour and 

a film thickness of each chip, an unqualified chip can be eliminated in time, and a qualified rate 

of chip products can be improved. 25 

[0004] Optical detection is one of main methods for detecting a semiconductor chip. In the 

optical detection method, light emitted by a light source is incident on a surface of an object to be 

detected. Information such as a three-dimensional surface contour and a film thickness of the chip 



- 2 - 

is obtained based on reflected light formed by reflection of the object to be detected. However, in 

detecting a high aspect ratio structure on the chip with the optical detection method, as shown in 

Figure 1, as for the high aspect ratio structure, a ratio of a depth D to a width L is large, most of 

light α1 incident on the surface of the object to be detected at a large angle in the light emitted by 

the light source may be blocked by a surrounding structure and only a small part of the emitted 5 

light, light α2, incident on the surface of the object to be detected at a small angle may be 

incident to a bottom of the high aspect ratio structure, resulting in that an effective reflected light 

signal formed by the light incident on the surface of the object to be detected at a small angle is 

submerged in a noise signal formed by the light incident on the surface of the object to be 

detected at a large angle, and thus the high aspect ratio structure on the chip cannot be detected 10 

effectively. 

 

SUMMARY 

[0005] In view of the above, a light emitting apparatus, an optical detection system and an 

optical detection method are provided according to the present disclosure, to solve the problem 15 

that the conventional optical detection method cannot detect a high aspect ratio structure on a 

chip. 

[0006] In order to realize the above objective, the following technical solutions are provided 

according to the present disclosure. 

[0007] A light emitting apparatus includes a light source and an aperture limiting unit arranged 20 

in a light emitting path of the light source. 

[0008] The light source is configured to emit light. 

[0009] The aperture limiting unit includes a first stop module. The first stop module is 

configured to enter and leave the light emitting path of the light source, and limit an aperture of 

the light emitted by the light source when the first stop module is in the light emitting path of the 25 

light source, to block light at a large angle with a normal direction of an object to be detected. 

[0010] Preferably, the aperture limiting unit includes a control module. 
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[0011] The control module is configured to control the first stop module to enter the light 

emitting path of the light source in a case that a current detection area of the object to be detected 

has a high aspect ratio structure, and control the first stop module to leave the light emitting path 

of the light source in a case that the current detection area of the object to be detected does not 

have a high aspect ratio structure. 5 

[0012] Preferably, the light emitting apparatus further includes an objective lens. The objective 

lens is configured to receive light from the first stop module or the light source and project 

received light onto a surface of the object to be detected. 

[0013] The first stop module includes a first stop. In a case that the first stop module is in the 

light emitting path of the light source, the first stop is at an entrance pupil of the objective lens. 10 

[0014] Alternatively, the first stop module includes a first stop and a matching lens. In a case 

that the first stop module is in the light emitting path of the light source, the matching lens forms 

an image of the first stop at the entrance pupil of the objective lens. 

[0015] Preferably, the control module includes a controller and a first movable device. 

[0016] The controller is configured to determine whether the current detection area has a high 15 

aspect ratio structure based on pre-stored structure data of the object to be detected, send a first 

control instruction to the first movable device in a case that the current detection area has a high 

aspect ratio structure, to control the first movable device to drive the first stop module to enter the 

light emitting path of the light source, and send a second control instruction to the first movable 

device in a case that the current detection area does not have a high aspect ratio structure, to 20 

control the first movable device to drive the first stop module to leave the light emitting path of 

the light source. 

[0017] An optical detection system includes the light emitting device according to any one of 

the above and a receiving device. 

[0018] Light emitted by the light emitting apparatus is reflected by the object to be detected. 25 

[0019] The receiving device is configured to receive light reflected by the object to be detected 

and obtain structure information of the object to be detected based on the received light. 
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[0020] Preferably, the light emitting apparatus includes an objective lens, and the optical 

detection system further includes a first lens group, a beam splitter and a second lens group. 

[0021] The first lens group is configured to perform beam expansion and shaping on the light 

emitted by the light source. 

[0022] The beam splitter is configured to reflect emergent light from the first lens group or the 5 

aperture limiting unit. 

[0023] The objective lens is configured to focus the emergent light from the first lens group or 

emergent light from the first stop module on the object to be detected and collect reflected light 

from the object to be detected. 

[0024] The beam splitter is further configured to transmit emergent light from the objective 10 

lens to the second lens group. 

[0025] The second lens group is configured to converge the emergent light from the objective 

lens to the receiving device. 

[0026] Preferably, the objective lens is an interference objective lens, the receiving device is a 

photoelectric detector, and the optical detection system further includes a second movable device. 15 

[0027] The interference objective lens is further configured to, after collecting the reflected 

light from the object to be detected, cause the reflected light to interfere with reference light, and 

transmit interference light to the beam splitter. 

[0028] The second movable device is configured to drive the interference objective lens or the 

object to be detected to move along a direction perpendicular to the object to be detected. 20 

[0029] The photoelectric detector is configured to reconstruct a three-dimensional surface 

contour of the object to be detected based on received interference light. 

[0030] Preferably, the objective lens is an imaging objective lens, the receiving device is a 

spectrometer, and a second stop is arranged at a light inlet of the spectrometer. 

[0031] The second stop is configured to limit an aperture of emergent light entering the 25 

spectrometer. 
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[0032] The spectrometer is configured to obtain film thickness information of the object to be 

detected based on the emergent light. 

[0033] An optical detection method, applied to the optical detection system according to any 

one of the above, includes: 

[0034] emitting light by the light source, and 5 

[0035] moving the first stop module in the aperture limiting unit into the light emitting path of 

the light source to limit the aperture of the light emitted by the light source, to block light at a 

large angle with the normal direction of the object to be detected. 

[0036] Preferably, the aperture limiting unit includes a control module, and the method further 

includes: 10 

[0037] controlling, by the control module in a case that the current detection area of the object 

to be detected has a high aspect ratio structure, the first stop module to enter the light emitting 

path of the light source, and 

[0038] controlling, by the control module in a case that the current detection area of the object 

to be detected does not have a high aspect ratio structure, the first stop module to leave the light 15 

emitting path of the light source. 

[0039] Preferably, in a case that the light emitting apparatus includes an objective lens and the 

first stop module includes a first stop, the step of controlling the first stop module to enter the 

light emitting path of the light source includes: arranging the first stop at an entrance pupil of the 

objective lens; and 20 

[0040] in a case that the light emitting apparatus includes an objective lens and the first stop 

module includes a first stop and a matching lens, the step of controlling the first stop module to 

enter the light emitting path of the light source includes: rendering an image of the first stop 

formed by the matching lens at the entrance pupil of the objective lens. 

[0041] Preferably, the control module includes a controller and a first movable device, and the 25 

method further includes: 

[0042] determining, by the controller based on pre-stored structure data of the object to be 
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detected, whether the current detection area has a high aspect ratio structure, 

[0043] sending, by the controller in a case that the current detection area has a high aspect ratio 

structure, a first control instruction to the first movable device, to control the first movable device 

to drive the first stop module to enter the light emitting path of the light source, and 

[0044] sending, by the controller in a case that the current detection area does not have a high 5 

aspect ratio structure, a second control instruction to the first movable device to control the first 

movable device to drive the first stop module to leave the light emitting path of the light source. 

[0045] Compared with the conventional technologies, the technical solutions according to the 

present disclosure have the following advantages. With the light emitting apparatus, the optical 

detection system and the optical detection method according to the present disclosure, in a case 10 

that a current detection area of an object to be detected has a high aspect ratio structure, a first 

stop module in an aperture limiting unit enters a light emitting path of a light source to limit an 

aperture of light emitted by the light source, so as to block light at a large angle with a normal 

direction of the object to be detected, such that the light is incident to the current detection area of 

the object to be detected along the normal direction of the object to be detected or along a 15 

direction at a small angle with the normal direction, thereby detecting the high aspect ratio 

structure in the current detection area effectively. 

[0046] An optical detection apparatus includes a light source module, a projecting unit, and a 

receiving unit. The light source module includes a light source and an aperture limiting module. 

[0047] The light source is configured to emit detection light. 20 

[0048] The aperture limiting module is configured to enter and leave a light emitting path of 

the light source, and limit an aperture of the detection light emitted by the light source when the 

aperture limiting module is in the light emitting path of the light source, to block light at a large 

angle with a normal direction of an object to be detected. 

[0049] The projecting unit includes at least one projecting device. The projecting device is 25 

configured to project the detection light emitted by the light source module to a surface of the 

object to be detected, collect reflected light from the object to be detected, and emit detection 

signal light. 
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[0050] The receiving unit is configured to receive the detection signal light and obtain image 

information and structure information of an area to be detected of the object to be detected based 

on the detection signal light. 

[0051] Optionally, the optical detection apparatus further includes a first movable device, and 

[0052] the first movable device is configured to control the aperture limiting module to enter 5 

and leave the light emitting path of the light source. 

[0053] Optionally, the projecting device is an objective lens, and 

[0054] the aperture limiting module includes a first stop, and in a case that the aperture limiting 

module is in the light emitting path of the light source, the first stop is at an entrance pupil of the 

objective lens. 10 

[0055] Alternatively, the aperture limiting module includes a first stop and a matching lens. In 

a case that the aperture limiting module is in the light emitting path of the light source, the 

matching lens forms an image of the first stop at the entrance pupil of the objective lens. 

[0056] Optionally, the optical detection apparatus further includes a controller, and 

[0057] the controller is configured to determine, based on the image information, whether the 15 

area to be detected of the object to be detected has a specific detection structure, and send, in a 

case that the area to be detected has the specific detection structure, a first control instruction to 

the first movable device, to control the first movable device to drive the aperture limiting module 

to enter the light emitting path of the light source. 

[0058] Optionally, the specific detection structure includes a high aspect ratio structure. 20 

[0059] Optionally, the projecting unit includes a switching device and at least two projecting 

devices, and 

[0060] the switching device is configured to switch between projecting devices in the light 

emitting path of the light source module, where different projecting devices emit different 

detection signal light. 25 

[0061] Optionally, the at least two projecting devices include a first projecting device and a 

second projecting device, 
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[0062] the first projecting device is configured to project part of the detection light emitted by 

the light source module to the surface of the object to be detected, transform part of the detection 

light into reference light, collect reflected light formed by the object to be detected reflecting the 

detection light, cause the reflected light to interfere with the reference light, and transmit 

interference light to the receiving unit, where the interference light is detection signal light 5 

emitted by the first projecting device, and 

[0063] the second projecting device is configured to project the detection light emitted by the 

light source module to the surface of the object to be detected, collect reflected light from the 

object to be detected, and transmit the reflected light to the receiving unit, where the reflected 

light is detection signal light emitted by the second projecting device. 10 

[0064] Optionally, the structure information includes three-dimensional coordinate information 

of the object to be detected, the receiving unit includes a first receiving device, and 

[0065] the first receiving device is configured to generate the three-dimensional coordinate 

information of the object to be detected based on the detection signal light from the first 

projecting device and generate the image information of the object to be detected based on the 15 

detection signal light from the second projecting device. 

[0066] Optionally, the structure information further includes film thickness information of the 

area to be detected, the receiving unit further includes a second receiving device, and 

[0067] the second receiving device obtains the film thickness information of the area to be 

detected of the object to be detected based on the detection signal light from the second 20 

projecting device. 

