
MEASUREMENT DEVICE AND MEASUREMENT METHOD FOR THIN 

FILM PROVIDED WITH TRANSPARENT SUBSTRATE 

TECHNICAL FIELD 

The present invention relates to thin film measuring devices and methods for 

use thereof and, in particular, to a device for measuring a thin film on a transparent 

substrate and methods for use of such a device. 

BACKGROUND 

Thin films are thin, soft, transparent sheets made of plastics, adhesives, rubbers 

or other materials. They have been extensively used in electronic appliances, 

machinery, packaging, printing and other application. Thin films may suffer from 

impaired quality due to some issues arising from their practical manufacturing, such 

as insufficient cleanliness of a cleanroom and a defective roller in the production line. 

If such issues are not identified and addressed in a timely way, apart from the inferior 

quality of the manufactured films, they may also lead to losses to the industries where 

the films are used. In China, with the competition in the thin film market getting 

increasingly fierce, more and more stringent requirements are imposed on the quality 

of thin films. The traditional human eye inspection has lagged far behind the 

extremely high requirements of the current high-speed production processes. In this 

context, in order to meet the needs for industrial development, machine vision 

inspection tends to be an alternative solution for detecting thin film surface flaws. 

Conventionally, techniques for the inspection of thin films on opaque substrates 

have been established, in which reflectometers or ellipsometers are usually used. 

However, such conventional techniques are not suitable for use in the inspection of 
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thin films on transparent substrates. In the prior art, there has been disclosed a thin 

film inspection device including, disposed sequentially in an optical path, a light 

source, an optical element, a beam splitter, an objective lens, an object to be measured 

and a stage for carrying the object. To the beam splitter are sequentially connected an 

optical receiving element and a visual detector, and a processor is provided in 

connection with the visual detector and the optical element. This device employs an 

angular spectrum method, in which the light source provides planar incident light 

with an angle of incidence varying in the range of 360°. The optical element includes 

a two-dimensional CCD array for measuring the reflected light intensity and feeding 

measured data to the processor, based on which, the processor calculates inspection 

results of the object. However, in case of the object on a transparent substrate, the 

transparent substrate will inevitably pose an impact on the reflected light and affect 

the inspection results. As shown in Fig. 1, along with reflected light 84 from the 

transparent thin film 83, reflected light 81 from the transparent substrate 82 enters the 

objective lens 85 and is refracted by the objective lens 85 to a back focal plane 86 of 

the objective lens. If the reflected light 81 from the transparent substrate 82 is not 

removed prior to the subsequent image and data transfer, it can make the inspection 

of the transparent thin film 83 inaccurate. Therefore, this device is incapable of 

measuring a thickness of the thin film on the transparent substrate. 

In another solution disclosed in the prior art, illumination light is incident at a 

small angle to reduce interfering light reflected from the transparent substrate. Still 

another conventional solution utilizes obliquely incident illumination light and an 

angular spectrum method, in which reflectance for light of a single wavelength is 

measured at various angles of incidence and azimuths. The measurements are 

averaged to obtain desired parameters of the thin film. However, none of these 

solutions are completely immune from interference from the light reflected from the 
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transparent substrate. Hence, they cannot yield accurate results. 

Therefore, how to accurately measure a thickness and optical constants of a 

thin film on a transparent substrate remains a problem requiring urgent resolution. 

SUMMARY OF THE INVENTION 

In order to solve the above problem, the present invention proposes a device 

and method capable of accurately measuring a thin film on a transparent substrate 

through eliminating interfering light reflected from the transparent substrate. 

To this end, the proposed device includes, disposed sequentially along a 

direction of light propagation, a light source, a collimator lens, a filter, a polarizer, a 

beam splitter and an objective lens, the beam splitter being in connection with a 

planar array detector and a processor, an illumination light emitted by the light source 

sequentially passing through the collimator lens, the filter, the polarizer, the beam 

splitter and the objective lens and thereby forming a measuring light incident on the 

thin film on the transparent substrate, the objective lens and the beam splitter 

gathering light reflected from the thin film on the transparent substrate, the planar 

array detector and the processor measuring physical parameters of the thin film on the 

transparent substrate based on the gathered reflected light, wherein the measurement 

device further comprises a stop configured to block interfering light reflected from 

the transparent substrate during the measurement. 

Optionally, the stop may be disposed in a back focal plane of the objective lens. 

