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Channel dispersed Fourier transform spectrometer

Brandon Hong® !, Faraz Monifi' & Yeshaiahu Fainman'

The high signal throughput of Fourier transform spectroscopy has proved a boon to over-
coming the difficulties of otherwise overwhelming detector noise in chemical infrared
spectroscopy and near-infrared Raman spectroscopy, and is desirable for in situ measure-
ment. Here we introduce a stationary channel dispersed Fourier transform (CDFT) spec-
trometer that efficiently utilizes two-dimensional imagers to obtain high-resolution input
spectra in low-pixel-density imagers. By angularly dispersing a vertical one-dimensional
interference pattern along a horizontal axis, an array of bandlimited interferogram channels is
measured with reduced sampling constraints in each channel. CDFT spectrometers can
use existing imagers to measure spectra with 0.0025 cm~" resolution over an 800 cm~!
bandwidth. Moreover, this approach reduces the quantization noise present in low dynamic
range imagers significantly. To demonstrate the utility of CDFT spectroscopy, broadband
spectral domain optical coherence and multicolor quantum dot photoluminescence are
measured in low-pixel-density imagers.
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he in situ detection of trace features of analyte in a complex

environment requires an accurate sensor capable of mea-

suring low levels of indicator signal in real time, and with
limited capability for sample filtration, must resolve signal traces
with specific discrimination from background markers. Optical
spectroscopy excels at chemical identification and is ubiquitous in
the sciences as a highly specific and noninvasive probe of mole-
cular structurel~7. In Fourier transform (FT) spectroscopy, the
high signal throughput has proved a boon to overcoming the
difficulties of otherwise overwhelming detector noise in infrared
spectroscopy and near-infrared Raman spectroscopy, and is
desirable for in situ measurement8-12. In contrast with benchtop
mirror-driven spectrometers, stationary FT spectrometers utilize
multichannel detector arrays to record spatial interferograms for
spectral recovery!3-25, and while favorable for in situ FT spec-
troscopy, the fixed length of the detector array and pixel size
fundamentally limit their spectral resolving power. To improve
the spectral resolution of stationary FT spectrometers, we intro-
duce a channel dispersed Fourier transform (CDFT) spectrometer
that records two-dimensional spatial interferograms using ima-
ging detectors in a single-frame snapshot to recover high-
resolution spectra.

By spectrally dispersing the one-dimensional interference
pattern, an array of bandlimited interferograms is measured in
real time, relaxing sampling constraints within each spectral
channel. Bandlimited channels also reduce centerburst contrast,
lowering the quantization noise set by detector dynamic range. To
demonstrate the CDFT spectrometer, broadband spectral domain
optical coherence and multicolor quantum dot photo-
luminescence are measured using low-pixel-density detectors.
Through efficient use of the full pixel count in imaging detectors,
the resolution improvement of CDFT spectrometers offers a route
to a compact and precise in situ spectrometer, useful for envir-
onmental management, medicine, and security26-31,

Results

Principle of operation. The CDFT spectrometer can be under-
stood as an extension of the well developed stationary FT spec-
trometer. For stationary FT spectrometers, the 1D interferogram
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spans a detector column by path delay as shown in Fig. 1a, and
for a zero path delay (or center burst) at the column center, the
total path difference is inversely proportional to the minimum
resolvable spectral element. Sampling rate is determined by the
optical path difference equal to pixel pitch, or equivalently, the
number of detector pixels sampling the interferogram. For two-
sided spectrum signal bandwidth of Ky and desired resolution
Ak the following equation is valid:

N> K (1)

P Ak
where N, is the number of pixels along the interferogram
direction. Hence, for a fixed signal resolution, decreasing signal
bandwidths results in a stationary FT spectrometer with lower
pixel density in fixed-size detector arrays in order to recover the
spectrum without aliasing.

