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APPARATUS AND METHOD FOR DARK
VOLTAGE REMOVAL FOR ENHANCING
DYNAMIC RANGE, BANDWIDTH, AND
QUALITY OF STEP-SCAN FOURIER
TRANSFORM INFRARED (FTIR)
SPECTROSCOPY DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase entry of PCT Appli-
cation No. PCT/US2018/021113 entitled APPARATUS
AND METHOD FOR DARK VOLTAGE REMOVAL FOR
ENHANCING DYNAMIC RANGE, BANDWIDTH, AND
QUALITY OF STEP-SCAN FOURIER TRANSFORM
INFRARED (FTIR) SPECTROSCOPY DATA filed Mar. 6,
2018, which claims priority from U.S. Provisional Patent
Application Ser. No. 62/467,564 filed Mar. 6, 2017, the
entirety of the disclosures of which are each incorporated
herein by reference.

STATEMENT REGARDING FEDERAL
SPONSORED RESEARCH OR DEVELOPMENT

This mvention was made with U.S. Government support
under NSF Grant No. DBI-1338097 awarded by the

National Science Foundation. The U.S. Federal Government
has certain rights 1n this invention.

TECHNICAL FIELD

This disclosure relates generally to the acquisition of
Fourier Transform Infrared (FTIR) data and, more particu-
larly, to systems and methods for enhancing the dynamic
range, bandwidth, and quality of FTIR spectroscopy data.

BACKGROUND

FTIR spectroscopy 1s an advanced form of infrared (IR)
spectroscopy that 1s used for identification of unknown
maternials. Its application covers many disciplines ofiering
multiple opportunities such as environmental, food industry,
pharmaceuticals, maternal science and forensics. In IR spec-
troscopy, IR radiation 1s passed through a or retlected from
a sample. Portions of the IR radiation are absorbed by the
sample and some are transmitted through the sample or
reflected by reaching a photodetector. The resulting spec-
trum represents the molecular absorption and transmission
property of the sample. Since the spectrum 1s umique to each
molecular structure 1t”s spectrum can be used as an 1dentifier
to that structure. For example, some advantages of an FTIR
spectrometer include: high spectral resolution; high sensi-
tivity; the ability to accept weak signals resulting 1n a high
output Signal-to-Noise-Ratio (SNR); high spectral accuracy;
ability to measure all mifrared frequencies simultaneously;
use of microgram sample size; and observation of real-time
chemistry.

A typical arrangement and operation of a time-resolved
FTIR spectrometer 1s as follows: a light source, usually an
inirared source, typically a globar, a black body radiator, and
a laser source. IR light passes through an aperture, generally
e.g., 0.25 millimeters (mm)-12 mm before entering a
Michelson interferometer. The Michelson interferometer
includes a beam splitter (BMS), a fixed mirror, and a
movable mirror. The fixed and movable mirrors cause inter-
terence of the infrared beam after leaving the beam splitter.
The nterference pattern 1s associated with different mirror
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positions. After the IR light beam leaves the interferometer
it passes through the sample chamber. The sample chamber
can additionally be irradiated with laser light. Finally, the IR
light reaches a liquid nitrogen cooled MCT (mercury, cad-
mium and telluride) detector. Any FTIR spectrometer used
in connection with the present disclosure 1s not limited to
such MC'T detector. The detector measures the light intensity
I(x) with respect to diflerent mirror positions. The result 1s
referred to as an interferogram. After performing a Fourier
transform on the interferogram, one can obtain the trans-
mission or absorption spectra.

For example, current time-resolved FTIR spectroscopy
allows for the ability to monitor the temporal progress of a
sample to obtain information about a sample’s structural
and/or chemical changes as well as kinetics. However,
existing technology and methodologies for FTIR spectros-
copy are lacking in that 1n order to obtain all the structural/
changes and kinetics. As a result multiple experiments must
be conducted and the data and time of observation needed
are not necessarilly compatible or accurate. However, such
would be preferred 1n many instances. The changes to be
observed are very small and not easily obtainable 1n a
continuous or accurate manner with existing technology and
methodologies. Stated differently, the dynamic or time vary-
ing FTIR signal of interest 1s not able to be fully observed
due to the existence of a large dark current interferogram
baseline taking the form of a static or DC (direct current)
value making 1t dithicult to detect and observe the very small
changes (e.g. low amplitude) of interest occurring in the
FTIR signal. As FTIR signals are presently processed, any
cllort to amplify the dynamic FTIR of interest are distorted,
¢.g., clipped by the amplifier supply rails.

SUMMARY

The presently disclosed apparatus, systems, methods,
techniques, and algorithms provide a signal conditioning
module that enables continuous measurement in order to
monitor temporal progress of a sample for a longer duration
of time, eliminates the need to perform multiple experiments
and attempt to patch the results together, enables the removal
of dark current with greater accuracy, provides access to
previously unobtainable dynamic IR spectral information,
and also enhances the resolution and observation of the now
accessible and obtainable IR spectral information. Stated
differently, the presently disclosed apparatus, systems, meth-
ods, techniques, and algorithms provide a signal condition-
ing module that enables the detection of small-scale signals
and has low noise, high gain, improved resolution, resulting
in a wider dynamic range suitable for use 1n nanosecond
step-scan FIIR spectroscopy.

For purposes of simplicity, the present disclosure 1s dis-
cussed 1n connection with nanosecond step-scan FTIR spec-
troscopic data collection; however such 1s also suitable for
microsecond step-scan FTIR spectroscopic data collection
as well. The presently disclosed apparatuses, systems, meth-
ods, techniques, and algorithms enable the removal of dark
interferogram voltages, amplification of dynamic signals 1n
DC mode, and avoid limited AC signal dynamic range and
possible bandwidth. The presently disclosed apparatuses,
systems, methods, techniques, and algorithms provide nano-
second (or microsecond) step-scan FTIR data collection
technology and techniques for continuous data collection,
¢.g. nanoseconds to minutes, thus providing a major
advancement to existing nanosecond (or microsecond) FTIR
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technologies and techniques that are not capable of collect-
ing step-scan FTIR data after a few milliseconds following
stimulation.

A method comprising obtaining a dark interferogram
oflset voltage of a sample for a mirror position 1s disclosed.
The method includes performing a nanosecond step-scan
measurement by exposing the sample to a laser flash (or
other stimul1) for the mirror position to obtain a step-scan
interferogram for the mirror position; and creating a result-
ing signal of interest for the mirror position by removing the
dark interferogram ofiset voltage of the sample (e.g. a
voltage representation of the dark baseline sample) from the
obtained step-scan interferogram for the mirror position.
The resulting signal of iterest may also be referred to as a
residual signal or the differential signal and the like.

A signal conditioming module configured to remove dark
current from an interferogram during a nanosecond step-
scan measurement and thereby enhance time-resolved Fou-
rier transform infrared (FTIR) spectroscopy data i1s dis-
closed. The signal conditioning module comprises a
summation subcircuit, wherein the summation subcircuit
receives mput from a FTIR spectrometer representative of
time-resolved FTIR spectroscopy data in the form of an
interferogram during a nanosecond step-scan measurement
of an FTIR spectrometer, and removes a dark interferogram
oflset voltage from the recerved interferogram to produce a
resulting residual signal of interest during the nanosecond
step-scan measurement of an FTIR spectrometer (e.g. the
difference between the sum of the dark and dynamic FTIR
minus the dark baseline FTIR). At this point all interfero-
gram currents are converted to voltages for signal processing
convenience. The signal conditioning module further
includes a dark interferogram oflset channel amplification
subcircuit operably connected with the summation subcir-
cuit and a computing system, wherein the dark interfero-
gram oilset channel amplification subcircuit measures the
dark interferogram oflset voltage. The signal conditioning
module further includes a nanosecond step-scan channel
amplification subcircuit operably connected to the summa-
tion subcircuit, wherein the nanosecond step-scan channel
amplification channel subcircuit receives the resulting
residual signal of interest and amplifies the resulting residual
signal of interest to produce an amplified resulting residual
signal of interest. Specifically, the dynamic FTIR signal
terms.

A method comprising exposing a sample to infrared
radiation (or other similar stimulus or any stimuli that results
in a change of material state of a sample) over a progressive
range ol mirror positions to obtain absorption values of the
sample over the progressive range ol mirror positions. The
method further includes the step of interpreting the infrared
radiation absorption values of the sample over the progres-
s1ve range ol mirror positions to obtain a dark interferogram
oflset voltage (static or DC) value for each mirror position
over the progressive range ol mirror positions. The method
turther includes the step of performing a nanosecond step-
scan by exposing the sample to stimulus, e.g. a laser tlash or
other stimulus, to obtain a step-scan interferogram over the
progressive range ol mirror positions; and interpreting the
nanosecond step-scan interferogram for each mirror position

over the progressive range ol mirror positions by subtracting
the dark interferogram oflset voltage value for each mirror
position over the progressive range of mirror positions to
obtain the resulting signal of interest.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified block diagram that shows an
example ol a computing system suitable for use in connec-
tion with one or more embodiments of the present disclo-
sure.

FIG. 2A 1llustrates a simplified block diagram of a signal
conditioning module.

FIG. 2B 1s a more detailed view of the simplified block

diagram of FIG. 2A.

FIGS. 3A-3C 1s an example schematic for a signal con-
ditioning module.

FIG. 4 1s an example program flow chart for dark inter-
ferogram oflset measurement 1n obtaining a dark interfero-
gram ollset voltage.

FIG. 5 1s an example program flow chart for nanosecond
step-scan measurement.

FIG. 6 1s an example schematic for a nanosecond step-
scan channel amplification subcircuit of the signal condi-
tioning module depicted 1n FIG. 3B.

FIG. 7 1s a simplified diagram illustrating noise of cas-
cading amplifiers.