The stop may have a diameter LI calculated as: 

NA _ interferece . L3 + L4 Li - ——:—xL2 where NA interferece = nxsin6,. 6,- arctan( ), A64_ objective - Ah 

NA_interferece represents a maximum numerical aperture of interfered light 

reflected from the thin film, NA _ objective denotes a maximum numerical aperture 
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of the objective lens, L2 is a diameter of the back focal plane of the objective lens, n 

is a refractive index of the transparent substrate, h is a thickness of the transparent 

substrate, Q\ is an angle of refraction of the measuring light within the transparent 

substrate, L3 is a diameter of a maximum field of view of the objective lens, and L4 

is a diameter of a field of illumination of the light source during the measurement. 

Preferably, the stop may be an adjustable stop including a plurality of 

sub-stops. 

Preferably, the light source may be a halogen lamp or a xenon lamp. 

Preferably, the filter may be a narrow-band filter. 

Preferably, the polarizer may be a polarizing plate or a polarizing prism. 

Preferably, the beam splitter may be a right-angle splitting prism or a 

half-silvered mirror. 

Preferably, the planar array detector may be a charge-coupled device detector 

or a complementary metal-oxide-semiconductor detector. 

The present invention also provides a method for measuring physical 

parameters of a thin film on a transparent substrate, including the steps of: 

1) provision of a measurement device for measuring the thin film on the 

transparent substrate, the measurement device including, disposed sequentially along 

a direction of light propagation, a light source, a collimator lens, a filter, a polarizer, a 

beam splitter, an objective lens and a stop, wherein the stop is disposed in a back 

focal plane of the objective lens; 

2) provision by the light source of an illumination light that passes sequentially 

through the collimator lens, the filter and the polarizer and is reflected by the beam 

splitter, wherein a planar array detector and a processor is connected to the beam 

splitter; 

3) passage of the reflected light resulting from step 2) through the objective 
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lens to form a measuring light and incidence of the measuring light on the thin film 

on the transparent substrate; 

4) convergence of light reflected from the thin film on the transparent substrate 

on the back focal plane of the objective lens, blockage by the stop of interfering light 

reflected from the transparent substrate, and reflection by the beam splitter of 

unblocked reflected light onto the planar array detector which thereby forms an image 

and feeds signals of the image to the processor; and 

5) measurement by the processor of the physical parameters of the thin film by 

processing the signals of the image fed back from the planar array detector. 

Preferably, the measurement of the physical parameters of the thin film may be 

accomplished by filtering out angular spectrum signals in light scattered from the thin 

film that are interfered with by the light reflected from the transparent substrate based 

on a thickness of the transparent substrate, a diameter of a field of view of the 

objective lens, a diameter of a field of illumination of the light source during the 

measurement and a diameter of the stop. 

Preferably, the diameter of the stop may be indicated at LI and calculated as: 

rt NA interferece ^ „ .Z3 + Z4. -LI = = xLl where NA mterrerece = nxsin0,, 0, = arctan( ), 
NA_ objective ~~ Ah 

interferece represents a maximum numerical aperture of interfered light 

reflected from the thin film, NA_ objective denotes a maximum numerical aperture 

of the objective lens, L2 is a diameter of the back focal plane of the objective lens, n 

is a refractive index of the transparent substrate, h is the thickness of the transparent 

substrate, 0] is an angle of refraction of the measuring light within the transparent 

substrate, L3 is a diameter of a maximum field of view of the objective lens, and L4 

is a diameter of the field of illumination of the light source during the measurement. 

The present invention also provides another method for measuring physical 
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parameters of a thin film on a transparent substrate, including the steps of: 

1) provision of a measurement device for measuring the thin film on the 

transparent substrate, the measurement device including, disposed sequentially along 

a direction of light propagation, a light source, a stop, a collimator lens, a filter, a 

polarizer, a beam splitter and an objective lens, wherein the stop is disposed at a 

conjugate of a pupil plane of an illumination optical path of the light source; 

2) provision by the light source of an illumination light in which components 

with small angles of incidence are blocked by the stop and components with large 

angles of incidence pass therethrough, resulting in annular illumination light that 

passes sequentially through the collimator lens, the filter and the polarizer and is 

reflected by the beam splitter, wherein a planar array detector and a processor is 

connected to the beam splitter; 

3) passage of the reflected light resulting from step 2) through the objective 

lens to form a measuring light and incidence of the measuring light on the thin film 

on the transparent substrate, which avoids focusing of interfering light signals 

resulting from the reflection of components of the illumination light that are incident 

at small angles; 

4) passage of light reflected by the thin film on the transparent substrate at a 

same angle through the objective lens and reflection thereof by the beam splitter onto 

the planar array detector which thereby forms an image and feeds signals of the 

image to the processor; and 

5) measurement by the processor of the physical parameters of the thin film by 

processing the signals of the image fed back from the planar array detector. 