[0068] Optionally, the first projecting device is an interference objective lens, the second 

projecting device is an imaging objective lens, and the first receiving device includes an image 

sensor. 

[0069] Optionally, the projecting unit includes a projecting device, the projecting device is 25 

configured to, after collecting the reflected light from the object to be detected, transmit the 

reflected light to the receiving unit, where the reflected light is detection signal light emitted by 

the projecting device, 
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[0070] the structure information includes film thickness information of the area to be detected 

of the object to be detected, 

[0071] the receiving unit includes a first receiving device and a second receiving device, 

[0072] the first receiving device is configured to obtain the image information of the object to 

be detected based on detection signal light, and 5 

[0073] the second receiving device is configured to obtain the film thickness information of the 

object to be detected based on the detection signal light. 

[0074] Optionally, the projecting device is an imaging objective lens, the first receiving device 

is an image sensor, and the second receiving device is a spectrometer. 

[0075] An optical detection method includes: 10 

[0076] obtaining image information of an area to be detected of an object to be detected, 

[0077] determining whether the area to be detected has a specific detection structure based on 

the image information, and 

[0078] performing a detection process on the object to be detected, 

[0079] where the detection process includes: 15 

[0080] performing a specific detection on the area to be detected in a case that the object to be 

detected has the specific detection structure, where the specific detection includes: emitting first 

detection light to the area to be detected, limiting an aperture of the first detection light to block 

light at a large angle with a normal direction of the object to be detected, and obtaining structure 

information of the specific detection structure after the first detection light is limited. 20 

[0081] Optionally, the object to be detected includes multiple areas to be detected, 

[0082] before the detection process is performed on the object to be detected, the optical 

detection method further includes: repeating the steps of obtaining image information and 

determining whether an area to be detected has a specific detection structure, 

[0083] the specific detection further includes: obtaining position information of the specific 25 

structure based on the image information, and obtaining the structure information of the specific 
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structure based on the position information. 

[0084] Alternatively, the optical detection method includes: 

[0085] repeating the steps from obtaining image information of an area to be detected of an 

object to be detected to performing a detection process, including: 

[0086] determining, after obtaining image information of a previous area to be detected and 5 

before obtaining image information of an area to be detected following the previous area to be 

detected, whether the previous area to be detected has the specific detection structure based on 

the image information of the previous area to be detected, and performing the specific detection 

on the previous area to be detected in a case that the previous area to be detected has the specific 

detection structure. 10 

[0087] Optionally, the optical detection method is applied to the optical detection apparatus 

according to any one of the above, the detection light includes the first detection light or second 

detection light, and the step of obtaining the image information of the area to be detected of the 

object to be detected includes: 

[0088] emitting, by the light source, the second detection light, 15 

[0089] projecting, by the projecting device, the second detection light to the surface of the 

object to be detected, collecting reflected light formed by the object to be detected reflecting the 

detection light, emitting detection signal light, and 

[0090] receiving, by the receiving unit, the detection signal light and obtaining the image 

information of the area to be detected of the object to be detected based on the detection signal 20 

light, and 

[0091] the step of obtaining the structure information of the specific detection structure in the 

specific detection includes: 

[0092] collecting, by the projecting device, detection signal light formed by the specific 

detection structure reflecting the first detection light, and 25 

[0093] obtaining, by the receiving unit, the structure information of the specific detection 

structure based on the detection signal light. 
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[0094] Optionally, the step of limiting the aperture of the first detection light includes: 

[0095] moving the aperture limiting module into the light emitting path of the light source, to 

limit the aperture of the first detection light. 

[0096] Optionally, the projecting unit includes a first projecting device, a second projecting 

device and a switching device, 5 

[0097] before the detection light is projected to the surface of the object to be detected, the step 

of obtaining the image information includes: controlling the second projecting device to enter the 

light emitting path of the light source, 

[0100] the specific detection further includes: controlling, by means of the switching device, 

the first projecting device to enter the light emitting path of the light source and the second 10 

projecting device to move out of the light emitting path of the light source. 

[0101] Optionally, the receiving unit includes a first receiving device and a second receiving 

device, the projecting unit includes a second projecting device, and the structure information 

includes film thickness information; and 

[0102] the optical detection method includes:  15 

[0103] projecting, by the second projecting device, the second detection light to the surface of 

the object to be detected, collecting the reflected light formed by the object to be detected 

reflecting the second detection light, and emitting detection signal light;  

[0104]  receiving, by the first receiving device, the detection signal light, and obtaining the 

image information of the area to be detected of the object to be detected based on the detection 20 

signal light; and 

[0105] collecting, by the second projecting device, the detection signal light formed by the 

specific detection structure reflecting the first detection light, and obtaining, by the second 

receiving device, film thickness information of the specific detection structure. 

[0106] Compared with the conventional technologies, the technical solutions according to the 25 

present disclosure have the following advantages. 

[0107] With the optical detection apparatus and the optical detection method according to the 
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present disclosure, structure information and image information of the object to be detected can 

be obtained. Based on the image information, whether an area to be detected of the object to be 

detected has a specific detection structure and a position of the specific detection structure can be 

determined. The specific detection structure is detected based on the position. In addition, an 

aperture limiting module can limit an aperture of detection light emitted by the light source, to 5 

block light at a large angle with the normal direction of the object to be detected, such that the 

light is incident to the detection area of the object to be detected along the normal direction of the 

object to be detected or along a direction at a small angle with the normal direction, thereby 

detecting the specific detection structure in the area to be detected effectively. 

 10 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0108] In order to clearly describe the technical solutions in the embodiments of the present 

disclosure or the technical solutions in the conventional technologies, drawings to be used in the 

descriptions of the embodiments or the conventional technologies are briefly described 

hereinafter. It is apparent that the drawings described below merely show the embodiments of the 15 

present disclosure, and those skilled in the art may obtain other drawings according to the 

provided drawings without any creative effort. 

[0109] Figure 1 is a schematic diagram of an optical path in detecting a high aspect ratio 

structure in the conventional technologies; 

[0110] Figure 2 is a schematic structural diagram of a light emitting apparatus according to an 20 

embodiment of the present disclosure; 

[0111] Figure 3 is a schematic diagram of an optical path in detecting a high aspect ratio 

structure according to an embodiment of the present disclosure; 

[0112] Figure 4 is a schematic structural diagram of an optical detection system according to an 

embodiment of the present disclosure; 25 

[0113] Figure 5 is a schematic structural diagram of an optical detection system according to an 

embodiment of the present disclosure; 
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[0114] Figure 6 is a schematic structural diagram of an optical detection system according to an 

embodiment of the present disclosure; 

[0115] Figure 7 is a flowchart of an optical detection method according to an embodiment of 

the present disclosure; 

[0116] Figure 8 is a schematic structural diagram of an optical detection apparatus according to 5 

an embodiment of the present disclosure; 

[0117] Figure 9 is a schematic structural diagram of an optical detection apparatus according to 

an embodiment of the present disclosure; 

[0118] Figure 10 is a schematic structural diagram of a first projecting device according to an 

embodiment of the present disclosure; 10 

[0119] Figure 11 is a schematic structural diagram of an optical detection apparatus according 

to an embodiment of the present disclosure; 

[0120] Figure 12 is a schematic structural diagram of an optical detection apparatus according 

to an embodiment of the present disclosure; and 

[0121] Figure 13 is a flowchart of an optical detection method according to an embodiment of 15 

the present disclosure. 

 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0122] As described in the background, the conventional optical detection method cannot 

effectively detect a high aspect ratio structure in a chip. In the conventional technologies, SEM 20 

(scanning electron microscope) may be used to detect a high aspect ratio structure. However, with 

the method, the high aspect ratio structure is required to be cut open to form an image, that is, the 

method is destructive. Therefore, the method cannot be used to detect a large number of chip 

samples. 

[0123] In view of the above, a light emitting apparatus is provided according to the present 25 

disclosure to solve the above problems in the conventional technologies. The light emitting 

apparatus includes a light source and an aperture limiting unit arranged in a light emitting path of 
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the light source. 

[0124] The light source is configured to emit light. 

[0125] The aperture limiting unit includes a first stop module. The first stop module is 

configured to enter and leave the light emitting path of the light source, and limit an aperture of 

the light emitted by the light source when it is in the light emitting path of the light source, so as 5 

to block light at a large angle with a normal direction of an object to be detected. 

[0126] An optical detection system is further provided according to the present disclosure. The 

optical detection system includes the light emitting apparatus described above and a receiving 

device. 

[0127] Light emitted by the light emitting apparatus is reflected by the object to be detected. 10 

[0128] The receiving device is configured to receive light reflected by the object to be detected 

and obtain structure information of the object to be detected based on the received light. 

[0129] An optical detection method is further provided according to the present disclosure. The 

optical detection method includes: 

[0130] emitting light by a light source, 15 

[0131] moving a first stop module in an aperture limiting unit into a light emitting path of the 

light source to limit an aperture of the light emitted by the light source, so as to block light at a 

large angle with a normal direction of an object to be detected. 

[0132] With the optical detection system and the optical detection method according to the 

present disclosure, in a case that a current detection area of an object to be detected has a high 20 

aspect ratio structure, the first stop module in the aperture limiting unit enters the light emitting 

path of the light source to limit the aperture of the light emitted by the light source, so as to block 

light at a large angle with the normal direction of the object to be detected, such that the light is 

incident to the current detection area of the object to be detected along the normal direction of the 

object to be detected or along a direction at a small angle with the normal direction, thereby 25 

detecting the high aspect ratio structure in the current detection area effectively. 

[0133] The above descriptions are core ideas of the present disclosure. In order to make the 
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above objectives, features and advantages of the present disclosure obvious and easy to be 

understood, the technical solutions according to the embodiments of the present disclosure are 

clearly and completely described below in conjunction with the drawings of the embodiments of 

the present disclosure. Apparently, the embodiments described below are only some embodiments 

of the present disclosure, rather than all the embodiments. Any other embodiments obtained by 5 

those skilled in the art based on the embodiments in the present disclosure without any creative 

effort fall within the protection scope of the present disclosure. 

[0134] A light emitting apparatus is provided according to the embodiments of the present 

disclosure. The light emitting apparatus may be applied to an optical detection system for 

detecting a three-dimensional surface contour of a chip or to an optical detection system for 10 

detecting information such as a film thickness of a chip, which is not limited in the present 

disclosure. 

[0135] In the embodiments of the present disclosure, as shown in Figure 2, the light emitting 

apparatus includes a light source 01, a first lens group 02 and an aperture limiting unit 03 that are 

arranged in a light emitting path of the light source 01. 15 

[0136] The light source 01 is configured to emit light. Optionally, the light source 01 is a white 

light source for emitting broad-spectrum light. The first lens group 02 is configured to perform 

beam expansion and shaping on the light emitted by the light source 01, which is not limited in 

the present disclosure. In other embodiments, beam expansion and shaping may not be performed 

by the first lens group 02. 20 

[0137] The aperture limiting unit 03 is configured to limit an aperture of the light emitted by 

the light source 01 in a case that a current detection area of an object 05 to be detected has a high 

aspect ratio structure, to block light at a large angle with a normal direction Y1 of the object 05 to 

be detected, such that the light is incident to a bottom of the high aspect ratio structure in the 

current detection area of the object 05 to be detected along the normal direction Y1 of the object 25 

05 to be detected or a direction Y2 at a small angle with the normal direction Y1 of the object 05 

to be detected as shown in Figure 3, thereby detecting the high aspect ratio structure effectively. 