FIG. 8 1s an example schematic for a dark interferogram
oflset channel amplification subcircuit of the signal condi-
tioning module depicted 1n FIG. 3A.

FIG. 9 1s an example schematic of a simulation of
summing subcircuit of signal conditioning module.

FIG. 10 1llustrates a frequency response of the simulation
summing subcircuit of FIG. 9.

FIG. 11 1llustrates a screen image of stage gain and phase
values of the summing subcircuit of FIG. 9.

FIG. 12 1llustrates a transient response wavelorm of the
simulation summing subcircuit of FIG. 9.

FIG. 13 illustrates a screen 1image of transient response
data of the summing subcircuit of FIG. 9.

FIG. 14 1s an example schematic of a simulation of a
single stage nanosecond step-scan amplifier of the nanosec-
ond step-scan channel amplification subcircuit of signal
conditioning module.

FIG. 15 illustrates a single stage ac simulation frequency
response of the single stage of nanosecond step-scan channel
amplification subcircuit of FIG. 14.

FIG. 16 illustrates a screen 1image of stage gain and phase
values of the single stage of nanosecond step-scan channel
amplification subcircuit of FIG. 14.

FIG. 17 1llustrates a transient response wavelorm of the
single stage of nanosecond step-scan channel amplification
subcircuit of FIG. 14.

FIG. 18 illustrates a screen 1image of transient response
data of the single stage nanosecond step-scan channel ampli-
fication subcircuit of FIG. 14.

FIG. 19 illustrates a simulation of a transient response
wavetorm at the output of a seventh stage of the nanosecond
step-scan channel amplification subcircuit.

FIG. 20 1llustrates a screen 1mage of transient response
data corresponding to V(n060) in FIG. 19.

FIG. 21 depicts the measured dark interferogram oflset
channel amplification subcircuit correction.

FIG. 22 illustrates a signal rise time of unity channel gain
for the nanosecond step-scan channel amplification subcir-
cuit.

FIG. 23 illustrates a signal fall time of unity channel gain
for the nanosecond step-scan channel amplification subcir-
cuit.

FI1G. 24 illustrates a signal rise time of 32 channel gain for
the nanosecond step-scan channel amplification subcircuit.
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FI1G. 25 1llustrates a signal fall time of 32 channel gain for
the nanosecond step-scan channel amplification subcircuit.

DETAILED DESCRIPTION

Before further explanation of the presently disclosed
inventive concepts, systems, apparatus, techniques, meth-
ods, and algorithms by way of exemplary description, draw-
ings, experimentation, and results, 1t should be understood
that the presently disclosed inventive concepts, systems,
apparatus, techniques, methods, and algorithms are not
limited 1n application to the details of construction and the
arrangement of the compositions, configurations, formula-
tions, steps, and/or components set forth in the present
disclosure or 1illustrated in the drawings, examples, experi-
ments, and/or results. The presently disclosed inventive
concepts, systems, apparatus, techniques, methods, and
algorithms are capable of other embodiments or of being
practiced or carried out 1 various ways. Accordingly, the
language used in the present disclosure i1s intended to be
given the broadest possible scope and meaning and

The present disclosure 1s not limited to the disclosed
arrangement of components or circuitry. It should also be
appreciated that circuitry configurations, whether imple-
mented 1n discrete components, 1n software, or combinations
thereot, that achieve the same results and functionality
described herein are also suitable and do not depart from the
spirit and scope of the present disclosure e.g. dual of a single
signal conditioning channel modified dynamically for each
pass.

The terms of approximation, including, “generally,” “sub-
stantially,” “about,” “approximately,” and the like, and each
of their respective vanants and derivatives will be under-
stood to allow for minor variations and/or deviations that do
not result i a significant 1impact thereto. Such terms of
approximation should be interpreted according to their ordi-
nary and customary meamngs as used in the associated art
unless indicated otherwise. Absent a specific definition and
absent ordinary and customary usage in the associated art,
such terms should be interpreted to be £10% of the base
value. The use of ordinal number terminology (1.e., “first,”
“second,” “third,” “fourth,” etc.) 1s for the purpose of
differentiating between two or more 1tems and 1s not meant
to 1imply any sequence or order or importance to one item
over another or any order of addition. The term “or combi-
nations thereof” as used herein refers to all permutations and
combinations of the listed items preceding the term. The
skilled artisan will understand that typically there 1s no limait
on the number of 1tems or terms in any combination, unless
otherwise apparent from the context.

As will be used herein, directional terms, such as “above,”
“below,” “upper,” “lower,” “top,” “left”, “right”, etc. are
used for convenience in referring to the accompanying
drawings and descriptions thereof and are not intended to
limit the scope of the appended claims.

For purposes of the present disclosure, the term “at least™
followed by a number 1s used herein to denote the start of a
range beginning with that number (which may be a range
having an upper limit or no upper limit, depending on the
variable being defined). For example, “at least 1” means 1 or
more than 1. The term “‘at most” followed by a number 1s
used herein to denote the end of a range ending with that
number (which may be a range having 1 or 0 as 1ts lower
limit or a range having no lower limit, depending upon the
variable being defined). For example, “at most 4 means 4
or less than 4, and *“‘at most 40% means 40% or less than

40%.
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For purposes of the present disclosure, when a range 1s
given as “(a first number) to (a second number)” or “(a first
number)-(a second number)”’, this means a range whose
lower limit 1s the first number and whose upper limit 1s the
second number. For example, 25 to 100 should be inter-
preted to mean a range whose lower limit 1s 25 and whose
upper limit 1s 100. Additionally, 1t should be noted that
where a range 1s given, every possible subrange or interval
within that range 1s also specifically intended unless the
context indicates to the contrary. For example, 11 the speci-
fication indicates a range of 25 to 100 such range is also
intended to include subranges such as 26-100, 27-100, etc.,
25-99, 25-98, etc., as well as any other possible combination
of lower and upper values within the stated range, e.g.,
33-47, 60-97, 41-45, 28-96, etc. Note that integer range
values have been used in this paragraph for purposes of
illustration only and decimal and fractional values (e.g.,
46.7-91.3) should also be understood to be intended as
possible subrange endpoints unless specifically excluded.

As previously stated, the presently disclosed apparatus,
systems, methods, techniques, and algorithms provide a
signal conditioning module that enables the ability for
continuous measurement 1n order to monitor temporal prog-
ress of a sample for longer durations of time, eliminates the
need to perform multiple experiments or sample readings
and attempt to patch the results together, enables the removal
of dark current with greater accuracy, provides access to
previously unobtainable IR spectral information data, and
also enhances the resolution and observation of the now
accessible and obtainable IR spectral information data.

As will be further described herein in greater detail, the
signal conditioning module and associated methods and
techniques therewith 1s capable of enhancing FTIR signal
resolution. For example, in certain FTIR spectroscopy appli-
cations, the resulting signal may contain a large baseline,
¢.g. a direct current (DC) baseline, and the data of interest
within the resulting signal 1s a small fraction of the complete
signal. In current apparatuses, techniques, and methods, due
to the large DC baseline, such details from the portion of the
signal that are of interest, which 1s generally information
with a low amplitude, are clipped or otherwise lost. The
present disclosure provides an improvement as the disclosed
apparatuses, methods, and techniques are capable of mea-
suring the large DC baseline or “static” FTIR signal (which
will be referred to herein as the dark interferogram oflset
voltage or dark current) and removing the same from the
FTIR signal of interest with microvolts (WV) accuracy. As
will be discussed further in association with the examples,
the electronic subtraction of the baseline may be followed by
a wideband {fast settling with variable gains from 2 to 512 1n
steps provides unprecedented access to FTIR signals which
can be enhanced by a factor greater than 10 to 500.

For example, as will be further described herein, a signal
conditioning module 110 suitable for use i achieving the
described functionality and results 1s disclosed. Signal con-
ditioning module 110 may include a dark interferogram
oflset channel amplification subcircuit 118, a nanosecond
step-scan channel amplification subcircuit 120, a summing,
or summation subcircuit 114. Signal conditioning module
110 1s operably connected to a computing system 100,
wherein computing system 100 has one or more processors
having instructions thereon to carry out or enable one or
more steps to achieve the described functions and results,
including controlling and adjusting gains for one or more
subcircuit, and enabling the subtraction or removal of the
dark interferogram offset voltage from the FTIR interfero-
gram ol 1nterest. Summing subcircuit 114 enables the
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removal of the dark iterterogram oflset voltage from the
FTIR iterferogram of interest. Voltage ranging from volts
to microvolts may be removed from the FTIR interferogram
ol interest thereby leaving a resulting residual signal of
interest. This resulting residual signal of interest may be
amplified, for example, with the nanosecond step-scan chan-
nel amplification subcircuit 120.

The disclosed signal conditioning module and associated
techniques provide an improvement in time-resolved step-
scan FTIR spectroscopy accuracy and maintain nanosecond
settling time and enable unprecedented access to portions of
FTIR spectroscopy data with greater accuracy and detail as
a result of the removal of the large DC component.

FIG. 1 1s a simplified block diagram for a computing
system 100 suitable for implementing and performing the
methods and technmiques described herein. Computing sys-
tem 100 includes a computing device 102 operably con-
nected to one or more nput/output (I/O) devices 108.
Computing device 102 1s representative of various forms of
computing devices, including desktops, laptops, worksta-
tions, FTIR spectrometer processors, servers, mobile
devices, such as personal digital assistants, tablets, smart-
phones, cellular telephones, and other similar computing

devices.

Computing device 102 includes a central processing unit
(CPU) 104. CPU 104 includes one or more processors
reading and/or executing instructions, programs, and appli-
cations stored in memory 106 and/or computer readable
storage media of I/O devices 108, and accessing and/or
storing data 1n memory 106 and/or computer readable stor-
age media of I/0 devices 108. CPU 1s operably connected
with memory 106. CPU 104 1s also operably connected with
I/0 devices 108 through an applicable interface component
for the corresponding I/O device 108, e.g. port (serial,
parallel USB), wire, card (sound, video, network), and the
like. Exemplary types of CPU 104 may include general
purpose processors, digital programmable devices, micro-
controllers, digital signal processors (DSPs), application
specific integrated circuit (ASIC), and field programmable
gate array (FPGA), or other components and combinations
thereot designed to perform the functions described herein.

