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Abstract: We report on a thermally stable monolithic Doppler asymmetric spatial heterodyne
(DASH) interferometer with field-widening prisms for thermospheric wind measurements by ob-
serving the Doppler shift of the airglow emission. Analytical deduction and numerical simulation
are applied to determine the central optical path difference, the thermal compensation condition
and the field-widening design. A monolithic interferometer with optimized configuration was
built and tested in the laboratory. Laboratory tests show that the best visibility of 0.94 was realized
with the 9 * field-of-view illumination, while the thermal responses of the spatial frequency and
the optical phase offset are 0.0154 cm™!/"C and 0.469 rad/’C, respectively.
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1. Introduction

Atmospheric winds play an important role in atmospheric dynamics and energetics. Thermo-
spheric neutral winds impact on the interaction between neutral molecules and plasmas, which is
relevant for space weather forecasts and modern satellite communications [1-4]. A passive wind
detection technique is generally implemented in measuring the middle and upper atmospheric
winds by observing the Doppler shift of natural emission lines. In this region, the airglow lines
emitted by atomic oxygen and molecular oxygen can be found, and the Doppler shift of lines can
be used as targets to measure the thermospheric winds.

Doppler-shift measurements of thermospheric winds using the passive optical technique have
been carried out in the past few decades [5—8]. Fabry-Perot interferometers (FPI) have been widely
used to measure the thermospheric winds due to their high sensitivity and simple configuration
[5,6,9]. However, extreme manufacturing tolerance (smaller than 1/20) of the etalon results
in high costs, and its inevitably large and heavy volume to achieve good optical throughput
further constrains its application. Another typical instrument, the Michelson interferometer (MI),
monitors the phase shift in the interferograms to trace the Doppler shift. The characteristics
of field widening and thermal compensation greatly improve measurement responsivity and
accuracy, even if only a few phase points of the interferogram are sampled during one scanning
period [7,8]. On the other hand, an ultra-narrow prefilter needs to be employed in isolating the
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single airglow emission line. Stringent scanning stability and accuracy are also required for an
MI instrument.

Spatial heterodyne spectroscopy (SHS) is an effective methodology to achieve a high-resolution
spectrum using stationary interference fringes and is similar to the MI system with two diffraction
gratings replacing the reflection mirrors. Its features of high throughput owing to the field-
widening design and no moving parts mean that the SHS instrument is particularly suited to
the spectroscopy of weak diffuse emissions such as atmospheric airglow [10,11]. Lengthening
the optical path on one arm transforms an SHS interferometer into a Doppler asymmetric
spatial heterodyne (DASH) interferometer. This simple modification makes it possible to
sample hundreds of phase points around a large optical path difference (OPD) without moving
components [12]. Owing to the fact that a DASH interferometer can resolve multiple emission
lines simultaneously, it is possible to use a reference line to track thermal changes to the instrument.
A DASH technique combining the advantages of MI and SHS was recently developed to probe
thermospheric winds. Harlander et al. designed a monolithic DASH interferometer based on
a Koster’s double-reflection prism [13], and ground-based observations of atomic oxygen red
line emission (1 = 630 nm) were successfully conducted [14]. The Michelson Interferometer for
Global High-Resolution Imaging of the Thermosphere and Ionosphere (MIGHTI), an instrument
on NASA’s Ionospheric Connection Explorer (ICON) satellite using the DASH technique, was
developed to measure thermospheric winds and temperature [15,16].

In order to study the evolution of mesospheric or thermospheric phenomena, global network
observations of thermospheric winds are routinely carried out [9,17,18]. A more inexpensive and
precise instrument is expected to replace the typical FPI instrument. A thermally compensated
DASH instrument is one of the potential candidates. To resolve the winds within an accuracy of
3m/s, wavelength shifts smaller than 9 orders of magnitude of the emission wavelength have to
be detected. Therefore, the phases of the fringes must be highly stable with respect to ambient
temperature, especially for the ground-based instrument which needs relatively long exposure
times (usually 3-5 minutes) to collect enough photons.

