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TESTING APPARATUS AND TESTING METHOD

[0001] The present application claims priority to Chinese Patent Application No.
201810866025.8, titled "DETECTION APPARATUS AND DETECTION METHOD", filed on
August 1, 2018, with the China National Intellectual Property Administration, which is

incorporated herein by reference in its entirety.

FIELD

[0002] The present disclosure relates to the field of measurement technology, and in

particular to a detection apparatus and a detection method.

BACKGROUND

[0003] With the continuous development of semiconductor technology, processes of various
semiconductor chips reach nanoscale. In addition, as the size of the semiconductor chips
continually decreases, it is required to develop new processing technology to adapt to

manufacture of semiconductor chips with small size.

[0004] Many procedures are required to manufacture a semiconductor chip. Chip
non-conformance generated in any manufacture procedure may lead to failure of the whole chip,
and subsequent manufacture procedures are wasted. Therefore, in a process of manufacturing a
semiconductor chip, production staff generally introduce a chip detection procedure after a key
manufacture procedure to measure a transverse dimension, film thickness information and
height information of the semiconductor chip, so as to determine whether the current
semiconductor chip meet requirements. In this way, an unqualified semiconductor chip can be
excluded timely, thereby reducing production cost of semiconductor chips and improving a

qualified ratio of the semiconductor chips.

[0005] In conventional technologies, a main objective of detecting a semiconductor chip is to
obtain optical detection information of a sample to be detected by means of optical

measurement. For example, the optical detection information of the sample to be detected may
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be obtained by means of a scanning white light interference detection apparatus, a film
thickness detection apparatus and the like. The scanning white light interference detection
apparatus is capable of forming an image of the semiconductor chip and measuring a height of
the semiconductor chip in high precision, but cannot measure a film of the semiconductor chip.
In this case, the semiconductor chip to be detected is required to be moved from the scanning
white light interference detection apparatus to the film thickness detection apparatus, to
measure the film thickness. There are usually multiple small chips integrated on a
semiconductor chip, and each of the multiple small chips includes complex micro-structures.
Therefore, after the switching between detection apparatuses, it is required to relocate an area to
be detected on the semiconductor chip, which reduces a detection speed. In addition, movement
of the semiconductor chip between apparatuses and multiple positioning processes increase a

probability that the semiconductor chip is contaminated.

SUMMARY

[0006] In order to solve the above technical problems, a detection apparatus and a detection
method are provided according to the present disclosure to improve a speed of detecting a
semiconductor chip and reduce a probability that the semiconductor chip is contaminated in

detection.

[0007] In order to realize the above technical objectives, the following technical solutions are

provided according to the embodiments of the present disclosure.

[0008] A detection apparatus includes a carrying platform, a light source device, a first
detection device, a second detection device, an objective lens switching device and a measuring

device.
[0009] The carrying platform is configured to carry a sample to be detected.
[0010] The light source device is configured to emit detection light.

[0011] The first detection device is configured to receive the detection light and form first
measurement light and first reference light, where the first measurement light, after being
reflected by the sample to be detected, interferes with the first reference light.
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[0012] The second detection device is configured to converge the detection light on a surface

of the sample to be detected to form second measurement light.

[0013] The objective lens switching device is configured to switch between the first detection
device and the second detection device to control the first detection device or the second

detection device to be in an optical path.

[0014] The measuring device is configured to obtain height information of the sample to be
detected based on the first measurement light reflected by the sample to be detected and the first
reference light, and obtain structure information of the sample to be detected based on the

second measurement light.

[0015] Optionally, the measuring device includes a first measuring device configured to

obtain the height information.

[0016] The first measuring device is further configured to obtain imaging information of the
sample to be detected based on second measurement light reflected by the sample to be

detected.
[0017] Optionally, the first detection device includes an image sensor.
[0018] Optionally, the measuring device further includes a second measuring device.

[0019] The second measuring device is configured to obtain film thickness information of the
sample to be detected based on the second measurement light reflected by the sample to be

detected.

[0020] Optionally, the second measuring device includes a spectrometer.

[0021] Optionally, the detection apparatus further includes a stop.

[0022] The stop is configured to limit light entering the second measuring device.

[0023] Optionally, the detection apparatus further includes a first light splitter device. The
first light splitter device is configured to split signal light, to project part of the signal light to

the first measuring device and project part of the signal light to the second measuring device.

[0024] Optionally, the detection apparatus further includes a third converging lens. The third
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converging lens is configured to converge the first measurement light reflected by the sample to

be detected, the first reference light and the second measurement light to the measuring device.

[0025] Optionally, the detection apparatus further includes a second light splitter device. The
second light splitter device is configured to reflect the detection light to the sample to be
detected and transmit the first measurement light reflected by the sample to de detected, the first

reference light and the second measurement light.

[0026] Optionally, the first detection device includes a first converging lens, a support surface,

a compensation surface and a first beam splitter plate.

[0027] The first converging lens and the support surface are arranged opposite to each other.
The first converging lens is configured to converge the detection light to form converged light

and transmit the converged light to the support surface.