Memory 106 includes data storage, volatile memory, e.g.
random access memory (RAM), and non-volatile memory,
¢.g. read only memory (ROM).

I/O devices 108 include various devices that a user may
use to interact with the computing device 102. Representa-
tive 1/O devices 108 include keyboards, touchscreens,
mouse and other pointing devices; a visual display device,
such as a cathode ray tube, liquid crystal display, screens,
and other suitable display devices for visually communicat-
ing and interacting with the user; audio devices, such as a
microphone, headphones, speakers; and print devices for
printing, scanning, faxing, and/or recerving and/or transmit-
ting data and images. I/O devices 108 may also include
computer readable storage media, e.g. mass storage devices,
disks, magnetic disks, optical disks, magnetic tape, flash
memory, RAM, ROM, EEPROM, or any other media that
can be used to carry or store computer-readable information.
I/0 devices 108 may also include a communication device
for connecting computing system 100 with one or more
other devices, e.g. the presently disclosed signal condition-
ing module 110, an FTIR spectrometer, and/or computing
systems over a network, e.g. wired and/or wirelessly, utiliz-
ing one or more communications protocols, e.g. IEEE
802.11, IEEE 802.3, TCP/IP, cellular protocols, any other

communicatlons protocols and combinations thereof.
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Computing system 100 may include one or more I/O
devices 108 of the same type or of different types and
combinations thereol and one or more computing devices
102 of the same type or of different types and combinations
thereol may be operably connected to each other and coop-
erating together to carry out the methods, functions, and
techniques described herein.

The functions, methods, techniques, or algorithms
described herein may be implemented in hardware, sofit-

ware, firmware, or any combinations thereof. When imple-
mented 1n software, the described methods, functions, tech-

niques, and algorithms may be stored 1n memory, computer-

readable storage media, and/or combinations thereof and
transmitted as one or more 1nstructions or code to cause CPU
104 to operate 1n accordance with the methods, functions,
techniques, and teachings of the present disclosure. The
operable connection of the various components of comput-
ing system 100 described 1n reference to FIG. 1 may include
buses, circuitry, wires, wireless, or other similar connec-
tions. The methods, functions, techniques, and algorithms
described herein may be implemented by one or more
computing systems 100 1n cooperation with each other. The
components of system 100 shown and described including
their relationships and functions, are exemplary and are not
to limit the implementation of the systems, methods, and
techniques described herein.

Although the present figures illustrate the signal condi-
tioning module 110 as being separate, discrete, and/or ana-
log components from computing system 100, such 1llustra-
tion should not be limiting on the appended claims. The
apparatus, methods, and techniques described herein may
also be implemented entirely or partially 1n one or more
computing systems 100 cooperating together, and any com-
binations thereof. Computing system 100 may be used in
connection with a FTIR spectrometer (not depicted), or may
be the computing system of a FTIR spectrometer.

FIG. 2A 1llustrates a simplified block diagram of a signal
conditioning module 110. FIG. 2B 1s a more detailed view
of the simplified block diagram of signal conditioning
module 110 depicted 1n FIG. 2A. FIGS. 3A-3C depict a
non-limiting example schematic for signal conditioning
module 110 that will be discussed herein and 1n connection
with the examples later 1n this disclosure.

Si1gnal conditioning module 110 receives signal 112 from
a detector of an FTIR spectrometer (not depicted). Signal
112 1s an mterferogram of a sample. Prior to being provided
to signal conditioning module 110, signal 112 may go
through a transimpedance amplifier (T1A), not depicted,
used 1n connection with photodetector.

Si1gnal Condltlonmg module 110 enables the removal of a
dark interferogram offset voltage of a sample for a given
mirror position. In order to do so, signal conditionming
module 110 1n cooperation with computing system 100,
obtains a dark interferogram oflset voltage for a sample. The
dark interferogram ofiset voltage 1s obtained when a sample
1s under infrared radiation, without stimulus, e.g. laser flash,
applied to the sample 1n the FTIR spectrometer. While
infrared radiation 1s disclosed as being the source of a
stimulus to obtain the dark interferogram offset voltage,
other similar stimulus or any stimuli resulting 1n a change of
material state that 1s to be measured 1s also contemplated by
the present disclosure. For ease of discussion, IR radiation 1s
used. The measured dark interferogram oflset voltage 1s
stored 1n computing system 100 for use 1n connection with
creating a resulting residual or dynamic signal of interest
during nanosecond step-scan FTIR measurement.
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The dark interferogram ofiset voltage 1s obtained for each
mirror position over a progressive range of mirror positions
of the FTIR spectrometer, in part, with dark interferogram
oflset channel amplification subcircuit 118, summing sub-
circuit 114, USB/SPI communication subcircuit 126, and
computing system 100, working 1n operable cooperation
together. Dark interferogram oflset channel amplification
subcircuit 118 may be configured such that it requires a low
intrinsic oifset and low noise performance, and has a low
frequency variable gain channel subcircuit that 1s program-
mable 1 powers of 2 from 2 to 312 1n order to ensure that
the resulting output signal falls within a suitably high
dynamic range of ADC to maximize the SNR of all signals.

As shown 1n FIG. 3A and FIG. 8, an example schematic
of dark interferogram oflset channel amplification subcircuit
118 1s shown. Dark interterogram oflset channel amplifica-
tion subcircuit 118 1s depicted as three cascaded noninvert-
ing operational amplifier stages. Each stage of this example
1s configured to have software controllable gain settings of
unity, 2, 4, and 8. For example, maximum channel gain for
dark interferogram oflset channel amplification subcircuit
118 15 512. The programmable gain can be achieved by using
a multiplexer, e.g., DG409 manufactured by Vishay Inter-
technology, Inc., to alter the feedback factor resistance. The
amplifier used in the dark interferogram oflset channel
amplification subcircuit 118 depicted in the figures 1s an
OPAA4277 chip by Burr-Brown Products. The OPA4277 1s a
high precision operational amplifier with low 1nput oflset
voltage of typically 20 uV.

Signal conditioning module 110 includes nanosecond
step-scan channel amplification subcircuit 120 depicted 1n
FIGS. 2A, 2B, 3B and 6. Nanosecond step-scan channel
amplification subcircuit 120 may be configured such that 1t
requires short settling time and low noise performance.
Nanosecond step-scan channel amplification subcircuit 120
may be configured such that 1t has a programmable gain to
ensure 1ts output signal falls within a suitably high dynamic
range of ADC to maximize the SNR of all signals. The
output signal of nanosecond step-scan channel amplification
subcircuit 120 1s generally referred to as the resulting signal
of interest. The resulting signal of interest may be amplified,
for example, with the nanosecond step-scan channel ampli-
fication subcircuit 120, for example, which may be config-
ured to be a 20 Mega Hertz (MHz) low noise subcircuit in
steps of 2 from 2 to 512.

The resulting signal of interest 1s the nanosecond step-
scan 1nterferogram obtained during a step-scan measure-
ment of an FTIR spectrometer for each mirror position over
a progressive range ol mirror positions after a sample has
undergone stimulus, e.g. laser flash and the like, exposure
and the dark current interferogram oflset voltage for the
corresponding mirror position and, optionally, any elec-
tronic or intrinsic offset voltage, are removed from the
nanosecond step-scan interterogram. The method for obtain-
ing the resulting signal of interest will be described below 1n
reference to FIGS. 4 and 5.

For example, as depicted i FIG. 3B and FIG. 6, nano-
second step-scan channel amplification subcircuit 120
includes seven cascaded noninverting amplifiers each with a
stage gain of 2. Each stage output can be selected via two 4
to 1 multiplexers providing incremental gains of unity, 2, 4
... 128 to a 16 bit 130 mega samples per second (Msps)
ADC 122. The operational amplifier depicted i1s an
OPA2690 manufactured by Texas Instruments, Inc. The
signal path for nanosecond step-scan channel amplification
subcircuit 120 exhibits fast settling and low noise. The
multiplexer used in connection with the schematic depicted
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FIGS. 3B and 6 1s AD8184 from Analog Devices Inc. The
gain selectivity and DAC operation 1s controlled by USB/
SPI communication subcircuit 126, which includes using
two MCP2210 USB/SPI interface boards 126a and 12656
manufactured by Microchip Technology Inc., 1n cooperation
with computing system 100. For example, USB/SPI com-
munication subcircuit 126 provides gain selection, DAC
control, and data communication with computing device 102
of computing system 100.

Signal conditioning module 110 includes summing sub-
circuit 114. Summing subcircuit 114 enables the removal or
subtraction of dark interferogram oflset voltage from signal
112 received from the detector during nanosecond step-scan
measurement after a sample 1s exposed to a stimulus, e.g.
laser flash and the like. By removing the dark interferogram
oflset voltage from the step-scan interferogram for each
mirror position over a progressive range ol mirror positions,
a resulting signal of interest 1s created. Summing subcircuit
114 may also include a programmable gain setting and 1s
able to amplily the resulting signal of interest as well as the
dark interferogram oflset voltage that 1s received when the
dark interferogram oflset voltage 1s obtained as described
above prior to providing the respective signals to the respec-
tive subcircuit. For example, summing subcircuit 114 may
have a gain of 8§, 10, or higher.

As shown 1in the figures, summing subcircuit 114 1is
operably connected to dark interferogram oflset channel
amplification subcircuit 118, nanosecond step-scan channel
amplification subcircuit 120, and computing system 100
through USB/SPI communication subcircuit 126.

