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INSPECTING A MULTILAYER SAMPLE 
FIELD 

[ 0001 ] The embodiments discussed in this disclosure 
relate to inspecting a multilayer sample . 

the order of the layers in a multilayer sample , and the 
corresponding orientation of the layers , such as undetected 
upside - down multilayer samples , resulting in manufacturing 
defects during the automated manufacturing process . 
[ 0006 ] . The subject matter claimed in this disclosure is not 
limited to embodiments that solve any disadvantages or that 
operate only in environments such as those described above . 
Rather , this background is only provided to illustrate one 
example technology area where some embodiments 
described in this disclosure may be practiced . 

BACKGROUND 
[ 0002 ] During an automated manufacturing process , a 
multilayer sample of material , such as a multilayer wafer , 
may be inspected using conventional inspection systems to 
determine the overall thickness of the multilayer sample and 
to determine thicknesses of the various layers . During the 
automated manufacturing process , while the composition of 
each of the layers is often known , the order of the layers , and 
the corresponding orientation of the layers , is often 
unknown . 
[ 0003 ] For example , during an automated manufacturing 
process , a multilayer wafer may have a silicon layer and a 
silicon dioxide layer , and the multilayer wafer may need to 
be oriented with the silicon layer on top to allow the silicon 
layer to be ground down during the automated manufactur 
ing process to a specific thickness . Therefore , a conventional 
inspection system may be positioned above the multilayer 
wafer to inspect the multilayer wafer as it travels through the 
automated manufacturing process in order to measure the 
thickness of the top silicon layer to verify that the silicon 
layer is successfully ground down to the specific thickness . 
In this example , however , the multilayer wafer may inad 
vertently become turned upside down during the automated 
manufacturing process such that the silicon layer , which 
should be on the top to be exposed for grinding down , ends 
up on the bottom . While the conventional inspection system 
may be able to determine that the multilayer wafer has a top 
layer and a bottom layer , and may be able to determine the 
thicknesses of the top layer and the bottom layer , the 
conventional inspection system may be unable to determine 
which of the top and bottom layers is the silicon layer and 
which is the silicon dioxide layer . 
10004 ] In another example , during an automated silicon 
wafer thinning and packaging process , the detailed structure 
of a multilayer wafer may be unknown . In this automated 
process , identifying a remaining silicon thickness may 
involve determining a thickness of : the lowest layer of the 
structure if the multilayer wafer resides on grinding tape , the 
second - lowest layer if the multilayer wafer resides on dicing 
tape , or the third - lowest layer if the multilayer wafer resides 
on Die Attachment Film ( DAF ) tape attached to dicing tape . 
The exact thickness of the remaining silicon may be an 
important parameter for heat transfer in modern semicon 
ductor devices . While a conventional inspection system may 
be able to determine that the multilayer wafer has multiple 
layers , and may be able to determine the thicknesses of the 
layers , the conventional inspection system may be unable to 
determine the compositions and order of the layers . For 
example , a conventional inspection system may be unable to 
determine the thickness of a particular layer of a multilayer 
wafer , such as the layer that is intended to be the lowest layer 
of the multilayer wafer . 
[ 0005 ] Therefore , conventional inspection systems may be 
unable to correctly identify differences in the compositions 
of different layers of a multilayer sample during an auto 
mated manufacturing process . This inability of conventional 
inspection systems may result in undetected problems with 

SUMMARY 
[ 0007 ] One example embodiment may include a method 
for inspecting a multilayer sample . The method may include 
emitting , from a broadband light source , light over single 
mode optical fiber . The method may also include receiving , 
at a beam splitter , the light and splitting , at the beam splitter , 
the light into first and second portions . The method may 
further include directing , from the beam splitter , the first 
portion of the light toward a multilayer sample positioned a 
first optical distance from the beam splitter . The method may 
also include directing , from the beam splitter , the second 
portion of the light onto a reflector positioned a second 
optical distance from the beam splitter . The method may 
further include combining , at the beam splitter , the first 
portion of the light after being reflected from the multilayer 
sample and the second portion of the light after being 
reflected from the reflector . The method may also include 
directing , from the beam splitter , the combined light over the 
optical fiber . The method may further include receiving , at 
a computer - controlled system for analyzing Fabry - Perot 
fringes , the combined light over the optical fiber and spec 
trally analyzing the combined light using the system for 
analyzing Fabry - Perot fringes to determine a value of a total 
power impinging a slit of the system for analyzing Fabry 
Perot fringes . The method may also include determining an 
optical path difference ( OPD ) between an optical path of the 
first portion of the light and an optical path of the second 
portion of the light . The method may further include record 
ing an interferogram that plots the value versus the OPD for 
the OPD . The method may also include performing the 
previous acts of the method one or more additional times 
after decreasing the first optical distance by moving the 
multilayer sample closer to the beam splitter , or after 
increasing the second optical distance by moving the reflec 
tor further away from the beam splitter , resulting in a 
different OPD . The method may further include using the 
interferogram for each of the different OPDs to determine 
the thicknesses and order of the layers of the multilayer 
sample . 
[ 0008 ] In some embodiments , the method may further 
include receiving , at a directional element , the light from the 
broadband light source over the optical fiber and directing , 
from the directional element , the light to the beam splitter 
over the optical fiber . In some embodiments , the method 
may also include receiving , at the directional element , the 
combined light from the beam splitter and directing , from 
the directional element , the combined light to using the 
system for analyzing Fabry - Perot fringes . In some embodi 
ments , the method may further include positioning the 
multilayer sample so that the first optical distance is shorter 
than the second optical distance by more than a coherence of 
the light emitted by the broadband light source . In some 
embodiments , the spectrally analyzing of the combined light 
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embodiments , the computer may be configured to control 
the motion stage between measurements to change the OPD 
only until the OPD is less than an anticipated optical 
thickness of the multilayer sample . 
[ 0011 ] It is to be understood that both the foregoing 
summary and the following detailed description are explana 
tory and are not restrictive of the invention as claimed . 