[0028] The support surface and the compensation surface are arranged opposite to each other.
The compensation surface is arranged at a side of the support surface away from the first
converging lens. A reference surface is arranged at a side of the support surface facing the

compensation surface.

[0029] The first beam splitter plate is arranged at a side of the compensation surface away

from the support surface.

[0030] The converged light is transmitted through the support surface and the compensation
surface sequentially and is incident on a surface of the first beam splitter plate. Light reflected
by the first beam splitter plate forms the first reference light, and light transmitted by the first
beam splitter plate forms the first measurement light. The first reference light is reflected by the
reference surface and the first beam splitter plate sequentially after being transmitted through
the compensation surface and interferes with the first measurement light reflected by the sample

to be detected.

[0031] The compensation surface is configured to perform phase compensation on the first
reference light and the first measurement light to cause the first reference light and the first
measurement light to meet an interference condition.

[0032] Optionally, the objective lens switching device or the carrying platform is further
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configured to move along a direction perpendicular to a surface of the sample to be detected.

[0033] The carrying platform is further configured to move along a direction parallel to the

surface of the sample to be detected.
[0034] Optionally, the detection apparatus further includes a piezoelectric sensor.

[0035] The piezoelectric sensor is arranged a side of the objective lens switching device
facing the carrying platform. The piezoelectric sensor is configured to drive the objective lens
switching device to move along the direction perpendicular to the surface of the sample to be

detected.

[0036] A detection method is performed by the detection apparatus according to any one of

the above. The detection method includes:
[0037] arranging a sample to be detected on the carrying platform, and

[0038] performing measurement processing on the sample to be detected, where the
measurement processing includes at least one of first measurement processing and second

measurement processing.

[0039] The first measurement processing performed on the sample to be detected includes:
switching, by the objective lens switching device, the second detection device into the optical
path, and obtaining, by the measuring device, structure information of the sample to be detected
based on the second measurement light reflected by the sample to be detected. The second
measurement processing performed on the sample to be detected includes: switching, by the
objective lens switching device, the first detection device into the optical path, and obtaining,
by the measuring device, height information of the sample to be detected based on the first

measurement light reflected by the sample to be detected and the first reference light.

[0040] Optionally, the measuring device includes a first measuring device. The first
measuring device is further configured to obtain imaging information of the sample to be

detected.

[0041] The measurement processing includes the first measurement processing. The structure

information includes the imaging information of the sample to be detected. The step of
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obtaining the structure information includes: obtaining, by the first measuring device, the
imaging information based on the second measurement light reflected by the sample to be

detected.

[0042] The measurement processing further includes: determining an area to be measured of

the sample to be detected based on the imaging information.

[0043] Optionally, the area to be measured includes an area for height measurement. The
measurement processing includes performing the second measurement processing on the

sample to be detected.

[0044] The step of obtaining the height information includes: obtaining interference
information of the area for height measurement based on the first measurement light and the
first reference light, and obtaining the height information of the area for height measurement

based on the interference information.
[0045] Optionally, the measuring device further includes a second measuring device,

[0046] the area to be measured includes an area for film thickness measurement, the structure
information obtained in the first measurement processing further includes film thickness

information, and

[0047] the step of obtaining the structure information further includes: obtaining, by the
second measuring device, film thickness information of the sample to be detected based on the

second measurement light reflected by the sample to be detected.

[0048] Optionally, the measurement processing further includes: obtaining a transverse

dimension of the sample to be detected based on the imaging information.

[0049] Optionally, in a case that the area to be measured includes multiple areas for height
measurement, the measurement processing further includes: moving the sample to be detected
by the carrying platform, and performing the second measurement processing on each of the

multiple areas for height measurement.

[0050] In a case that the area to be measured includes multiple areas for film thickness

measurement, the first measurement processing further includes: moving the sample to be
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detected by the carrying platform, and obtaining film thickness information of each of the

multiple areas for film thickness measurement based on the second measurement light.

[0051] It can be seen from the above technical solutions that a detection apparatus and a
detection method are provided according to the embodiments of the present disclosure. The
detection apparatus is provided with a carrying platform, a light source device, a measuring
device, an objective lens switching device, a first detection device and a second detection
device. The objective lens switching device is configured to switch between the first detection
device and the second detection device to control the first detection device or the second
detection device to be in an optical path. In a case that the first detection device is in the optical
path, the measuring device may obtain height information of a sample to be detected based on
first measurement light reflected by the sample to be detected and first reference light. In a case
that the second detection device is in the optical path, the measuring device may obtain
structure information of the sample to be detected based on second measurement light reflected
by the sample to be detected. Therefore, in detecting the sample to be detected by the detection
apparatus, the structure information or the height information of the sample to be detected can
be obtained by switching between the first detection device and the second detection device
with the objective lens switching device. In the entire process, it is not required to transfer the
sample to be detected between detection apparatuses, which avoids contamination that may be
caused in transferring the sample to be detected and reduces a probability that the sample to be
detected is contaminated in the detection. In addition, it is not required to redetermine an area to
be measured of the sample to be detected, which improves a speed of detecting the sample to be

detected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] In order to more 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 description of the embodiments of the present disclosure or the conventional
technologies are briefly described hereinafter. It is apparent that the drawings described below

show merely the embodiments of the present disclosure, and those skilled in the art may obtain
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other drawings according to the provided drawings without any creative effort.