Preferably, the measurement of the physical parameters of the thin film may be 

accomplished by filtering out angular spectrum signals in light scattered from the thin 

film that are interfered with by the light reflected from the transparent substrate based 
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on a thickness of the transparent substrate, a diameter of a field of view of the 

objective lens, a diameter of a field of illumination of the light source during the 

measurement and a diameter of the stop. 

Preferably, the diameter of the stop may be indicated at LI and calculated as: 

T 1 7 NA_ interferece .. , . L\ = k ;— xLZ where NA interferece = nxsina, 
NA _ objective 

6} = arctan(-^ + ̂ ), NA interferece represents a maximum numerical aperture of 
4 h 

interfered light reflected from the thin film, NA_ objective denotes a maximum 

numerical aperture of the objective lens, L2 is a diameter of the back focal plane of 

the objective lens, n is a refractive index of the transparent substrate, h is the 

thickness of the transparent substrate, 8/ is an angle of refraction of the measuring 

light within the transparent substrate, L3 is a diameter of a maximum field of view of 

the objective lens, L4 is a diameter of the field of illumination of the light source 

during the measurement, and k is a magnification coefficient. 

Preferably, the stop may be an adjustable stop. 

Compared with the prior art, the invention has the advantages that a portion of 

reflected light that results from light incident at small angles and is therefore 

interfered with by light reflected from the transparent substrate is blocked by a stop of 

a proper diameter calculated according to an equation based on the thickness of the 

transparent substrate, the size of the objective lens, the size of the field of 

illumination, with the remainder of the reflected light forming an image that is sent to 

the data processor for the calculation of a thickness and relevant optical data of the 

thin film. Therefore, the device of the present invention allows design of different 

stops for different thin films, simple operation and accurate measurement. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 shows reflection of light by a transparent substrate and a transparent thin 

film in accordance with the prior art. 

Fig. 2 is a structural schematic of a device according to a first embodiment of 

the present invention. 

Fig. 3 shows the principles of the present invention. 

Fig. 4 is a structural schematic of a device according to a second embodiment 

of the present invention. 

Fig. 5 is a structural schematic of a device according to a third embodiment of 

the present invention. 

Fig. 6 is a plan view of a stop according to the third embodiment of the present 

invention. 

In Fig. 1, 80 denotes incident light; 81, light reflected from the substrate; 82, 

the transparent substrate; 83, the transparent thin film; 84, light reflected from the 

transparent thin film; 85, an objective lens; and 86, a back focal plane of an objective 

lens. 

In Figs. 2 to 6, 1 denotes a light source; 2, a collimator lens; 3, a filter; 4, a 

polarizer; 5, a beam splitter; 6, a first stop; 7, an objective lens; 8, an object to be 

measured; 9, a stage for carrying the object; 10a, incident light; 10b, reflected light; 

11, a planar array detector; 12, a back focal plane of the objective lens; 13, a 

processor; 14, a conjugate of a pupil plane of an illumination optical path; 15, a 

second stop; 16, a third stop; 91, a thin film to be measured; 92, a field of view of the 

objective lens in a measurement system; 93, a field of illumination of an optical 

system; 94, a substrate; 95, light resulting from the reflection by the substrate of light 

incident thereon at a certain angle; 96, the back focal plane of the objective lens; 97, 

the objective lens; and 6}, an angle of refraction. 
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DETAILED DESCRIPTION 

Specific embodiments of the present invention will be described below in detail 

with reference to the accompanying drawings so that the above objects, features and 

advantages of the invention will be more apparent. 

Embodiment 1 

Fig. 2 shows a device for measuring a thin film on a transparent substrate in 

accordance with the present invention, which includes, disposed sequentially along 

the direction of light propagation, a light source 1, a collimator lens 2, a filter 3, a 

polarizer 4, a beam splitter 5 and an objective lens 7. An object 8 to be measured, i.e., 

the thin film on the transparent substrate, is placed on a stage 9. To the beam splitter 5 

are sequentially connected a planar array detector 11 and a processor 13. The device 

further includes a first stop 6 for blocking interfering light reflected from the 

transparent substrate during the measurement. 