at the system for analyzing Fabry - Perot fringes may be 
performed over all channels of the system for analyzing 
Fabry - Perot fringes . In some embodiments , the first optical 
distance may be decreased by an increment smaller than half 
of a wavelength of the first portion of the light . In some 
embodiments , the performing of the previous acts of the 
method may continue until the OPD is less than an antici 
pated optical thickness of the multilayer sample . In some 
embodiments , the method may further include positioning 
the multilayer sample so that the first optical distance is 
longer than the second optical distance by more than a 
coherence of the light emitted by the broadband light source . 
[ 0009 ] Another embodiment may include a system for 
inspecting a multilayer sample . The system may include 
single mode optical fiber , a broadband light source , a beam 
splitter , a system for analyzing Fabry - Perot fringes , a motion 
stage , and a computer . The broadband light source may be 
configured to emit light over the optical fiber . The beam 
splitter may be configured to receive the light from the 
broadband light source and split the light into first and 
second portions , direct the first portion of the light toward a 
multilayer sample positioned a first optical distance from the 
beam splitter , direct the second portion of the light onto a 
reflector positioned a second optical distance from the beam 
splitter , combine the first portion of the light after being 
reflected from the multilayer sample and the second portion 
of the light after being reflected from the reflector , and direct 
the combined light over the optical fiber . The system for 
analyzing Fabry - Perot fringes may be configured to receive 
the combined light over the optical fiber and to spectrally 
analyze the combined light to measure a value of a total 
power impinging a slit of the system for analyzing Fabry 
Perot fringes . The motion stage may be configured to 
decrease the first optical distance by moving the multilayer 
sample closer to the beam splitter or increase the second 
optical distance by moving the reflector further away from 
the beam splitter . The computer may be configured to 
control the system for analyzing Fabry - Perot fringes , deter 
mine an optical path difference ( OPD ) between an optical 
path of the first portion of the light and an optical path of the 
second portion of the light , record an interferogram that 
plots the value versus the OPD for each unique OPD , control 
the motion stage between measurements to change the OPD , 
and use the interferograms to determine the thicknesses and 
order of the layers of the multilayer sample . 
[ 0010 ] In some embodiments , the system further includes 
a directional element configured to receive the light from the 
broadband light source over the optical fiber , direct the light 
to the beam splitter over the optical fiber , receive the 
combined light from the beam splitter , and direct the com 
bined light to the system for analyzing Fabry - Perot fringes . 
In some embodiments , the system also includes a point 
detector configured to be employed when the system is 
operating in a Michelson interferometer mode and an optical 
switch configured to switch the combined light directed 
from directional element back and forth between the system 
for analyzing Fabry - Perot fringes and the point detector . In 
some embodiments , the system for analyzing Fabry - Perot 
fringes is configured to spectrally analyze the combined 
light over all channels of the system for analyzing Fabry 
Perot fringes . In some embodiments , the computer may be 
configured to control the motion stage between measure 
ments to only change the OPD by an increment smaller than 
half of a wavelength of the first portion of the light . In some 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0012 ] Example embodiments will be described and 
explained with additional specificity and detail through the 
use of the accompanying drawings in which : 
[ 0013 ] FIG . 1 illustrates a first example system for 
inspecting a multilayer sample ; 
[ 0014 ] FIG . 2 illustrates a second example system for 
inspecting a multilayer sample ; 
[ 00151 FIG . 3 illustrates a third example system for 
inspecting a multilayer sample ; 
[ 0016 ] FIG . 4 illustrates an example beam assembly that 
may be employed in the systems of FIGS . 1 - 3 ; 
[ 0017 ] FIG . 5A illustrates an example multilayer sample 
oriented upside down ; 
[ 0018 ] FIG . 5B illustrates the example multilayer sample 
of FIG . 5A oriented right side up ; 
[ 0019 ] FIGS . 6A and 6B illustrate simulated Michelson 
interferograms of radiation that may be obtained by the 
systems of FIGS . 1 - 3 from the two example multilayer 
samples of FIGS . 5A and 5B , respectively ; 
[ 0020 ] FIGS . 6C and 6D illustrate simulated Fabry - Perot 
fringes interferograms that may be obtained from the two 
example multilayer samples of FIGS . 5A and 5B , respec 
tively ; and 
[ 0021 ] FIGS . 7A , 7B , and 7C are a flowchart of an 
example method for inspecting a multilayer sample . 

