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OPTICAL DIAGNOSTICS OF A SEMICONDUCTOR PROCESS USING

HYPERSPECTRAL IMAGING

CROSS REFERENCE TO RELATED APPLICATIONS
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5 [0001] This application is related to and claims a priority benefit from co-pending

Provisional Patent Application No. 62/851,756, entitled "OPTICAL DIAGNOSTICS OF A

SEMICONDUCTOR PROCESS USING HYPERSPECTRAL IMAGING" (Ref. No.

181412US01), filed on May 23, 2019, the entire contents of which are herein

incorporated by reference. This application is related to co-pending U.S. Patent

Application No. 16/820,032, entitled "ENHANCED RESOLUTION IN

SEMICONDUCTOR FABRICATION DATA ACQUISITION INSTRUMENTS USING

MACHINE LEARNING" (Ref. No. 181077US02), filed on March 16, 2020, the entire

contents of which are herein incorporated by reference.

U.S.

15
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BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0002] The present invention relates to an apparatus and system, and associated

methods for optically diagnosing a state of a semiconductor manufacturing process.

More specifically, it relates to the use of hyperspectral imaging for diagnosing a

semiconductor manufacturing process and the state of the substrate being processed.

DESCRIPTION OF RELATED ART

[0003] Optical diagnostics have entered mainstream semiconductor manufacturing

processes, and are currently used for diagnosing many different types of semiconductor

25 manufacturing processes, with or without a plasma. Processes where optical

diagnostics can be used to measure process parameters and process outcome include

patterning with photolithography, etching, deposition, cleaning processes, etc.

[0004] Many optical diagnostic methods utilize measuring optical spectra, which are

typically acquired using compact on-tool spectrometers. In plasma processes, such as

30 etching and atomic layer etching (ALE), optical emission spectra from an etching

plasma can be acquired and analyzed for process endpoint detection (EPD), and for
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wider range of semiconductor manufacturing processes, both plasma and non-plasma.

Acquired broadband optical spectra created by reflecting and diffracting an illumination

beam from structures and features on the substrate can be utilized in a number of

different applications. Examples include detecting an endpoint of a process, for

measuring thicknesses of layers formed on a substrate, for measuring dimensions of

structures or features formed on the substrate, for measuring characteristics of

material(s) of which the layers and features on the substrate are formed, etc. Common

to all these methods is that the optical diagnostic specifically targets the layers and

features on the substrate being processed, to diagnose and control the process. Some

example techniques are described in more detail in U.S. Patent No. 9,059,038, entitled

"SYSTEM FOR IN-SITU FILM STACK MEASUREMENT DURING ETCHING AND

ETCH CONTROL METHOD" (Ref. No. TT-139_US_ORD_1), U.S. Patent Application

No. 15/472,494, entitled "ADVANCED OPTICAL SENSOR, SYSTEM, AND

METHODOLOGIES FOR ETCH PROCESS MONITORING" (Ref. No. TTH-

15 249_US_PRI_1), and U.S. Patent Application No. 16/051,082, entitled "NORMAL-

INCIDENT IN-SITU PROCESS MONITOR SENSOR" (Ref. No. 180903US01), the

contents of which are herein incorporated by reference in their entirety.

[0007] In a conventional spectrometer with a grating or other dispersing optical

element, the signal to noise ratio (SNR) of the spectrometer is generally highly inversely

20 proportional to its throughput. Achieving a higher signal to noise ratio (SNR) requires

the acquisition of a stronger optical signal in every pixel of the detector array, whose

elements or pixels correspond to wavelengths of the acquired optical spectrum.

Traditional means for increasing signal are (a) increasing the spectrometer inlet slit

width, and (b) increasing the acquisition time. The former method, typically used in

25 conjunction with a focus lens or mirror with a larger numerical aperture (NA), while

effective for increasing the amount of light that reaches the detector array and thus

improving the signal-noise-ratio (SNR), has the drawback of reducing spectral

resolution. This can result in the inability of the spectrometer to resolve closely spaced

spectral peaks. This loss of spectral information may render the acquired spectra

30 unsuitable for diagnosing and controlling the process. The latter method is undesirable

for reducing the throughput of the spectrometer, because increasing the acquisition

time to allow more signal to be collected at the detector array pixel decreases the rate

at which optical spectra are acquired This reduction of throughput can be detrimental in
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methods such as endpoint detection (EPD), in which precise timing of the process 

endpoint is of paramount importance. 