Preferably, in Fig. 3: h indicates a thickness of the substrate 94; n a refractive 

index of the substrate 94; L4 a diameter of a field of illumination 93 of the optical 

system; L3, a diameter of a maximum field of view 92 of the objective lens in the 

measurement system; and L2, a diameter of a back focal plane 96 of the objective 

lens. As can be seen from the figure, an angle of refraction 0\ can be expressed as: 

0j = arctan( ̂  + ^) 
1 4h 

A maximum numerical aperture receivable by the objective lens 97 is given by: 

NA _ interferece = n x sin = n x sin L3 + L4 arctan( ) 
Ah 

A diameter LI of the first stop 6 can hence be calculated as: 

NA interferece IA = = xL2 
NA_ objective ' 

wherein A^_interference represents a maximum numerical aperture for 
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interfered light reflected from the transparent thin film, i.e., the maximum numerical 

aperture for reception by the objective lens 97, and A^_objective is a maximum 

numerical aperture that can be received by the objective lens 97. Therefore, in 

practical use, the first stop 6 may be sized based on the thickness of the substrate 94, 

the diameter L4 of the field of illumination 93 of the optical system and other data. 

Additionally, the size of the first stop 6 can be modified by tuning the light source 1. 

Here, the interfered light reflected from the transparent thin film refers to light 

containing both light reflected from the thin film and light reflected from the 

transparent substrate. 

Preferably, the light source 1 is a halogen lamp or xenon lamp. 

Preferably, the filter 3 is a narrow-band filter allowing the passage of light of a 

wavelength of, for example, 780 nm, 633 nm, 550 nm, 441nm or 360 nm. 

Preferably, the polarizer 4 is a polarizing plate or a polarizing prism. 

Preferably, the beam splitter 5 is a right-angle splitting prism or a half-silvered 

mirror. 

Preferably, the planar array detector 11 is a charge-coupled device (CCD) 

detector or a complementary metal-oxide-semiconductor (CMOS) detector, which 

responds well to the light exiting the filter 3. 

Preferably, the first stop 6 is disposed in the back focal plane 12 of the 

objective lens. 

The present invention also provides a method for measuring a thin film on a 

transparent substrate using the device as defined above. The method includes the 

following steps. 

In step 1, the object 8 to be measured, i.e., the thin film on the transparent 

substrate, that is placed on the stage 9 is provided. 

In step 2, the light source 1 provides illumination light which then passes 
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sequentially through the collimator lens 2, the filter 3 and the polarizer 4 and is 

reflected by the beam splitter 5. 

In step 3, the reflected light resulting from step 2 passes through the objective 

lens 7 and is incident on the object 8 (referred hereinafter as the incident light and 

indicated at 10a). The objective lens 7 has a great numerical aperture, and the incident 

light is converged onto the object 8 at a certain angle of convergence to form a small 

illumination light spot. 

In step 4, light 10b reflected from the object 8 at the same angle is converged 

on the back focal plane 12 of the objective lens 7, with interfering scattered light from 

the transparent substrate being blocked by the first stop 6, so that only the light 

reflected from the film is reflected by the beam splitter 5 onto the planar array 

detector 11. The detector forms an image of the object and feeds data of the image to 

the processor 13. 

As shown in Fig.l, a light beam 80 incident upon the film on the transparent 

substrate is reflected by the film to form multiple reflected light beams 84 and is 

reflected by the transparent substrate to form a reflected light beam 81 that travels at 

the same angle as the reflected light beams 84. The term "light reflected at the same 

angle" used in the above description of step 4 refers to these reflected light beams 84 

and 81 travelling at the same angle. 

Size of the first stop 6 may be determined based on the thickness of the 

substrate 94 and the diameter L4 of the field of illumination 93 of the optical system 

according to the following equation: 

r. NA interferece Tr. _ _ . „ LI = xLI where NA interferece = nxsin# , 
NA_ objective 

<9, = arctan(^ + ^), LI denotes the size of the first stop 6, h is the thickness of the 
4 h 

substrate 94, n is the refractive index of the substrate 94, L4 is the diameter of the 

field of illumination 93 of the optical system, L3 is the diameter of the maximum 
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field of view 92 of the objective lens in the measurement system, and L2 is the 

diameter of the back focal plane 96 of the objective lens. 