[0138] Optionally, the aperture limiting unit 03 includes a first stop module and a control 
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module. 

[0139] In the embodiment, the control module is configured to control the first stop module to 

move downward to enter the light emitting path of the light source 01 in a case that the current 

detection area of the object 05 to be detected has a high aspect ratio structure, and control the first 

stop module to move upward to leave the light emitting path of light source 01 in a case that the 5 

current detection area of the object 05 to be detected does not have a high aspect ratio structure. 

In a case that the first stop module is in the light emitting path of the light source, the first stop 

module is configured to limit an aperture of the light emitted by the light source. It should be 

noted that in a case that the first stop module is out of the light emitting path of the light source 

01, the control module does not have any effect on light in the light emitting path of the light 10 

source 01. 

[0140] The light emitting apparatus in the embodiment further includes an objective lens 04. 

The objective lens 04 is configured to receive light from the first stop module or the light source 

01 and project received light onto a surface of the object 05 to be detected. The first stop module 

limits a numerical aperture of objective lens 04 by limiting the aperture of the light emitted by the 15 

light source 01. 

[0141] Optionally, as shown in Figure 4, the first stop module in the embodiment includes a 

first stop 030. In a case that the first stop module is arranged in the light emitting path of the light 

source 01, the first stop 030 is at an entrance pupil of the objective lens 04, and a central axis of a 

through hole of the first stop 030 coincides with or approximately coincides with an optical axis 20 

of the objective lens 04. 

[0142] In practice, the present disclosure is not limited to the above. In other embodiments, the 

first stop 030 may not be at the entrance pupil of the objective lens 04. In this case, a matching 

lens is required so that an image of the first stop 030 formed by the matching lens 031 is at the 

entrance pupil of the objective lens 04. That is, the first stop module in the embodiment may 25 

include the first stop 030, the matching lens 031 arranged at a side of the first stop 030 facing the 

objective lens 04, and a control module. In a case that the first stop module is arranged in the 

light emitting path of the light source 01, the matching lens 031 forms an image of the first stop 

030 at the entrance pupil of the objective lens 04. 
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[0143] Based on the above, with the optical detection system according to the embodiments of 

the present disclosure, a high aspect ratio structure can be detected effectively without affecting a 

detection result and a detection speed of an area without a high aspect ratio structure. In addition, 

the optical detection system has the advantage of simple structure. It should be noted that the 

optical detection system according to the embodiments of the present disclosure can effectively 5 

detect a high aspect ratio structure in which a ratio of a depth to a width is greater than 20. 

[0144] There is a through hole at the center of the first stop. Optionally, a diameter of the 

through hole ranges from 1mm to 10mm. In addition, shapes and sizes of the stop and the through 

hole may be set according to the actual needs and are not limited in the present disclosure. 

[0145] The control module in the embodiment includes a controller and a first movable device. 10 

Optionally, the first movable device is a unidirectional electric movable platform with high 

precision. 

[0146] The controller is configured to determine whether the current detection area has a high 

aspect ratio structure based on pre-stored structure data of the object 05 to be detected, send a 

first control instruction to the first movable device in a case that the current detection area has a 15 

high aspect ratio structure, to control the first movable device to drive the first stop module to 

enter the light emitting path of the light source 01, and send a second control instruction to the 

first movable device in a case that the current detection area does not have a high aspect ratio 

structure, to control the first movable device to drive the first stop module to leave the light 

emitting path of the light source 01. 20 

[0147] An optical detection system is further provided according to the embodiments of the 

present disclosure, as shown in Figure 4 or Figure 5. The optical detection system includes the 

light emitting apparatus described above and a receiving device 08. Light emitted by the light 

emitting apparatus is reflected by the object 05 to be detected. The receiving device 08 is 

configured to receive light reflected by the object 05 to be detected and obtain structure 25 

information of the object 05 to be detected based on received light. 

[0148] The optical detection system in the embodiment further includes a beam splitter 06 and 

a second lens group 07. The beam splitter 06 is configured to reflect emergent light from the first 
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lens group 02 or the aperture limiting unit 03. The objective lens 04 is configured to focus the 

emergent light from the first lens group 02 or the aperture limiting unit 03 on the object 05 to be 

detected and collect reflected light from the object 05 to be detected. The beam splitter 06 is 

further configured to transmit emergent light from the objective lens 04 to the second lens group 

07. The second lens group 07 is configured to converge the emergent light from the objective lens 5 

04 to the receiving device 08. The receiving device 8 is configured to obtain structure information 

of the object 5 to be detected based on received light. It should be noted that in the optical 

detection system shown in Figure 4, the first stop 030 is arranged at the entrance pupil of the 

objective lens 04 and in the optical detection system shown in Figure 5, the first stop 030 is not 

arranged at the entrance pupil of the objective lens 04. 10 

[0149] A process of detecting by the optical detection system shown in Figure 4 is described as 

follows. The light source 01 emits light. The first lens group 02 shapes the light emitted by the 

light source 01. Shaped light is incident on the beam splitter 06. The beam splitter 06 reflects the 

emergent light from the first lens group 02 to the first stop 030. The first stop 030 limits an 

aperture of the light emitted by the light source 01, that is, the first stop 030 limits an aperture of 15 

light entering the objective lens 04. The objective lens 04 focuses emergent light from the 

aperture limiting unit 03 on the object 05 to be detected, with emergent light therefrom being 

incident to a bottom of a high aspect ratio structure in the current detection area of the object 05 

to be detected along the normal direction Y1 of the object 05 to be detected or along a direction 

Y2 at a small angle with the normal direction Y1 of the object 05 to be detected as shown in 20 

Figure 3, thereby detecting the high aspect ratio structure effectively. Then, the objective lens 04 

collects reflected light from the object 05 to be detected and transmits the reflected light to the 

beam splitter 06. The beam splitter 06 transmits emergent light from the objective lens 04 to the 

second lens group 07. The second lens group 07 converges the emergent light from the objective 

lens 04 to the receiving device 08. The receiving device 08 obtains structure information of the 25 

object 05 to be detected based on received emergent light. 

[0150] Differences between a process of detecting by the optical detection system shown in 

Figure 5 and the process of detecting by the optical detection system shown in Figure 4 are 

described as following. In the process of detecting by the optical detection system shown in 
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Figure 5, emergent light from the first lens group 02 passes through the first stop 030 and the 

matching lens 031 first. After the first stop 030 limits the aperture of the light, the matching lens 

031 causes an image formed by light passing through the first stop 030 to be at the entrance pupil 

of the objective lens 04, that is, emergent light from the matching lens 031 forms an image at the 

entrance pupil of the objective lens 04 after reflected by the beam splitter 06. Then, the objective 5 

lens 04 focuses emergent light from the aperture limiting unit 03 on the object 05 to be detected, 

with emergent light therefrom being incident to a bottom of the high aspect ratio structure in the 

current detection area of the object 05 to be detected along the normal direction Y1 of the object 

05 to be detected or along the direction Y2 at a small angle with the normal direction Y1 of the 

object 05 to be detected as shown in Figure 3, thereby detecting the high aspect ratio structure 10 

effectively. 

[0151] In an embodiment of the present disclosure, the optical detection system is an optical 

detection system for detecting a three-dimensional surface contour of a chip with white light 

interferometry. As shown in Figure 4 or Figure 5, the objective lens 04 in the optical detection 

system is an interference objective lens and the receiving device 08 is a photoelectric detector. In 15 

addition, the optical detection system further includes a second movable device 09. The second 

movable device 09 is preferably an electric movable platform with high precision. Each of the 

first lens group 02 and the second lens group 07 includes at least one lens. 

[0152] After collecting the reflected light from the object 05 to be detected, the interference 

objective lens 04 causes the reflected light to interfere with reference light, and transmits 20 

interference light to the beam splitter 06. The second movable device 09 is configured to drive 

the objective lens 04 or the object 05 to be detected to move along a direction perpendicular to 

the object 05 to be detected. The photoelectric detector is configured to reconstruct a 

three-dimensional surface contour of the object 05 to be detected based on received interference 

light. 25 

[0153] It should be noted that in detection, the second movable device 09 drives the objective 

lens 04 or the object 05 to be detected to move upward and downward along the direction 

perpendicular to the object 05 to be detected. An interference pattern obtained by the 

photoelectric detector fluctuates with a variation in height in the detection. A brightness peak 
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value of interference fringes corresponds to a relative height of a detection position, so that a 

height distribution of required detection areas can be obtained by comparing relative heights of 

different positions. Though a position of the entrance pupil changes as the objective lens 04 

moves upward and downward along the direction perpendicular to the object 05 to be detected, 

the entrance pupil is barely influenced because a scanning range of the objective lens 04 is small 5 

(less than 5mm). Therefore, positions of the first stop and the matching lens will not change 

accordingly in the detection. 

[0154] In addition, the second movable device 09 may be an electric movable platform 

arranged under the object 05 to be detected. The electric movable platform can drive the object 

05 to be detected to move not only upward and downward but also along a direction parallel to 10 

the object 05 to be detected, for example, to move left and right, to cause incident light to be 

radiate on various areas of the object 05 to be detected, so as to obtain three-dimensional surface 

contour information of various areas of the object 05 to be detected. 

[0155] In another embodiment of the present disclosure, the optical detection system is an 

optical detection system for detecting a film thickness of a chip with reflectance spectroscopy. As 15 

shown in Figure 6, the receiving device 08 is a spectrometer. A second stop 010 is arranged at a 

light inlet of the spectrometer. The second stop 010 is configured to limit an aperture of emergent 

light entering the spectrometer. The spectrometer is configured to obtain film thickness 

information of the object 05 to be detected based on the emergent light. 

[0156] It should be noted that the optical detection system further includes an electric movable 20 

platform 09 under the object 05 to be detected. The electric movable platform 09 can drive the 

object 05 to be detected to move along a direction parallel to the object 05 to be detected to cause 

incident light to radiate on various areas of the object 05 to be detected, so as to obtain film 

thickness information of various areas of the object 05 to be detected. 

[0157] With the optical detection system according to the present disclosure, in a case that the 25 

current detection area of the object to be detected has a high aspect ratio structure, the aperture 

limiting unit limits an aperture of light entering the objective lens to limit a numerical aperture of 

the objective lens, so as to cause emergent light from the objective lens to be incident to the 

current detection area of the object to be detected along the direction perpendicular to the object 
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to be detected or along a direction at a small angle with the direction perpendicular to the object 

to be detected, thereby detecting the high aspect ratio structure in the current detection area 

effectively. 

[0158] An optical detection method is further provided according to the embodiments of the 

present disclosure. The optical detection method is applied to the optical detection system 5 

according to any one of the embodiments described above. As shown in Figure 7, the optical 

detection method includes the following steps S0101 and S0102. 

[0159] In step S0101, the light source emits light. 

[0160] In step S0102, in a case that the current detection area of the object to be detected has a 

high aspect ratio structure, the aperture limiting unit limits the aperture of the light emitted by the 10 

light source to block light at a large angle with the normal direction of the object to be detected. 