[0053] Figure 1 is a schematic structural diagram of a detection apparatus according to an

embodiment of the present disclosure;

[0054] Figure 2 is a schematic diagram of performing interferometric three-dimensional

measurement on a sample to be detected according to an embodiment of the present disclosure;

[0055] Figure 3 is a schematic diagram of interference patterns corresponding to interference
information obtained by performing interferometric three-dimensional measurement on a
surface A and a surface B of a sample to be detected according to an embodiment of the present

disclosure;

[0056] Figure 4 is a schematic structural diagram of a first measuring device according to an

embodiment of the present disclosure;

[0057] Figure 5 is a flowchart of a detection method according to an embodiment of the

present disclosure;

[0058] Figure 6 is a flowchart of a detection method according to an embodiment of the

present disclosure; and

[0059] Figure 7 is a flowchart of a detection method according to an embodiment of the

present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0060] Technical solutions of 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 in the following are only some
embodiments of the present disclosure, rather than all the embodiments. Any other
embodiments obtained by 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.

[0061] A detection apparatus is provided according to an embodiment of the present

disclosure. As shown in Figure 1, the detection apparatus includes a carrying platform 10, a
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light source device 30, a first detection device 21, a second detection device 22, an objective

lens switching device 20 and a measuring device 50.
[0062] The carrying platform 10 is configured to carry a sample to be detected.
[0063] The light source device 30 is configured to emit detection light.

[0064] The first detection device 21 is configured to receive the detection light and form first
measurement light and first reference light, where the first measurement light, after being

reflected by the sample to be detected, interferes with the first reference light.

[0065] The second detection device 22 is configured to converge the detection light on a

surface of the sample to be detected to form second measurement light.

[0066] The objective lens switching device 20 is configured to switch between the first
detection device 21 and the second detection device 22 to control the first detection device 21

or the second detection device 22 to be in an optical path.

[0067] The measuring device 50 is configured to obtain height information of the sample 11
to be detected based on the first measurement light reflected by the sample to be detected and
the first reference light, and obtain structure information of the sample to be detected based on

the second measurement light.

[0068] A coordinate system XYZ in Figure 1 is a right-handed coordinate system established
by taking a direction perpendicular to the surface of the sample 11 to be detected and pointing

to the objective lens switching device 20 as a positive direction of the Z axis.

[0069] Due to the objective lens switching device 20, in detecting the sample to be detected
by the detection apparatus, the height information and the structure information of the sample to
be detected can be obtained by switching between the first detection device 21 and the second
detection device 22 with the objective lens switching device 20. In the process, it is not required
to transfer the sample to be detected between detection apparatuses, which avoids pollution that
may be caused in transferring the sample to be detected and reduces a probability that the
sample to be detected is contaminated in the detection. In addition, it is not required to
redetermine an area to be detected of the sample to be detected, which improves a speed of

detecting the sample to be detected.
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[0070] It should be noted that the measuring device 50 has at least an imaging function . In a
case that the first detection device 21 is in the optical path, the first detection device 21, after
processing the detection light, may form the first reference light that is capable of forming an
interference pattern and the first measurement light that carries information of the sample to be
detected, and thus interferometric three-dimensional measurement may be performed on the
sample to be detected based on the obtained interference information of the sample to be

detected, thereby obtaining height information of the surface of the sample to be detected.

[0071] In a case that the second detection device 22 is in the optical path, the second
detection device 22 processes the detection light to form second measurement light. The
measuring module 50 obtains imaging information of the sample to be detected after receiving

the second measurement light.

[0072] In a case that the measuring module 50 further has a function of obtaining a beam
spectrum, the second detection device 22 may further measure a film thickness of the sample to

be detected with a reflection spectrum method based on the obtained second measurement light.

[0073] In view of the above, optionally, in an embodiment of the present disclosure, referring
to Figure 1, the measuring device 50 includes a first measuring device 51 configured to obtain

the height information.

[0074] The first measuring device 51 is further configured to obtain imaging information of
the sample to be detected based on the second measurement light reflected by the sample to be
detected. In this case, optionally, the first measuring device includes an image sensor, such as a

CCD imager sensor or a CMOS image sensor.

[0075] In a case that the measuring module 50 is further required to have a function of
obtaining a beam spectrum, optionally, also referring to Figure 1, the measuring device 50

further includes a second measuring device 52.

[0076] The second measuring device 52 is configured to obtain film thickness information of
the sample to be detected based on the second measurement light reflected by the sample to be

detected.

