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stored in an external wemory. In this regard, mgasurement
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CLAIMS

What is claimed is:

1. A metrology system comprising:
a mid-infrared Fourier Transform Infrared (FTIR)

pectrometer including:

€3]

at least one illumination source generating a
first amount of broadband illumination light including
wavelengths spanning a range from 2.5 micrometerg to
12 micrometers;

an interferometer receiving the first amount of
broadband i1llumination light and generating an amount
of FTIR illuminaticn light having a time varying

spectrum;

the amocunt of FTIR illumination 1light from the
interferometer to a FTIR measurement spot on a surface
of a specimen under measurement at one or more angles
of incidence, one or more azimuth angles, or a
combination thereof, wherein a size of the FTIR

measurement spot on the surface of the specimen is

()

]

m
less than 50 micrometers;

a FTIR collection optics subsystem collecting an
amount of FTIR collected light from the FTIR
measurement spot on the surface of the specimen in
response toe the amcunt of FTIR illumination light;

at least one FTIR detector having a surface
sensitive to incident lighit, the at least one FTIR
detecter detecting the amount of FTIR collected light
and generating FTIR output signals indicative of the

detected FTIR collected light; and

e
<>
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a computing system configured to generate an estimated
value of a first parameter of interest of the specimen
under measurement based on the FTIR outpul signals and the
time varying spectrum of the amcunt of FTIR illumination

light.

2. The metrolegy system of Claim 1, the at least one
illumination source generating illumination light
spanning a wavelength range from 2 micrometers to 20
micrometers.

3. The metrology system of Claim 1, wherein the mid-
infrared FTIR spectrometer includes a polarizing slement in
an optical path between the at least cne ililumination
source and the speciment under measurement, a polarizing
element in an optical path between the specimen under

measurement and the FTIR detector, or both.

4, The metreology system of Claim 1, wherein the at
least one illumination source includes a laser sustained
plasma (L8P} light source generating the first amocunt of

broadband illumination light.

5. The metrology system of Claim 1, wherein the at
least one illumination source includes an infrared
supercontinuum laser source generating the first amocunt of

broadband illuminaticon light.

6, The metrology system of Claim 1, wherein the at
least one illumination source includes a set of quantum

cascade laser sources generating the first amount of

breoadband illumination light,

4]
fomt
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7. The metrology system of Claim 1, wherein the at
least one illumination source includes a thermal
illumination source or a glicbar illumination source
generating the first amcunt of broadband illumination
light.

a. The metrology system of Claim 1, the mid-infrared
FTIR spectrcometer including a reflective obijective focusing
the amount of FTIR iilumination light ontc the FTIR
neasurement spot and collecting the amount of FTIR
collected light from the FTIR measurement spot, wherein the
amount of FTIR illumination light covers a first portion of
a pupili of the refliective objective and the amount of FTIR
collected light covers a second portion of the pupil of the
reflective cbjective that is spatially separate from the

first portion.

9. The metrology system of Claim 1, wherein the one
or more angles of incidence does not include a normal angle

of incidence.

10. The metrology system of Claim 1, wherein the one
or more angles of incidence are within a range of angles of

incidence from 5 degrees to 40 degrees.

11. The metrology system of Claim 1, wherein the at
least one FTIR detectcr is coocled by a Stirling cooler.

2. The metrology system of Claim 1, further
comprising:

a second metrology subsystem including:

try
(8]
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an illumination optics subsystem directing an
amount of illumination light from the at least one
illumination source to a measurement spot on the
surface of the specimen under measturement at one or
more angles of incidence, one or more azimuth angles,
or a combination thereof;

a collection optics subsystem collecting an
amount of collected light from the measurement spol on
the surface of the specimen in response to the amount
of illumination light;

at least one detector having a surface sensitive
Lo incident light, the at least one detector deteciing
the amount of collected light and generating output
signails indicative of the detected collected light,
wherein the computing system is further configured to
generate an estimated wvalue of a second parameter of
interest of the gpecimen under measurement based on

the output signals.

13. The mefrology system of Claim 12, wherein the

first and second parameters of interest are the same

parameter of interest.

14, The metrology system of Claim 12, wherein the

amount of illumination light includes wavelengths different

from the amcunt of FTIR 1liumination light.

15. The metrology system of Claim 12, wherein the
FTIR measurement spot and the measurement spot are
colocated.

16. The metrology system of Claim 12, wherein the

e
“s
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1

detecting of the amount of collected light and the
detecting of the amount of FI'IR collected light occurs

simultaneocusly.

17. The metrology system of Claim 12, wherein an
optical path of the mid-infrared FTIR spectromefer and an
optical path of the second metrology subsystem include a

reflective objective.

18. The metrology system of Claim 12, wherein the
second metrology subsystem is any of a spectroscopic
ellipsometer, a spectroscopic reflectometer, a
scatterometer, an X-ray based metrology subsystem, or a

hyperspectral imaging based metrology system.