The CDFT spectrometer design optically disperses the one-
dimensional interferogram pattern across a two-dimensional
detector array. The spectral dispersion can be generated by prism,
diffractive element, or any similar dispersive spectral mapping
component. With the spatial interference pattern oriented along
the detector columns, the pattern image is dispersed perpendi-
cularly in horizontal direction and resolved along the rows of the
detector array. In this two-dimensional interference pattern,
shown in Fig. 1b, each column interference pattern, or “spectral
channel” is formed by a sub-band of the signal spectrum and can
be Fourier transformed to recover the sub-band spectrum32. After
processing for carrier frequency aliasing and background, the
recovered sub-band spectra can be added to recover the full signal
power spectrum. While each spectral channel can be of a single-
pixel width, channels with multi-pixel widths can be binned to a
column with single-pixel width. Once the spectral channels are
defined, the band limits are determined by both the dispersion
angle subtended by the column extent. For a total signal
bandwidth spread evenly across N,, spectral channels, the
tradeoff can be described as follows:
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Fig. 1 A stationary Fourier transform spectrometer measures the spatial interference pattern of a signal in a single dimension (a) and obtains the spectrum
by Fourier transformation. While increasing the interference angle will squeeze more fringes into the detector column and increase the interferogram
window, the sampling rate along the delay axis is simultaneously reduced by the fixed pixel width, and a full-bandwidth Nyquist rate limits the recovered
spectral resolution for un-aliased spectra. Spectral dispersion in a CDFT spectrometer (b) creates an array of narrowband interferograms in the detector
columns that partition the signal spectrum. Measurement and Fourier transformation of each channel (column) interference pattern, unwrapping around
the carrier frequency, and summation recovers the total spectrum signal. Since the bandwidth in each channel is reduced by the partition factor, the
interference window can be increased proportionally over the one-dimensional counterpart. Schematic diagram of a CDFT spectrometer (c). Spatial
interference is generated by Sagnac interferometric arm; interference angle is determined by tuning mirror tilt. Periscope assembly rotates the interference
plane by 90° to allow for dispersion in the propagation plane. Dispersive arm spreads the signal interference pattern into sub-band spectral channels to

form the CDFT interferogram and is recorded by a 2D imager (Detector)
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Since each spectral channel bandwidth now occupies a smaller
fraction of the total signal bandwidth, the minimum number of
pixels along the interference axis needed to avoid aliasing is now
lowered by the number of channel divisions Ny,. A more detailed
analysis and derivation of the CDFT advantage is presented
elsewhere (see Supplementary Note 1).

For comparison, we consider a long-wave infrared (LWIR)
spectrum measured from 1450 to 650 cm~1 (roughly 7-15 pm,
matching the responsivity of an uncooled infrared focal plane
array). For a stationary FT spectrometer that uses a linear array
with 640 pixels, the highest generally achievable resolution
without aliasing is 1.3 cm~1, or 13 nm for spectral features near
10 um. Because the sampling rate is fixed by the pixel count of the
detector array, increasing the interferogram window also results in
reduced sampling rates, towards the Nyquist limit. In contrast, for
a CDFT spectrometer, a large-format focal plane array with 640 by
512 pixel dimensions can recover spectra with 0.0025cm—1
resolution or 0.025 nm for spectral features near 10 um. Through
spectral dispersion, the bandwidth per channel is reduced by the
number of channels partitioning the total signal bandwidth; the
minimum sampling rate of the interference pattern in each
channel is reduced by the number of pixels (or channels) in the
introduced detector axis, and the interferogram window can be
increased proportionally to maximize the spectral resolution.