[0161] In the embodiment, the aperture limiting unit includes a first stop module and a control 

module. The optical detection method according to the present disclosure further includes: 

[0162] controlling, by the control module in a case that the current detection area of the object 

to be detected has a high aspect ratio structure, the first stop module to enter the light emitting 15 

path of the light source, and 

[0163] controlling, by the control module in a case that the current detection area of the object 

to be detected does not have a high aspect ratio structure, the first stop module to leave the light 

emitting path of the light source. 

[0164] Preferably, the light emitting apparatus includes an objective lens. In a case that the first 20 

stop module includes a first stop, the step of controlling the first stop module to enter the light 

emitting path of the light source includes: arranging the first stop at the entrance pupil of the 

objective lens. 

[0165] In a case that the first stop module includes the first stop and a matching lens, the step 

of controlling the first stop module to enter the light emitting path of the light source includes: 25 

rendering an image of the first stop formed by the matching lens at the entrance pupil of the 

objective lens. 
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[0166] Further, the control module includes a controller and a first movable device, and the 

optical detection method according to the present disclosure further includes: 

[0167] determining, by the controller based on pre-stored structure data of the object to be 

detected, whether the current detection area has a high aspect ratio structure, 

[0168] sending, by the controller in a case that the current detection area has a high aspect ratio 5 

structure, a first control instruction to the first movable device, to control the first movable device 

to drive the first stop to enter the light emitting path of the light source or drive the first stop and 

the matching lens to enter the light emitting path of the light source, and 

[0169] sending, by the controller in a case that the current detection area does not have a high 

aspect ratio structure, a second control instruction to the first movable device to control the first 10 

movable device to drive the first stop to leave the light emitting path of the light source or drive 

the first stop and the matching lens to leave the light emitting path of the light source. 

[0170] The optical detection system according to the preset disclosure further includes a first 

lens group, a beam splitter, a second lens group, and a receiving device. Based on this, after the 

light source emits light, the optical detection method further includes: performing, by the first 15 

lens group, beam expansion and shaping on the light emitted by the light source. 

[0171] In addition, the optical detection method according to the embodiment further includes: 

[0172] reflecting, by the beam splitter, emergent light from the first lens group or emergent 

light from the aperture limiting unit, 

[0173] focusing, by the objective lens, emergent light from the aperture limiting unit on the 20 

object to be detected, and collecting, by the objective lens, reflected light from the object to be 

detected, 

[0174] transmitting, by the beam splitter, emergent light from the objective lens to the second 

lens group,  

[0175] converging, by the second lens group, the emergent light from the objective lens to the 25 

receiving device, and 

[0176] obtaining, by the receiving device based on the received emergent light, structure 



- 23 - 

information of the object to be detected. 

[0177] A process of detecting by the optical detection system shown in Figure 4 is described as 

follows. The light source 01 emits light. The first lens group 02 shapes the light emitted by the 

light source 01. Shaped light is incident on the beam splitter 06. The beam splitter 06 reflects the 

emergent light from the first lens group 02 to the first stop 030. The first stop 030 limits an 5 

aperture of light entering the objective lens 04. The objective lens 04 focuses emergent light from 

the aperture limiting unit 03 on the object 05 to be detected, with emergent light therefrom being 

incident to a bottom of a high aspect ratio structure in the current detection area of the object 05 

to be detected along the normal direction Y1 of the object 05 to be detected or along a direction 

Y2 at a small angle with the normal direction Y1 of the object 05 to be detected as shown in 10 

Figure 3, thereby detecting the high aspect ratio structure effectively. Then, the objective lens 04 

collects reflected light from the object 05 to be detected and transmits the reflected light to the 

beam splitter 06. The beam splitter 06 transmits emergent light from the objective lens 04 to the 

second lens group 07. The second lens group 07 converges the emergent light from the objective 

lens 04 to the receiving device 08. The receiving device 08 obtains structure information of the 15 

object 05 to be detected based on received emergent light. 

[0178] Differences between a process of detecting by the optical detection system shown in 

Figure 5 and the process of detecting by the optical detection system shown in Figure 4 are 

described as following. In the process of detecting by the optical detection system shown in 

Figure 5, emergent light from the first lens group 02 passes through the first stop 030 and the 20 

matching lens 031 first. After the first stop 030 limits the aperture of the light, the matching lens 

031 causes an image formed by light passing through the first stop 030 to be at the entrance pupil 

of the objective lens 04, that is, emergent light from the matching lens forms an image at the 

entrance pupil of the objective lens 04 after reflected by the beam splitter 06. Then, the objective 

lens 04 focuses emergent light from the aperture limiting unit 03 on the object 05 to be detected, 25 

with emergent light therefrom being incident to a bottom of the high aspect ratio structure in the 

current detection area of the object 05 to be detected along the normal direction Y1 of the object 

05 to be detected or along the direction Y2 at a small angle with the normal direction Y1 of the 

object 05 to be detected as shown in Figure 3, thereby detecting the high aspect ratio structure 
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effectively. 

[0179] In an embodiment of the present disclosure, the optical detection system is an optical 

detection system for detecting a three-dimensional surface contour of a chip with white light 

interferometry. As shown in Figure 4 or Figure 5, the objective lens 04 in the optical detection 

system is an interference objective lens and the receiving device 08 is a photoelectric detector. In 5 

addition, the optical detection system further includes a second movable device 09. The second 

movable device 09 is preferably an electric movable platform with high precision. Each of the 

first lens group 02 and the second lens group 07 includes at least one lens. 

[0180] After collecting the reflected light from the object 05 to be detected, the interference 

objective lens 04 causes the reflected light to interfere with reference light, and transmits 10 

interference light to the beam splitter 06. The second movable device 09 is configured to drive 

the objective lens 04 or the object 05 to be detected to move along a direction perpendicular to 

the object 05 to be detected. The photoelectric detector is configured to reconstruct a 

three-dimensional surface contour of the object 05 to be detected based on received interference 

light. 15 

[0181] It should be noted that in detection, the second movable device 09 drives the objective 

lens 04 or the object 05 to be detected to move upward and downward along the direction 

perpendicular to the object 05 to be detected. An interference pattern obtained by the 

photoelectric detector fluctuates with a variation in height in the detection. A brightness peak 

value of interference fringes corresponds to a relative height of a detection position, so that a 20 

height distribution of required detection areas can be obtained by comparing relative heights of 

different positions.  

[0182] In addition, the second movable device 09 may be an electric movable platform 

arranged under the object 05 to be detected. The electric movable platform can drive the object 

05 to be detected to move not only upward and downward but also along a direction parallel to 25 

the object 05 to be detected, for example, to move left and right, to cause incident light to be 

radiate on various areas of the object 05 to be detected, so as to obtain three-dimensional surface 

contour information of various areas of the object 05 to be detected. 
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[0183] In another embodiment of the present disclosure, the optical detection system is an 

optical detection system for detecting a film thickness of a chip with reflectance spectroscopy. As 

shown in Figure 6, the receiving device 08 is a spectrometer. A second stop 010 is arranged at a 

light inlet of the spectrometer. The second stop 010 is configured to limit an aperture of emergent 

light entering the spectrometer. The spectrometer is configured to obtain film thickness 5 

information of the object 05 to be detected based on the emergent light. 

[0184] It should be noted that the optical detection system further includes an electric movable 

platform 09 under the object 05 to be detected. The electric movable platform 09 can drive the 

object 05 to be detected to move along a direction parallel to the object 05 to be detected to cause 

incident light to radiate on various areas of the object 05 to be detected, so as to obtain film 10 

thickness information of various areas of the object 05 to be detected. 

[0185] With the optical detection method according to the present disclosure, in a case that the 

current detection area of the object to be detected has a high aspect ratio structure, the aperture 

limiting unit limits an aperture of light emitted by the light source, to block light at a large angle 

with the normal direction of the object to be detected, such that the light is incident to the current 15 

detection area of the object to be detected along the normal direction of the object to be detected 

or along a direction at a small angle with the normal direction, thereby detecting the high aspect 

ratio structure in the current detection area effectively. 

[0186] An optical detection apparatus is provided according to the embodiments of the present 

disclosure. The optical detection device may be applied to detecting image information and 20 

structure information of a chip. The structure information includes three-dimensional coordinate 

information and film thickness information. 

[0187] As shown in Figure 8, the optical detection device includes a light source module 1, a 

projecting unit 2 and a receiving unit 3. The light source module 1 includes a light source 10 and 

an aperture limiting module 11. 25 

[0188] In the present disclosure, the light source 10 is configured to emit detection light. The 

projecting unit 2 includes at least one projecting device. The projecting device is configured to 

project the detection light emitted by the light source module 1 to a surface of an object 4 to be 
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detected, collect reflected light from the object 4 to be detected, and emit detection signal light. 

The receiving unit 3 is configured to receive the detection signal light and obtain image 

information and structure information of the object 4 to be detected based on the detection signal 

light. 

[0189] The aperture limiting module 11 is configured to enter and leave a light emitting path of 5 

the light source 10, and limit an aperture of the detection light emitted by the light source 10 

when the aperture limiting module 11 is in the light emitting path of the light source 10, to block 

light at a large angle with a normal direction of the object 4 to be detected, so as to cause the light 

to be incident to a bottom of a specific detection structure, such as a high aspect ratio structure, in 

a current detection area of the object 4 to be detected along the normal direction Y1 of the object 10 

4 to be detected or along a direction Y2 at a small angle with the normal direction Y1 of the 

object 4 to be detected as shown in Figure 3, thereby detecting the specific detection structure, 

such as a high aspect ratio structure, effectively. 

[0190] In addition, in the optical detection apparatus according to the present disclosure, a first 

lens group 12 may be arranged between the light source 10 and the aperture limiting module 11. 15 

The first lens group 12 is configured to perform beam expansion and shaping on the detection 

light emitted by the light source 10. A first splitter 13 is arranged between the light source module 

1 and the projecting unit 2, and is configured to reflect the detection light emitted by the light 

source module 1 to the projecting device in the projecting unit 2, and transmit a detection light 

signal emitted by the projecting device to the receiving unit 3. A second lens group 5 is arranged 20 

between the first splitter 13 and the receiving unit 3. The second lens group 5 is configured to 

converge the detection light signal transmitted by the first splitter 13 to the receiving device in 

the receiving unit 3. A carrying platform 6 is arranged under the object 4 to be detected. The 

carrying platform 6 is an electric movable platform and can drive the object 4 to be detected to 

move along X axis, Y axis and Z axis. 25 

[0191] Optionally, the optical detection apparatus in the embodiment further includes a first 

movable device. The first movable device is configured to control the aperture limiting module 

11 to enter and leave the light emitting path of the light source 10. 