In this paper, a thermally insensitive monolithic DASH interferometer with field-widening
prisms for measuring thermospheric winds, by observing the Doppler shift of the atomic oxygen
airglow at the wavelength of 630.0 nm, is discussed including the optical design and laboratory
performance. Firstly, the detection concept of a ground-based DASH instrument is presented in
Section 2. In Section 3, the optical design is systematically described from the aspects of choice
of optimum OPD offset, thermal compensation, field widening, and configuration optimization.
Section 4 discusses the characteristics of the interferometer as built in the laboratory including
the fringe visibility and Littrow angle. To evaluate the thermal performance, the sensitivities of
the spatial frequency and the optical phase are characterized based on measurement and model
study in Section 5. Finally, a discussion and conclusions are presented in Section 6.

2. Detection concept

A conventional field-widening DASH interferometer is shown in Fig. 1. Incoming radiation is
divided into two coherent wavefronts by the beamsplitter. After reflection from the gratings,
these two wavefronts with an intersection angle of 2y recombine on the detector producing a
Fizeau fringe pattern, where the zero OPD point shifts from the center to some place on one side
due to the additional length Ad on one arm. The recorded interferogram at position x can be
expressed as

I(x)oc 1+ Vi(x)cos{2nr [4tan @ (0 — o) x + 200Ady]} exp [—27120'1% (D + 4 tan Gx)z] , (D

where V; (x) is the instrument visibility function, oy is the wavenumber of the emission line,
@ is the Littrow angle with respect to the grating Littrow wavenumber o, op is the Doppler-
broadening parameter, and Ad) is the extended distance at the central wavelength of the emission
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line [19]. D represents the effective OPD, which is defined to replace the fixed OPD offset (2Ad)
when the optical dispersion is considered [19]. The phase difference between the interferograms
obtained from zero-wind measurement and Doppler-wind measurement has the relation below

Ay (x) = 8 tan Oxoy L 2nDoy Y , ()
¢ c

where c represents the speed of light [19]. Accordingly, the Doppler velocity v can be retrieved.
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Fig. 1. Schematic of a field-widening DASH interferometer. L1 denotes the fore optics, L2
and L3 denote the exiting optics, and the arrow denotes the x direction on the detector. dj
and d + Ad represent the optical paths from the beamsplitter to the gratings on the arm one
and arm two, respectively.

Figure 2 presents the field-measurement strategy of a ground-based DASH instrument. In
order to detect the horizontal wind velocity, sequential measurements viewing zenith, eastward

vcosa
Atomic oxygen red line emission :

v

Fig. 2. Measurement strategy of a ground-based DASH instrument. Note that a represents
the elevation angle and v represents the horizontal wind velocity.
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and northward are performed. The zenith measurements are used for zero-wind calibration,
which assumes that the average vertical wind throughout the night is zero [20]. After determining
the Doppler velocity, the horizontal wind are finally calculated by dividing the line-of-sight
velocity by the cosine of the elevation angle.

3. Optical design
3.1.  Choice of OPD offset

According to the phase-difference relation as shown in Eq. (2), a DASH interferometer becomes
more sensitive when its OPD goes to a larger number. On the other hand, the visibility of the
fringe pattern, a leading factor to detect periodic waves in the presence of noise, decreases
with the increment of OPD due to the contribution of the exponential term in Eq. (1). The
contradiction between small and large OPD values indicates that an optimum OPD offset can be
found for the best measurement of winds.

Numerical studies have been carried out to determine the OPD offset. Given an OPD offset,
the interferogram of the atomic oxygen red line can be produced using Eq. (1) with a typical
temperature (1000 K) broadening. The noise can be added to the interferogram based on the
estimated signal-to-noise ratio, which is calculated from the volume emission rate, system etendue,
optics transmission and detector characterization. The volume emission rate was calculated based
on a model developed by Cogger et al. [21,22]. With the 500-row pixel average and 5-minute
exposure time, 10000 Monte Carlo simulations (adding noise) were performed for each OPD.
Then the estimation error of the wind speed as a function of different OPD was deduced, which
is the average result of all simulations. The phase comparison between two interferograms was
accomplished by the Hilbert transform described in [19]. The numerical result in Fig. 3 indicates
that the minimum wind estimation error can be achieved when the OPD offsets are in the range
of 30 mm to 50 mm.

— V(x) =1.0

- V)(x) =0.8

, — V(x)=05
10 — V|(x) =0.3

10!