To calibrate bandpass sampling, an unwrapping algorithm is
performed by passing two known spectrally separate and
narrowband sources through the CDFTS system and extrapolat-
ing the spectral dispersion across the camera. As the interference
angle is increased from co-linear to highly sheared, the fringe
density is increased, and the calibration source lines increase in
sampling frequency towards the Nyquist edge. As the inter-
ference angle is further increased, we observe wrapping, where
the lines will cross the sampling edge and fold back into the
sampling space, moving back towards DC (this is under-
sampling). For each angle, a linear correspondence is made
between the discrete wavenumber [pix—!] spacing of the
measured sources and the known spectral frequency spacing of
the sources. Absolute wavenumber position is established by the
known center frequency of each source. The number of wraps
can be measured by sweeping the interference angle and
observing the two spectral lines.

In practice, it is critical that the shearing angle of the
interference pattern is chosen such that the channel bandwidth
is not itself aliased32. In particular this is the condition that an
integer multiple of the sampling rate does not directly fall into the
channel band, this condition can be met by translational
alignment of the detector along the dispersion axis, or by fine
tuning of the shearing angle to move the sampling rate to a
channel band edge. Moreover, the system optical transfer function
lower bounds the minimum resolvable linewidth. While the
interior angle of the interference waves can be increased within
the bandpass sampling limit, system apertures will restrict the
visibility of higher spatial frequency components of the FT
interferometric pattern, and lower the SNR of high frequency
components in the recovered spectra. Moreover, wideband system
noise (both shot and detector) is itself aliased in bandpass
sampling, and noise is introduced into the signal band with
decreasing sampling rates to further lower the SNR. Judicial design
of the optical system and selection of its elements is necessary to
compensate for higher order errors. Simulations illustrate
advantage of CDFTS in avoiding undersampling corruption and
the reduction of signal dynamic range (see Supplementary Notes 2
and 3, and Supplementary Figures 1 and 2).

Experiment. The experimental implementation of CDFT spec-
trometer is shown in Fig. 1c. An interferometric arm based on a

Sagnac interferometer splits a collimated signal beam into two
beams with an interior interference angle proportional to the
tuning mirror tilt; at 45° to the beam path, optical beams exiting
the ring are collinear, and for tilt displacements of 8, the interior
angle of the emerging beams will be 26. This topology has been
thoroughly studied as an interferometer and stationary FT spec-
trometer33. The typical stationary FT spectrometers interference
pattern is shown schematically in Fig. 1a. Based on the interior
angle, control of the tuning mirror tilt allows for variable shearing
of the counter-propagating beams in the Sagnac ring and thus
fringe density in the final interferogram. While the Sagnac gen-
erated interference plane is initially along the table, a periscope
element rotates the plane by 90° out of the table prior to prism
input; the interference plane is then perpendicular to the table. A
prism is used to spectrally disperse the broadband spatial inter-
ference pattern into a spread array of bandlimited interference
patterns, and is resolved by an imaging camera. Recorded inter-
ferograms are then binned into spectral channels, and 1D Fourier
transforms of the channel interferograms are computed by fast
Fourier transform (FFT) in MATLAB; high pass filters are
applied to each channel interferogram to remove out-of-band
baseline noise spectra while preserving in-band channel compo-
nents. For low sampling rates, aliased spectral channels are
unwrapped from un-aliased components into an empty half space
and summed to reconstruct the complex spectrum; recovery of
the power spectrum is obtained from the spectral magnitude. A
CDFT spectrometer was constructed according to the previously
described schematic to measure the spectrum of modulated
xenon arc lamp emission. Since the advantage of CDFT spec-
trometers is in measuring broadband spectra with narrow spectral
features, we use this technique to evaluate the spectrum of a
broadband xenon arc lamp output from a Michelson inter-
ferometer. Increasing displacement of the delay mirror from the
point of zero optical path difference introduces a sinusoidal
modulation of the optical spectrum with increasing spectral fringe
density. This technique is the basis for depth imaging in spectral
domain optical coherence tomography, for spectral evaluation,
and it is useful for generating arbitrarily dense spectral features
over a broad signal bandwidth. In this experiment, the broadband
signal is used to demonstrate the effect of aliasing in under-
sampled interferograms of stationary FT spectrometers, and how
channel dispersion in CDFT spectrometers can recover and
restore the narrow spectral features.