[0077] In the embodiment, the second measuring device 52 includes a spectrometer.
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[0078] In addition, in performing interferometric three-dimensional measurement on the
sample 11 to be detected, a distance between the sample 11 to be detected and the first detection
device 21 is generally required to vary continually in the detection, to obtain interference
fringes with changing patterns based on obtained interference information. Therefore, the
objective lens switching device 20 or the carrying platform 10 is further configured to move
along a direction (the Z axis direction as shown in Figure 1) perpendicular to a surface of the

sample 11 to be detected.

[0079] The carrying platform 10 is further configured to move along a direction parallel to
the surface of the sample 11 to be detected (that is, move within the XY plane as shown in

Figure 1).

[0080] In performing interferometric three-dimensional measurement on the sample 11 to be
detected by means of the detection apparatus, preferably, the objective lens switching device 20
or the carrying platform 10 is controlled to move along the direction perpendicular to the
surface of the sample 11 to be detected in the measurement, such that multiple measurement
results of interference information of measurement surfaces on the surface of the sample 11 to
be detected can be obtained. Referring to Figure 2 and Figure 3, Figure 2 is a schematic
diagram showing the first detection device 21 performing interferometric three-dimensional
measurement on a surface A and a surface B of the sample 11 to be detected. Figure 3 shows
interference patterns corresponding to interference information obtained by performing
interferometric three-dimensional measurement on the surface A and the surface B of the
sample 11 to be detected. As shown in Figure 3, the interference patterns corresponding to the
interference information of the surface A and the surface B fluctuate with a variation in the
distance between the sample 11 to be detected and the first detection device 21. A brightness
peak value of fringes in an interference pattern may serve as a relative height of a measurement
surface. Then the interferometric three-dimensional measurement is repeated on a new
measurement surface to obtain a relative height of the new measurement surface. Finally the
relative heights of the two measurement surfaces are compared with each other to obtain a

height distribution of an area to be detected.

[0081] Movement of the carrying platform 10 along the direction parallel to the surface of the
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sample 11 to be detected can adjust the area to be detected (that is an area to which the
detection light or the first measurement light is incident) on the surface of the sample 11 to be
detected, to avoid contamination that may be caused by directly moving the sample 11 to be

detected.

[0082] In a case that the distance between the sample 11 to be detected and the first detection
device 21 varies by the objective lens switching device 20 moving along the direction
perpendicular to the surface of the sample 11 to be detected, high-precision position movement
may be realized by providing a piezoelectric sensor 70. The piezoelectric sensor 70 is arranged
at a side of the objective lens switching device 20 facing the carrying platform 10. The
piezoelectric sensor 70 is configured to drive the objective lens switching device 20 to move
along the direction perpendicular to the surface of the sample 11 to be detected. Apparently, in
some embodiments of the present disclosure, the distance between the sample 11 to be detected
and the first detection device 21 may also vary by moving the carrying platform 10 upward and
downward to drive the sample 11 to be detected to move, which is not limited in the present

disclosure.

[0083] It should be noted that the first detection device 21 is mainly configured to process the
detection light to form the first measurement light incident to the sample 11 to be detected and
the first reference light. In addition, the first measurement light and the first reference light
meet an interference condition after the first measurement light is reflected by the sample 11 to
be detected; therefore, the first detection device 21 is required to have at least functions of light

splitting and phase compensation.

[0084] A possible structure of the first detection device 21 is provided according to an
embodiment of the present disclosure. As shown in Figure 4, the first detection device 21
includes a first converging lens 211, a support surface 212, a compensation surface 214 and a

first beam splitter plate 215.

[0085] The first converging lens 211 and the support surface 212 are arranged opposite to
each other. The first converging lens 211 is configured to converge the detection light to form

converged light and transmit the converged light to the support surface 212.
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[0086] The support surface 212 and the compensation surface 214 are arranged opposite to
each other. The compensation surface 214 is arranged at a side of the support surface 212 away
from the first converging lens 211. A reference surface 213 is arranged at a side of the support

surface 212 facing the compensation surface 214.

[0087] The first beam splitter plate 215 is arranged at a side of the compensation surface 214

away from the support surface 212.

[0088] The converged light is transmitted through the support surface 212 and the
compensation surface 214 sequentially and is incident on a surface of the first beam splitter
plate 215. Light reflected by the first beam splitter plate 215 forms the first reference light, and
light transmitted by the first beam splitter plate 215 forms the first measurement light. The first
reference light is reflected by the reference surface 213 and the first beam splitter plate 215
sequentially after being transmitted by the compensation surface 214 and interferes with the

first measurement light reflected by the sample 11 to be detected.

[0089] The compensation surface 214 is configured to perform phase compensation on the
first reference light and the first measurement light to cause the first reference light and the first

measurement light to meet an interference condition.

[0090] As can be seen from Figure 4, the number of times the first reference light being
transmitted by the compensation surface 214 is different from that of the first measurement
light being transmitted by the compensation surface 214, such that the compensation surface
214 performs phase compensation on the first reference light and the first measurement light, so
as to conform the first reference light and the first measurement light to the interference

condition.