DESCRIPTION OF EMBODIMENTS 
[ 0022 ] Unlike conventional inspection systems , the 
embodiments disclosed herein may be able to correctly 
determine both the thicknesses and the order of the layers of 
a multilayer sample . 
[ 0023 ] For example , during an automated manufacturing 
process , a multilayer wafer may have a silicon layer and a 
silicon dioxide layer , and the multilayer wafer may need to 
be oriented with the silicon layer on top to allow the silicon 
layer to be ground down during the automated manufactur 
ing process to a specific thickness . The embodiments dis 
closed herein may be positioned above the multilayer wafer 
to inspect the multilayer wafer as it travels through the 
automated manufacturing process in order to measure the 
thickness of the top silicon layer to verify that the silicon 
layer is successfully ground down to the specific thickness . 
In this example , the multilayer wafer may inadvertently 
become turned upside down during the automated manufac 
turing process such that the silicon layer , which should be on 
the top to be exposed for grinding down , ends up on the 
bottom . The embodiments disclosed herein may be able to 
determine that the multilayer wafer has a top layer and a 
bottom layer , may be able to determine the thicknesses of the 
top layer and the bottom layer , and may be able to determine 
that the top layer is the silicon dioxide and the bottom layer 
is the silicon layer . Therefore , in this situation where the 
multilayer wafer inadvertently becomes turned upside down 
during the automated manufacturing process , the embodi 
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ments disclosed herein may be able to determine that there 
is a problem , which may avoid the silicon dioxide layer of 
the multilayer wafer being improperly ground down . 
[ 0024 ] In another example , the use of systems that deter 
mine wafer thickness using spectral Fabry - Perot fringe 
analysis may measure only intensity of reflected radiation 
and may lose information about the change of the phase of 
the radiation during the reflection process . In contrast , 
interferometers may retain this phase information . Thus , 
interferograms collected by interferometers , such as Michel 
son interferometers , may contain more information than the 
intensity spectra . Therefore , embodiments disclosed herein 
may be employed to utilize a system that determines wafer 
thickness using spectral Fabry - Perot fringe analysis 
equipped with an additional reference mirror in order to 
collect interferograms . 
10025 ) . Therefore , the embodiments disclosed herein may 
be able to correctly identify differences in the compositions 
of different layers of a multilayer sample during an auto 
mated manufacturing process . This ability of the embodi 
ments disclosed herein may result in the detection of prob 
lems with the order of the layers in a multilayer sample , and 
the corresponding orientation of the layers , such as an 
upside - down multilayer sample , thereby avoiding manufac 
turing defects during the automated manufacturing process . 
[ 0026 ] Embodiments of the present disclosure will be 
explained with reference to the accompanying drawings . 
[ 0027 ] FIG . 1 illustrates a first example system 100 for 
inspecting a multilayer sample 500 , arranged in accordance 
with at least some embodiments described in this disclosure . 
In general , the system 100 may be configured to inspect the 
multilayer sample 500 to correctly determine the number of 
layers , the thickness of each layer , the composition of each 
layer , the order of the layers , and the corresponding orien 
tation of the layers . To perform the inspection , the system 
100 may include single mode optical fibers 102 - 110 , a 
broadband light source 112 , a directional element 113 , a 
beam splitter 114 , a reflector 116 , a system 118 for analyzing 
Fabry - Perot fringes and a computer 120 . 
[ 0028 ] In some embodiments , the broadband light source 
112 may be configured to emit light over the optical fiber 

beam splitter 114 and direct the combined light over the 
optical fiber 110 toward the system 118 for analyzing 
Fabry - Perot fringes . 
10032 ] In some embodiments , the system 118 for analyz 
ing Fabry - Perot fringes may be configured to receive the 
combined light over the optical fiber 110 . The system 118 for 
analyzing Fabry - Perot fringes may be further configured to 
spectrally analyze the combined light to measure a value of 
a total power impinging a slit of the system 118 for analyz 
ing Fabry - Perot fringes . In some embodiments , the system 
118 for analyzing Fabry - Perot fringes may be configured to 
spectrally analyze the combined light over all channels of 
the system 118 for analyzing Fabry - Perot fringes . In some 
embodiments , the system 118 for analyzing Fabry - Perot 
fringes may include spectrometer . In some embodiments , the 
system 118 for analyzing Fabry - Perot fringes may include a 
spectrometer combined with an etalon filter . An example of 
the system 118 for analyzing Fabry - Perot fringes that com 
bines a spectrometer with an etalon filter is disclosed in U . S . 
patent application Ser . No . 15 / 410 , 328 , filed Jan . 19 , 2017 , 
which is incorporated herein by reference in its entirety . 
[ 0033 ] In some embodiments , the system 100 may further 
include one or more motion stages ( not shown ) configured 
to reposition the reflector 116 and / or the multilayer sample 
500 closer to , or further away from , the beam splitter 114 . In 
some embodiments , the one or more motion stages may be 
configured to decrease the first optical distance D1 by 
moving the multilayer sample 500 closer to the beam splitter 
114 . In some embodiments , the one or more motion stages 
may be configured to increase the second optical distance 
D2 by moving the reflector 116 further away from the beam 
splitter 114 . In some embodiments the one or more motion 
stages may be configured to both decrease the first optical 
distance D1 by moving the multilayer sample 500 closer to 
the beam splitter 114 as well as increase the second optical 
distance D2 by moving the reflector 116 further away from 
the beam splitter 114 . In some embodiments , the system 100 
may allow measurement of the first optical distance D1 and 
may be used to measure the topography , bow , and warp of 
the multilayer sample 500 . 
[ 0034 ] In some embodiments , the computer 120 may be 
configured to control the system 118 for analyzing Fabry 
Perot fringes , determine an optical path difference ( OPD ) 
between an optical path of the first portion of the light and 
an optical path of the second portion of the light , record an 
interferogram that plots the value versus the OPD for each 
unique OPD , control the motion stage between measure 
ments to change the OPD , and use the interferograms to 
determine the thicknesses and order of the layers of the 
multilayer sample 500 . In some embodiments , the computer 
120 may be configured to control the one or more motion 
stages between measurements to only change the OPD by an 
increments smaller than half of a wavelength of the first 
portion of the light . In some embodiments , the computer 
may be configured to control the motion stage between 
measurements to change the OPD by an increment equal to 
or larger than half of a wavelength of the first portion of the 
light . In some embodiments , the computer 120 may be 
configured to control the one or more motion stages between 
measurements to change the OPD only until the OPD is less 
than an anticipated optical thickness of the multilayer 
sample 500 . 
[ 0035 ] In some embodiments , the computer 120 may 
include a processor and a memory . The processor may 