The modulated xenon spectrum was passed through the CDFT
spectrometer as described in Fig. 1, and was recorded as a 2D
interferogram by the CMOS imager with 1900 x 1200 pixel
format (per row, per column) and 5.86 micron square pixel
pitch; the interference pattern runs along the columns. To
demonstrate the efficacy of the system as a low-pixel-density
stationary interferometer, two binned formats are processed,
with 128 x 1200 (row, column) and 128 x 300, corresponding to
un-aliased and aliased spectra, respectively. In Fig. 2, experi-
mental recovery for 128 x1200 format is shown. The raw
interferogram for the 128 x 1200 format is obtained (Fig. 2a),
and the spectral channel interferograms in each column (Fig. 2b)
are first zero-padded for interpolation in the spectral domain and
then individually Fourier transformed by FFT. The recovered
normalized magnitudes of the channel spectra are shown in
Fig. 2¢; with increasing channel number, the center wavelength is
shown to increase, corresponding to the spectral dispersion in the
CDFT interferogram. Moreover, the dispersion also partitions the
total spectrum between the pixel columns, and the recovered
channel spectra can be seen to be localized to a narrowband about
their center frequency. Owing to the linearity of the center
frequency dispersion, it is evident that the signal is not aliased
owing to the sufficient sampling of the interferometric axis by
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Fig. 2 Experimental 1200 x 128 pixel (column, row) CDFT interferogram of a broadband Xe lamp spectrum modulated by a Michelson interferometer to
generate narrow spectral lines (a) with dispersion channels across the columns and interference along the rows. Each column contains a sampled
interferogram (b) that is band-limited by the dispersion across the column width. Fourier transform of each channel results in the recovery of a sub-band of
the total spectrum, and the normalized magnitudes are shown in (¢). Without aliasing, evidenced by the linear dispersion of the channel center frequencies,
summation of the complex channel Fourier transforms vyields the recovered signal spectrum magnitude shown in (d)

1200 pixels, and recovery of the full spectrum is achieved by
computing the magnitude in sum (Fig. 2d). Calibration of the
sample wavenumber spacing was performed as described above
by measuring the interference patterns passing through the
CDFTS system for a helium neon laser (A = 633 nm) and an LED
(A =780 nm), and extrapolating the linear wavenumber spacing
per frequency sample in the Fourier transformed interferogram.
To factor out spectral distortion from speckle-induced zeros in
the laser interferogram, a smoothing window is applied to the
recovered spectrum (100-point moving average window on a
12,000 point linearly interpolated spectrum) to clearly identify the
peak spectral position of the laser line.

Because of the sufficient density of pixels along the interfero-
metric axis (1200 pixels), recovery in this case does not provide a
sampling advantage over the 1D stationary FT spectrometer, as
the interferogram is oversampled for all channels. Since there is
no aliasing between the spectral channels or spectral overlap,
the summation of recovered channel spectra is equivalent to the
summation or binning of channel interferograms into a single
1200 x 1 array. In this case, alias-free recovery is enabled by
the high density of pixels along the interferometric vertical axis
of the detector.

The CDFT sampling advantage is evident in low-pixel-density
detectors where undersampling occurs. This sampling advantage
can be shown in the experimental recovery of a 128 x 300
(row, column) format CDFT interferogram, where using a 1D
stationary spectrometer of the longest pixel dimension is