In step 5, the processor 13 processes image signals from the planar array 

detector 11, and the processor 13 compares angular spectrum signals of the remaining 

reflected light with simulation data so as to reversely deduct physical parameters of 

the thin film of the object 8. In this embodiment, the physical parameters include 

information about the thickness and/or optical constants of the thin film. 

Embodiment 2 

As shown in Fig. 4, this embodiment differs from Embodiment 1 in that the 

first stop 6 placed in the back focal plane of the objective lens 7 is removed and that a 

second stop 15 is instead positioned at a conjugate 14 of a pupil plane of the 

illumination optical path. The second stop 15 has a diameter of kl*L\, where k\ 

represents a magnification coefficient, in particular, between the pupil plane of the 

objective lens and the stop 15, and LI is calculated in the same way as Embodiment 1 

and is therefore not again described for the sake of brevity. The second stop 15 allows 

annular illumination by removing light incident at smaller angles. As a result, light 

signals collected by the objective lens 7 are all from the object 8 and not interfered 

with by light from the transparent substrate. In addition, the annular illumination also 

facilitates the control of stray light in the optical path and thus achieves a higher 

signal to noise ratio. 

Here, the smaller angles refer to those at which light is incident on the surface 

of the thin film, for example, light 80 of Fig. 1. Due to inherent characteristics of the 

optical system, if the light 80 is incident at a smaller angle, reflected light 84 from the 

thin film and reflected light 81 from the transparent substrate will be both collected 

by the objective lens (this is not desired for the present invention, and only the 

reflected light 84 from the thin film is needed). Therefore, it is necessary to remove 
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light incident at such angles. In a practical optical system, each angle at which light is 

incident on the thin film corresponds to a respective position in the pupil plane of the 

objective lens. Thus, removal of light incident at smaller angles within a certain range 

can be accomplished by shielding a corresponding area of the pupil plane of the 

objective lens. The specific area to be shielded can be derived from the equation 

given above. 

Embodiment 3 

As shown in Fig. 5, this embodiment differs from Embodiment 1 in that the 

first stop 6 placed in the back focal plane of the objective lens 7 is removed and that a 

third stop 16 is instead positioned at a conjugate 14 of a pupil plane of the collimator 

lens 2. The third stop 16 is adjustable and has a diameter of k2*L\, where k2 

represents a magnification coefficient. In this embodiment, the third stop 16 is 

composed of a series of differently sized sub-stops 160 (the sizes are selected 

according to the needs of practical tests). k2 may be the same as kl in Embodiment 2, 

i.e., a magnification coefficient between the pupil plane of the objective lens and the 

stop 16. LI is calculated in the same way as Embodiment 1 and is therefore not again 

described for the sake of brevity of disclosure. As such, in practical operation, a 

proper sub-stop can be selected, or a light-blocking portion thereof can be configured, 

according to the testing arrangement. Referring to Fig. 6, each sub-stop in third stop 

16 has a light-blocking portion, shown as a black area in the figure, and a 

light-transmitting portion, shown as a white area in the figure. Selecting a proper one 

of the sub-stops by rotating the third stop 16 or properly adjusting the light-blocking 

portion of the selected sub-stop can result in an annular illumination pattern of the 

light source 1 that can meet the practical need. In such a manner, light incident at 

small angles can be directly precluded according to the practical operating conditions, 

so that the object 8 is measured based on signals collected by the objective lens 7 that 
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are not interfered with by light reflected from the transparent substrate underlying the 

object 8. 

Here, the smaller angles refer to those at which light is incident on the surface 

of the thin film, for example, light 80 of Fig. 1. Due to inherent characteristics of the 

optical system, if the light 80 is incident at a smaller angle, reflected light 84 from the 

thin film and reflected light 81 from the transparent substrate will be both collected 

by the objective lens (this is not desired for the present invention, and only the 

reflected light 84 from the thin film is needed). Therefore, it is necessary to remove 

light incident at such angles. In a practical optical system, each angle at which light is 

incident on the thin film corresponds to a respective position in the pupil plane of the 

objective lens. Thus, removal of light incident at smaller angles within a certain range 

can be accomplished by shielding a corresponding area of the pupil plane of the 

objective lens. The specific area to be shielded can be derived from the equation 

given above. 