Wind estimation error [%]

0 10 20 30 40 50 60 70 80 90 100
Optical path difference [mm]

Fig. 3. Error of wind estimation as a function of the OPD value. The pixel number is
2048x%2048, and the wind velocity is 100 m/s in the simulaiton.

3.2. Thermal compensation

The Doppler wind is measured by comparing the phase differences, which are highly sensitive
to ambient temperature around the instrument. For the 32 mm OPD offset, a thermal drift of
less than 3.2 mrad is required to achieve 3 m/s accuracy. The thermal drift not only introduces
the additional phase error but also deteriorates the fringe contrast especially when a relatively
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longer exposure time is required. Choosing the correct combination of glasses and dimensions
can achieve thermally stable performance, which has already been employed in MI instruments
[23,24]. The phase independence of the surrounding heat requires the derivation of the phase
with respect to temperature to be zero, and the expression can be written according to Eq. (1)

do(x) . (dfi  dAdy \
i _27r(de+2 T =0, 3)

with the temperature T and the spatial frequency f;; = 4 tan 6 (o — o). This equation holds when

df,

the two derivative terms d_; and

dTO are equivalent to zero at the same time.

d
For the ﬁ term, substituting grating transmission equation yields the temperature-independent

spatial frequency condition

dn nsina
dT an g cos ¢p/n? — sin? B ’

where n and acrg represent the refractive index of prism and the thermal expansion coefficient
of the grating substrate, respectively. As shown in Fig. 4(a), 8 is the incident angle in the first
plane of prism, « is the apex angle of prism, and ¢ is the exit angle in the second plane of prism.
Thus, a suitable material with a negative derivative of the refractive index with respect to the
temperature employed in the field-widening prism can mitigate the influence from the grating
thermal expansion.

dAdy

dr
at a given wavelength. As shown in Fig. 4(b), the difference of the beamsplitter and spacers on

two arms provides the OPD. For a monolithic DASH, the beamsplitter, prisms and the gratings
are contacted with the spacers made of optical glasses, so that the thermal expansion of the
spacers also affects the OPD. Consequently, the temperature-independent OPD offset condition
can be expressed as

“

QCTE = —

= 0 makes the additional OPD of the interferometer independent of ambient temperature

dAd() _ dn1 _
T " ar t +mait) + axd) — azdy = 0, 5)

where n; is the beamsplitter refractive index, ¢ is the asymmetric thickness of beamsplitter, dj »
are the thicknesses of spacer 1 and spacer 2, respectively, and a » 3 are the thermal expansion
coefficients of the beamsplitter, spacer 1, and spacer 2, respectively.

3.3. Field widening

The field-widening technique greatly increases the ability to receive radiation from a relatively
large solid angle with high fringe contrast. This has already been applied in SHS and DASH
interferometers [12,25]. Inserting prisms with a certain apex angle can compensate the OPD
differences arising from the different incident angles. In a DASH system with a field-of-view
solid angle €, the fringe intensity as a function of position x can be expressed as

I(x) = I:O/OQMB(U){I + cos 2

where B (o) is the input spectral intensity and w is the incident angle in the spacer [26]. The
presence of the OPD differences changing with the off-axis angle limits the field of view and
degrades the contrast of the interferogram, which explains the VI (x) term in Eq. (1). In this case,

0
4tan 0 (0’ —oy - 2—:) X+ 2Ady (w) 0'] } dQdo,  (6)
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Fig. 4. Ray trace on a field-widening prism and a reflecting grating for the case of on-axis
(a) and a thermally compensated field-widening DASH interferometer with an asymmetric
beamsplitter (b).

the OPD offset Ady as a function of incident angle w can be written as

Ado(w)=n1t1+d1—d2— s w( !

—+d1—d2)—0(sin4 )+ 7)
ny

In order to achieve field-widening applications eliminating the effect from angle w, the second
order term should be set to zero, yielding

t
<L +di~dy =0. ®)
ny
From a geometric optics point of view, the images of the gratings on the two arms are coincident
viewed from the exit pupil as Eq. (8) requires.

Q
In addition, the spatial frequency of the fringe varies with the field of view due to the term 2—0—

Vs
in Eq. (6). Harlander et al. inserted prisms in an SHS configuration to achieve field widening

Qo
[26], which also works here to eliminate the term ——. Because of the transmission difference

on the dispersion plane and the reflection plane of 7trhe grating, it is difficult to find a general
expression to determine the prisms, whereas an optimization approach can be an alternative.
Assuming an optical phase change Ay (x), which is the phase difference between the on-axis and
off-axis rays, optimizing the prisms’ angles and dimensions to minimize A (x) can achieve the
best field-widening performance.