4

insufficient to sample the entire 500 nm bandwidth of the visible
band while retaining the single nanometer features. At the same
shearing angle as before for identical spectral resolution, the
binning of the native detector format brought the signal to a
128 x 300 format is obtained with each column as a spectral
channel sampling the interference pattern with 300 detectors.
After zero-padding interpolation as before, the channel spectra
are recovered by FFT and shown in magnitude in Fig. 3a: here,
the low-density of pixels shows aliasing to occur for small signal
wavelengths. As a result of undersampling, simple summation
(Fig. 3b) of the channel spectra results in an aliased signal
spectrum, identical to 1D stationary FT spectrometer signal
recovery. Since the channel center-frequencies are linearly
dispersed, the wrapping or “reflecting” of the dispersion back
into the sampling bandwidth is symptomatic of aliasing and
cannot generally be distinguished for dense spectra in the 1D
case. Owing to the channel separation in CDFT interferograms,
these wrapped spectral channels can be uniquely separated from
overlapping channels, and unwrapped or reflected across the
Nyquist frequency into an empty half space as in Fig. 3c.
Following this processing, the channel summation of recovered
sub-bands can be repeated, and the alias-free CDFT recovery of
the total spectrum is shown in Fig. 3d.

To test the applicability of low-pixel-density CDFT interfero-
grams, multicolor quantum dot fluorescence measurements over
a broad spectral range were measured. With the increasing
sophistication of both laboratory and consumer imaging systems,
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Fig. 3 Experimental 300 x 128 pixel (column, row) CDFT interferogram of spectrally modulated Xe lamp. The Fourier transform recovered channel spectra
magnitudes (a) show wrapping of the linear dispersion about the Nyquist zone for short wavelengths, indicative of undersampling and aliasing in these
channels. When simply added, irreversible aliasing is observed in the magnitude (b) as shorter wavelengths are reflected across the critical sampling
frequency to overlap with longer wavelengths; this is equivalent to the spectrum recovered from the 1D interferogram of a stationary Fourier transform
spectrometer. CDFT spectrometers allow the separation of the aliased components from overlapping channel spectra. Linear dispersion of the spectral
channels is restored by unwrapping the aliased channels into an empty half space (¢) and recovery by summation recovery (d)

multicolor/channel detection of fluorescent tags is an important
direction towards high throughput analysis in immunoassay
and biological sensing as a whole. A simple side collection
fluorescence measurement was performed in a 1 mm path length
glass cell, and a 400 mW Ar-ion laser was used to excite QD
luminescence. Solutions of 6 nm diameter CdSe/ZnS quantum
dots (1 mM in toluene) with emission lines at 540, 575, and
630 nm were individually measured for PL in both high (128 x
1200) and low (128 x 64) pixel-density environments by camera
binning. A final measurement of a quantum dot mixture
(300 uM each) was performed in both pixel-density environ-
ments, and processed spectra of individual QDs and mixture are
shown in Fig. 4. Spectral dispersion was maintained along the
constant 128 pixel axis, while interferogram sampling was
variable between high and low-pixel-density environments. In
the high pixel-density imager, alias-free spectra are obtained, as
the sampling of the interferogram is well within the Nyquist rate
(Fig. 4a). In the case of the low-pixel-density environments,
the spectral channels can be observed to overlap (Fig. 4b) and the
equivalent 1D interferogram is shown to recover an aliased signal
spectrum (Fig. 4c). Using the unwrapping routine allowed by
CDFT spectrometers, the overlapped spectral channels can be
flipped into the empty spectral-half space (Fig. 4d) and super-
imposed to recover the unwrapped spectra (Fig. 4e). As a result of
multiple undersampling wraps about the Nyquist edge in the
severe 64 pixel sampling case, longer wavelengths are measured as
higher spatial frequencies in the observable sampling space.
Calibration by the spectral line sources as described earlier tracks

the number of wrapping events, and linearly extrapolates the
relation of physical wavenumber spacing to the sample space.