19. A method comprising:

generating a first amount of broadband illumination
light including wavelengths spanning a range frem 2.5
nicrometers to 12 micremeters;

generating an amcunt of FTIR illumination lighi having
a time varying spectrum from the first amount of broadband
illumination light;

directing the amount of FTIR illumination light to a
FTIR measurement spot on a surface of a specimen under
measurement at one or more anglies of incidence, one or more

Y

azimuth angles, or a combination therecf, wherein a size of
the FTIR measurenent spot on the surface of the specimen is
less than 50 micrometers;

collecting an amount of FTIR collected light from the

FTIR measurement spot on the surface of the specimen in

response to the amount of FTIR illumination light;
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detecting the amount of FTIR collected light and
generating FTIR output signals indicative of the detected
FTIR collected light; and

determining an estimated value of a first parameter of
interest of the specimen under measurement based on the
FTIR cutput signals and the time varying spectrum of the

amount of FTIR illuminatiocn light.

20. The method of Claim 19, wherein the at least one
illumination source includes a laser sustained plasma (LEP)
light source generating the first amount of breadband

illumination light.

21. The method of Claim 19, wherein the one or more
Fag
L

angles of incidence does not incliude a normal angle o

incidence.

22 . The method of Claim 1%, further comprising:
pelarizing the amcount of FTIR illumination light, the

amount of FTIR collected light, or both.

23. The method of Claim 198, wherein the specimen
under measurement includes a three dimensional NAND

structure or a dynamic random access memory structure.

o

24, The method of Claim 19, further comprising:
directing an amount of illumination light from the at
least one illumination source to a measurement spot on the
surface of the gpecimen under measurement at one or more

angles of incidence, cne or more azimuth angles, or a

combination therecf;

e
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collecting an amount of collected light from the
measurement spot on the surface of the specimen in response
to the amount of illumination light;

detecting the amount of collected light and generating
output sigmals indicative of the detected colilected light;
and

determining an estimated value of a second parameter
of interest of the specimen under measurement based on the

output signals.

25, The method of Claim 24, wherein the first and
second parameters of interest are the same parameter of

interest,

26. The method of Claim 24, wherein the amount of
il¥umination light includes wavelengths different from the

amount of FTIR illuminaticon light,

27. 7The method of Claim 24, wherein the FTIR

measurement spot and the measurement spot are colocated.

28. The method of Claim 24, wherein the
detecting of the amount of collected light and the
detecting of the amcunt of FTIR collected light occurs

simultanecusly.

29, A metrology system comprising:
a mid-infrared Fourier Transform Infrared (FTIR)
spectrometer incliuding:
one or more illumination sources including a
laser sustained plasma (LSE} light source gensrating a

first amount of broadband illumination light ircluding

L
N
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wavelengths spanning a range from 2.5 micrometers to
12 micrometers;
an interfercmeter receiving the first amount of
roadband illumination light and generating an amount
of FTIR illumination light having a time varving
spectrumn;
an FTIR illumination optics subsystem directing
the amount of FTIR illumination light from the
interferometer to a FTIR measurement spot on a surfac
of a specimen under measurement at one or more angles
of incidence, one or more azimuth angles, or a
combination thereof, wherein a size of the FTIR
measurement spot on the surface of the specimen is
less than 50 micrometers:
a FTIR collecticon optics subsystem collecting an
amount of FTIR collected light from the FTIR
measurement spot on the surface of the specimen in

™

response to the amount of FTIR illumination light;

-y

at least cone FTIR detector having a surface
sensitive to incident light, the at least one FTIR
detector detecting the amount of FTIR collected light
and generating FTIR output signals indicative of the
detected FTIR collected light; and
a computing system configured to generate an estimated
value of a first parameter of interest of the specimen
under measurement based on the FTIR output signals and the
time varying spectrum of the amount of FTIR illumination

light.

30. The metrology svstem of Claim 29, wherein the one
or more angles of incidence does not include a normal angle

of incidence.

e
3
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31. The metrology system of Claim 29, wherein a

measurement channel of the mid-infrared FTIR spectrometer

includes a polarizing

e
ollection path, or bot

lement in an illumination path, a
b,

of the mid-infrared FTIR

spectrometer.

32, The metrology system of Claim 29, further

comprising:

a second metrology subsystem including:

an illumination optics subsystem directing an
amount of illumination light from the one or more
illumination sources to a measurement spot on the
surface of the specimen under measuremsnt at one or
more angles of incidence, one or more azimuth angles,
or a combination thereof;

a collection optics subsystem collecting an
amount of collected light from the measurement spot on
the surface of the specimen in response to the amount
of illumination light;

at least one detector having a surface sensitiwve
to incident light, the at least one detector detecting

the amount of ceollected light and generating cutput

signals indicative of the detected collected light,
wherein the computing system is further configured to
generate an estimated wvalue of a second parameter of
interest of the specimen under measurement based on

the cutput signals.

. The metrology system of Claim 32, wherein the

£ of 1llumination light is generated by the LSE light

e
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34, The metrology system of Claim 32, wherein the
first and second parameters of interest are the same

parameter of interest.

35, The metrology system cof Claim 32, wherein the
amount of illumination light includes wavelengths different

from the amount of FTIR illumination light.

36. The metrology system of Claim 32, wherein the
FTIR measurement spolt and the measurement spot are

=
colocated.

37. The metrology svstem of Claim 32, wherein the
detecting of the amount of collected Iight and the

detecting of the amount of FTIR collected light occur

simultanecusly.
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