102 . 
10029 ] In some embodiments , the directional element 113 
may be configured to receive the light from the broadband 
light source 112 and direct the light over the optical fiber 104 
to the beam splitter 114 . 
[ 0030 ] In some embodiments , the beam splitter 114 may 
be configured to receive the light from the directional 
element 113 and split the light into first and second portions . 
The beam splitter 114 may also be configured to direct the 
first portion of the light over the optical fiber 106 toward the 
multilayer sample 500 positioned a first optical distance D1 
from the beam splitter 114 . The beam splitter 114 may 
further be configured to direct the second portion of the light 
over the optical fiber 108 onto the reflector 116 positioned a 
second optical distance D2 from the beam splitter 114 . The 
beam splitter 114 may also be configured to combine the first 
portion of the light after being reflected from the multilayer 
sample 500 and the second portion of the light after being 
reflected from the reflector 116 . The beam splitter 114 may 
further be configured to direct the combined light over the 
optical fiber 104 back toward the directional element 113 . 
[ 0031 ] In some embodiments , the directional element 113 
may be configured to receive the combined light from the 
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include , for example , a microprocessor , microcontroller , 
digital signal processor ( DSP ) , application - specific inte 
grated circuit ( ASIC ) , a Field - Programmable Gate Array 
( FPGA ) , or any other digital or analog circuitry configured 
to interpret and / or to execute program instructions and / or to 
process data . In some embodiments , the processor may 
interpret and / or execute program instructions and / or process 
data stored in the memory . The processor may execute 
instructions to perform operations with respect to the system 
118 for analyzing Fabry - Perot fringes and the one or more 
motion stages in order to determine the thicknesses and 
order of the layers of the multilayer sample 500 . The 
memory may include any suitable computer - readable media 
configured to retain program instructions and / or data for a 
period of time . By way of example , and not limitation , such 
computer - readable media may include tangible and / or non 
transitory computer - readable storage media including Ran 
dom Access Memory ( RAM ) , Read - Only Memory ( ROM ) , 
Electrically Erasable Programmable Read - Only Memory 
( EEPROM ) , Compact Disc Read - Only Memory ( CD - ROM ) 
or other optical disk storage , magnetic disk storage or other 
magnetic storage devices , flash memory devices ( e . g . , solid 
state memory devices ) , or any other storage medium which 
may be used to carry or store desired program code in the 
form of computer - executable instructions or data structures 
and which may be accessed by a general - purpose or special 
purpose computer . Combinations of the above may also be 
included within the scope of computer - readable media . 
Computer - executable instructions may include , for example , 
instructions and data that cause a general - purpose computer , 
special - purpose computer , or special - purpose processing 
device to perform a certain function or group of functions . 
[ 0036 ] The system 100 may be advantageously employed 
to inspect the multilayer sample 500 to correctly determine 
the number of layers , the thickness of each layer , the 
composition of each layer , the order of the layers , and the 
corresponding orientation of the layers . The system 100 may 
be advantageously employed in a variety of environments , 
such as an automated manufacturing process . For example , 
where the multilayer sample 500 includes a silicon layer and 
a silicon dioxide layer , and where it is important that the 
silicon layer be on top , the system 100 may be able to detect 
that the multilayer sample 500 is upside down as disclosed 
in FIG . 1 , and thereby halt the automated manufacturing 
process until the orientation of the multilayer sample 500 is 
corrected in order to avoid manufacturing defects during the 
automated manufacturing process . 
[ 0037 ] FIG . 2 illustrates a second example system 200 for 
inspecting the multilayer sample 500 , arranged in accor 
dance with at least some embodiments described in this 
disclosure . The system 200 of FIG . 2 is similar to the system 
100 of FIG . 1 , except that the system 200 eliminates the 
directional element 113 , the beam splitter 114 , and the 
optical fiber 104 , and replaces these three components with 
a beam splitter / directional element 115 . The beam splitter / 
directional element 115 of FIG . 2 combines the functionality 
of the directional element 113 and the beam splitter 114 of 
FIG . 1 . Otherwise , the system 200 of FIG . 2 functions 
similarly to the system 100 of FIG . 1 . 
[ 0038 ] FIG . 3 illustrates a third example system 300 for 
inspecting the multilayer sample 500 , arranged in accor 
dance with at least some embodiments described in this 
disclosure . The system 300 of FIG . 3 is similar to the system 