Discussion

In our derivation, it was shown that by dispersion, the total signal
bandwidth in a single interferogram can be divided into sub-
bands that can sample the interferogram at a lower rate without
aliasing. In particular, for a given number of pixels N,, along
the interferometric axis, the critical Nyquist sampling rate can be
lowered by a factor of N,,, the number of dispersion channels.
This allows the detector to measure proportionally larger path
delays to allow for a resolution increase by a factor of N,,. While
the carrier frequency, or channel center frequency, is more readily
aliased as a value invariant with the number of spectral channels,
knowing the dispersion center in each channel allows the
recovered spectra to be uniquely unwrapped from about the
Nyquist edges and restored without aliasing; this was demon-
strated in our experiment for aliasing across a single Nyquist
edge. For highly undersampled interferograms, aliasing can
potentially occur across both Nyquist edges, and more rigorous
methods for spectral unwrapping will be necessary. To calibrate
this process, known broadband spectra with dense features such
as the spectrally modulated Xe lamp used in our experiment can
be used to determine the number of wraps across Nyquist edges
by tracking the channel spectra with increasing interference angle.
In particular, the center frequency for each sub-band can be
followed in each channel as the interference angle increases, and
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Fig. 4 CDFT spectral measurements of CdZnSe quantum dot luminescence spectra. In a high pixel-density configuration (a), 128 binned spectral channels
with 1200 pixel path delay sampling each are used to measure and recover monodisperse quantum dot PL (colored curves) at A.,, = 540, 575, and 630 nm.
A mixture of the quantum dots is measured to recover broadband PL (gray). In a low-pixel-density configuration, the 128 spectralchannels are further

binned to a 64 pixel sampling. As the carrier Nyquist rate is undersampled, spectral wrapping in the channel magnitudes is observed (b) resulting in an
aliased spectrum recovery (¢). CDFT spectrometer separation of the channel spectra in measurement allows for unwrapping of the overlapped bands (d)
to reconstruct the alias-free signal spectrum (e). Uncertainty in calibration by spectral peak maximum results in a shift in the 64 pixel sampled spectrum
(solid black) relative to the overlayed oversampled 1200 pixel sampled spectrum (dotted black); spectral shape is shown to be preserved with a shifted

(dotted magenta)

at the target angle for the desired spectral resolution, the center
frequency of each sub-band will determine the number of
reflections to make across each Nyquist edge.

Using the width of observed fringes generated by the
modulated Xe lamp as a standard, we estimate 3 nm resolution
(at 600 nm) for our current setup. In this particular system, the
Sagnac interferometer while conferring stability, has an upper
limit on interference angle for the given beam size owing to the
finite aperture of our optical components. Higher spatial fre-
quencies can be measured with increasing interference angle,
which is possible with a modified Sagnac interferometer (using
larger mirror optics to accommodate larger shear angles. Alter-
natively, Mach Zehnder configurations can be applied with spe-
cial care taken to ensure optical component fixation and stability
to make the system both compact and vibration insensitive.
While these measurements show that the resolution can be
improved beyond the Nyquist limit set by the pixel count in 1D,
the measured 3nm resolution is still less than the ideally
achievable resolution which is on the order of 0.1 nm (limited by
the finite length of the camera as the maximum OPD). This is
because of the contrast loss induced by pixel area sampling rather
than discrete time sampling in the case of time scanned FT
spectrometers (see Supplementary Note 4). Namely, OPD dou-
bling from increasing interference angle results in a resolution
improvement by a factor of 2 (Supplementary Eqn. 4), but also
lowers signal power owing to multiple fringe averaging in a
single-pixel (Supplementary Eqns. 10, 11). This can be mitigated
by placing a pinhole in front of each camera pixel in a pinhole
array akin to those found in Hartmann sensors, or by using a

stronger source. Similar optical elements that sample the wave-
front discretely without sacrificing signal power can be proposed.