[0091] Functions of the first converging lens 211, the support surface 212, the compensation
surface 214 and the first beam splitter plate 215 may be realized by an interference objective
lens integrated with these functions or by independent optical elements. The interference
objective lens generally includes the first converging lens 211 and an interference unit that is
arranged between the first converging lens 211 and the sample 11 to be detected. A structure of

the interference unit is similar to or the same as the structure of the support surface 212, the
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compensation surface 214 and the first beam splitter plate 215 shown in Figure 4. The structure
and an implementation of the first detection device 21 are not limited in the present disclosure

and may be determined according to actual conditions.

[0092] In a case that functions of three-dimensional interference measurement, optical
imaging measurement and reflection spectrum film thickness measurement are all integrated in
the detection apparatus and the measuring device 50 includes the first measuring device 51 and
the second measuring device 52, with continued reference to Figure 1, the detection apparatus
further includes a first light splitter device 41. The first light splitter device 41 is configured to
split signal light, to project part of the signal light to the first measuring device 51 and project
part of the signal light to the second measuring device 52. In the embodiment, the signal light
refers to the first measurement light and the first reference light, or to the second measurement
light. Signal light projected to the first measuring device 51 includes the first measurement light
and the first reference light, or part of the second measurement light. Signal light projected to

the second measuring device 52 includes part of the second measurement light.

[0093] The first light splitter device 41 is a semi-reflective and semi-transmissive lens, and

the second light splitter device 43 is a semi-reflective and semi-transmissive lens.

[0094] In the embodiment, with continued reference to Figure 1, the detection apparatus
further includes a third converging lens 42. The third converging lens 42 is configured to
converge the first measurement light reflected by the sample to be detected, the first reference

light and the second measurement light to the measuring device.

[0095] In the embodiment, with continued reference to Figure 1, the detection apparatus
further includes a second light splitter device 43. The second light splitter device 43 is
configured to reflect the detection light to the sample to be detected and transmit the first
measurement light reflected by the sample to de detected, the first reference light and the

second measurement light.

[0096] In the embodiment, the second light splitter device 43 is configured to reflect the
detection light to the detection device. The detection device converges the detection light on the

surface of the sample to be detected. The first measurement light reflected by the sample to be

- 14 -



10

15

20

25

detected, the first reference light and the second measurement light are transmitted by the

second spectrometer 43 to reach the first light splitter device.

[0097] In the embodiment, the light source device 30 includes a white light source 31 and a

shaping lens group 32.
[0098] The white light source 31 is configured to emit detection white light.

[0099] The shaping lens group 32 is configured to shape the detection white light to obtain
the detection light.

[0100] The detection method according to the embodiments of the present disclosure is
described below. For the detection method described below, one may refer to the detection

apparatus described above.

[0101] Accordingly, a detection method is further provided according to an embodiment of
the present disclosure. As shown in Figure 5, the detection method is performed by the
detection apparatus according any one of the above embodiments. The detection method

includes the following steps S101 and S102.
[0102] Instep S101, the sample to be detected is arranged on the carrying platform.

[0103] In step S102, measurement processing is performed on the sample to be detected. The
measurement processing includes at least one of first measurement processing and second

measurement processing.

[0104] The first measurement processing performed on the sample to be detected includes:
switching, by the objective lens switching device, the second detection device into the optical
path, and obtaining, by the measuring device, structure information of the sample to be detected
based on the second measurement light reflected by the sample to be detected. The second
measurement processing performed on the sample to be detected includes: switching, by the
objective lens switching device, the first detection device into the optical path, and obtaining,
by the measuring device, height information of the sample to be detected based on the first

measurement light reflected by the sample to be detected and the first reference light.

[0105] In detecting the sample to be detected by means of the detection apparatus, the height
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information and the structure information of the sample to be detected can be obtained by
switching between the first detection device and the second detection device with the objective
lens switching device. In the process, it is not required to transfer the sample to be detected
between detection apparatuses, which avoids contamination that may be caused in transferring
the sample to be detected and reduces a probability that the sample to be detected is
contaminated in the detection. In addition, it is not required to redetermine an area to be
detected of the sample to be detected, which improves a speed of detecting the sample to be

detected.

[0106] Generally, in order to perform interferometric three-dimensional measurement and
imaging measurement on the sample to be detected, the measuring device is required to have at
least an imaging function. That is, in a case that the measuring device includes a first measuring
device and the first measuring device is further configured to obtain imaging information of the
sample to be detected: the measurement processing includes the first measurement processing,
and the structure information includes imaging information of the sample to be detected; and
the step of obtaining the structure information includes: obtaining, by the first measurement
device, the imaging information based on the second measurement light reflected by the sample

to be detected.

[0107] The measurement processing further includes: determining an area to be measured of

the sample to be detected based on the imaging information.

[0108] In a case that the first measuring device is further configured to obtain the imaging
information of the sample to be detected, a transverse dimension of the sample to be detected
may further be obtained by analyzing the imaging information of the sample to be detected.
That is, the step of the measurement processing further includes: obtaining the transverse

dimension of the sample to be detected based on the imaging information.