It is apparent that those skilled in the art can make various modifications and 

variations to the present invention without departing from the spirit and scope thereof. 

Accordingly, it is intended that all such modifications and variations are embraced in 

the scope of the invention if they fall within the scope of the appended claims and 

their equivalents. 
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CLAIMS 

1. A measurement device for measuring a thin film on a transparent substrate, 

comprising, disposed sequentially along a direction of light propagation, a light 

source, a collimator lens, a filter, a polarizer, a beam splitter and an objective lens, the 

beam splitter being in connection with a planar array detector and a processor, an 

illumination light emitted by the light source sequentially passing through the 

collimator lens, the filter, the polarizer, the beam splitter and the objective lens and 

thereby forming a measuring light incident on the thin film on the transparent 

substrate, the objective lens and the beam splitter gathering light reflected from the 

thin film on the transparent substrate, the planar array detector and the processor 

measuring physical parameters of the thin film on the transparent substrate based on 

the gathered reflected light, wherein the measurement device further comprises a stop 

configured to block interfering light reflected from the transparent substrate during 

the measurement. 

2. The measurement device according to claim 1, wherein the stop is disposed 

in a back focal plane of the objective lens. 

3. The measurement device according to claim 2, wherein the stop has a 

diameter LI calculated as: 

NA _ interferece . L3 + IA L\ ~ —————;— x L2 where NA interferece = n x sin0,, 9, = arctan( ), AL4_ objective ' - " 4h 

NA_ interferece represents a maximum numerical aperture of interfered light 

reflected from the thin film, NA _ objective denotes a maximum numerical aperture 

of the objective lens, L2 is a diameter of the back focal plane of the objective lens, n 

is a refractive index of the transparent substrate, h is a thickness of the transparent 

substrate, Q\ is an angle of refraction of the measuring light within the transparent 

substrate, L3 is a diameter of a maximum field of view of the objective lens, and L4 

is a diameter of a field of illumination of the light source during the measurement. 
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4. The measurement device according to claim 1, wherein the stop is disposed 

at a conjugate of a pupil plane of an illumination optical path of the light source such 

that the light source provides an annular illumination. 

5. The measurement device according to claim 1, wherein the stop is disposed 

at a conjugate of a pupil plane of the collimator lens such that the light source 

provides an annular illumination. 

6. The measurement device according to claim 4 or 5, wherein the stop has a 

diameter LI calculated as: 

ri . NA interferece , w ^ Ll = k xL2 where NA interferece = nxsin0. 
NA_ objective ~ 

L3 + L4 = arctan( ), NA_ interferece represents a maximum numerical aperture of 
4 h 

interfered light reflected from the thin film, NA_ objective denotes a maximum 

numerical aperture of the objective lens, L2 is a diameter of a back focal plane of the 

objective lens, n is a refractive index of the transparent substrate, h is a thickness of 

the transparent substrate, Q} is an angle of refraction of the measuring light within the 

transparent substrate, L3 is a diameter of a maximum field of view of the objective 

lens, L4 is a diameter of a field of illumination of the light source during the 

measurement, and k is a magnification coefficient. 

7. The measurement device according to claim 4 or 5, wherein the stop is an 

adjustable stop comprising a plurality of sub-stops. 

8. The measurement device according to claim l, wherein the light source is a 

halogen lamp or a xenon lamp. 

9. The measurement device according to claim l, wherein the filter is a 

narrow-band filter. 

10. The measurement device according to claim l, wherein the polarizer is a 

polarizing plate or a polarizing prism. 
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11. The measurement device according to claim 1, wherein the beam splitter is 

a right-angle splitting prism or a half-silvered mirror. 

12. The measurement device according to claim 1, wherein the planar array 

detector is a charge-coupled device detector or a complementary 

metal-oxide-semiconductor detector. 