[0192] The optical detection device in the embodiment further includes a controller. The 
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controller is configured to determine, based on image information of the object 4 to be detected 

pre-obtained by the receiving unit 3, whether an area to be detected has a specific detection 

structure such as a high aspect ratio structure, and send, in a case that the current detection area 

has the specific detection structure, a first control instruction to the first movable device, to 

control the first movable device to drive the aperture limiting module to enter the light emitting 5 

path of the light source 10. In practice, the present disclosure is not limited to the above. In other 

embodiments, the controller may further determine whether an area to be detected of the object 4 

to be detected has a specific detection structure such as a high aspect ratio structure based on 

pre-stored structure data of the object 4 to be detected. The specific detection structure in the 

embodiments of the present disclosure includes but is not limited to a high aspect ratio structure. 10 

[0193] Optionally, the projecting device in the projecting unit 2 is an objective lens. The 

aperture limiting module 11 includes a first stop. In a case that the aperture limiting module 11 is 

in the light emitting path of the light source 10, the first stop is at an entrance pupil of the 

objective lens. Alternatively, the aperture limiting module 11 includes the first stop and a 

matching lens. In a case that the aperture limiting module 11 is in the light emitting path of the 15 

light source 10, the matching lens forms an image of the first stop at the entrance pupil of the 

objective lens. 

[0194] Optionally, the aperture limiting module 11 includes a first stop. In a case that aperture 

limiting module 11 is in the light emitting path of the light source 10, the first stop is at the 

entrance pupil of the objective lens, and a central axis of a through hole thereof coincides with or 20 

approximately coincides with an optical axis of the objective lens. 

[0195] In practice, the present disclosure is not limited to the above. In other embodiments, the 

first stop may not be arranged at the entrance pupil of the objective lens. In this case, a matching 

lens is required so that an image of the first stop formed by the matching lens is located at the 

entrance pupil of the objective lens. That is, the aperture limiting module 11 in the embodiment 25 

may include the first stop, the matching lens arranged at a side of the first stop facing the 

objective lens, and a control module. In a case that the aperture limiting module 11 is in the light 

emitting path of the light source, the matching lens forms an image of the first stop at the 

entrance pupil of the objective lens. 
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[0196] There is a through hole at the center of the first stop. Optionally, a diameter of the 

through hole ranges from 1mm to 10mm. In addition, shapes and sizes of the stop and the through 

hole may be set according to the actual needs and are not limited in the present disclosure. 

[0197] In an embodiment of the present disclosure, referring to Figure 8, the aperture limiting 

module 11 is removed from the light emitting path of the light source 10 first. Then the carrying 5 

platform 6 drives the object 4 to be detected to move to find an area to be detected of the object 4 

to be detected. Then the light source 10 emits detection light. The projecting device in the 

projecting unit 2 projects the detection light emitted by the light source 10 to the area to be 

detected of the object 4 to be detected, collects reflected light from the object 4 to be detected, 

and emits detection signal light. The receiving unit 3 obtains image information of the object 4 to 10 

be detected based on the detection signal light. The image information includes transverse 

dimension information of a key structure, such as photoresist and a metal layer, in the area to be 

detected of the object 4 to be detected. 

[0198] Then, the controller of the aperture limiting module 11 determines whether the area to 

be detected of the object 4 to be detected has a specific detection structure such as a high aspect 15 

ratio structure based on the image information, controls the aperture limiting module 11 to enter 

the light emitting path of the light source 10 in a case that the area to be detected has a specific 

detection structure such as a high aspect ratio structure, to limit an aperture of the detection light 

emitted by the light source 10, and controls the aperture limiting module 11 not to enter the light 

emitting path of the light source 10 in a case that the area to be detected does not have a specific 20 

detection structure such as a high aspect ratio structure. 

[0199] Then, the projecting device in the projecting unit 2 projects the detection light from the 

light source 10 or from the aperture limiting module 11 to a surface of the object 4 to be detected, 

collects reflected light from the object 4 to be detected, and emits detection signal light. The 

receiving unit 3 obtains structure information of the object 4 to be detected based on the detection 25 

signal light. The structure information includes three-dimensional coordinate information and 

film thickness information. 

[0200] In the embodiment, the number of the area to be detected is more than one, and adjacent 

areas to be detected are in contact with each other or are not in contact with each other. 
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[0201] The above steps are repeated until detections for all areas of the object 4 to be detected 

are completed. 

[0202] Based on the above, the optical detection apparatus according to the embodiments of the 

present disclosure can not only obtain the structure information of the object 4 to be detected 

through the light source 10, the projecting unit 2 and the receiving unit 3, but also effectively 5 

detect a special detection structure such as a high aspect ratio structure in an area to be detected 

of the object 4 to be detected through the light source 10, the aperture limiting module 11, the 

projecting unit 2 and the receiving unit 3 without affecting a detection result and a detection 

speed of an area without a specific detection structure such as a high aspect ratio structure. In 

addition, the optical detection apparatus has the advantage of simple structure. It should be noted 10 

that the optical detection apparatus according to the embodiments of the present disclosure can 

effectively detect a high aspect ratio structure in which a ratio of a depth to a width is greater than 

20. 

[0203] In an embodiment of the present disclosure, the projecting unit 2 includes at least two 

projecting devices and a switching device 20. The switching device 20 is configured to switch 15 

between projecting devices in the light emitting path of the light source module 1, that is, to 

switch a corresponding projecting device into the light emitting path of light source module 1. 

Different projecting devices emit different detection signal light. Optionally, the switching device 

20 is an objective lens switch. 

[0204] As shown in Figure 9, the at least two projecting devices include a first projecting 20 

device 21 and a second projecting device 22. The first projecting device 21 is configured to 

project part of the detection light emitted by the light source module 1 to the surface of the object 

4 to be detected, transform part of the detection light into reference light, collect reflected light 

formed by the object 4 to be detected reflecting the detection light, cause the reflected light to 

interfere with the reference light, and transmit interference light to the receiving unit 3. The 25 

interference light is detection signal light emitted by the first projecting device 21. The reference 

light is part of detection signal light incident on the first projecting device 21. The second 

projecting device 22 is configured to project the detection light emitted by the light source 

module 1 to the surface of the object 4 to be detected, collect reflected light from the object 4 to 
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be detected, and transmit the reflected light to the receiving unit 3. The reflected light is detection 

signal light emitted by the second projecting device 22. 

[0205] Based on the above, the structure information includes three-dimensional coordinate 

information of the object to be detected. The receiving unit 3 at least includes a first receiving 

device 31. The first receiving device 31 generates the three-dimensional coordinate information 5 

of the object to be detected based on the detection signal light emitted by the first projecting 

device 21 and generates image information of the object to be detected based on the detection 

signal light emitted by the second projecting device 22. 

[0206] The second projecting device 22 is an imaging objective lens. The first projecting 

device 21 is an interference objective lens. The first receiving device 31 is an image sensor such 10 

as a CCD image sensor or a CMOS image sensor. 

[0207] As shown in Figure 10, the interference objective lens includes a converging lens 211, a 

support plate 212, a reference plate 213, a compensation plate 214 and a first beam splitter plate 

215 that are arranged in the optical path sequentially. The converging lens 211 is configured to 

converge the detection light on the support plate 212. The detection light reaches the first beam 15 

splitter plate 215 after transmitted by the support plate 212 and the compensation plate 214. Light 

reflected by the first beam splitter plate 215 is reference light. Light transmitted by the first beam 

splitter plate 215 is detection light incident to the object 4 to be detected. The reference light is 

reflected by the reference plate 213 and the first beam splitter plate 215 sequentially after 

transmitted by the compensation plate 214 and form interference light together with the reflected 20 

light formed by reflection of the object 4 to be detected. The compensation plate 214 is 

configured to perform phase compensation on the reference light and the detection light to cause 

the reference light and the detection light to meet an interference condition. 

[0208] It should be noted that the interference objective lens generally includes a converging 

lens and an interference head that is arranged between the converging lens and the object 4 to be 25 

detected. A structure of the interference head is similar to or the same as structure of the support 

plate 212, the compensation plate 214 and the first beam splitter plate 215 shown in Figure 10. A 

structure and an implementation of the first projecting device 21 are not limited in the present 

disclosure and may be determined according to actual conditions. 
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[0209] In the optical detection apparatus shown in Figure 9, the aperture limiting module 11 is 

removed from the light emitting path of the light source 10 first. The switching device 20 

switches the second projecting device 22 into the light emitting path of the light source 10. Then 

the carrying platform 6 drives the object 4 to be detected to move to find an area to be detected of 

the object 4 to be detected. Then the light source emits detection light. The second projecting 5 

device 22 projects the detection light emitted by the light source 10 to the area to be detected of 

the object 4 to be detected, collects reflected light from the object 4 to be detected, and transmits 

the reflected light. The first receiving device 31 obtains image information of the object 4 to be 

detected based on the reflected light. The image information includes position and transverse 

dimension information of a structure to be detected in the area to be detected of the object 4 to be 10 

detected. The structure to be detected includes one or more of photoresist, a metal layer and a 

silicon through hole. 

[0210] Then, the controller of the aperture limiting module 11 determines whether the area to 

be detected of the object 4 to be detected has a specific detection structure such as a high aspect 

ratio structure based on the image information, controls the aperture limiting module 11 to enter 15 

the light emitting path of the light source 10 in a case that the area to be detected has a specific 

detection structure such as a high aspect ratio structure, to limit an aperture of the detection light 

emitted by the light source 10, obtains structure information of the specific detection structure 

after limiting the aperture of the detection light emitted by the light source 10, and controls the 

aperture limiting module 11 not to enter the light emitting path of the light source 10 in a case 20 

that the area to be detected does not have the specific detection structure such as a high aspect 

ratio structure or in a case that a structure other than the specific detection structure in the area to 

be detected is under detection. 

[0211] Then, the switching device 20 switches the first projecting device 21 into the light 

emitting path of the light source 10. The first projecting device 21 projects the detection light 25 

from the light source 10 or the aperture limiting module 11 to the surface of the object 4 to be 

detected, collects reflected light from the object 4 to be detected, causes the reflected light to 

interfere with the reference light, and transmits interference light to the first receiving device 31. 

The first receiving device 31 obtains three-dimensional coordinate information of the object 4 to 
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be detected based on the interference light. 

[0212] The above steps are repeated until detections for all areas of the object 4 to be detected 

are completed. 

[0213] It should be noted that in detecting the three-dimensional coordinate information of the 

object 4 to be detected, a distance between the object 4 to be detected and the first projecting 5 

device 21 is required to be changed constantly to obtain interference fringes that changes 

constantly based on obtained interference information. An interference pattern obtained by the 

first receiving device 31 fluctuates with a change in the distance during detection. A brightness 

peak value of the interference fringes corresponds to a relative height of a detection position. 

Therefore, a required height distribution of detection areas can be obtained by comparing relative 10 

heights of different positions. 

[0214] Based on the above, as shown in Figure 11, the structure information further includes 

film thickness information of the area to be detected. The receiving unit 3 further includes a 

second receiving device 32. The second receiving device 32 obtains the film thickness 

information of the surface of the object 4 to be detected based on the detection signal light from 15 

the second projecting device 22. Optionally, the second projecting device 22 is a spectrometer. A 

second stop33 is arranged at a light inlet of the spectrometer. The second stop 33 is configured to 

limit an aperture of emergent light entering the spectrometer. 

[0215] In the apparatus shown in Figure 11, after the image information of the object 4 to be 

detected is obtained, the aperture limiting module 11 determines whether the area to be detected 20 

of the object 4 to be detected has a specific detection structure such as a high aspect ratio 

structure based on the image information. Then, the second projecting device 22 projects the 

detection light from the light source 10 or the aperture limiting module to the surface of the 

object 4 to be detected, collects reflected light from the object 4 to be detected, and transmits the 

reflected light to the second receiving device 32. The second receiving device 32 obtains film 25 

thickness information of the object 4 to be detected based on the reflected light. 