[0008] With present demands of process diagnostics, particularly etch diagnostics, 

the aforementioned tradeoffs are becoming more severe with every new generation of 

devices and processes. Therefore, the need exists for a new spectrometer design and 5 

optical diagnostic system to be used in in-situ semiconductor processing diagnostics 

and control, which does not require sacrificing throughput and spectral resolution for 

increasing signal to noise ratio (SNR), or which minimizes these tradeoffs. 

[0009] To that end, this invention proposes a system and method for optical 

diagnostics and control of a semiconductor manufacturing process using hyperspectral 10 

imaging technology as replacement for a conventional spectrometer. 

[0010] Because hyperspectral imaging is an imaging technique, it is applicable to an 

even wider range of optical diagnostic methods in semiconductor processing. For 

example, optical diagnostics that involve imaging of the substrate or region(s) of the 

substrate to determine the state of the substrate and structures and layers formed 15 

thereupon, where the diagnostics would benefit from the knowledge of full spectral 

information afforded by hyperspectral imaging, are all good candidates for the use of 

this technology. Examples of optical diagnostics where hyperspectral imaging can be 

employed include various optical imaging inspection steps, such as after-develop 

inspection (ADI) in photolithographic patterning processes, various imaging defect 20 

inspection steps, detection of contamination on the substrate, etc. 

SUMMARY OF THE INVENTION 

[0011] The present invention relates to methods, and multiple embodiments of an 

apparatus and system for hyperspectral imaging, to diagnose the state of a substrate 

during semiconductor processing, and/or to optically diagnose and control the state of a 25 

semiconductor manufacturing process itself. 

 

[0011a]  According to a first aspect of the present invention, there is provided an optical 

detector for detecting an optical signal from a semiconductor processing system, the 

optical detector being configured for detecting an optical signal transmitted through a 

window mounted in a wall of the semiconductor processing system, the optical detector 

comprising:



 

4a 

 collecting optics, configured for collecting and transmitting the optical signal 

transmitted by the window; 

 a tunable Fabry Perot cavity for tunably selecting a wavelength of the transmitted 

optical signal; 

 an array detector for detecting the wavelength-filtered optical signal; and 

 a controller for controlling at least the tunable Fabry Perot cavity and array 

detector, and for storing and processing images acquired by the array detector. 

 

 

 

[0011b]  According to a second aspect of the present invention, there is provided a 

semiconductor processing system, comprising: 

 a window mounted in a wall of the semiconductor processing system; 

 collecting optics, configured for collecting and transmitting an optical signal 

transmitted by the window from the semiconductor processing system; 

 a tunable Fabry Perot cavity for tunably selecting a wavelength of the transmitted 

optical signal; 

 an array detector for detecting the wavelength-filtered optical signal; and 

 a controller for controlling at least the tunable Fabry Perot cavity and array 

detector, and for storing and processing images acquired by the array detector. 

 

[0011c]  According to a third aspect of the present invention, there is provided a 

substrate inspection system comprising:
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 a stage for receiving a substrate to be inspected; 

 an illumination light source, for illuminating the substrate; 

 collecting optics, configured for collecting and transmitting an optical signal 

caused by illuminating the substrate; 

 a tunable Fabry Perot cavity for tunably selecting a wavelength of the transmitted 

optical signal; 

 an array detector for detecting the wavelength-filtered optical signal; and 

 a controller for controlling at least the tunable Fabry Perot cavity and array 

detector, and for storing and processing images acquired by the array detector. 

 

[0011d]  According to a fourth aspect of the present invention, there is provided a 

method for diagnosing a plasma process step in a plasma processing system, 

comprising: 

 igniting a plasma in a plasma processing chamber of the plasma processing 

system; 

 collecting a plasma optical emission signal through a window mounted in a wall 

of the plasma processing chamber, and through collecting optics; 

 directing the plasma optical emission signal from the collecting optics into a 

tunable Fabry Perot cavity for tunably selecting a wavelength of the collected plasma 

optical emission signal; 

 detecting the wavelength-filtered plasma optical emission signal using an array 

detector; and 

 storing and processing images acquired by the array detector in a controller, 

 wherein the controller is configured for controlling at least the tunable Fabry 

Perot cavity and the array detector. 