Calibration of photometric transfer function and wavenumber
accuracy are necessary for high fidelity spectral acquisition.
Imperfection in the source and spectrally dependent contrast loss
contribute to spectral distortion and inaccuracy, which are par-
ticularly prevalent for severe undersampling, evident in the PL
spectra for 128 x 64 pixels in Fig. 4e. For our measurements,
speckle in the He-Ne laser interference pattern after passing
through the optical system distorts the spectral position with
spurious zero crossings. To correct this, the FT of the interference
pattern was smoothed to find the peak center. A 100-point
moving average smoothing window (on a linearly interpolated
12,000 sample spectrum) was applied to the Fourier recovered
spectrum was performed for smoothing the laser source since
only this source produced speckle, allowing for a better estimate
of the spectral center of the laser line. While this smoothing
method helps the peak position to be more clearly identified for
calibrating the oversampled case (128 x 1200 pixels), the under-
sampled speckle (128 x 64 pixels) loses signal contrast (see Sup-
plementary Figure 3) that can cause error in the peak position
when similarly smoothed. This makes this calibration method
increasingly more ambiguous for spectral accuracy in severely
undersampled interferograms. To circumvent this issue, an
extremely robust calibration could be performed with a single
mode tunable laser. When the source is swept, not only would the
spatial frequency be mapped to the tuned spectral frequency, but
the variable loss in spectral power would also be calibrated, i.e.
calibrate the transfer function and apodization due to
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undersampling (see Supplementary Note 4 and Supplementary
Figure 3); this would improve the photometric accuracy of our
spectrometer and correct for the FWHM errors.

We have demonstrated a CDFT spectrometer and have shown
that spectral dispersion of the 1D stationary FT interferogram
allows for the interferogram to be undersampled in proportion to
the number of spectral channels introduced. CDFT spectral eva-
luation allows for high spectral resolution to be achieved for sta-
tionary infrared FT spectrometers in a format native to sensitive
low-pixel-density imagers that populate much of the mid-IR and
far-IR range. Conversely, with the reduced dependence on linear
pixel-density, high pixel-density imagers in the visible and NIR
can be partitioned for hyperspectral imaging by integration with a
compact implementation of parallel CDFT spatial filters. More-
over, high speed cameras that scan rapidly over a limited number
of detector elements can also benefit from channel dispersion, and
in applications such as optical coherence tomography, CDFT
spectrometers can improve the speed of A-scan readouts in the
spectral domain without sacrificing dynamic range or resolution.

Methods

The CDFT spectrometer is an extension of the Sagnac interferometer. As described
in Fig. ¢, the signal beam is split by a 50:50 beam-splitter reflected across the same
three mirrors forming the ring, in opposite circuits to create two beam paths;
adjustable in-plane tilt in the central mirror creates angularly displaces the two
paths for an interference pattern (see Supplementary Note 5). A lens (L1) is then
used to form an intermediate spatial Fourier (SF) transform plane, allowing for
separation of the two beams for spatial filtering and background calibration. Prior
to dispersion, a periscope assembly is used to rotate the interference plane by 90°
out of the table-plane; this allows the now out-of-plane interference pattern to be
dispersed in the table-plane along the detector. The lens focal lengths are 6” each
with 2”7 @ clear apertures (both L1 and L2 in schematic). The second lens is placed
127 after the first lens, with an intermediate Fourier plane formed at the midpoint
for inspection of the background. Steering mirrors are silver with 1”7 @ clear
apertures. Two interferometer mirrors have 3” @ clear apertures, while the other
two are 1”7 @ clear apertures, and all are silver. The fiber used for the measurement
was a 0.22 NA patch cable with 200 micron core diameter. Similar system topol-
ogies are employed in pulse characterization system34-36, where in CDFT spec-
trometers, the aim is to distribute the spectral information across all detectors in an
imaging detector and maximize spectral resolution (see Fig. 1b). The dispersive
element is a Pelin-Broca prism (Thorlabs) for 90° dispersion, and the spectrally
dispersed interference pattern is resolved by a cylindrical mirror with curvature in
the dispersion plane onto the CMOS imager (Point Grey Blackfly, 2.3 MP
monochrome) with 5.6 micron square pixel pitch.

Data availability. Supporting data can be made available from corresponding
author upon request.
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