100 of FIG . 1 , except that the system 300 adds an optical 
switch 122 , optical fibers 124 and 126 , and a point detector 
128 . 
[ 0039 ] In some embodiments , the optical switch 122 may 
be controlled by the computer 120 and may be configured to 
switch the combined light directed from directional element 
113 over the optical fiber 110 back and forth between the 
system 118 for analyzing Fabry - Perot fringes , over the 
optical fiber 124 , and the point detector 128 , over the optical 
fiber 126 . The point detector 128 may be configured to be 
employed when the system 300 is operating in a Michelson 
interferometer mode , and may be controlled by the computer 
120 in a similar manner as the system 118 for analyzing 
Fabry - Perot fringes is controlled by the computer 120 . 
[ 0040 ] For example , one may observe multiple reflections 
of light in single - layer and multilayer samples manifested in 
multiple interference peaks in Michelson interferograms . 
These reflections may be caused by multiple light reflections 
from various sample interfaces . Light may be reflected back 
and forth several times inside the sample before the light 
leaves the sample . These multiple scattering ( reflection ) 
paths may cause complications during Michelson interfero 
gram analysis . By combining a Michelson interferometer 
with a Fabry - Perot interferometer , the analysis can be made 
easier . Fabry - Perot interferograms may help to determine 
the thicknesses of various layers residing in the samples 
faster and more accurately , while Michelson interferograms 
may help to determine their order ( or sequence ) relative to 
a probe head . An interferogram may contain more informa 
tion about a sample since it contains information about 
phase and magnitude of the reflected electromagnetic wave 
from the sample , while the reflected spectrum intensity may 
only contain information about amplitude of the reflected 
radiation . 
10041 ] FIG . 4 illustrates an example beam assembly 400 
that may be employed in the systems 100 , 200 , and 300 of 
FIGS . 1 - 3 , arranged in accordance with at least some 
embodiments described in this disclosure . In particular , the 
beam assembly 400 may be employed in place of the beam 
splitter 114 and optical fibers 106 and 108 in the systems 100 
and 300 of FIGS . 1 and 3 , and may be employed in place of 
the beam splitter functionality of the beam splitter / direc 
tional element 115 and the optical fibers 106 and 108 of the 
system 200 of FIG . 2 . 
[ 0042 ] In some embodiments , the beam assembly 400 may 
include lenses 402 and 404 . The beam assembly 400 may 
also include a beam splitter 406 and a reflector 408 . The lens 
402 may be configured to receiving the light over the optical 
fiber 102 or 104 and collimate and direct the light toward the 
beam splitter 406 . The beam splitter 406 may be configured 
to split the light from the lens 402 into first and second 
portions , direct the first portion of the light toward the lens 
404 , and direct the second portion of the light onto the 
reflector 408 . The lens 404 may be configured to receive the 
first portion of the light from the beam splitter 406 , direct the 
first portion of the light toward the multilayer sample 500 , 
and direct the first portion of the light after being reflected 
from the multilayer sample 500 back toward the beam 
splitter 406 . Further , the reflector 408 may be configured to 
receive the second portion of the light from the beam splitter 
406 and reflect the second portion of the light back toward 
the beam splitter 406 . The beam splitter 406 may be further 
configured to combine the first portion of the light after 
being reflected from the multilayer sample 500 and the 
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second portion of the light after being reflected from the 
reflector 408 , and then direct the combined light toward the 
lens 402 . Finally , the lens 402 may be configured to receive 
the combined light and direct the combined light over the 
optical fiber 102 or 104 . 
[ 0043 ] The beam assembly 400 may further include one or 
more motion stages ( not shown ) configured to reposition the 
reflector 408 and / or the multilayer sample 500 closer to , or 
further away from , the beam splitter 406 , in order to adjust 
the optical distances D1 and D2 , similarly to the one or more 
motion stages discussed above in connection with FIG . 1 . 
10044 ] FIG . 5A illustrates the example multilayer sample 
500 oriented upside down and FIG . 5B illustrates the 
example multilayer sample 500 oriented right - side up . In 
some embodiments , the multilayer sample 500 may be 
involved in an automated manufacturing process where it is 
important that the silicon layer be on top . Therefore , in this 
scenario , the multilayer sample 500 of FIG . 5A is upside 
down and the multilayer sample 500 of FIG . 5B is right - side 
up . The systems 100 , 200 , and 300 disclosed herein may be 
employed to detect that the multilayer sample 500 of FIG . 
5A is upside down , and may thereby avoid manufacturing 
defects during the automated manufacturing process by 
halting the automated manufacturing process until the ori 
entation of the multilayer sample 500 is corrected as dis 
closed in FIG . 5B . 
[ 0045 ] FIGS . 6A and 6B illustrate simulated Michelson 
interferograms 600a and 600b of radiation that may be 
obtained by the systems 100 , 200 , and 300 of FIGS . 1 - 3 from 
the two orientations of the multilayer sample 500 of FIGS . 
5A and 5B , respectively . FIGS . 6C and 6D illustrate simu 
lated Fabry - Perot fringes interferograms 600c and 600d that 
may be obtained from the two example multilayer samples 
of FIGS . 5A and 5B , respectively . In contrast to the simu 
lated Fabry - Perot fringes interferograms 600c and 600d of 
FIGS . 6C and 6D which appear identical , the simulated 
Michelson interferograms 600a and 600b appear different . 
As disclosed in the simulated Michelson interferograms 
600a and 600b , the systems 100 , 200 , and 300 of FIGS . 1 - 3 
may be able to distinguish between the silicon layer being on 
the top ( as indicated in the simulated Michelson interfero 
gram 600a ) and the silicon layer being on the bottom ( as 
indicated in the simulated Michelson interferogram 6006 ) . 
Additionally , due to multiple reflections in the simulated 
Michelson interferograms 600a and 6005 , the simulated 
Fabry - Perot interferograms 6000 and 600d may be 
employed to help define the number of layers in the multi 
layer sample 500 , while the simulated Michelson interfero 
grams 600a and 600b may be employed to help define the 
order of the layers relative to the systems 100 , 200 , and 300 
of FIGS . 1 - 3 . Thus the thickness and order of the layers of 
the multilayer sample 500 of FIGS . 5A and 5B may be 
determined using the systems 100 , 200 , and 300 of FIGS . 
1 - 3 . 
[ 0046 ] FIGS . 7A , 7B , and 7Care a flowchart of an 
example method 700 for inspecting a multilayer sample , 
arranged in accordance with at least some embodiments 
described in this disclosure . The method 700 may be imple 
mented , in some embodiments , by a system , such as any of 
the systems 100 , 200 , and 300 of FIGS . 1 , 2 , and 3 , 
respectively . Although illustrated as discrete blocks , various 
blocks may be divided into additional blocks , combined into 
fewer blocks , or eliminated , depending on the desired imple 
mentation . 