 

[0011e]  According to a fifth aspect of the present invention, there is provided a method 

for measuring at least one property of at least one layer or structure formed on a 

substrate disposed in a semiconductor processing system, comprising: 

 initiating a process step in the semiconductor processing system; 

 illuminating the substrate with an illumination beam, the portion of the 

illumination beam reflected and diffracted from the substrate forming a diffracted optical 

signal;
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 collecting the diffracted optical signal through a window mounted in a wall of the 

semiconductor processing system, and through collecting optics; 

 tunably selecting a wavelength of either the illumination beam or the diffracted 

optical signal using a tunable Fabry Perot cavity disposed in either the illumination 

beam or the diffracted optical signal, respectively, to form a wavelength-filtered 

diffracted optical signal; 

 detecting the wavelength-filtered diffracted optical signal using an array detector; 

and 

 storing and processing images acquired by the array detector in a controller, 

 wherein the controller is configured for controlling at least the tunable Fabry 

Perot cavity and the array detector. 

[0011f]  According to a sixth aspect of the present invention, there is provided a method 

for inspecting a substrate in a substrate inspection system, comprising: 

 placing the substrate on a stage in the substrate inspection system; 

 illuminating the substrate with an illumination light source; 

 collecting an optical signal caused by illuminating the substrate, through 

collecting optics; 

 directing the collected optical signal from the collecting optics into a tunable 

Fabry Perot cavity for tunably selecting a wavelength of the collected optical signal; 

 detecting the wavelength-filtered signal using an array detector; and 

 storing and processing images acquired by the array detector in a controller, 

 wherein the controller is configured for controlling at least the tunable Fabry 

Perot cavity and the array detector. 

[0012] In one embodiment, an optical detector for detecting an optical signal from a 

semiconductor processing system is provided. The optical detector is configured for 

detecting an optical signal transmitted through a window mounted in a wall of the 

semiconductor processing system. The optical detector comprises collecting optics, 

configured for collecting and transmitting the optical signal transmitted by the window; a 5 

wavelength tunable filter for tunably selecting a wavelength of the transmitted optical  
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signal; an array detector for detecting the wavelength-filtered optical signal; and a

controller for controlling at least the wavelength tunable filter and array detector, and for

storing and processing images acquired by the array detector. The optical detector can

be used for detecting an optical signal comprising a plasma optical emission, as in an

optical emission spectroscopy (OES) application, including e.g. endpoint detection

(EPD). The optical detector can also be used for detecting a diffracted optical signal,

where the diffracted optical signal is generated by reflecting and diffracting an

illumination beam from a surface of a substrate in the semiconductor processing

system. The illumination beam and diffracted optical signal can have normal incidence

10 upon the substrate, or the optical detector can be configured for oblique (non-normal)

incidence upon the substrate. Collecting lenses, steering mirrors, apertures, optical

fibers, polarizers, etc., can comprise the collecting optics. The wavelength tunable filter

can comprise, but is not limited to a tunable Fabry Perot cavity, an acousto-optic

tunable filter, and a liquid crystal tunable filter. Depending on the requirements of the

15 application, the array detector can be one-dimensional or two-dimensional, and it can

comprise but is not limited to a CCD detector array, a CMOS detector array, a

photodiode array, etc. The controller may be configured to selectively tune a passband

wavelength of the wavelength tunable filter across a range or multiple overlapping or

20

non-overlapping ranges of wavelengths in the deep ultraviolet (DUV), ultraviolet (UV),

visible (VIS), and infrared (IR) portions of the optical spectrum. The controller may

further be configured to acquire image cubes, each image cube being consisted of a set

of images acquired by the array detector, where each image in the set was acquired at

a wavelength defined by an instantaneous passband wavelength to which the

wavelength tunable filter was tuned. In one embodiment, the optical detector can be

25 used in a semiconductor substrate inspection system, for inspecting (by imaging)

substrates during or after completion of a processing step. The inspection system can

be part of a semiconductor processing system, or the inspection system can be a

standalone, kiosk-type inspection system.

[0013] Further embodiments include a semiconductor processing system and a

30 semiconductor substrate inspection system equipped with the above optical detector.

The semiconductor processing system may be a plasma or non-plasma processing

system, or a mixed chamber type processing system. The semiconductor substrate
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locations on the substrate, selecting region(s) of pixels 940 (FIGs. 5A, 5B, and 5C) for

extraction of diffracted optical spectra 950, properties of layers and features that can be

determ ined, and the attendant advantages thereof, regarding semiconductor

processing systems 300, 400, 500, and 600, all apply also to semiconductor processing

systems 1400 and 1600.