13. A measurement method for measuring physical parameters of a thin film on 

a transparent substrate, comprising the steps of: 

1) provision of a measurement device for measuring the thin film on the 

transparent substrate, the measurement device comprising, disposed sequentially 

along a direction of light propagation, a light source, a collimator lens, a filter, a 

polarizer, a beam splitter, an objective lens and a stop, wherein the stop is disposed in 

a back focal plane of the objective lens; 

2) provision by the light source of an illumination light that passes sequentially 

through the collimator lens, the filter and the polarizer and is reflected by the beam 

splitter, wherein a planar array detector and a processor is connected to the beam 

splitter; 

3) passage of the reflected light resulting from step 2) through the objective 

lens to form a measuring light and incidence of the measuring light on the thin film 

on the transparent substrate; 

4) convergence of light reflected from the thin film on the transparent substrate 

on the back focal plane of the objective lens, blockage by the stop of interfering light 

reflected from the transparent substrate, and reflection by the beam splitter of 

unblocked reflected light onto the planar array detector which thereby forms an image 

and feeds signals of the image to the processor; and 

5) measurement by the processor of the physical parameters of the thin film by 

processing the signals of the image fed back from the planar array detector. 
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14. The measurement method according to claim 13, wherein the measurement 

of the physical parameters of the thin film is accomplished by filtering out angular 

spectrum signals in light scattered from the thin film that are interfered with by the 

light reflected from the transparent substrate based on a thickness of the transparent 

substrate, a diameter of a field of view of the objective lens, a diameter of a field of 

illumination of the light source during the measurement and a diameter of the stop. 

15. The measurement method according to claim 14, wherein the diameter of 

the stop is indicated at LI and calculated as: 

... NA interfere® r. %Tj . r . „ ,L3 + L4, LI ;—:— XL2 where NA interferece = nxsm8,, 6, ~ arctan( ), 
NA_ objective Ah 

NA_interferece represents a maximum numerical aperture of interfered light 

reflected from the thin film, NA_ objective denotes a maximum numerical aperture 

of the objective lens, L2 is a diameter of the back focal plane of the objective lens, n 

is a refractive index of the transparent substrate, h is the thickness of the transparent 

substrate, 6j is an angle of refraction of the measuring light within the transparent 

substrate, L3 is a diameter of a maximum field of view of the objective lens, and L4 

is a diameter of the field of illumination of the light source during the measurement. 

16. A measurement method for measuring physical parameters of a thin film on 

a transparent substrate, comprising the steps of: 

1) provision of a measurement device for measuring the thin film on the 

transparent substrate, the measurement device comprising, disposed sequentially 

along a direction of light propagation, a light source, a stop, a collimator lens, a filter, 

a polarizer, a beam splitter and an objective lens, wherein the stop is disposed at a 

conjugate of a pupil plane of an illumination optical path of the light source; 

2) provision by the light source of an illumination light in which components 

with small angles of incidence are blocked by the stop and components with large 

angles of incidence pass therethrough, resulting in annular illumination light that 



passes sequentially through the collimator lens, the filter and the polarizer and is 

reflected by the beam splitter, wherein a planar array detector and a processor is 

connected to the beam splitter; 

3) passage of the reflected light resulting from step 2) through the objective 

lens to form a measuring light and incidence of the measuring light on the thin film 

on the transparent substrate, which avoids focusing of interfering light signals 

resulting from reflection of components of the illumination light that are incident at 

small angles; 

4) passage of light reflected by the thin film on the transparent substrate at a 

same angle through the objective lens and reflection thereof by the beam splitter onto 

the planar array detector which thereby forms an image and feeds signals of the 

image to the processor; and 

5) measurement by the processor of the physical parameters of the thin film by 

processing the signals of the image fed back from the planar array detector. 

17. The measurement method according to claim 16, wherein the measurement 

of the physical parameters of the thin film is accomplished by filtering out angular 

spectrum signals in light scattered from the thin film that are interfered with by the 

light reflected from the transparent substrate based on a thickness of the transparent 

substrate, a diameter of a field of view of the objective lens, a diameter of a field of 

illumination of the light source during the measurement and a diameter of the stop. 

18. The measurement method according to claim 17, wherein the diameter of 

the stop is indicated at LI and calculated as: 

r1 , NA interferece T „ L\ = k xLI where NA interferece = «xsin9, 
NA_ objective 

L3 + L4 6X = arctan( ), NA _interferece represents a maximum numerical aperture of 
4 h 

interfered light reflected from the thin film, NA_ objective denotes a maximum 
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numerical aperture of the objective lens, L2 is a diameter of the back focal plane of 

the objective lens, n is a refractive index of the transparent substrate, h is the 

thickness of the transparent substrate, 9; is an angle of refraction of the measuring 

light within the transparent substrate, L3 is a diameter of a maximum field of view of 

the objective lens, L4 is a diameter of the field of illumination of the light source 

during the measurement, and k is a magnification coefficient. 

19. The measurement method according to claim 16, wherein the stop is an 

adjustable stop. 
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