Summing subcircuit 114 1s depicted as being a noninvert-
ing amplifier 1n a closed-loop configuration. For example, as
used 1n connection with FIG. 3C and the examples below,
summing subcircuit 114 1s an OPA843 operational amplifier
manufactured by Texas Instruments Inc., and 1s configured
to have a gain of 8, however other gains, e.g. a gain of 10
or higher gains, or a gain of at least 10 may be used.

For example, 1n connection with FIGS. 3A-3C, represent-
ing an example fabricated schematic of signal conditioning
module 110, summing subcircuit 114 does not contribute
significant noise to signal conditioning module 110, e.g.
input noise voltage RMS (root mean square) value 1s about
0.011 mV where the bandwidth of interest 1s 20 MHz, as it

1s less than the noise floor set by the output of photodetector
and TIA.

Signal conditioning module also 1ncludes digital-to-ana-
log converter (DAC) 116 and analog-to-digital converter
(ADC) 122. For example, as used 1n connection with FIGS.
2B and 3C and the examples below, DAC 116 may be
component part AD3791, 20 bit resolution with a =5V
reference voltage manufactured by Analog Devices Inc. and,
for example, ADC 122 may be Spectrum DN2.441-02, 16 bat
resolution manufactured by Spectrum Instrumentation
GmbH. Other components and operating conditions that are
capable of carrying out the described functionalities and
teatures, whether 1n hardware or software form, having the
same or diflerent features than those described herein, are
also suitable.

The method of removing a dark interferogram oflset
voltage and thereby obtain the resulting signal of interest
with signal conditioning module 110 will first be described
generally and then in further detail with reference to FIGS.
4 and 5.

A dark interferogram oflset voltage 1s obtained by taking
a dark interferogram measurement with respect to a given
mirror position by exposing a sample to inirared radiation or
other stmilar stimuli, without stimulus, e.g. laser flash. The
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dark interferogram 1s provided to signal conditioning mod-
ule 110 and dark interferogram offset amplification subcir-
cuit 118 1s configured to amplily the same and provide the
amplified signal to computing system 100 for storage for
later use. Signal conditioning module 110 1s also configured
to determine whether system drift has occurred, including
driit for dark interferogram oflset voltage and circuit intrin-
sic oflset voltage. During nanosecond step-scan measure-
ments of the sample by an FTIR spectrometer, the sample 1s
exposed to laser flash or other stimuli for a given mirror
position over a progressive range ol mirror positions. The
resulting nanosecond step-scan interferogram 1s provided to
signal conditioning module 110 which creates a resulting
signal of interest for each given mirror position by removing
the dark interferogram oflset voltage of the sample corre-
spondence to the same given mirror position. Additionally,
any intrinsic oflset voltage of signal conditioning module
110 may also be removed. The resulting signal of interest 1s
provided to nanosecond step-scan channel amplification
subcircuit 120 for amplification thereof.

For example, obtaining and determining any intrinsic
offset for signal conditioning module 110 may be accom-
plished as follows for both the dark interferogram channel
amplification subcircuit 118 and nanosecond step-scan chan-
nel amplification subcircuit 120. The output of detector’s
TIA (not depicted) or the input of summing subcircuit 114 1s
connected to ground, the output of DAC 116 1s set to zero
volts, and the channel gains of both dark interferogram
channel amplification subcircuit 118 and nanosecond step-
scan channel amplification subcircuit 120 are set to unity. If
there 1s any nonzero output of either dark interferogram
channel amplification subcircuit 118 and nanosecond step-
scan channel amplification subcircuit 120, such 1s consid-
ered as 1ntrinsic oflset and 1s digitized by ADC 122 and
provided to computing system 100 for storage. In the event
cach of the channel gains for dark interferogram channel
amplification subcircuit 118 and nanosecond step-scan chan-
nel amplification subcircuit 120 are greater than unity, the
resulting intrinsic oflset 1s multiplied by the applicable gain
value and stored in computing system 100. For example,
during real-time measurements and operation of signal con-
ditioning module 110, the stored intrinsic ofiset values are
provided to DAC 116 and removed via subtraction. For
example, in general the intrinsic offset voltage may be
corrected to the least significant bit (LSB) voltage of DAC
116 or, in the case of the example schematic and DAC 116
of FIGS. 2B and 3C, around 0.95 uV. Thus offering the
opportunity ol uncovering microvolt signals of interest.

A method 128 of obtaiming a dark interferogram oflset
voltage for a mirror position 1s as follows. As shown in FIG.
4 at 130q the imitial gain for dark interferogram channel
amplification subcircuit 118 1s set to unity. Block 1305
includes measuring the intrinsic circuit voltage oflset by
ADC 122 and such value 1s apphed and subtracted by DAC
116. The measured circuit offset voltage 1s applied to DAC
116 via USB/SPI communication subcircuit 126.

Method 128 proceeds to block 132 where the intrinsic
circuit voltage oflset 1s checked to confirm that the full scale
signal amplitude voltage 1s between one-fourth and one-half
the full scale ADC voltage. If so, the signal 1s within
quantization range and method 128 proceeds following the
path labelled ““yes™ to step 134. If the full scale signal
amplitude voltage 1s not between one-fourth and one-half of
the tull scale ADC voltage, method 128 proceeds following,
the path labelled “no” to block 140 to confirm that the signal
amplitude voltage 1s out of range, 1.e., >V /2, or under-
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ranged, 1.e. Noisefloor <V ,,-<IV /41, thus returning to
130a increasing the amplitude of the dark offset signal as
shown 1 FIG. 4.

During the dark interferogram measurement cycle 134,
summing subcircuit 114 senses mput signal from photode-
tector (not depicted) and DAC 116 outputs system oilset.
The net result 1s that summing subcircuit 114 provides 1s the
dark interferogram oflset voltage.

With reference to block 140, 140 checks whether the
signal of interest 1s under-range or over-range (out of range),
e.g., >V /2. I the Noise floor 1s less than the voltage of
ADC 122 and the voltage of ADC 122 1s less than the
absolute value of one-fourth the full scale voltage of interest,
then the gain of dark interferogram channel amplification
subcircuit 118 needs to be increased, (e.g. back to block
130a), 1n order to achieve optimal SINAD (signal-to-noise
plus distortion ratio). With reference to block 140, 1if the
voltage of ADC 122 i1s greater than half the absolute value
of the full scale voltage of the ADC, then method 128
proceeds to step 142 to determine whether the measured
dark interferogram oflset voltage saturates ADC 122. At step
142, 11 interferogram voltage 1s too large such that it exceeds
ADC tull scale range even with unmity path gain, the ADC full
scale voltage 1s provided back to summing subcircuit 114 via
DAC 116 to bring the signal down to the quantization level,
ec.g. VFS/ 4 to V /2. Alter one time at this step 142 the output
level 1s applied to ADC quantlzatlon level, meaning the
result 1s “-”, that the oflset voltage of intrinsic circuit
voltage oflset 1s equal to the tull scale voltage of ADC minus
the absolute value of mtrinsic circuit voltage oflset, method
128 proceeds to step 134 and the dark interferogram oflset
voltage can be recorded and stored in computing system
100. However, 1f the result continues to saturate ADC 122,
the result of block 136 1s “+”, the dark interferogram oflset
voltage 1s too large to measure at the given mirror position
or the sample setup 1s 1n error, see, e.g. reference number
138.

With reference to the above paragraph, block 136 checks
and for out-of-range or in-range but saturating, where out of
range goes to block 138 as described above and in-range but
saturation goes to block 134 as deplcted in FIG. 4.

The digitized dark 1nterfer0gram ollset voltages are stored
in computing system 100 via USB/SPI communication
subcircuit 126. Method 128 1s repeated with respect to
different mirror positions over a progressive range of mirror
positions.

With reference to FIG. 5, following the completion of
measuring the dark interferogram oflset voltage described in
relation to FIG. 4, signal conditioning module 110 1s ready
for nanosecond step-scan FTIR measurement. Method 144
depicted 1n FIG. § utilizes nanosecond step-scan channel
amplification subcircuit 120.

During nanosecond step-scan FTIR measurement, the
circuit intrinsic offset may be measured (not depicted 1n FIG.
5) 1n the manner described previously, such measurement 1s
not required. After the completion of measuring the circuit
intrinsic offset, 1 done, the nanosecond step-scan amplifi-
cation channel subcircuit 120 1s ready to commence method
144.

At 1464, the gain for nanosecond step-scan amplification
channel subcircuit 120 1s mitially set to unity and the DAC
output value at 1465 1s 1n1tially set to the corresponding dark
interferogram oflset voltage obtained from method 128
described above for that given mirror position.

Optionally, system drift can be determined at step 148.
The stored dark interferogram oflset voltage obtained via
method 128 for the given mirror position described above 1s
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applied at the 1input of summing subcircuit 114 before laser
flashes are applied to a sample to ensure there 1s no system
drift and after laser flashes to double check that the setup
configuration 1s stable while using nanosecond step-scan
amplification channel subcircuit 120 to measure the output.

The application of dark interferogram oflset voltage to the
input of summing subcircuit 114 prior to laser flash 1s to
ensure there 1s no system drift. If there 1s no system drift the
output should be about zero or otherwise fall within an
acceptable range of mimimal drift, see e.g. 148. If 1t 1s
determined there 1s drnift, the drift 1s then measured (see
block 150, by repeating the dark interferogram offset voltage
measurement and replacing the previously obtained mea-
surement with this new measurement) and providing the
newly measured dark interferogram oflset voltage back to
DAC 116 at block 14656 and the method continues back to
148 to determine 11 the output 1s substantially zero volts. For
example, after all mirror positions are measured, method
144 re-measures the dark interferogram oflset voltage for all
mirror positions to ensure minimal driit.