[ 0047 ] Block 702 may include emitting , from a broadband 
light source , light over single mode optical fiber . For 
example , the broadband light source 112 of FIG . 2 may emit , 
at block 702 , light over the single mode optical fiber 102 . 
[ 0048 ] Block 704 may include receiving , at a beam split 
ter , the light and splitting , at the beam splitter , the light into 
first and second portions . For example , the beam splitter / 
directing element 115 of FIG . 2 may receive , at block 704 , 
the light over the single mode optical fiber 102 and may split 
the light into first and second portions . 
[ 0049 ] The block 706 may include directing , from the 
beam splitter , the first portion of the light toward a multi 
layer sample positioned a first optical distance from the 
beam splitter . For example , the beam splitter / directing ele 
ment 115 of FIG . 2 may direct , at block 706 , the first portion 
of the light over the optical fiber 106 toward the multilayer 
sample 500 positioned a first optical distance D1 from the 
beam splitter / directing element 115 . 
[ 0050 ] The block 708 may include directing , from the 
beam splitter , the second portion of the light onto a reflector 
positioned a second optical distance from the beam splitter . 
For example , the beam splitter / directing element 115 of FIG . 
2 may direct , at block 708 , the second portion of the light 
over the optical fiber 108 onto the reflector 116 positioned a 
second optical distance D2 from the beam splitter / directing 
element 115 . 
[ 0051 ] The block 710 may include combining , at the beam 
splitter , the first portion of the light after being reflected from 
the multilayer sample and the second portion of the light 
after being reflected from the reflector . For example , the 
beam splitter / directing element 115 of FIG . 2 may combine , 
at block 710 , the first portion of the light after being reflected 
from the multilayer sample 500 and the second portion of the 
light after being reflected from the reflector 116 . 
[ 0052 ] The block 712 may include directing , from the 
beam splitter , the combined light over the optical fiber . For 
example , the beam splitter / directing element 115 of FIG . 2 
may direct , at block 712 , the combined light over the optical 
fiber 110 . 
[ 0053 ] The block 714 may include receiving , at a com 
puter - controlled system for analyzing Fabry - Perot fringes , 
the combined light over the optical fiber and spectrally 
analyzing the combined light using the system for analyzing 
Fabry - Perot fringes to determine a value of a total power 
impinging a slit of the system for analyzing Fabry - Perot 
fringes . For example , the system 118 for analyzing Fabry 
Perot fringes of FIG . 2 may receive , at block 714 , the 
combined light over the optical fiber 110 and spectrally 
analyze the combined light to determine a value of a total 
power impinging a slit of the system 118 for analyzing 
Fabry - Perot fringes . In some embodiments , the spectral 
analysis may be performed over all channels of the system 
for analyzing Fabry - Perot fringes . 
[ 0054 ] The block 716 may include determining an optical 
path difference ( OPD ) between an optical path of the first 
portion of the light and an optical path of the second portion 
of the light . For example , the computer 120 of FIG . 2 may 
determine , at block 716 , an optical path difference ( OPD ) 
between an optical path of the first portion of the light and 
an optical path of the second portion of the light . 
[ 0055 ] The block 718 may include recording an interfero 
gram that plots the value versus the OPD for the OPD . For 
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example , the computer 120 of FIG . 2 may record , at block 
718 , an interferogram that plots the value versus the OPD for 
the OPD . 
[ 0056 ] The decision block 720 may include determining 
whether the OPD is less than an anticipated optical thickness 
of the multilayer sample . If so ( Yes at the decision block 
720 ) , the method may conclude with block 726 . If not ( No 
at decision block 720 ) , the method may continue with either 
block 722 or block 724 and then return to block 702 . 
[ 0057 ] The block 722 may include decreasing the first 
optical distance by moving the multilayer sample closer to 
the beam splitter resulting in a different OPD . For example , 
the computer 120 of FIG . 2 may decrease , at block 722 , the 
first optical distance D1 moving the multilayer sample 500 , 
using a motion stage for example , closer to the beam 
splitter / directing element 115 resulting in a different OPD . In 
some embodiments , the first optical distance may be 
decreased at block 722 by an increment smaller than half of 
a wavelength of the first portion of the light . 
[ 0058 ] The block 724 may include increasing the second 
optical distance by moving the reflector further away from 
the beam splitter resulting in a different OPD . For example , 
the computer 120 of FIG . 2 may increase , at block 724 , the 
second optical distance D2 by moving the reflector 116 , 
using a motion stage for example , further away from the 
beam splitter / directing element 115 resulting in a different 
OPD . In some embodiments , the second optical distance 
may be increased at block 724 by an increment smaller than 
half of a wavelength of the first portion of the light . 
[ 0059 ] After a different OPD has been achieved in block 
722 or block 724 , the method may return to block 702 and 
repeat blocks 702 - 720 with the different OPD . This process 
may be iteratively repeated until the OPD is less than an 
anticipated optical thickness of the multilayer sample , at 
which point the method may continue to block 726 . 
[ 0060 ] Block 726 may include using the recorded inter 
ferogram for each of the different OPDs to determine the 
thicknesses and order of the layers of the multilayer sample . 
For example , the computer 120 of FIG . 2 may use , at block 
726 , the recorded interferogram for each of the different 
OPDs to determine the thicknesses and order of the layers of 
the multilayer sample 500 . In this example , the computer 
120 of FIG . 2 may determine that the top layer of the 
multilayer sample 500 is the silicon dioxide layer with a 
thickness of 10 microns ( see FIG . 5A ) , and the bottom layer 
of the multilayer sample 500 is the silicon layer with a 
thickness of 120 microns ( see FIG . 5A ) . 
[ 0061 ] One skilled in the art will appreciate that , for this 
and other methods disclosed in this disclosure , the blocks of 
the methods may be implemented in differing order . Fur 
thermore , the blocks are only provided as examples , and 
some of the blocks may be optional , combined into fewer 
blocks , or expanded into additional blocks . 
[ 0062 ] For example , in some embodiments , an additional 
block may be included in the method 700 that includes 
positioning the multilayer sample so that the first optical 
distance is shorter than the second optical distance by more 
than a coherence of the light emitted by the broadband light 
source . For example , the multilayer sample 500 of FIG . 2 
may be positioned prior to block 702 so that the first optical 
distance D1 is shorter than the second optical distance D2 by 
more than a coherence of the light emitted by the broadband 
light source 112 . 