[0109] Optionally, the area to be measured includes an area for height measurement and the
measurement processing includes performing the second measurement processing on the

sample to be detected.

[0110] The step of obtaining the height information includes: obtaining interference

-16 -



10

15

20

25

information of the area for height measurement based on the first measurement light and the
first reference light, and obtaining height information of the area for height measurement based

on the interference information.

[0111] In a case that it is required to measure a film thickness of the sample to be detected
with a reflection spectrum method, the measuring module is further required to have a function
of obtaining a beam spectrum. That is, in a case that the measuring device further include a
second measuring device: the area to be measured includes an area for film thickness
measurement, and the structure information obtained through the first measurement processing
further includes film thickness information; and the step of obtaining the structure information
further includes: obtaining, by the second measuring device, film thickness information of the
sample to be detected based on the second measurement light reflected by the sample to be

detected.

[0112] In measuring the film thickness information of the area for film thickness
measurement, in order to avoid interference of reflected light from other areas than the area for
film thickness measurement to measurement of the film thickness information, preferably, the
obtaining, by the second measuring device, film thickness information of the sample to be

detected based on the second measurement light reflected by the sample to be detected includes:

[0113] controlling, in a case that the second detection device is in the optical path, the
carrying platform to move along the direction parallel to the surface of the sample to be
detected, to move the area for film thickness measurement to the center of a detection area of

the detection apparatus,

[0114] adjusting a size of the stop, such that the second measurement light incident to the
second measurement device is entirely formed by reflected light from the area for film

thickness measurement, and

[0115] obtaining film thickness information of the surface of the sample to be detected based

on the second measurement light obtained by the second measurement device.

[0116] In the embodiment, the detection apparatus includes the stop, such that the size of the

stop may be adjust to cause the second measurement light incident to the second measurement
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device to be entirely formed by the reflected light from the area for film thickness measurement,
thereby accurately measuring the film thickness of the area for film thickness measurement and

avoiding adverse effect of stray light on a measurement result of the film thickness.

[0117] In performing interferometric three-dimensional measurement on the sample to be
detected, the objective lens switching device or the carrying platform is further configured to
move along the direction perpendicular to the surface of the sample to be detected. The carrying
platform is further configured to move along the direction parallel to the surface of the sample
to be detected. Therefore, in a case that the area to be measured includes multiple areas for
height measurement, the measurement processing further includes: moving the sample to be
detected by the carrying platform, and performing the second measurement processing on each

of the multiple areas for height measurement.

[0118] In a case that the area to be measured includes multiple areas for film thickness
measurement, the first measurement processing further includes: moving the sample to be
detected by the carrying platform, and obtaining film thickness information of each of the

multiple areas for film thickness measurement based on the second measurement light.

[0119] In measuring the film thickness information of the area for film thickness
measurement, in order to avoid interference of reflected light from other areas than the area for

film thickness measurement to the measurement of the film thickness information.

[0120] As shown in Figure 6, in the embodiment, a detection method is described in detail in
conjunction with an example in which the transverse dimension, the film thickness information

and the height information of the sample to be detected are obtained.
[0121] The detection method includes the following steps S201 to S2042.
[0122] In step S201, the sample to be detected is arranged on the carrying platform.

[0123] In step S202, the second detection device is switched into the optical path by the
objective lens switching device, and imaging information of the sample to be detected is

obtained by the detection apparatus.

[0124] In step S2031, transverse dimension information of the sample to be detected is

obtained based on the imaging information.
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[0125] In step S2032, an area for film thickness measurement is determined based on the

imaging information of the sample to be detected.

[0126] In step S2033, in a case that the second detection device is in the optical path, the area
for film thickness measurement is measured to obtain film thickness information of the area for

film thickness measurement by the second measuring device.

[0127] In step S2041, an area for height measurement is determined based on the imaging

information of the sample to be detected.

[0128] In step S2042, the first detection device is switched into the optical path by the
objective lens switching device and the carrying platform is controlled to move along the
direction perpendicular to the surface of the sample to be detected to measure the area for
height measurement, so as to obtain interference information of the area for height
measurement and obtain height information of the area for height measurement based on the

interference information.

[0129] In measuring the film thickness information of the area for film thickness
measurement, in order to avoid interference of reflected light from other areas than the area for
film thickness measurement to the measurement of the film thickness information, as shown in
Figure 7, in a case that the second detection device is in the optical path, the area for film
thickness measurement is measured to obtain film thickness information of the area for film
thickness measurement by the second measuring device by performing the following steps

S20331 to S20333.

[0130] In step 20331, in a case that the second detection device is in the optical path, the
carrying platform is controlled to move along the direction parallel to the surface of the sample
to be detected, to move the area for film thickness measurement to the center of the detection

area of the detection apparatus.

[0131] In step S20332, a size of the stop is adjusted to cause the second measurement light
incident to the second measurement device to be entirely formed by reflected light from the

area for film thickness measurement.