[0216] Then, the switching device 20 switches the first projecting device 21 into the light 

emitting path of the light source 10. The first projecting device 21 projects the detection light 
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from the light source 10 or the aperture limiting module 11 to the surface of the object 4 to be 

detected, collects reflected light from the object 4 to be detected, causes the reflected light to 

interfere with the reference light, and transmits interference light to the first receiving device 31. 

The first receiving device 31 obtains three-dimensional coordinate information of the object 4 to 

be detected based on the interference light. 5 

[0217] The above steps are repeated until surface film thickness information and 

three-dimensional coordinate information of all areas to be detected of the object 4 to be detected 

are obtained. 

[0218] In the embodiment, the image information is obtained through the second projecting 

device 22 and the first receiving device 31, that is, the image information of the object to be 10 

detected is obtained through the imaging lens and the image sensor. 

[0219] In another embodiment of the present disclosure, as shown in Figure 12, the projecting 

unit 2 includes a projecting device 23. After collecting reflected light from the object 4 to be 

detected, the projecting device 23 transmits the reflected light to the receiving unit 3. The 

reflected light is detection signal light emitted by the projecting device 23. 15 

[0220] The structure information includes the film thickness information of the area to be 

detected of the object to be detected. 

[0221] The receiving unit 3 includes a first receiving device 31 and a second receiving device 

32. The first receiving device 31 obtains the image information of the object 4 to be detected 

based on the detection signal light. The second receiving device 32 obtains the film thickness 20 

information of the object 4 to be detected based on the detection signal light. 

[0222] Optionally, the projecting device 23 is an imaging objective lens. The first receiving 

device 31 is an image sensor, for example, a CCD image sensor or a CMOS image sensor. The 

second receiving device 32 is a spectrometer. 

[0223] In the apparatus shown in Figure 12, the aperture limiting module 11 is removed from 25 

the light emitting path of the light source 10 first. The carrying platform 6 drives the object 4 to 

be detected to move to find an area to be detected of the object 4 to be detected. Then the light 

source 10 emits detection light. The projecting device 23 projects the detection light emitted by 
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the light source 10 to the area to be detected of the object 4 to be detected, collects reflected light 

from the object 4 to be detected, and transmits the reflection light. The second receiving device 

32 obtains image information of the object 4 to be detected based on the reflected light. The 

image information includes position and transverse dimension information of a structure to be 

detected in the area to be detected of the object 4 to be detected. The structure to be detected 5 

includes one or more of photoresist, a metal layer and a silicon through hole. 

[0224] Then, the aperture limiting module 11 determines whether the area to be detected of the 

object 4 to be detected has a specific detection structure such as a high aspect ratio structure 

based on the image information, the aperture limiting module 11 is controlled to enter the light 

emitting path of the light source 10 in a case that the area to be detected has a specific detection 10 

structure such as a high aspect ratio structure, to limit an aperture of the detection light emitted by 

the light source 10, and the aperture limiting module 11 is controlled not to enter the light 

emitting path of the light source 10 in a case that the area to be detected does not have the 

specific detection structure such as a high aspect ratio structure. 

[0225] Then, the projecting device 23 projects the detection light from the light source 10 or 15 

the aperture limiting module 11 to the surface of the object 4 to be detected, collects reflected 

light from the object 4 to be detected, and transmits the reflected light to the second receiving 

device 32. The second receiving device 32 obtains film thickness information of the object 4 to 

be detected based on the reflected light. The above steps are repeated until film thickness 

information of all objects to be detected of the object 4 to be detected is obtained. 20 

[0226] It should be noted that in a case that the receiving unit 3 includes a first receiving device 

31 and a second receiving device 32, the optical detection device further includes a second 

splitter 7. The second splitter 7 transmits part of the detection signal light to the first receiving 

device 31 and reflects part of the detection signal light to the second receiving device 32. 

[0227] Optionally, each of the first splitter 13 and the second splitter 7 is a semi-reflective and 25 

semi-transmissive lens. 

[0228] It should be noted that in a case that the projecting unit 2 includes the switching device 

20, in a processing of detecting the object 4 to be detected, a three-dimensional contour and a 
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film thickness of the object 4 to be detected can be detected by switching between the first 

projecting device 21 and the second projecting device 22 through the switching device 20. In this 

process, it is not required to transfer the object 4 to be detected between detection apparatuses, 

which not only avoids contamination that may be caused in a process of transferring the object 4 

to be detected, reducing a probability that the object 4 to be detected is contaminated in the 5 

detection, but also improves a speed of detecting the object 4 to be detected as it is not required to 

determine areas to be detected of the object to be detected repeatedly. 

[0229] With the optical detection apparatus and the optical detection method according to the 

present disclosure, structure information and image information of the object to be detected can 

be obtained. Based on the image information, whether an area to be detected of the object to be 10 

detected has a specific detection structure and a position of the specific detection structure can be 

determined, and the specific detection structure can be detected based on the position. In addition, 

an aperture limiting module may limit an aperture of detection light emitted by the light source, 

to block light at a large angle with the normal direction of the object to be detected, such that the 

light is incident to the detection area of the object to be detected along the normal direction of the 15 

object to be detected or along a direction at a small angle with the normal direction, thereby 

detecting the specific detection structure in the area to be detected effectively. 

[0230] An optical detection method is further provided according to the embodiments of the 

present disclosure. As shown in Figure 13, the optical detection method includes the following 

steps S801 to S803. 20 

[0231] In step S801, image information of an area to be detected of an object to be detected is 

obtained. 

[0232] In step S802, it is determined whether the area to be detected of the object to be 

detected has a specific detection structure based on the image information. 

[0233] In step S803, a detection process is performed on the object to be detected. The 25 

detection process includes: performing a specific detection on the area to be detected in a case 

that the object to be detected has the specific detection structure. The specific detection includes: 

emitting first detection light to the area to be detected, limiting an aperture of the first detection 
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light to block light at a large angle with a normal direction of the object to be detected, and 

obtaining structure information of the specific detection structure after the first detection light is 

limited. 

[0234] The specific detection structure includes a high aspect ratio structure. Optionally, an 

aspect ratio of the high aspect ratio structure is greater than 20. 5 

[0235] Optionally, in the optical detection method according to the embodiments of the present 

disclosure, the object to be detected includes multiple areas to be detected. 

[0236] Before the detection process is performed on the object to be detected, the optical 

detection method further includes: repeating the steps of obtaining image information and 

determining whether an area to be detected has a specific detection structure. 10 

[0237] The specific detection further includes: obtaining position information of the specific 

structure based on the image information, and 

[0238] obtaining the structure information of the specific structure based on the position 

information. 

[0239] The optical detection method may also include: repeating the steps from obtaining 15 

image information of an area to be detected of an object to be detected to performing a detection 

process, including: 

[0240] determining, after obtaining image information of a previous area to be detected and 

before obtaining image information of an area to be detected following the previous area to be 

detected, whether the previous area to be detected has the specific detection structure based on 20 

the image information of the previous area to be detected, and performing the specific detection 

on the previous area to be detected in a case that the previous area to be detected has the specific 

detection structure . 

[0241] That is, in an embodiment of the present disclosure, image information of an area to be 

detected of the object to be detected may be obtained first, and then it is determined whether the 25 

area to be detected has a specific detection structure. Position information of the specific 

detection structure is obtained in a case that it is determined that the area to be detected has the 

specific detection structure. The above two steps are repeated until position information of 
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specific detection structures in all areas to be detected is obtained. Then structure information of 

the specific detection structure is obtained based on the position information. 

[0242] In another embodiment of the present disclosure, image information of an area to be 

detected may be obtained. Then, it is determined whether the area to be detected has a specific 

detection structure based on the image information of the area to be detected. The specific 5 

detection is performed on the area to be detected in a case that the area to be detected has the 

specific detection structure. Then image information of a next area to be detected is obtained and 

subsequent steps are repeated. 

[0243] Optionally, the optical detection method according to the embodiments of the present 

disclosure may be applied to the optical detection apparatus according to any one of the 10 

embodiments described above. The detection light includes the first detection light or second 

detection light. The step of obtaining the image information of the area to be detected of the 

object to be detected includes: 

[0244] emitting, by the light source, the second detection light, 

[0245] projecting, by the projecting device, the second detection light to the surface of the 15 

object to be detected, collecting reflected light formed by the object to be detected reflecting the 

detection light, emitting detection signal light, and 

[0246] receiving, by the receiving unit, the detection signal light and obtaining the image 

information of the area to be detected of the object to be detected based on the detection signal 

light. 20 

[0247] The step of obtaining the structure information of the specific detection structure in the 

specific detection includes: 

[0248] collecting, by the projecting device, detection signal light formed by the specific 

detection structure reflecting the first detection light, and 

[0249] obtaining, by the receiving unit, the structure information of the specific detection 25 

structure based on the detection signal light. 

[0250] In practice, the present disclosure is not limited to the above. In other embodiments, the 
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image information of the object to be detected may be obtained through other apparatuses or 

devices. In other embodiments, whether an area to be detected of the object to be detected has a 

specific detection structure may be determined by the controller of the aperture limiting module 

based on the image information. Alternatively, whether an area to be detected of the object to be 

detected has a specific detection structure may be determined manually based on the image 5 

information. 

[0251] Further, limiting the aperture of the first detection light includes: 

[0252] moving the aperture limiting module into the light emitting path of the light source, to 

limit the aperture of the first detection light. 

[0253] Further, the projecting unit includes a first projecting device, a second projecting device 10 

and a switching device. Before the detection light is projected to the surface of the object to be 

detected, the step of obtaining the image information includes: controlling the second projecting 

device to enter the light emitting path of the light source. 

[0254] The specific detection further includes: controlling, by means of the switching device, 

the first projecting device to enter the light emitting path of the light source and the second 15 

projecting device to move out of the light emitting path of the light source. 

[0255] Further, the receiving unit includes a first receiving device and a second receiving 

device, the projecting unit includes a second projecting device, and the structure information 

includes film thickness information; and 

[0256] the optical detection method includes:  20 

[0257] projecting, by the second projecting device, the second detection light to the surface of 

the object to be detected, collecting reflected light formed by the object to be detected reflecting 

the second detection light, and emitting detection signal light;  

[0258]  receiving, by the first receiving device, the detection signal light, and obtaining the 

image information of the area to be detected of the object to be detected based on the detection 25 

signal light; and 

[0259] collecting, by the second projecting device, detection signal light formed by the specific 
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detection structure reflecting the first detection light, and obtaining, by the second receiving 

device, film thickness information of the specific detection structure. 

[0260] In an embodiment of the present disclosure, referring to Figure 8, a process of the 

optical detection is described below. 

[0261] The aperture limiting module 11 is removed from the light emitting path of the light 5 

source 10 first. Then the carrying platform 6 drives the object 4 to be detected to move to find an 

area to be detected of the object 4 to be detected. Then the light source 10 emits second detection 

light. The projecting device in the projecting unit 2 projects the second detection light emitted by 

the light source 10 to the area to be detected of the object 4 to be detected, collects reflected light 

from the object 4 to be detected, and emits detection signal light. The receiving unit 3 obtains 10 

image information of the object 4 to be detected based on the detection signal light. The image 

information includes position and transverse dimension information of a structure to be detected 

in the area to be detected of the object 4 to be detected. The structure to be detected includes one 

or more of photoresist, a metal layer, and a silicon through hole. 