[ 0063 ] Further , in some embodiments , an additional block 
may be included in the method 700 that includes positioning 
the multilayer sample so that the first optical distance is 
longer than the second optical distance by more than a 
coherence of the light emitted by the broadband light source . 
For example , the multilayer sample 500 of FIG . 2 may be 
positioned prior to block 702 so that the first optical distance 
D1 is longer than the second optical distance D2 by more 
than a coherence of the light emitted by the broadband light 
source 112 . 
[ 0064 ] Terms used in this disclosure and especially in the 
appended claims ( e . g . , bodies of the appended claims ) are 
generally intended as " open " terms ( e . g . , the term “ includ 
ing ” should be interpreted as “ including , but not limited to , " 
the term “ having ” should be interpreted as “ having at least , " 
the term “ includes ” should be interpreted as “ includes , but 
is not limited to , ” etc . ) . 
[ 0065 ] Additionally , if a specific number of an introduced 
claim recitation is intended , such an intent will be explicitly 
recited in the claim , and in the absence of such recitation no 
such intent is present . For example , as an aid to understand 
ing , the following appended claims may contain usage of the 
introductory phrases “ at least one ” and “ one or more ” to 
introduce claim recitations . However , the use of such 
phrases should not be construed to imply that the introduc 
tion of a claim recitation by the indefinite articles “ a ” or “ an " 
limits any particular claim containing such introduced claim 
recitation to embodiments containing only one such recita 
tion , even when the same claim includes the introductory 
phrases “ one or more ” or “ at least one ” and indefinite 
articles such as “ a ” or “ an " ( e . g . , " a " and / or " an " should be 
interpreted to mean " at least one ” or “ one or more ” ) ; the 
same holds true for the use of definite articles used to 
introduce claim recitations . 
100661 In addition , even if a specific number of an intro 
duced claim recitation is explicitly recited , those skilled in 
the art will recognize that such recitation should be inter 
preted to mean at least the recited number ( e . g . , the bare 
recitation of “ two recitations , ” without other modifiers , 
means at least two recitations , or two or more recitations ) . 
Furthermore , in those instances where a convention analo 
gous to " at least one of A , B , and C , etc . ” or “ one or more 
of A , B , and C , etc . ” is used , in general such a construction 
is intended to include A alone , B alone , C alone , A and B 
together , A and C together , B and C together , or A , B , and 
C together , etc . For example , the use of the term “ and / or ” is 
intended to be construed in this manner . 
[ 0067 ] Further , any disjunctive word or phrase presenting 
two or more alternative terms , whether in the description of 
embodiments , claims , or drawings , should be understood to 
contemplate the possibilities of including one of the terms , 
either of the terms , or both terms . For example , the phrase 
“ Aor B ” should be understood to include the possibilities of 
“ A ” or “ B ” or “ A and B . ” 
[ 0068 ] All examples and conditional language recited in 
this disclosure are intended for pedagogical objects to aid 
the reader in understanding the invention and the concepts 
contributed by the inventor to furthering the art , and are to 
be construed as being without limitation to such specifically 
recited examples and conditions . Although embodiments of 
the present disclosure have been described in detail , it 
should be understood that various changes , substitutions , 
and alterations could be made hereto without departing from 
the spirit and scope of the present disclosure . 
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1 . A method for inspecting a multilayer sample , the 
method comprising : 

( b ) emitting light from a broadband light source ; 
( c ) receiving , at a beam splitter , the light and splitting , at 

the beam splitter , the light into first and second por 
tions ; 

( d ) directing , from the beam splitter , the first portion of 
the light toward a multilayer sample positioned a first 
optical distance from the beam splitter ; 

( e ) directing , from the beam splitter , the second portion of 
the light onto a reflector positioned a second optical 
distance from the beam splitter ; 

( f ) combining , at the beam splitter , the first portion of the 
light after being reflected from the multilayer sample 
and the second portion of the light after being reflected 
from the reflector ; 

( g ) directing , from the beam splitter , the combined light 
toward a system for analyzing Fabry - Perot fringes ; 

( h ) receiving , at a computer - controlled etalon filter 
included in the system for analyzing Fabry - Perot 
fringes , the combined light , filtering the combined light 
at the computer - controlled etalon filter , directing , from 
the computer - controlled etalon filter , the filtered light 
over a single - mode optical fiber , receiving , at a com 
puter - controlled spectrograph included in the system 
for analyzing Fabry - Perot fringes , the filtered light over 
the single - mode optical fiber , and spectrally analyzing , 
the filtered light using the computer - controlled spec 
trograph to determine a value of a total power imping 
ing a slit of the system for analyzing Fabry - Perot 
fringes ; 

( i ) determining an optical path difference ( OPD ) between 
an optical path of the first portion of the light and an 
optical path of the second portion of the light ; 

( j ) recording an interferogram that plots the value versus 
the OPD for the OPD ; 

( k ) performing ( b ) - ( i ) one or more additional times after 
decreasing the first optical distance by moving the 
multilayer sample closer to the beam splitter resulting 
in a different OPD ; and 

( 1 ) using the interferogram for each of the different OPDs 
to determine the thicknesses and order of the layers of 
the multilayer sample . 

2 . The method of claim 1 , further comprising : 
( b1 ) receiving , at a directional element , the light from the 
broadband light source and directing , from the direc 
tional element , the light to the beam splitter ; and 

( 62 ) the method further comprises receiving , at the direc 
tional element , the combined light from the beam 
splitter and directing , from the directional element , the 
combined light to using the system for analyzing 
Fabry - Perot fringes . 

3 . The method of claim 1 , further comprising : 
( a ) positioning the multilayer sample so that the first 

optical distance is shorter than the second optical 
distance by more than a coherence of the light emitted 
by the broadband light source at ( b ) . 

4 . The method of claim 1 , wherein the spectrally analyz 
ing of the combined light at the system for analyzing 
Fabry - Perot fringes at ( h ) is performed over all channels of 
the system for analyzing Fabry - Perot fringes . 

5 . The method of claim 1 , wherein the first optical 
distance is decreased at ( k ) by an increment smaller than half 
of a wavelength of the first portion of the light . 

6 . The method of claim 5 , wherein ( b ) - ( j ) are performed 
at ( k ) until the OPD is less than an anticipated optical 
thickness of the multilayer sample . 