[0132] In step S20333, film thickness information of the surface of the sample to be detected
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is obtained based on the second measurement light obtained by the second measurement device.

[0133] A process of obtaining the height information of the area for height measurement is
provided according to an embodiment of the present disclosure. As shown in Figure 7, the first
detection device is switched into the optical path by the objective lens switching device and the
carrying platform is controlled to move along the direction perpendicular to the surface of the
sample to be detected to measure the area for height measurement, so as to obtain interference
information of the area for height measurement and obtain the height information of the area for
height measurement based on the interference information by performing the following steps

S20421 to S20426.

[0134] In step S20421, the first detection device is switched into the optical path by the
objective lens switching device, the carrying platform is controlled to move along the direction
perpendicular to the surface of the sample to be detected, and a first measurement surface of the
area for height measurement is measured to obtain interference information of the first

measurement surface.

[0135] In step S20422, a relative height of the first measurement surface is determined based

on the interference information of the first measurement surface.

[0136] In step S20423, the carrying platform is controlled to move along the direction parallel

to the surface of the sample to be detected.

[0137] In step S20424, the carrying platform is controlled to move along the direction
perpendicular to the surface of the sample to be detected, and a second measurement surface of
the area for height measurement is measured to obtain interference information of the second

measurement surface.

[0138] In step S20425, a relative height of the second measurement surface is determined

based on the interference information of the second measurement surface.

[0139] In step S20426, height distribution information of the area for height measurement is
obtained based on the relative height of the first measurement surface and the relative height of
the second measurement surface.

[0140] Referring to Figure 2 and Figure 3, in a case that the objective lens switching device
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or the carrying platform is controlled to move along the direction perpendicular to the surface
of the sample to be detected, multiple measurement results of interference information of the
measurement surfaces of the sample to be detected can be obtained. The interference patterns
corresponding to the interference information fluctuate with a variation in the distance between
the sample to be detected and the first detection device. A brightness peak value of interference
fringes in the interference patterns may serve as a relative height of the measurement surface.
Then the interferometric three-dimensional measurement is repeated on a new measurement
surface to obtain a relative height of the new measurement surface. Finally the relative heights
of the two measurement surfaces are compared with each other to obtain a height distribution of

an area to be measured.

[0141] As described above, a detection apparatus and a detection method are provided
according to the embodiments of the present disclosure. The detection apparatus is provided
with a carrying platform, a light source device, a measuring device, an objective lens switching
device, a first detection device and a second detection device. The objective lens switching
device is configured to switch between the first detection device and the second detection
device to control the first detection device or the second detection device to be in an optical
path. In a case that the first detection device is in the optical path, the measuring device may
obtain height information of a sample to be detected based on first measurement light reflected
by the sample to be detected and first reference light. In a case that the second detection device
is in the optical path, the measuring device may obtain structure information of the sample to be
detected based on second measurement light reflected by the sample to be detected. Therefore,
in detecting the sample to be detected by the detection apparatus, the structure information or
the height information of the sample to be detected can be obtained by switching between the
first detection device and the second detection device with the objective lens switching device.
In the entire process, it is not required to transfer the sample to be detected between detection
apparatuses, which avoids contamination that may be caused in transferring the sample to be
detected and reduces a probability that the sample to be detected is contaminated in the
detection. In addition, it is not required to redetermine an area to be measured of the sample to

be detected, which improves a speed of detecting the sample to be detected.
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[0142] 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, one may refer to description of other embodiments.

[0143] With the description of the embodiments disclosed above, those skilled in the art may
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

novel features disclosed herein.

-22 -



10

15

20

25

CLAIMS

1. A detection apparatus, comprising a carrying platform, a light source device, a first
detection device, a second detection device, an objective lens switching device and a measuring

device, wherein:
the carrying platform is configured to carry a sample to be detected;
the light source device is configured to emit detection light;

the first detection device is configured to receive the detection light and form first
measurement light and first reference light, wherein the first measurement light, after being

reflected by the sample to be detected, interferes with the first reference light;

the second detection device is configured to converge the detection light on a surface of

the sample to be detected to form second measurement light;

the objective lens switching device is configured to switch between the first detection
device and the second detection device to control the first detection device or the second

detection device to be in an optical path; and

the measuring device is configured to obtain height information of the sample to be
detected based on the first measurement light reflected by the sample to be detected and the first
reference light, and obtain structure information of the sample to be detected based on the

second measurement light.

2. The detection apparatus according to claim 1, wherein the measuring device comprises a
first measuring device configured to obtain the height information, and the first measuring
device is further configured to obtain imaging information of the sample to be detected based

on second measurement light reflected by the sample to be detected.

3. The detection apparatus according to claim 2, wherein the first detection device

comprises an image sensor.

4. The detection apparatus according to claim 2 or 3, wherein the measuring device further

comprises a second measuring device configured to obtain film thickness information of the
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sample to be detected based on the second measurement light reflected by the sample to be

detected.

5. The detection apparatus according to claim 4, wherein the second measuring device

comprises a spectrometer.