[0262] Then, the controller of the aperture limiting module 11 determines whether the area to 15 

be detected of the object 4 to be detected has a specific detection structure such as a high aspect 

ratio structure based on the image information, controls the aperture limiting module 11 to enter 

the light emitting path of the light source 10 in a case that the area to be detected has a specific 

detection structure such as a high aspect ratio structure, to limit an aperture of the first detection 

light emitted by the light source 10, and obtains structure information of the specific detection 20 

structure such as the high aspect ratio structure after the first detection light is limited. 

[0263] In a case that the area to be detected does not have a specific detection structure such as 

a high aspect ratio structure or in a case that a structure other than the specific structure in the 

area to be detected is under detection, the controller of the aperture limiting module 11 controls 

the aperture limiting module 11 not to enter the light emitting path of the light source 10. 25 

[0264] Then, the projecting device in the projecting unit 2 projects the detection light from the 

light source 10 or from the aperture limiting module 11 to the surface of the object 4 to be 

detected, collects reflected light from the object 4 to be detected, and emits detection signal light. 
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The receiving unit 3 obtains structure information of the object 4 to be detected based on the 

detection signal light. The structure information includes three-dimensional coordinate 

information and film thickness information. 

[0265] The above steps are repeated until detections for all areas of the object 4 to be detected 

are completed. 5 

[0266] In another embodiment of the present disclosure, referring to Figure 9, a process of the 

optical detection is described below. 

[0267] The aperture limiting module 11 is removed from the light emitting path of the light 

source 10 first. The switching device 20 switches the second projecting device 22 into the light 

emitting path of the light source 10. Then the carrying platform 6 drives the object 4 to be 10 

detected to move to find an area to be detected of the object 4 to be detected. Then the light 

source emits second detection light. The second projecting device 22 projects the second 

detection light emitted by the light source 10 to the area to be detected of the object 4 to be 

detected, collects reflected light from the object 4 to be detected, and transmits the reflected light. 

The first receiving device 31 obtains image information of the object 4 to be detected based on 15 

the reflected light. The image information includes position and transverse dimension 

information of a structure to be detected in the area to be detected of the object 4 to be detected. 

The structure to be detected includes one or more of photoresist, a metal layer and a silicon 

through hole. 

[0268] Then, the controller of the aperture limiting module 11 determines whether the area to 20 

be detected of the object 4 to be detected has a specific detection structure such as a high aspect 

ratio structure based on the image information, controls the aperture limiting module 11 to enter 

the light emitting path of the light source 10 in a case that the area to be detected has a specific 

detection structure such as a high aspect ratio structure, to limit an aperture of the first detection 

light emitted by the light source 10, and obtains structure information of the specific detection 25 

structure such as the high aspect ratio structure after the first detection light is limited. 

[0269] In a case that the area to be detected does not have the specific detection structure such 

as a high aspect ratio structure, the aperture limiting module 11 is controlled not to enter the light 
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emitting path of the light source 10. 

[0270] Then, the switching device 20 switches the first projecting device 21 into the light 

emitting path of the light source 10. The first projecting device 21 projects the detection light 

from the light source 10 or the aperture limiting module 11 to the surface of the object 4 to be 

detected, collects reflected light from the object 4 to be detected, causes the reflected light to 5 

interfere with reference light, and transmits interference light to the first receiving device 31. The 

first receiving device 31 obtains three-dimensional coordinate information of the object 4 to be 

detected based on the interference light. 

[0271] The above steps are repeated until detections for all areas of the object 4 to be detected 

are completed. 10 

[0272] In another embodiment of the present disclosure, referring to Figure 11, after the image 

information of the object 4 to be detected is obtained, the aperture limiting module 11 determines 

whether the area to be detected of the object 4 to be detected has a specific detection structure 

such as a high aspect ratio structure based on the image information. After structure information 

of the specific detection structure such as the high aspect ratio structure is obtained, the second 15 

projecting device 22 projects the detection light emitted by the light source 10 to the surface of 

the object 4 to be detected, collects reflected light from the object 4 to be detected, and transmits 

the reflected light to the second receiving device 32. The second receiving device 32 obtains film 

thickness information of the object 4 to be detected based on the reflected light. 

[0273] Then, the switching device 20 switches the first projecting device 21 into the light 20 

emitting path of the light source 10. The first projecting device 21 projects the detection light 

from the light source 10 or the aperture limiting module 11 to the surface of the object 4 to be 

detected, collects reflected light from the object 4 to be detected, causes the reflected light to 

interfere with reference light, and transmits interference light to the first receiving device 31. The 

first receiving device 31 obtains three-dimensional coordinate information of the object 4 to be 25 

detected based on the interference light. The above steps are repeated until surface film thickness 

information and three-dimensional coordinate information of all areas of the object 4 to be 

detected are obtained. 
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[0274] In another embodiment of the present disclosure, referring to Figure 12, the aperture 

limiting module 11 is removed from the light emitting path of the light source 10 first. The 

carrying platform 6 drives the object 4 to be detected to move to find an area to be detected of the 

object 4 to be detected. Then the light source 10 emits second detection light. The projecting 

device 23 projects the second detection light emitted by the light source 10 to the area to be 5 

detected of the object 4 to be detected, collects reflected light from the object 4 to be detected, 

and transmits the reflection light. The second receiving device 32 obtains image information of 

the object 4 to be detected based on the reflected light. The image information includes position 

and transverse dimension information of a structure to be detected in the area to be detected of 

the object 4 to be detected. The structure to be detected includes one or more of photoresist, a 10 

metal layer and a silicon through hole. 

[0275] Then, the aperture limiting module 11 determines whether the area to be detected of the 

object 4 to be detected has a specific detection structure such as a high aspect ratio structure 

based on the image information, the aperture limiting module 11 is controlled to enter the light 

emitting path of the light source 10 in a case that the area to be detected has a specific detection 15 

structure such as a high aspect ratio structure, to limit an aperture of the first detection light 

emitted by the light source 10, structure information of the specific detection structure such as the 

high aspect ratio structure is obtained after the first detection light is limited, and the aperture 

limiting module 11 is controlled not to enter the light emitting path of the light source 10 in a 

case that the area to be detected does not have the specific detection structure such as a high 20 

aspect ratio structure. 

[0276] Then, the projecting device 23 projects the detection light from the light source 10 or 

the aperture limiting module 11 to the surface of the object 4 to be detected, collects reflected 

light from the object 4 to be detected, and transmits the reflected light to the second receiving 

device 32. The second receiving device 32 obtains film thickness information of the object 4 to 25 

be detected based on the reflected light. The above steps are repeated until film thickness 

information of all areas of the object 4 to be detected is obtained. 

[0277] With the optical detection method according to the present disclosure, not only structure 

information and image information of the object to be detected can be obtained, but also whether 
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an area to be detected of the object to be detected has a specific detection structure and a position 

of the specific detection structure can be determined based on the image information, and the 

specific detection structure can be detected based on the position. In addition, an aperture limiting 

module can limit an aperture of detection light emitted by the light source, to block light at a 

large angle with the normal direction of the object to be detected, such that the light is incident to 5 

the detection area of the object to be detected along the normal direction of the object to be 

detected or along a direction at a small angle with the normal direction, thereby detecting the 

specific detection structure in the area to be detected effectively. 

[0278] The embodiments in this specification are described in a progressive way, each of which 

emphasizes the differences from others, and for the same or similar parts among the embodiments, 10 

one may refer to description of other embodiments. Since the devices disclosed in the 

embodiments correspond to the methods disclosed in the embodiments, the descriptions of the 

devices are relatively simple, and for relevant matters, one may refer to the descriptions of the 

method embodiments. 

[0279] With the description of the embodiments disclosed above, those skilled in the art may 15 

implement or use technical solutions of the present disclosure. Numerous modifications to the 

embodiments are apparent to those skilled in the art, and the general principles defined herein 

may be implemented in other embodiments without departing from the spirit or scope of the 

present disclosure. Therefore, the present disclosure may not be limited to the embodiments 

described herein, but should comply with the widest scope consistent with the principles and 20 

novel features disclosed herein. 
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CLAIMS 

 

1. A light emitting apparatus, comprising a light source and an aperture limiting unit 

arranged in a light emitting path of the light source, wherein: 

the light source is configured to emit light; and 5 

the aperture limiting unit comprises a first stop module, wherein the first stop module is 

configured to enter and leave the light emitting path of the light source, and limit an aperture of 

the light emitted by the light source when the first stop module is in the light emitting path of the 

light source, to block light at a large angle with a normal direction of an object to be detected. 

2. The light emitting apparatus according to claim 1, wherein the aperture limiting unit 10 

comprises a control module, wherein: 

the control module is configured to control the first stop module to enter the light emitting 

path of the light source in a case that a current detection area of the object to be detected has a 

high aspect ratio structure, and control the first stop module to leave the light emitting path of the 

light source in a case that the current detection area of the object to be detected has no high aspect 15 

ratio structure. 

3. The light emitting apparatus according to claim 2, further comprising an objective lens, 

wherein the objective lens is configured to receive light from the first stop module or the 

light source and project the received light onto a surface of the object to be detected; 

wherein the first stop module comprises a first stop, wherein in a case that the first stop 20 

module is in the light emitting path of the light source, the first stop is at an entrance pupil of the 

objective lens; or 

the first stop module comprises a first stop and a matching lens, wherein in a case that the 

first stop module is in the light emitting path of the light source, the matching lens forms an 

image of the first stop at the entrance pupil of the objective lens. 25 

4. The light emitting apparatus according to claim 2 or 3, wherein the control module 

comprises a controller and a first movable device, and  
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the controller is configured to determine whether the current detection area has a high aspect 

ratio structure based on pre-stored structure data of the object to be detected, send a first control 

instruction to the first movable device in a case that the current detection area has a high aspect 

ratio structure, to control the first movable device to drive the first stop module to enter the light 

emitting path of the light source, and send a second control instruction to the first movable device 5 

in a case that the current detection area has no high aspect ratio structure, to control the first 

movable device to drive the first stop module to leave the light emitting path of the light source. 

5. An optical detection system, comprising the light emitting apparatus according to any one 

of claims 1 to 4 and a receiving device, wherein 

light emitted by the light emitting apparatus is reflected by the object to be detected; and 10 

the receiving device is configured to receive light reflected by the object to be detected and 

obtain structure information of the object to be detected based on the received light. 

6. The optical detection system according to claim 5, wherein the light emitting apparatus 

comprises an objective lens and the optical detection system further comprises a first lens group, 

a beam splitter and a second lens group, wherein 15 

the first lens group is configured to perform beam expansion and shaping on the light 

emitted by the light source; 

the beam splitter is configured to reflect emergent light from the first lens group or the 

aperture limiting unit; 

the objective lens is configured to focus the emergent light from the first lens group or the 20 

first stop module on the object to be detected and collect reflected light from the object to be 

detected; 

the beam splitter is further configured to transmit emergent light from the objective lens to 

the second lens group; and 

the second lens group is configured to converge the emergent light from the objective lens to 25 

the receiving device. 