7 . ( canceled ) 
8 . A method for inspecting a multilayer sample , the 

method comprising : 
( a ) positioning a multilayer sample from a beam splitter 

so that a first optical distance from the multilayer 
sample to the beam splitter is longer than a second 
optical distance from the beam splitter to a reflector by 
more than a coherence of light emitted by a broadband 
light source ; 

( b ) emitting light from the broadband light source ; 
( c ) receiving , at the beam splitter , the light and splitting , 

at the beam splitter , the light into first and second 
portions ; 

( d ) directing , from the beam splitter , the first portion of 
the light toward the multilayer sample positioned the 
first optical distance from the beam splitter ; 

( e ) directing , from the beam splitter , the second portion of 
the light onto the reflector positioned the second optical 
distance from the beam splitter ; 

( f ) combining , at the beam splitter , the first portion of the 
light after being reflected from the multilayer sample 
and the second portion of the light after being reflected 
from the reflector ; 

( g ) directing , from the beam splitter , the combined light 
toward a system for analyzing Fabry - Perot fringes ; 

( h ) receiving , at a computer - controlled etalon filter 
included in the system for analyzing Fabry - Perot 
fringes , the combined light , filtering the combined light 
at the computer - controlled etalon filter , directing , from 
the computer - controlled etalon filter , the filtered light 
over a single - mode optical fiber , receiving , at a com 
puter - controlled spectrograph included in the system 
for analyzing Fabry - Perot fringes , the filtered light over 
the single - mode optical fiber , and spectrally analyzing 
the filtered light using the computer - controlled spec 
trograph to determine a value of a total power imping 
ing a slit of the system for analyzing Fabry - Perot 
fringes ; 

( i ) determining an optical path difference ( OPD ) between 
an optical path of the first portion of the light and an 
optical path of the second portion of the light ; 

( ) recording an interferogram that plots the value versus 
the OPD for the OPD ; 

( k ) performing ( a ) - ( j ) one or more additional times after 
increasing the second optical distance by moving the 
reflector further away from the beam splitter resulting 
in a different OPD ; and 

( 1 ) using the interferogram for each of the different OPDs 
to determine the thicknesses and order of the layers of 
the multilayer sample . 

9 . The method of claim 8 , further comprising : 
( b1 ) receiving , at a directional element , the light from the 

broadband light source optical fiber and directing , from 
the directional element , the light to the beam splitter ; 
and 

( 62 ) the method further comprises receiving , at the direc 
tional element , the combined light from the beam 
splitter and directing , from the directional element , the 
combined light to the system for analyzing Fabry - Perot 
fringes . 

10 . ( canceled ) 
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11 . The method of claim 8 , wherein the spectrally ana 
lyzing of the combined light at the system for analyzing 
Fabry - Perot fringes at ( h ) is performed over all channels of 
the system for analyzing Fabry - Perot fringes . 

12 . The method of claim 8 , wherein the second optical 
distance is increased at ( k ) by an increment smaller than half 
of a wavelength of the first portion of the light . 

13 . The method of claim 12 , wherein ( a ) - ( j ) are performed 
at ( k ) until the OPD is less than an anticipated optical 
thickness of the multilayer sample . 

14 . ( canceled ) 
15 . A system for inspecting a multilayer sample , the 

system comprising : 
a broadband light source configured to emit light ; 
a beam splitter configured to receive the light from the 

broadband light source and split the light into first and 
second portions , direct the first portion of the light 
toward a multilayer sample positioned a first optical 
distance from the beam splitter , direct the second 
portion of the light onto a reflector positioned a second 
optical distance from the beam splitter , combine the 
first portion of the light after being reflected from the 
multilayer sample and the second portion of the light 
after being reflected from the reflector , and direct the 
combined light toward a system for analyzing Fabry 
Perot fringes ; 

the system for analyzing Fabry - Perot fringes configured 
to receive , at a computer - controlled etalon filter , the 
combined light , filter the combined light at the com 
puter - controlled etalon filter , direct , from the computer 
controlled - etalon filter , the filtered light over a single 
mode optical fiber , receive at a computer - controlled 
spectrograph included in the system for analyzing 
Fabry - Perot fringes , the filtered light over the single 
mode optical fiber , and spectrally analyze the filtered 
light , using the computer - controlled spectrograph , to 
measure a value of a total power impinging a slit of the 
system for analyzing Fabry - Perot fringes ; 

a motion stage configured to decrease the first optical 
distance by moving the multilayer sample closer to the 

beam splitter or increase the second optical distance by 
moving the reflector further away from the beam split 
ter , and 

a computer configured to control the system for analyzing 
Fabry - Perot fringes , determine an optical path differ 
ence ( OPD ) between an optical path of the first portion 
of the light and an optical path of the second portion of 
the light , record an interferogram that plots the value 
versus the OPD for each unique OPD , control the 
motion stage between measurements to change the 
OPD , and use the interferograms to determine the 
thicknesses and order of the layers of the multilayer 
sample . 

16 . The system of claim 15 , further comprising : 
a directional element configured to receive the light from 

the broadband light source , direct the light to the beam 
splitter , receive the combined light from the beam 
splitter , and direct the combined light to the system for 
analyzing Fabry - Perot fringes . 

17 . The system of claim 16 , further comprising : 
a point detector configured to be employed when the 

system is operating in a Michelson interferometer 
mode ; and 

an optical switch configured to switch the combined light 
directed from directional element back and forth 
between the system for analyzing Fabry - Perot fringes 
and the point detector . 

18 . The system of claim 15 , wherein the system for 
analyzing Fabry - Perot fringes is configured to spectrally 
analyze the combined light over all channels of the system 
for analyzing Fabry - Perot fringes . 

19 . The system of claim 15 , wherein the computer is 
configured to control the motion stage between measure 
ments to only change the OPD by an increment smaller than 
half of a wavelength of the first portion of the light . 

20 . The system of claim 19 , wherein computer is config 
ured to control the motion stage between measurements to 
change the OPD only until the OPD is less than an antici 
pated optical thickness of the multilayer sample . 