6. The detection apparatus according to claim 4, further comprising a stop, wherein the

stop is configured to limit light entering the second measuring device.

7. The detection apparatus according to claim 4, further comprising a first light splitter
device, wherein the first spectrometer is configured to split signal light, to project part of the
signal light to the first measuring device and project part of the signal light to the second

measuring device.

8. The detection apparatus according to claim 1, further comprising a third converging lens,
wherein the third converging lens is configured to converge the first measurement light
reflected by the sample to be detected, the first reference light and the second measurement

light to the measuring device.

9. The detection apparatus according to claim 1, further comprising a second light splitter
device, wherein the second light splitter device is configured to reflect the detection light to the
sample to be detected and transmit the first measurement light reflected by the sample to de

detected, the first reference light and the second measurement light.

10. The detection apparatus according to claim 1, wherein the first detection device
comprises a first converging lens, a support surface, a compensation surface and a first beam

splitter plate, wherein

the first converging lens and the support surface are arranged opposite to each other, the
first converging lens is configured to converge the detection light to form converged light and

transmit the converged light to the support surface;

the support surface and the compensation surface are arranged opposite to each other, the
compensation surface is arranged at a side of the support surface away from the first converging
lens, a reference surface is arranged at a side of the support surface facing the compensation

surface;
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the first beam splitter plate is arranged at a side of the compensation surface away from the

support surface;

the converged light is transmitted through the support surface and the compensation
surface sequentially and is incident on a surface of the first beam splitter plate, light reflected
by the first beam splitter plate forms the first reference light, light transmitted by the first beam

splitter plate forms the first measurement light;

the first reference light is reflected by the reference surface and the first beam splitter plate
sequentially after being transmitted through the compensation surface and interferes with the

first measurement light reflected by the sample to be detected;

the compensation surface is configured to perform phase compensation on the first
reference light and the first measurement light to cause the first reference light and the first

measurement light to meet an interference condition.
11. The detection apparatus according to claim 1, wherein

the objective lens switching device or the carrying platform is further configured to move

along a direction perpendicular to a surface of the sample to be detected; and

the carrying platform is further configured to move along a direction parallel to the surface

of the sample to be detected.

12. The detection apparatus according to claim 11, further comprising a piezoelectric

sensor, wherein

the piezoelectric sensor is arranged a side of the objective lens switching device facing the

carrying platform; and

the piezoelectric sensor is configured to drive the objective lens switching device to move

along the direction perpendicular to the surface of the sample to be detected.

13. A detection method, performed by the detection apparatus according to any one of

claims 1 to 12, the detection method comprising:

arranging a sample to be detected on the carrying platform;
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performing measurement processing on the sample to be detected, wherein the
measurement processing comprises at least one of first measurement processing and second

measurement processing, wherein

the first measurement processing performed on the sample to be detected comprises:
switching, by the objective lens switching device, the second detection device into the optical
path, and obtaining, by the measuring device, structure information of the sample to be detected

based on the second measurement light reflected by the sample to be detected; and

the second measurement processing performed on the sample to be detected comprises:
switching, by the objective lens switching device, the first detection device into the optical path,
and obtaining, by the measuring device, height information of the sample to be detected based
on the first measurement light reflected by the sample to be detected and the first reference

light.
14. The method according to claim 13, wherein

the measuring device comprises a first measuring device, the first measuring device is

further configured to obtain imaging information of the sample to be detected;

the measurement processing comprises the first measurement processing, the structure

information comprises the imaging information of the sample to be detected;

the step of obtaining the structure information comprises: obtaining, by the first measuring
device, the imaging information based on the second measurement light reflected by the sample

to be detected; and

the measurement processing further comprises: determining an area to be measured of the

sample to be detected based on the imaging information.
15. The method according to claim 14, wherein
the area to be measured comprises an area for height measurement;

the measurement processing comprises performing the second measurement processing on

the sample to be detected,

the step of obtaining the height information comprises: obtaining interference information
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of the area for height measurement based on the first measurement light and the first reference
light, and obtaining the height information of the area for height measurement based on the

interference information.

16. The method according to claim 14, wherein the measuring device further comprises a

second measuring device:
the area to be measured comprises an area for film thickness measurement;

the structure information obtained in the first measurement processing further comprises

film thickness information; and

the step of obtaining the structure information further comprises: obtaining, by the second
measuring device, film thickness information of the sample to be detected based on the second

measurement light reflected by the sample to be detected.

17. The method according to claim 14, wherein the measurement processing further
comprises: obtaining a transverse dimension of the sample to be detected based on the imaging

information.
18. The method according to claim 14, wherein

in a case that the area to be measured comprises a plurality of areas for height
measurement, the measurement processing further comprises: moving the sample to be detected
by the carrying platform, and performing the second measurement processing on each of the

plurality of areas for height measurement; and

in a case that the area to be measured comprises a plurality of areas for film thickness
measurement, the first measurement processing further comprises: moving the sample to be
detected by the carrying platform, and obtaining film thickness information of each of the

plurality of areas for film thickness measurement based on the second measurement light.
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