[0094] The foregoing discussion has focused on the use of Fabry Perot cavities for

hyperspectral imaging (HSI), for its good spectral resolution in the 2nm range, and its

ability to improve the signal to noise ratio (SNR) without sacrificing throughput. With

these characteristics, the Fabry Perot cavity may be used as a replacement for fast

compact spectrometers in many semiconductor diagnostic applications. Other filters,

such as an acousto-optic tunable filter, and a liquid crystal tunable can also be used in

certain applications, but their performance varies, particularly spectral resolution and

speed of passband wavelength switching. Hyperspectral imaging (HSI) is also possible

using sets of thin-layer bandpass filters, as is done in some remote sensing

applications, such as military applications, and agricultural and land management15

applications. The spectral resolution of these filters is in the range of 1 to 10nm, which

may be entirely appropriate for certain less critical applications, and when not many

wavelengths or closely-spaced wavelengths need to be sampled.

20

[0095] Lenses used in collecting optics 145, 245, 345, 745, and objective lens 748 of

embodiments described previously may be telecentric, or bi-telecentric (i.e. telecentric

in both object space and image space) to ensure parallelism of rays, a constant image

magnification regardless of depth, or both. In embodiments of FIGs 1A,B, a bi-

telecentric lens provides a better balance of plasma optical emissions sampled across

the field of view and depth, in a plasma processing chamber. In embodiments of FIGs

2А,В, ЗА,B, 4A,B, 6A, B a bi-telecentric lens ensures equal magnification and equal

contributions from different of the acquired image at different locations and with

25

portions

different depths.

[0096] Persons skilled in the relevant art can appreciate that many modifications and

variations are possible in light of the above teaching. Persons skilled in the art will

30 recognize various equivalent combinations and substitutions for various components

shown in the figures. It is therefore intended that the scope of the invention be limited

not by this detailed description, but rather by the claims appended hereto.
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What is claimed is: 

1. An optical detector for detecting an optical signal from a semiconductor 

processing system, the optical detector being configured for detecting an optical signal 

transmitted through a window mounted in a wall of the semiconductor processing 

system, the optical detector comprising: 

 collecting optics, configured for collecting and transmitting the optical signal 

transmitted by the window; 

 a tunable Fabry Perot cavity for tunably selecting a wavelength of the transmitted 

optical signal; 

 an array detector for detecting the wavelength-filtered optical signal; and 

 a controller for controlling at least the tunable Fabry Perot cavity and array 

detector, and for storing and processing images acquired by the array detector. 

 

2. The optical detector of claim 1, wherein the semiconductor processing 

system is a plasma processing system, and the optical signal comprises a plasma 

optical emission signal. 

 

3. The optical detector of claim 1, wherein the optical signal comprises a 

diffracted optical signal, the diffracted optical signal being formed by reflecting and 

diffracting an illumination beam from a surface of the substrate disposed in the 

semiconductor processing system. 

 

4. The optical detector of claim 3, wherein the tunable Fabry Perot cavity is 

disposed in the illumination beam, for tunably selecting a wavelength of the illumination 

beam. 

 

5. The optical detector of claim 3, wherein the illumination beam has an 

angle of incidence of 0 degrees upon the surface of the substrate, and the diffracted 

optical signal is acquired at an angle of reflection of 0 degrees. 

 

6. The optical detector of claim 3, wherein the illumination beam has an 

angle of incidence upon the surface of the substrate from 0.1 degree to 89 degrees, 
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and the diffracted optical signal is acquired at an angle of reflection from 0.1 degree to 

89 degrees. 

 

7. The optical detector of claim 1, wherein the collecting optics comprise a 

collecting lens, a steering mirror, an aperture, a polarizer, an optical fiber, or a 

combination of two of more thereof. 

 

 

 

8. The optical detector of claim 1, wherein the array detector is one-

dimensional or two-dimensional. 

 

9. The optical detector of claim 1, wherein the array detector comprises a 

CCD detector array, CMOS detector array, photodiode array, or a combination of two or 

more thereof. 

 

10. The optical detector of claim 1, wherein the controller is configured to 

selectively tune a passband wavelength of the tunable Fabry Perot cavity, across a 

range or multiple overlapping or non-overlapping ranges of wavelengths in the deep 

ultraviolet (DUV), ultraviolet (UV), visible (VIS), and infrared (IR) portions of the optical 

spectrum. 

 

11. The optical detector of claim 10, wherein the controller is configured to 

acquire an image cube, the image cube consisted of a set of images acquired by the 

array detector, each image in the set being acquired at a wavelength defined by an 

instantaneous passband wavelength to which the tunable Fabry Perot cavity is tuned. 