7. The optical detection system according to claim 6, wherein the objective lens is an 
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interference objective lens, the receiving device is a photoelectric detector, and the optical 

detection system further comprises a second movable device, wherein 

the interference objective lens is further configured to, after collecting the reflected light 

from the object to be detected, cause the reflected light to interfere with reference light, and 

transmit interference light to the beam splitter; 5 

the second movable device is configured to drive the interference objective lens or the object 

to be detected to move along a direction perpendicular to the object to be detected; and 

the photoelectric detector is configured to reconstruct a three-dimensional surface contour of 

the object to be detected based on received interference light. 

8. The optical detection system according to claim 6, wherein the objective lens is an 10 

imaging objective lens, the receiving device is a spectrometer, and a second stop is arranged at a 

light inlet of the spectrometer, wherein 

the second stop is configured to limit an aperture of emergent light entering the spectrometer; 

and 

the spectrometer is configured to obtain film thickness information of the object to be 15 

detected based on the emergent light. 

9. An optical detection method applied to the optical detection system according to any one 

of claims 5 to 8, wherein the method comprises: 

emitting light by the light source; and 

moving the first stop module in the aperture limiting unit into the light emitting path of the 20 

light source to limit the aperture of the light emitted by the light source, to block light at a large 

angle with the normal direction of the object to be detected. 

10. The optical detection method according to claim 9, wherein the aperture limiting unit 

comprises a control module and the method further comprises: 

controlling, by the control module in a case that the current detection area of the object to be 25 

detected has a high aspect ratio structure, the first stop module to enter the light emitting path of 

the light source; or 
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controlling, by the control module in a case that the current detection area of the object to be 

detected has no high aspect ratio structure, the first stop module to leave the light emitting path of 

the light source. 

11. The optical detection method according to claim 10, wherein 

the light emitting apparatus comprises an objective lens and the first stop module comprises 5 

a first stop, the step of controlling the first stop module to enter the light emitting path of the light 

source comprises: arranging the first stop at an entrance pupil of the objective lens; and 

in a case that the light emitting apparatus comprises an objective lens and the first stop 

module comprises a first stop and a matching lens, the step of controlling the first stop module to 

enter the light emitting path of the light source comprises: rendering an image of the first stop 10 

formed by the matching lens at the entrance pupil of the objective lens. 

12. The optical detection method according to claim 10 or 11, wherein the control module 

comprises a controller and a first movable device, and the method further comprises: 

determining, by the controller based on pre-stored structure data of the object to be detected, 

whether the current detection area has a high aspect ratio structure; 15 

sending, by the controller in a case that the current detection area has a high aspect ratio 

structure, a first control instruction to the first movable device, to control the first movable device 

to drive the first stop module to enter the light emitting path of the light source; and 

sending, by the controller in a case that the current detection area has no high aspect ratio 

structure, a second control instruction to the first movable device to control the first movable 20 

device to drive the first stop module to leave the light emitting path of the light source. 

13. An optical detection apparatus, comprising a light source module, a projecting unit, and 

a receiving unit, wherein the light source module comprises a light source and an aperture 

limiting module, wherein: 

the light source is configured to emit detection light; 25 

the aperture limiting module is configured to enter and leave a light emitting path of the 

light source, and limit an aperture of the detection light emitted by the light source when the 



- 48 - 

aperture limiting module is in the light emitting path of the light source, to block light at a large 

angle with a normal direction of an object to be detected; 

the projecting unit comprises at least one projecting device, wherein the projecting device is 

configured to project the detection light emitted by the light source module to a surface of the 

object to be detected, collect reflected light from the object to be detected, and emit detection 5 

signal light; and 

the receiving unit is configured to receive the detection signal light and obtain image 

information and structure information of an area to be detected of the object to be detected based 

on the detection signal light. 

14. The apparatus according to claim 13, further comprising a first movable device, wherein 10 

the first movable device is configured to control the aperture limiting module to enter and leave 

the light emitting path of the light source. 

15. The apparatus according to claim 13, wherein 

the projecting device is an objective lens, 

wherein the aperture limiting module comprises a first stop, wherein in a case that the 15 

aperture limiting module is in the light emitting path of the light source, the first stop is at an 

entrance pupil of the objective lens; or 

the aperture limiting module comprises a first stop and a matching lens, wherein in a case 

that the aperture limiting module is in the light emitting path of the light source, the matching 

lens forms an image of the first stop at the entrance pupil of the objective lens. 20 

16. The apparatus according to claim 14, further comprising a controller, wherein 

the controller is configured to determine, based on the image information, whether the area 

to be detected of the object to be detected has a specific detection structure, and send, in a case 

that the area to be detected has the specific detection structure, a first control instruction to the 

first movable device, to control the first movable device to drive the aperture limiting module to 25 

enter the light emitting path of the light source. 

17. The apparatus according to claim 16, wherein the specific detection structure comprises 
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a high aspect ratio structure. 

18. The apparatus according to claim 13, wherein the projecting unit comprises a switching 

device and at least two projecting devices,  

the switching device is configured to switch between projecting devices in the light emitting 

path of the light source module, and 5 

different projecting devices emit different detection signal light. 

19. The apparatus according to claim 18, wherein the at least two projecting devices 

comprise a first projecting device and a second projecting device, 

the first projecting device is configured to project part of the detection light emitted by the 

light source module to the surface of the object to be detected, transform part of the detection 10 

light into reference light, collect reflected light formed by the object to be detected reflecting the 

detection light, cause the reflected light to interfere with the reference light, and transmit 

interference light to the receiving unit, wherein the interference light is detection signal light 

emitted by the first projecting device, and 

the second projecting device is configured to project the detection light emitted by the light 15 

source module to the surface of the object to be detected, collect reflected light from the object to 

be detected, and transmit the reflected light to the receiving unit, wherein the reflected light is 

detection signal light emitted by the second projecting device. 

20. The apparatus according to claim 19, wherein the structure information comprises 

three-dimensional coordinate information of the object to be detected,  20 

the receiving unit comprises a first receiving device, and 

the first receiving device is configured to generate the three-dimensional coordinate 

information of the object to be detected based on the detection signal light from the first 

projecting device and generate the image information of the object to be detected based on the 

detection signal light from the second projecting device. 25 

21. The apparatus according to claim 20, wherein the structure information further 

comprises film thickness information of the area to be detected,  
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the receiving unit further comprises a second receiving device, and 

the second receiving device obtains the film thickness information of the area to be detected 

of the object to be detected based on the detection signal light from the second projecting device. 

22. The apparatus according to claim 19, wherein the first projecting device is an 

interference objective lens, the second projecting device is an imaging objective lens, and the first 5 

receiving device is an image sensor. 

23. The apparatus according to claim 13, wherein 

the projecting unit comprises a projecting device, wherein the projecting device is 

configured to, after collecting the reflected light from the object to be detected, transmit the 

reflected light to the receiving unit, and the reflected light is detection signal light emitted by the 10 

projecting device, 

the structure information comprises film thickness information of the area to be detected of 

the object to be detected, 

the receiving unit comprises a first receiving device and a second receiving device,  

the first receiving device is configured to obtain the image information of the object to be 15 

detected based on detection signal light, and  

the second receiving device is configured to obtain the film thickness information of the 

object to be detected based on the detection signal light. 

24. The apparatus according to claim 23, wherein the projecting device is an imaging 

objective lens, the first receiving device is an image sensor, and the second receiving device is a 20 

spectrometer. 

25. An optical detection method, comprising: 

obtaining image information of an area to be detected of an object to be detected; 

determining whether the area to be detected has a specific detection structure based on the 

image information; and 25 

performing a detection process on the object to be detected, wherein the detection process 
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comprises: performing a specific detection on the area to be detected in a case that the object to 

be detected has the specific detection structure, wherein the specific detection comprises: 

emitting first detection light to the area to be detected, limiting an aperture of the first detection 

light to block light at a large angle with a normal direction of the object to be detected, and 

obtaining structure information of the specific detection structure after the first detection light is 5 

limited. 

26. The optical detection method according to claim 25, wherein 

the object to be detected comprises a plurality of areas to be detected, 

wherein before the detection process is performed on the object to be detected, the optical 

detection method further comprises: repeating the steps of obtaining image information and 10 

determining whether an area to be detected has a specific detection structure, 

the specific detection further comprises: obtaining position information of the specific 

structure based on the image information, and obtaining the structure information of the specific 

structure based on the position information; or 

wherein the optical detection method comprises: repeating the steps from obtaining image 15 

information of an area to be detected of an object to be detected to performing a detection process, 

comprising: 

 determining, after obtaining image information of a previous area to be detected and before 

obtaining image information of an area to be detected following the previous area to be detected, 

whether the previous area to be detected has the specific detection structure based on the image 20 

information of the previous area to be detected, and performing the specific detection on the 

previous area to be detected in a case that the previous area to be detected has the specific 

detection structure. 

27. The optical detection method according to claim 25, wherein the optical detection 

method is applied to the optical detection apparatus according to any one of claims 13 to 24, the 25 

detection light comprises the first detection light or second detection light, and the step of 

obtaining the image information of the area to be detected of the object to be detected comprises: 

emitting, by the light source, the second detection light, 
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projecting, by the projecting device, the second detection light to the surface of the object to 

be detected, collecting reflected light formed by the object to be detected reflecting the detection 

light, emitting detection signal light, and 

receiving, by the receiving unit, the detection signal light and obtaining the image 

information of the area to be detected of the object to be detected based on the detection signal 5 

light, and 

the step of obtaining the structure information of the specific detection structure in the 

specific detection comprises: 

collecting, by the projecting device, detection signal light formed by the specific detection 

structure reflecting the first detection light, and 10 

obtaining, by the receiving unit, the structure information of the specific detection structure 

based on the detection signal light. 

28. The optical detection method according to claim 27, wherein the step of limiting the 

aperture of the first detection light comprises: 

moving the aperture limiting module into the light emitting path of the light source, to limit 15 

the aperture of the first detection light. 

29. The optical detection method according to claim 27 or 28, wherein 

the projecting unit comprises a first projecting device, a second projecting device and a 

switching device, 

before the detection light is projected to the surface of the object to be detected, the step of 20 

obtaining the image information comprises: controlling the second projecting device to enter the 

light emitting path of the light source, and 

the specific detection further comprises: controlling, by means of the switching device, the 

first projecting device to enter the light emitting path of the light source and the second projecting 

device to move out of the light emitting path of the light source. 25 

30. The optical detection method according to claim 27, wherein the receiving unit 

comprises a first receiving device and a second receiving device, the projecting unit comprises a 
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second projecting device, the structure information comprises film thickness information, and 

the optical detection method includes: 

projecting, by the second projecting device, the second detection light to the surface of the 

object to be detected, collecting the reflected light formed by the object to be detected reflecting 

the second detection light, and emitting detection signal light; 5 

receiving, by the first receiving device, the detection signal light, and obtaining the image 

information of the area to be detected of the object to be detected based on the detection signal 

light; and 

collecting, by the second projecting device, the detection signal light formed by the specific 

detection structure reflecting the first detection light, and obtaining, by the second receiving 10 

device, film thickness information of the specific detection structure.  