With reference to step 152, utilizing nanosecond step-scan
channel amplification subcircuit 120, after the removal of
system oflset as described above, the laser flash (or other
suitable stimulus) 1s applied to the sample, and measured
precise 1mterferogram 1s applied to DAC 116 1n block 154.
The output of the nanosecond step-scan channel amplifica-
tion subcircuit 120 1s measured by ADC 122. If the signal 1s
not large enough to be measured (as depicted in path
Noisefloor <V ,,<IV /41 from block 154), the gain of
nanosecond step-scan channel amplification subcircuit 120
1s 1ncreased accordingly and brought back to 146qa. If the
signal 1s large enough to be measured, e.g. the voltage of
ADC 122 1s less than half the absolute value of the full scale
voltage of ADC but greater than one-fourth the full scale
voltage of ADC, then the method proceeds to block 156 to
start measuring and recording data. When less than one-
tourth the full scale voltage of ADC, the method proceeds to
146a to further increase gain as shown in FIG. 5.

The resulting signal from method 144 1s the signal of
interest having the dark interferogram oflset voltage
removed therefrom. Nanosecond step-scan channel ampli-
fication subcircuit 120 may then amplily the resulting signal
ol interest as set forth in the present disclosure.

For example, method 128 can be done for all mirror
positions prior to commencing method 144. In addition,
method 128 can be done for a given mirror position and then
alternate to method 144 for the same mirror position, and
continue in such fashion until all mirror positions over the
progressive range ol mirror positions are measured.

Methods 128 and 144 depict the adjustable channel gains.
Such adjustments may vary per the application of the sample
to be measured using the FTIR spectrometer and can be
changed or otherwise selected or manipulated by the user for
the given application/sample measurement 1n the associated
program 1n connection with computing system 100.

The disclosed signal conditioning module 1s reflective of
cllorts to minimize noise and system oflset, including intrin-
s1c voltage oifset. Noise 1s mtroduced by signal 112, e.g.
noise generated by detector and transimpedance amplifier
(not depicted) of the FTIR spectrometer. Preferably, noise of
signal conditioning module 110 1s to be maintained below
the detector noise floor of the FTIR spectrometer by a factor
of about si1x to eight times. Other noise contributors to signal
conditioning module 110 include the components therein,
¢.g. operational amplifiers and one or more feedback resis-
tors. Values and eflorts to minimize noise are provided in
this disclosure, including 1n the examples discussion below.
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For example, the non-limiting example schematic of
nanosecond step-scan channel amplification subcircuit 120
of FIG. 3B and FIG. 6 1s arranged as a plurality of cascaded
non-inverting amplifiers, for example, seven cascaded non-
inverting amplifiers, whose number of stages can be con-
trolled, 1n part, by computing system 100 via USB/SPI
communication subcircuit 126, two multiplexers (MUXs),
attenuator 124, and an output stage, e.g. amplifier circuit
depicted to the right of attenuator 124. For example, the
amplifiers used by nanosecond step-scan channel amplifi-
cation subcircuit 120 can be OPA2690 operational amplifi-
ers manufactured by Texas Instruments Inc.

For example, the example signal conditioning module 110
depicted 1n the figures uses ADC 122 to quantize the output
signals and noise of signal conditioning module 110 so that
the resolution thereof can be increased, for example, by
oversampling. Suitable ADC 122 includes those having a
wide signal dynamic range and large SNR. Methods for
increasing resolution and the associated data processing are
known 1n the art and will not be discussed.

Noise performance of the signal path for nanosecond
step-scan channel amplification subcircuit 120 can be ana-
lyzed using the amplifier cascade model depicted in FIG. 7.
For example, FIG. 7 depicts 3 stages of cascading amplifiers
where each stage has it own input noise voltage v, ...
with the goal of finding the 1nput referred noise voltage. For
example, when signal conditioning module 110 1s 1n opera-
tion, one of the primary sources of noise 1s summing
subcircuit 114 since 1t 1s cascaded 1n front of signal path of
nanosecond step-scan channel amplification subcircuit 120.
When all of the gain stage 1s i operation, the overall
bandwidth of the cascade chain 1s depended on number of
stages. The example schematic of FIGS. 3B and 8 illustrate

a cascade of seven 1dentical stages, the overall gain equation
can be written as

{ A, 3yt
Av(s),avera.{! — S
1 +
\ (348 /

(equation 1)

where A | 1s closed-loop gain of each stage and m, . 1s stage
bandwidth and n 1s number of stages. The overall bandwidth
1s at frequency where w=wm, . Thus by taking the magnitude
of equation 1 at w=wm, 5, yields:

( Av
|Aw(5: jw),total | — —

(2
1+ 5
\ (348

Solving equation 2, the overall bandwidth 1s related to stage

bandwidth by

(equation 2)

=34 B

(equation 3)

|
fﬂFE’I"{IH — f3d5\/QH -1.

For the schematic depicted in FIGS. 3B and 6 for nano-
second step-scan channel amplification subcircuit 120, each
amplifier stage has bandwidth of 79 MHz. There are, 1n total
8 stages, 7 amplifier stages and one final stage, cascaded. By
using equation 3, the overall signal path bandwidth 1s
estimated to 24 MHz.
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EXAMPLES

The presently disclosed inventive concepts will now be
addressed 1n reference to certain non-limiting examples. The
present disclosure 1s not to be limited to the specific steps,
experimentation, results, and/or laboratory procedures
described 1n the examples. Rather, these examples are meant
to be exemplary and not exhaustive.

As previously described, FTIR spectroscopy has wide
applications across multiple disciplines. FTIR spectroscopy
ecnables the ability to view into molecular structures and
determine the identity of a material or sample. Factors
aflecting FTIR spectroscopy performance include spectrum
resolution and speed. The spectrum resolution determines
the size of the particle the instrument can i1dentity and the
speed determines the slowest reaction the instrument can
capture. These two factors correspond to the performance of
the detector and electronic circuit, respectively. Accordingly,
more sensitive and wider optical range detectors and high
speed electronics are desirable.

To the extent details regarding certain component parts of
the various subcircuits or functional results, e.g. gains,
noise, and other values, including those shown i FIGS.
3A-3C, were described above, such are incorporated herein
for brevity and to avoid repetition.

As will be further described 1n these examples, a simu-
lated signal conditioning module and fabricated signal con-
ditioning module are used in connection with Bruker Vertex
80V FTIR spectrometer manufactured by Bruker, Inc. The
simulated and fabricated signal conditioning module receive
the detector output signal 112 from the FTIR spectrometer.
The output signal 1s an interferogram of a sample. As
previously described, signal 112 may also go through a
transimpedance amplifier (TTA), not depicted, and the output
of the TIA 1s signal 112 provided to signal conditioning
module 110.

For example, the Bruker Vertex 80V i1s a vacuum FTIR
spectrometer with a S1C MIR/FIR source which has 10000
reciprocal centimeters or wave meters (cm™") to 20 cm™'.
The Bruker Vertex 80V includes a high precision Michelson
interferometer with a beam splitter of range 8000 cm™" to
350 cm™'. The photodetector used in the Bruker Vertex 80V
FTIR spectrometer 1s manufactured by Kolmar Technolo-
gies, Inc. and 1s a liquid nitrogen cooled photovoltaic MCT
detector with a bandwidth of about 16 MHz which results 1n
about an 18 ns rise time.

Input signal 112 1s digitized by a 16-bit ADC (not
depicted); however, the present disclosure 1s not limited to
such number of bits, as it may be digitized to a lesser or
greater number of bits. For this example, the signal condi-
tiomng module 110 was configured to have an input referred
noise 38 times below the detector noise floor, thus support-
ing detectors with a wider bandwidth or about 8 times higher
noise detector. The signal conditioning module 110 and
associated techniques and methods also seek to minimize the
intrinsic oilset by using components that have as low as
possible mput oflset. The fabricated signal conditioning
module of the present examples 1s able to trim the intrinsic
oflset voltage down to an acceptable level of xI.SB of the
DAC.

For example, the ADC 122 used 1n connection with the
fabricated signal conditioning module 1s a Spectrum
DN2.441-02, 16 bit manufactured by Spectrum Instrumen-
tation GmbH. In the examples below, ADC 122 1s connected
with coax cable and 50 Ohm (£2) impedance matched. ADC
1s used with a 50€2 path and +2.5V reference range to avoid
distortion from reflections for the example below. However,
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the full range or any other value that does not adversely
aflect the described functionality 1s suitable.

The example fabricated signal conditioning module 110
receives an input signal from a commercial spectrometer
photodetector which was determined to have an output noise
of about 0.38 milli Volts (mV). For the design in these
examples, 1t exhibited an input referred noise of about 0.084
mV, as worst case, which 1s —13.1 decibels (dB) or an
acceptable noise tloor at 2 bits lower than the detector noise
floor. Accordingly, the measured results support that the
fabricated signal conditioning module for these examples
illustrate 1t does not contribute significant noise and thereby
preserves the photodetector noise tloor well. The fabricated
module includes a programmable high gain setting to
amplily both signal and noise into the ADC quantization
range to allow signal averaging for obtaining additional bits
of resolution (and thereby further enhance the spectroscopy
data and allow for more accurate interferograms). The noise
can be averaged down 1n order to preserve as much resolu-
tion and dynamic range as practical.

Intrinsic voltage oflset mntroduced by any of the electron-
ics are capable of being further corrected and were corrected
to the noise floor utilizing suitable components, including a
high precision digital-to-analog-converter (DAC). The appa-
ratus, techniques, and methods of the present disclosure
enable accurate interferogram measurements and post-laser
excitation exploration 1n nanosecond speed. Such functions
were able to be accomplished, 1n part, due to the dark
interferogram offset channel amplification subcircuit 118
and nanosecond step-scan channel amplification subcircuit
120. For example, the measured intrinsic oflset for dark
interferogram offset channel amplification subcircuit 118
was about 1.75 mV, which 1s capable of being corrected to
the least significant bit (LSB) of the DAC, which 1s about 9.5
uV (well below the noise tloor). For example, the nanosec-
ond step-scan channel amplification subcircuit 120 was
determined to have about 25 nanoseconds (ns) 10%-90%
settling time, which 1s approximately equivalent to a 14

MHz bandwidth.