 

 

12. A semiconductor processing system, comprising: 

 a window mounted in a wall of the semiconductor processing system; 

 collecting optics, configured for collecting and transmitting an optical signal 

transmitted by the window from the semiconductor processing system; 
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 a tunable Fabry Perot cavity for tunably selecting a wavelength of the transmitted 

optical signal; 

 an array detector for detecting the wavelength-filtered optical signal; and 

 a controller for controlling at least the tunable Fabry Perot cavity and array 

detector, and for storing and processing images acquired by the array detector. 

 

13. The system of claim 12, wherein the semiconductor processing system is 

a plasma processing system, and the optical signal comprises a plasma optical 

emission signal. 

 

14. The system of claim 12, wherein the optical signal comprises a diffracted 

optical signal, the diffracted optical signal being formed by reflecting and diffracting an 

illumination beam from a surface of a substrate disposed in the semiconductor 

processing system. 

 

15. The system of claim 14, wherein the tunable Fabry Perot cavity is 

disposed in the illumination beam, for tunably selecting a wavelength of the illumination 

beam. 

16. A substrate inspection system comprising: 

 a stage for receiving a substrate to be inspected; 

 an illumination light source, for illuminating the substrate; 

 collecting optics, configured for collecting and transmitting an optical signal 

caused by illuminating the substrate; 

 a tunable Fabry Perot cavity for tunably selecting a wavelength of the transmitted 

optical signal; 

 an array detector for detecting the wavelength-filtered optical signal; and 

 a controller for controlling at least the tunable Fabry Perot cavity and array 

detector, and for storing and processing images acquired by the array detector. 

 

17. A method for diagnosing a plasma process step in a plasma processing 

system, comprising: 

 igniting a plasma in a plasma processing chamber of the plasma processing 

system; 
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 collecting a plasma optical emission signal through a window mounted in a wall 

of the plasma processing chamber, and through collecting optics; 

 directing the plasma optical emission signal from the collecting optics into a 

tunable Fabry Perot cavity for tunably selecting a wavelength of the collected plasma 

optical emission signal; 

 detecting the wavelength-filtered plasma optical emission signal using an array 

detector; and 

 storing and processing images acquired by the array detector in a controller, 

 wherein the controller is configured for controlling at least the tunable Fabry 

Perot cavity and the array detector. 

 

18. The method of claim 17, further comprising: 

 selectively tuning a passband wavelength of the tunable Fabry Perot cavity, 

across a range or multiple overlapping or non-overlapping ranges of wavelengths in the 

deep ultraviolet (DUV), ultraviolet (UV), visible (VIS), and infrared (IR) portions of the 

optical spectrum. 

 

19. The method of claim 18, further comprising: 

 forming an image cube, the image cube consisted of a set of images detected by 

the array detector, each image in the set being acquired at a wavelength defined by an 

instantaneous passband wavelength to which the tunable Fabry Perot cavity is tuned. 

 

20. The method of claim 19, further comprising: 

 determining an endpoint of the plasma process step from a sequence of plasma 

optical emission spectra formed from a sequence of image cubes acquired during the 

plasma process step. 

 

21. The method of claim 19, further comprising: 

 determining a relative concentration of at least one chemical constituent of the 

plasma from at least one plasma optical emission spectrum formed from at least one 

image cube. 
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22. A method for measuring at least one property of at least one layer or 

structure formed on a substrate disposed in a semiconductor processing system, 

comprising: 

 initiating a process step in the semiconductor processing system; 

 illuminating the substrate with an illumination beam, the portion of the 

illumination beam reflected and diffracted from the substrate forming a diffracted optical 

signal; 

 collecting the diffracted optical signal through a window mounted in a wall of the 

semiconductor processing system, and through collecting optics; 

 tunably selecting a wavelength of either the illumination beam or the diffracted 

optical signal using a tunable Fabry Perot cavity disposed in either the illumination 

beam or the diffracted optical signal, respectively, to form a wavelength-filtered 

diffracted optical signal; 

 detecting the wavelength-filtered diffracted optical signal using an array detector; 

and 

 storing and processing images acquired by the array detector in a controller, 

 wherein the controller is configured for controlling at least the tunable Fabry 

Perot cavity and the array detector. 

 

23. The method of claim 22, further comprising: 

 selectively tuning a passband wavelength of the tunable Fabry Perot cavity, 

across a range or multiple overlapping or non-overlapping ranges of wavelengths in the 

deep ultraviolet (DUV), ultraviolet (UV), visible (VIS), and infrared (IR) portions of the 

optical spectrum. 