Simulation Example

Simulation results of summing subcircuit 114 and nano-
second step-scan channel amplification subcircuit 120 of
signal conditioning module 110 are provided.

FIG. 9 depicts an example schematic of a simulation of
summing subcircuit 114 of signal conditioning module 110.
For the simulation, DAC 116 mput was set to zero by
grounding the connection as shown in FIG. 9 in the circle
labeled as 158. As a result of the simulation a 300€2 resistor
1s added at the output (labeled as 160) to reduce the Q factor
of LRC circuit which includes wire inductance and parasitic
load capacitance. For purposes of simulation, the power
plane and coupling capacitance of a PCB were factored 1n as
well and designated with reference number 162.

The stage gain of summing subcircuit 114 was designed
and simulated for a gain of 8. The resistor divider shown by
reference number 164 makes the overall stage gain 4 or 12
dB. The phase margin i1s about 105° (degrees). FIGS. 10 and
11 depict the simulated results of the atorementioned data
for the simulation of the example schematic depicted 1n FIG.
9. FIG. 10 1llustrates a frequency response of the simulation
summing subcircuit of FIG. 9 where the solid line 1s the gain
magnitude plot and the dotted line 1s phase plot. FIG. 12
illustrates a transient response wavetorm of the simulation
summing subcircuit of FIG. 9 and FIG. 13 depicts a screen

image of transient response data of the summing subcircuit
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of FIG. 9. For this simulation, the input signal was a voltage
pulse with 10 ns rising and falling times, 0.4 us (microsec-

ond) period, and 25% duty cycle. The simulated stage 10%
to 90% settling time was about 10 ns as shown 1 FIG. 13
(e.g. Horz. value under Difl (Cursor2-Cursorl)).

FIG. 14 1s an example schematic of a simulation of a
single stage nanosecond step-scan amplifier of the nanosec-
ond step-scan channel amplification subcircuit 120 of signal
conditioning module 110.

Feedback capacitor 166 i FIG. 14 of the simulation
schematic mitigates the eflect created by parasitic capaci-
tance at the inverting mput of the amplifier.

FIG. 15 illustrates a single stage ac simulation frequency
response Bode plot of the single stage nanosecond step-scan
amplifier of FIG. 14 FIG. 16 illustrates a screen image of
stage gain and phase values of the wavelform depicted 1n
FIG. 15. The solid line 1n FIG. 16 1s gain magnitude plot and
the dotted line 1s phase plot. The gain of this stage 1s set to
2, which 1s 6 dB where the phase margin 1s 104°.

FIG. 17 illustrates a transient response wavelform of the
single stage nanosecond step-scan amplifier of FI1G. 14. FIG.
18 illustrates a screen 1mage of transient response data of the
single stage nanosecond step-scan amplifier of FIG. 14. The
input signal was a voltage pulse with a 10 ns Simulation
Program with Integrated Circuit Emphasis (SPICE) rise
time, 0.4 us period, and 25% duty cycle. The simulated 10%
to 90% settling time 1s 8.5 ns as shown in FIG. 18.

FIG. 19 illustrates a simulation of a transient response
wavelorm at the output of a seventh stage of the simulated
nanosecond step-scan amplification channel subcircuit 120.
FIG. 20 illustrates a screen image of transient response data
corresponding to V(n060) 1n FIG. 19. The wavetorm labeled
V(n060) in FIG. 19 was measured at the last stage of the
simulated subcircuit 120. The mput signal 1s a voltage pulse
with 18 ns SPICE rise time, 0.4 us period, and 35% duty
cycle. The simulated 10% to 90% settling time 1s 25 ns as
shown 1n FIG. 20. The simulation results for the simulated
nanosecond step-scan amplification channel subcircuit 120
show that simulated nanosecond step-scan amplification
channel subcircuit 120 has about 25 ns settling time as
shown 1 FIG. 20 (e.g. Horz value under Diff (Cursor2-

Cursorl)).

Measurement Example

Measurements of a fabricated signal conditioning module
110 corresponding to FIGS. 3A-3C, 6 and 8 are provided. As
will be seen, measurements include circuit intrinsic offset
voltages, mput referred noise measurements for both dark
interferogram offset channel amplification subcircuit 118
and nanosecond step-scan channel amplification subcircuit
120. Measurements for intrinsic oflset correction for dark
interferogram offset channel amplification subcircuit 118
and transient response measurements ol nanosecond step-
scan channel amplification subcircuit 120 are also provided.

The intrinsic ofiset measurement of a fabricated signal
conditioning module 110 depicted in FIGS. 3A-3C 1s
obtained by grounding the pin for detector output while
DAC 116 outputs zero volts. Oflset 1s measured at the final
output of dark interferogram offset channel amplification
subcircuit 118 and nanosecond step-scan channel amplifi-
cation subcircuit 120 separately. Table 1 below shows the
oflset measurement of dark interferogram oiffset channel
amplification subcircuit 118 with incremental channel gain
as well as the mput referred intrinsic oflset voltage. For
purposes of this measurement, summing stage subcircuit 114
has gain of 8. When input referred, the output offset value 1s
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divided by path gain of dark interterogram oifset channel
amplification subcircuit 118 and by summing stage gain of
summing subcircuit 114.

TABLE 1
Path gain Output offset Input referred offset
1 14.03 mV 1.75 mV
2 28.13 mV 1.76 mV
4 56.35 mV 1.76 mV
8 112.6 mV 1.759 mV
16 2255 mV 1.762 mV
32 451 mV 1.762 mV
64 902 mV 1.762 mV
128 1.81 V 1.763 mV
256 3.61 V 1.763 mV
512 723V 1.765 mV

In the same way, the intrinsic oflset ol nanosecond

step-scan channel amplification subcircuit 120 was mea-
sured. The data 1s presented 1n Table 2.

TABLE 2
Path gain Output offset Input referred offset

1 6.98 mV 1.74 mV

2 12.81 mV 1.60 mV

4 24.07 mV 1.50 mV

8 47.07 mV 1.47 mV

16 92.1 mV 1.44 mV

32 0.184 V 1.44 mV

64 0.367 V 1.43 mV
128 0.729 V 1.42 mV

As presented 1n Tables 1 and 2, the mput referred offset
voltage of dark imterferogram offset channel amplification
subcircuit 118 and nanosecond step-scan channel amplifi-
cation subcircuit 120 1s about 1.75 mV.

The nanosecond step-scan channel amplification subcir-
cuit 120 has stage gain of 2. As shown by the tables, when
input referred, there 1s a moderate increase of offset voltage
as stage gain increases. Also as shown 1n the table, the higher
path gains have mput referred offset drops below the value
of the first stage, e.g., path gain 1. As discussed 1n the present
disclosure, the circuit intrinsic ofiset voltage can be cor-
rected by providing the measured oflset value back to DAC
114 to remove or subtract 1t out. FIG. 21 depicts the
measured dark interferogram oflset channel amplification
subcircuit correction to be about 191 uV as designated with
reference numeral 168. Note however, that for purposes of
this example, the mnput sine test signal generates constant
distortion term due to the nonlinearity of the amplifier,
which adds to the DC offset. Accordingly, the measured
result should have a slightly higher value.

Noise of the fabricated signal conditioning module 110
was measured by grounding the pin to the output of the
detector and outputting zero volts from DAC 116. Noise was
measured at the final output of dark interferogram oilset
channel amplification subcircuit 118 and nanosecond step-
scan channel amplification subcircuit 120 separately. Table
3 and Table 4 show the noise of dark interferogram offset
channel amplification subcircuit 118 and nanosecond step-
scan channel amplification subcircuit 120, respectively. As
can be seen 1n both tables, the input referred noise of both
dark interferogram oflset channel amplification subcircuit
118 and nanosecond step-scan channel amplification subcir-
cuit 120 1s below the output noise of the detector as desired.
For example, the input referred noise of dark interferogram
oflset channel amplification subcircuit 118 1s 0.084 mV and
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nanosecond step-scan channel amplification subcircuit 120
1s 0.045 mV, whereas the noise floor of the detector 1s 0.38
mV as described elsewhere 1n this disclosure.

TABLE 3
Path gain Output noise Input referred noise
1 0.67 mV 0.084 mV
2 1.66 mV 0.104 mV
4 2.15> mV 0.067 mV
8 3.34 mV 0.052 mV
16 7.16 mV 0.056 mV
32 12.56 mV 0.049 mV
64 24.08 mV 0.047 mV
128 48.6 mV 0.047 mV
256 96.6 mV 0.047 mV
512 200 mV 0.049 mV
TABLE 4
Path gain Output noise Input referred noise
1 0.23 mV 0.045 mV
2 0.75 mV 0.089 mV
4 2.38 mV 0.12 mV
8 6.03 mV 0.13 mV
16 13.82 mV 0.15> mV
32 30.18 mV 0.16 mV
64 57.58 mV 0.16 mV
128 0.132 V 0.16 mV

The transient response of nanosecond step-scan channel
amplification subcircuit 120 with unity gain (FIGS. 22 and
23) and a gain of 32 (FIGS. 24 and 25) are depicted. FIGS.

22 and 23 show the transient response when the channel gain
1s unity. The input signal 1s a 100 mV ., (millivolt peak-to-
peak) pulse with an 18 ns rise and fall time, 1 millisecond
(ms) period, and 10% duty cycle. The edge time 1s measured
as 17.8 ns as shown 1n the FIG. 22, mean rise time.

FIGS. 24 and 25 show the transient response when path

gain 1s set to 32. The input signal 1s the same as described
with reference to FIGS. 22 and 23. The measured rise and
tall time at channel output are 24.6 ns (FIG. 24, mean rise
time) and 28.4 ns (FIG. 25, mean fall time), respectively.