 

24. The method of claim 23, further comprising: 

 forming an image cube, the image cube consisted of a set of images detected by 

the array detector, each image in the set being acquired at a wavelength defined by an 

instantaneous passband wavelength to which the tunable Fabry Perot cavity is tuned. 

 

25. The method of claim 24, further comprising: 

 determining at least one property of a layer or structure formed on the substrate 

from at least one diffracted optical spectrum derived from at least one image cube. 
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26. The method of claim 25, wherein the at least one property of a layer or 

structure on the substrate is a profile top critical dimension (CD), a profile bottom critical 

dimension (CD), a profile middle critical dimension (CD), a profile sidewall angle, a 

layer thickness, a layer optical property, or a remaining thickness of a layer being 

etched. 

 

27. The method of claim 24, further comprising: 

 determining an endpoint of the process step from a sequence of diffracted 

optical spectra derived from a sequence of image cubes acquired during the process 

step. 

  

28. The method of claim 24, further comprising: 

 determining a spatial correspondence of locations on the substrate and pixel 

locations in images of at least one selected image cube; and 

 deriving at least one diffracted optical spectrum from the at least one selected 

image cube.  

 

29. The method of claim 28, wherein the at least one diffracted optical 

spectrum is derived from a single selected pixel location across all images or a selected 

subset of images in the at least one selected image cube. 

 

30. The method of claim 28, wherein the at least one diffracted optical 

spectrum is derived from at least one selected region of pixel locations across all 

images or a selected subset of images in the at least one selected image cube. 

 

31. The method of claim 28, wherein the at least one diffracted optical 

spectrum is derived from all pixel locations across all images or a selected subset of 

images in the at least one selected image cube. 

 

32. The method of claim 24, wherein at least two diffracted optical spectra are 

derived from a single pixel location across all images or a selected subset of images in 

at least two image cubes, and wherein the single pixel location is selected such that a 



 

40  

rate of change of at least one light intensity between two derived diffracted optical 

spectra exceeds a pre-selected threshold rate of change of light intensity. 

 

33. The method of claim 24, wherein at least two diffracted optical spectra are 

derived from a region of pixel locations across all images or a selected subset of 

images in at least two image cubes, and wherein the region of pixel locations is 

selected such that a rate of change of at least one light intensity between two derived 

diffracted optical spectra exceeds a pre-selected threshold rate of change of light 

intensity. 

 

34. A method for inspecting a substrate in a substrate inspection system, 

comprising: 

 placing the substrate on a stage in the substrate inspection system; 

 illuminating the substrate with an illumination light source; 

 collecting an optical signal caused by illuminating the substrate, through 

collecting optics; 

 directing the collected optical signal from the collecting optics into a tunable 

Fabry Perot cavity for tunably selecting a wavelength of the collected optical signal; 

 detecting the wavelength-filtered signal using an array detector; and 

 storing and processing images acquired by the array detector in a controller, 

 wherein the controller is configured for controlling at least the tunable Fabry 

Perot cavity and the array detector. 

 

35. The method of claim 34, further comprising: 

 selectively tuning a passband wavelength of the tunable Fabry Perot cavity, 

across a range or multiple overlapping or non-overlapping ranges of wavelengths in the 

deep ultraviolet (DUV), ultraviolet (UV), visible (VIS), and infrared (IR) portions of the 

optical spectrum. 

 

36. The method of claim 35, further comprising: 

 forming an image cube, the image cube consisted of a set of images detected by 

the array detector, each image in the set being acquired at a wavelength defined by an 

instantaneous passband wavelength to which the tunable Fabry Perot cavity is tuned. 
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37. The method of claim 36, further comprising: 

 determining at least one property of the substrate, or of a layer or structure 

formed on the substrate from at least one optical spectrum derived from at least one 

image cube. 

 

38. The method of claim 36, further comprising: 

 determining a spatial correspondence of locations on the substrate and pixel 

locations in images of at least one selected image cube; and 

 determining at least one optical spectrum from the at least one selected image 

cube.  

 

39. The method of claim 38, wherein the at least one optical spectrum is 

derived from a single selected pixel location across all images or a selected subset of 

images in the at least one selected image cube. 

 

40. The method of claim 38, wherein the at least one optical spectrum is 

derived from at least one selected region of pixel locations across all images or a 

selected subset of images in the at least one selected image cube. 

 

41. The method of claim 38, wherein the at least one optical spectrum is 

derived from all pixel locations across all images or a selected subset of images in the 

at least one selected image cube. 

 