Other example apparatuses, systems, methods, tech-
niques, and algorithms are disclosed.

A method comprising the steps of: obtaining a dark
interferogram voltage of a sample for a step scan FTIR

mirror position and recording the dark interferogram voltage
obtained for such mirror position. The method further
includes the steps of: performing an oflset to the dark
interferogram voltage by removing the dark interferogram
voltage of the sample at the mirror position to provide a
resulting new dark interferogram voltage having a voltage of
about zero volts or close thereto, e.g. a few microVolts; and
amplifying the resulting new dark interferogram voltage
after offset so that the stimulus (e.g. infrared radiation (or
other similar stimulus or stimuli that results 1n a change of
maternal state of a sample)) induced changes in the dynamic
interferogram (changing in time) voltage are recorded (e.g.
in computing system 100) to the tull range or near the tull
range ol nanosecond (or microsecond) analog-to-digital
converter. The method further includes the step of performs-
ing a pulsed stimulation to sample (such as a nanosecond
laser flash) to trigger stimulus induced changes in the
interferogram voltage, e.g. the resulting signal after dark
current removal. Wherein prior to moving to each subse-
quent mirror position the dark interferogram and amplifica-
tion of the sample for the given mirror position 1s reset to the
initial condition.
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A signal conditioning module configured to remove dark
voltage from an interferogram during a nanosecond (or
microsecond) step-scan measurement and thereby enable
continuous data collection for time-resolved Fourier trans-
form infrared (FTIR) spectroscopy without a cut-ofl time,
the signal conditioning module comprising: a summation
subcircuit, wherein the summation subcircuit receives input
from a FTIR spectrometer representative of time-resolved
FTIR spectroscopy data in the form of an interferogram
during a nanosecond (or microsecond) step-scan measure-
ment of the FTIR spectrometer, and removes a dark inter-
ferogram oflset voltage from the received interferogram to
produce a resulting differential signal of interest for ampli-
fication and continuous data collection during the nanosec-
ond (or microsecond) step-scan measurement of the FTIR
spectrometer. The signal conditioning module further
includes a dark interferogram oflset channel amplification
subcircuit operably connected with the summation subcir-
cuit and a computing system, wherein the dark interfero-
gram oilset channel amplification subcircuit measures the
dark interferogram voltage which 1s used to oflset dark
interferogram voltage to zero or very close to zero (e.g. a
few microvolts); and a step-scan channel amplification sub-
circuit operably connected to the summation subcircuit,
wherein the nanosecond step-scan channel amplification
channel subcircuit receives the resulting signal of interest
and amplifies the resulting signal of interest to produce an
amplified resulting differential signal of interest for nano-
second (or microsecond) data collection.

A method comprising the steps of: exposing a sample to
inirared radiation (or other suitable stimulus) over a pro-
gressive range ol mirror positions to obtain dark interfero-
gram voltage values and dynamic stimulus induced changes
in interferogram values of the sample over the progressive
range ol mirror positions; repeating step-scan interferogram
data collection of the sample at each mirror position; and
interpreting the dark interferogram voltage values from all
mirror positions over the progressive range ol mirror posi-
tions to obtain a single beam Fourier transform infrared
spectrum of the sample. The method further includes the
steps of: performing repeated step-scan data collection on
dynamic interferogram voltages (e.g. the signal after dark
current removal) by exposing the sample to a stimulus to
trigger changes in the sample over each mirror position and
repeating the said step-scan data collection over the pro-
gressive range of mirror positions; constructing a time-
resolved step-scan interferogram spectrum at one specific
time after a stimulation with all mirror positions 1n the
progressive range by subtracting the dark interferogram
spectra to the dynamic differential interferogram spectrum
over said progressive range ol mirror positions to obtain a
resulting time-resolved interferogram spectrum of interest;
and repeating the foregoing to obtain time-resolved inter-
ferogram spectrum for each time point after a stimulus. The
method further includes the steps of: performing Fourier
transform of each interferogram spectrum to obtain 1its
corresponding single beam step-scan FTIR spectrum; and
repeating the foregoing for each time to obtain a set of
step-scan FTIR spectra over the entire range of time of
interest (e.g. the duration of the experiment of interest or the
observation period of the sample to be monitored and enable
real-time monitoring, observation, and measurement of the
same 1n an continuous manner). The method may further
include the step of calculating a final time-resolved step-
scan FTIR diflerence absorption spectra by using the for-
mula AA(v,,t )=-log, o[ 1(v,.t,)/1(v,dark)| where v, 1s the wav-
enumber, while t; 1s a specific time after stimulus. By
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analogy, the foregoing sentence 1s a photonic equivalent of
the summation subcircuit’s efforts, e.g. an optical descrip-
tion of the discussion above with reference to FIGS. 4 and
5. Wherein the step-scan described in the method 1s nano-
second step-scan. Wherein the step-scan described in the
method 1s microsecond step-scan.

A method comprising the steps of obtamning a dark
interferogram voltage of a sample for a mirror position;
adding an ofiset dark interferogram voltage to said dark
interferogram voltage for said mirror position to provide a
reduced dark interferogram voltage; and performing a step-
scan measurement by exposing said sample to a stimulus to
obtain a diflerential interferogram voltage of said sample for
said mirror position. Wherein the step-scan measurement 1s
nanosecond step-scan. Wherein the step-scan measurement
1s microsecond step-scan.

A method comprising the steps of obtamning a dark
interferogram voltage of a sample for a mirror position;
using said dark interferogram voltage to oflset an 1nstanta-
neous differential interferogram for said mirror position,
wherein said instantaneous differential includes a pre-stimu-
lus differential interferogram voltage and a post-stimulus
differential interferogram voltage; and performing a step-
scan measurement by exposing said sample to a stimulus to
obtain a differential interferogram voltage of said sample for
said mirror position, wherein said differential interferogram
voltage has said dark interferogram voltage and said pre-
stimulus differential interferogram voltage of said instanta-
neous differential 1nterferogram removed therefrom.
Wherein the step-scan measurement 1s nanosecond step-
scan. Wherein the step-scan measurement 1s microsecond
step-scan. Note that the step-scan measurement may occur
for a progressive range of mirror positions and for many
points 1n time.

The offset applied to the interferogram voltages may be
done to both pre-stimulus and post-stimulus interferogram
voltages. The present disclose provides the ability to collect
small stimulus-induced FTIR data in DC mode, e.g. no
cut-oil at milliseconds), and the ability to record data with
high ADC resolution for data quality.

A signal conditioning module configured to remove dark
interferogram voltages from an 1nstantaneous interferogram
voltages during a nanosecond step-scan measurement and
thereby enhance time-resolved Fourier transform inirared
(FTIR) spectroscopy data, the signal conditioming module
comprising: a summation subcircuit, wherein said summa-
tion subcircuit recerves mput from an infrared detector 1n an
FTIR spectrometer performing time-resolved step-scan
FTIR spectroscopy measurement, and removes said dark
interferogram voltages from said instantaneous interfero-
gram voltages for a mirror position to produce a differential
interferogram signal of interest during said step-scan FTIR
spectroscopy measurement. The signal conditioning module
turther comprising a dark interferogram oiflset channel
amplification subcircuit operably connected with said sum-
mation subcircuit and a computing system, wherein said
dark interferogram oflset channel amplification subcircuit
measures said dark interferogram voltages; and a step-scan
channel amplification subcircuit operably connected to said
summation subcircuit, wherein said step-scan channel
amplification channel subcircuit receives said differential
interferogram signal of interest and amplifies said difleren-
tial mterferogram signal of interest to produce an amplified
differential interferogram signal of interest.

A method comprising the steps of: exposing a sample to
infrared radiation over a progressive range ol mirror posi-
tions to obtain dark interferogram voltage values of said
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sample over said progressive range ol mirror positions;
interpreting the dark interferogram voltage values of said
sample over said progressive range of mirror positions to
obtain a single beam dark Fourner transform inifrared spec-
trum of said sample; performing a step-scan data collection
by exposing said sample to a stimulus to obtain differential
interferogram voltage values over said progressive range of
mirror positions; and interpreting the difl

erential interfero-
gram voltage values for each mirror position over said
progressive range of mirror positions by subtracting the dark
interferogram voltage value for each mirror position over
said progressive range of mirror positions to obtain a result-
ing time-resolved diflerential interferogram spectrum of
interest.

The disclosed apparatuses, systems, methods, and tech-
niques are not limited to the example application described
herein. Such examples are for readability and ease of under-
standing and are not mtended nor should be limited to the
disclosed application of use, equipment, or any numerical
values provided in connection with such examples. For
example, the disclosed systems, techniques, and methods of
improving and enhancing the quality of FTIR spectroscopy
data can be used in connection with other FTIR spectrom-
cters and other physical, electronic, and software equipment.
Wherein said reduced off:

set dark interferogram voltage 1s
approximately a negative of said obtained dark interfero-
gram voltage such that said reduced dark interferogram
voltage 1s one or more microvolts.

Although certain steps are described herein and 1llustrated
in the figures as occurring sequentially, some steps may
occur simultaneously with each other (unless context
excludes that possibility) or 1n an order that 1s not depicted.
Certain steps described herein and illustrated in the figures
may be implemented by performing or completing manu-
ally, automatically, or a combination thereof, of selected
steps or tasks. The present disclosure of the disclosed
methods, techniques, functions, and systems and appara-
tuses are not to be limited to the precise descriptions and
illustrations. Other embodiments will be apparent to one
skilled 1n the art. As such, the foregoing description merely
enables and describes the general systems, methods, and
uses disclosed herein. While certain embodiments have been
described for the purpose of this disclosure, those skilled 1n
the art can make changes without departing from the spirt
and scope thereof. Thus, the appended claims define what 1s
claimed.

What 1s claimed 1s:
1. A method comprising:
obtaining a dark interferogram voltage of a sample for a
mirror position;
using said dark interferogram voltage to oflset an 1nstan-
taneous differential interferogram for said mirror posi-
tion, wherein said instantaneous diflerential includes a
pre-stimulus differential interferogram voltage and a
post-stimulus differential interferogram voltage; and
performing a step-scan measurement by exposing said
sample to a stimulus to obtain a differential interfero-
gram voltage of said sample for said mirror position,
wherein said differential interferogram voltage has said
dark interferogram voltage and said pre-stimulus dii-
ferential interferogram voltage of said instantaneous
differential interferogram removed therefrom.
2. The method of claim 1, further comprising the step of
amplifying said differential interferogram voltage for said
mirror position.
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3. The method of claim 2, wherein the step of amplifying
said differential interferogram voltage for said mirror posi-
tion 1s done with a step-scan channel amplification subcir-
cuit.

4. The method of claim 3, wherein said step-scan channel
amplification subcircuit includes a plurality of cascaded
noninverting amplifiers.

5. The method of claim 2, further comprising the step of
repeating the obtaining, adding, performing, and amplifying
steps for all mirror positions.

6. The method of claam 1, wherein said the step of
performing a step-scan measurement by exposing said
sample to a stimulus to obtain a differential interferogram
voltage of said sample for said mirror position 1s done
through subtraction with a summing subcircuit.

7. The method of claim 6, wherein said summing subcir-
cuit includes a noninverting voltage amplifier in a closed
loop configuration.

8. The method of claim 1, further comprising the step of
repeating the obtaining, adding, and performing steps for all
mirror positions.

9. The method of claim 1, wherein the step of obtaining
a dark interferogram voltage of a sample 1s done by exposing
said sample to infrared radiation.

10. The method of claim 1, further comprising the step of
storing the obtained dark interferogram voltage of said
sample for said mirror position.

11. The method of claim 1, further comprising the steps
of:

before performing a step-scan measurement,

obtaining a second dark interferogram voltage of said
sample for said mirror position;

determining an existence for system drift by comparing
the second dark interferogram voltage for said mirror
position to the dark interferogram voltage for each
mirror position, wherein an existence for system drift
1s negative 1 the second dark interferogram voltage
for each mirror substantially matches the dark inter-
ferogram voltage for each mirror position;

wherein upon a positive existence of system drift,
combining said second dark interferogram voltage
with said dark interferogram voltage for each mirror
position and repeating the obtaining and determining
steps until a negative existence of system drift 1s
determined; and

wherein upon determining a negative existence of
system drift, proceeding to the step of performing a
step-scan measurement.

12. The method of claim 1, wherein the step of using said
dark interferogram voltage to oflset an istantaneous difler-
ential 1interferogram for said mirror position 1s obtained by
adding approximately a negative ol said obtained dark
interferogram voltage to said instantaneous difierential inter-
terogram thereby resulting said differential interferogram
voltage having a voltage of one or more microvolts.

13. The method of claim 1, wherein the step of performing
a step-scan measurement by exposing said sample to a
stimulus to obtain a differential interferogram voltage of said
sample for said mirror position occurs for a plurality of time
points for said mirror position.

14. A signal conditioming module configured to remove
dark interferogram voltages from an 1instantaneous interfero-
gram voltages during a nanosecond step-scan measurement
and thereby enhance time-resolved Fourier transform 1nfra-
red (FTIR) spectroscopy data, the signal conditioning mod-
ule comprising:
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a summation subcircuit, wherein said summation subcir-
cuit recerves input from an infrared detector in an FTIR
spectrometer performing time-resolved step-scan FTIR
spectroscopy measurement, and removes said dark
interferogram voltages from said instantaneous inter-
ferogram voltages for a mirror position to produce a
differential interferogram signal of interest during said
step-scan F1IR spectroscopy measurement;

a dark interferogram oflset channel amplification subcir-
cuit operably connected with said summation subcir-
cuit and a computing system, wherein said dark inter-
ferogram offset channel amplification subcircuit
measures said dark interferogram voltages; and

a step-scan channel amplification subcircuit operably con-
nected to said summation subcircuit, wherein said
step-scan channel amplification channel subcircuit
receives said differential interferogram signal of inter-
est and amplifies said diflerential interferogram signal
of interest to produce an amplified differential inter-
ferogram signal of interest.

15. The signal conditioning module of claim 14, wherein
said summation subcircuit amplifies said differential inter-
ferogram signal of interest.

16. The signal conditioning module of claim 14, wherein
said summation subcircuit includes a nomnverting voltage
amplifier 1n a closed loop configuration.

17. The signal conditioning module of claim 14, wherein
said summation subcircuit has a gain of 8.

18. The signal conditioning module of claim 14, wherein
said dark interferogram voltage 1s obtained from a sample by
exposing said sample to inirared radiation prior to exposing
said sample to a stimulus during said step-scan FTIR spec-
troscopy measurement.

19. The signal conditioning module of claim 14, wherein
said dark mterferogram oflset channel amplification subcir-
cuit includes a plurality of cascaded noninverting amplifiers.

20. The signal conditioning module of claim 19, wherein
cach of the cascaded nonminverting amplifiers has an adjust-
able gain setting of unity, 2, 4, and 8.

21. The signal conditioning module of claim 19, wherein
cach noninverting cascaded amplifier has an adjustable gain
setting, and said adjustable gain setting 1s operably con-
nected to said computing system.

22. The signal conditioning module of claim 14, wherein
said dark mterferogram oflset channel amplification subcir-
cuit has a gain of up to about 312.

23. The signal conditioning module of claim 14, wherein
said step-scan channel amplification subcircuit provides said
amplified differential signal to said computing system.

24. The signal conditioning module of claim 14, wherein
said step-scan channel amplification subcircuit includes a
plurality of cascaded noninverting amplifiers.

25. The signal conditioning module of claim 24, wherein
said a plurality of cascaded nomnverting amplifiers 1s seven
cascaded nomnverting amplifiers has an adjustable gain
setting of unity, 2, 4, and 8.

26. The signal conditioning module of claim 24, wherein
cach stage of said plurality of cascaded noninverting ampli-
fiers has a stage gain of 2.

277. The signal conditioning module of claim 14, wherein
said step-scan channel amplification subcircuit has a gain of
up to about 512.

28. The signal conditioning module of claim 14, wherein
said a step-scan FTIR spectroscopy measurement includes
exposing said sample to a stimulus.
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29. The signal conditioning module of claim 14, wherein
the computing system provides control signals to said signal
conditioning module.

30. The signal conditioning module of claim 14, wherein
the computing system provides one or more control signals
to said dark interferogram oflset channel amplification sub-
circuit and one or more control signals to said step-scan
channel amplification subcircuit.

31. The signal conditioning module of claim 30, wherein
said one or more control signals to said dark interferogram
oflset channel amplification subcircuit and said one or more
control signals to said step-scan channel amplification sub-
circuit are channel gain signals.

32. The signal conditioning module of claim 14, wherein
said computing system includes a processor having instruc-
tions stored thereon which cause said processor to provide
one or more control signals to said signal conditioning
module.

33. The signal conditioning module of claim 14, wherein
said summation subcircuit has a gain of 10.

34. The method of claim 14, wherein said step-scan
amplification subcircuit 1s a nanosecond step-scan amplifi-
cation subcircuit and configured to take nanosecond step-
scan measurements.

35. The method of claim 14, wherein said step-scan
amplification subcircuit 1s a microsecond step-scan ampli-
fication subcircuit and configured to take microsecond step-
scan measurements.

36. The method of claim 14, wherein said step-scan
channel amplification subcircuit includes eight noninverting
amplifiers.

37. A method comprising:

exposing a sample to infrared radiation over a progressive

range ol mirror positions to obtain dark interferogram
voltage values of said sample over said progressive
range ol mirror positions;

interpreting the dark interferogram voltage values of said

sample over said progressive range of mirror positions

to obtain a single beam dark Fourier transform infrared
spectrum of said sample;
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performing a step-scan data collection by exposing said
sample to a stimulus to obtain differential interferogram
voltage values over said progressive range ol mirror
positions; and

interpreting the differential interferogram voltage values

for each mirror position over said progressive range of
mirror positions by subtracting the dark interferogram
voltage value for each mirror position over said pro-
gressive range of mirror positions to obtain a resulting
time-resolved differential interferogram spectrum of
interest.

38. The method of claim 37, further comprising the step
of: amplifying the resulting time-resolved differential inter-
ferogram spectrum of interest.

39. The method of claim 38, wherein the step of ampli-
tying the resulting time-resolved diflerential interferogram
spectrum of 1nterest 1s done using a step-scan channel
amplification subcircuit.

40. The method of claim 1, wherein the step of obtaining
a dark interferogram voltage of a sample for a mirror
position 1s done for a plurality of mirror positions before the
step of performing a step-scan measurement by exposing
said sample to a stimulus to obtain a differential interfero-
gram voltage of said sample for said mirror position.

41. The method of claim 1, wherein the step of obtaining
a dark interferogram voltage of a sample for a mirror
position 1s done for a progressive range of mirror positions
and the step of performing a step-scan measurement by
exposing said sample to a stimulus to obtain a differential
interferogram voltage of said sample for said mirror position
1s done for said progressive range of mirror positions and the
step of performing a step-scan measurement by exposing
said sample to a stimulus to obtain a differential interfero-
gram voltage of said sample for said mirror position 1s done
in an alternative manner for a substantially same mirror
position after the step of obtaiming a dark interferogram
voltage of a sample for a mirror position.

42. The method of claim 1, wherein said step-scan mea-
surement 1s a nanosecond step-scan measurement.

43. The method of claim 1, wherein said step-scan mea-
surement 1s a microsecond step-scan measurement.
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