3.4. Configuration optimization

Thermal compensation theory and field-widening analysis make it possible to optimize the DASH
interferometer parameters. We segment the field of view into several small angles, and then the
corresponding phase differences Ay (x) at different angles are traced by ray-trace software. With
a damped least squares algorithm, minimizing the phase differences under the constraints of
Eq. (4), Eq. (5) and Eq. (8) yields an interferometer design shown in Table 1. The collocation of
the asymmetric beamsplitter, the spacers and the identical field-widening prisms provides the 32
mm OPD offset and also maintains the coincidence of two grating images. Due to the negative

d
value of ﬁ at the working wavelength, N-LAK12 glass was chosen for the field-widening
prisms to stabilize the spatial frequency. Spacer 1 has a smaller thermal expansion coefficient
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and a thinner dimension, while spacer 2 has a higher thermal expansion coefficient and a thicker
dimension. These different expansions on the two arms compensate the OPD variation with

Ad
9 of 1.2x1077 mm/°C, which corresponds to 1.2 mrad uncertainty per °C. In

the parameter

recent monolithic DASH systems, the spacers were fabricated as hollow frames to connect the
beamsplitter, the field-widening prisms and the gratings on the one hand and not to block beam
transmission on the other hand [13,15]. Here two separate prisms are applied to replace the frame,
which reduces the mechanical deformation caused by the differential thermal expansion between
different materials. In addition, a series of through holes are drilled on the prisms of spacers to
further relieve the strain. Note that all of the parameters in Table 1 refer to an environment of 25
°C and 1013 hPa.

Table 1. Specification of Design Parameters

Full field of view 9°
Etendue 0.156 cm?steradian
Beamsplitter Asymmetric beamsplitter
Material Schott N-BK7
Beamsplitting coating 50/50 nonpolarizing
Field-widening prisms Two prisms are identical
Material Schott N-LAK12
Apex angle 15.114°
Wedged spacers Holey spacers
Material Fused silica (Spacer 1), CD H-FK61 (Spacer 2)
Parallel spacers Holey spacers
Material Fused silica
Gratings Plane ruled reflectance gratings
Blank material Fused silica
Groove density 900 mm™!
Littrow angle 16.4950°
Optical path difference at center 2Ad) 32 mm
% [mm/°C] 1.2x1077

4. Property characterizations

As shown in Fig. 5, a monolithic DASH interferometer was built in the laboratory. To characterize
this interferometer, a breadboard system was constructed illustrated in Fig. 6. After passing
through the rotating disk, the narrow linewidth laser was focused into the sphere by lens L4,
which then generates a uniform distribution on the output port of the integrating sphere by
multiple scattering reflections. A baffle was inserted between the integrating sphere and the
interferometer to eliminate the stray light, so that the uniform radiation within the desired field
of view illuminates the interferometer. Owing to the low distortion and stable performance,
telecentric lenses with a magnification of 1.0 are applied to image the fringes from the localization
plane onto the array detector. Note that the role of the rotating disk is to suppress laser speckle
because the emergence of speckles can deteriorate the fringe pattern.

As shown in Fig. 7(a), a fringe image was recorded when the interferometer viewed the output
port of the integrating sphere. The image distortion in the fringe pattern is almost negligible due
to the excellent performance of the double telecentric lenses. The big issue is the stripe tilt in
the Y direction caused by the misalignment during assembly. The existence of the Y-direction
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Fig. 5. The monolithic DASH interferometer. Each spacer, including spacer 1, spacer 2 and
parallel spacers, consists of two identical prisms with several through holes.

DASH
interferometer

Telecentric
lenses
Laser

%}
L2
Rotating

disk

Bandpass filtert
Detector

Baffle

Integrating
sphere

Fig. 6. Schematic of the laboratory test setup. The different monochromatic homogeneous
illumination is obtained by the combination of tunable laser and integrating sphere. L
denotes lenses, and M denotes mirrors.

spatial frequency destroys the binning process calculating the average value of several rows of
inteferograms. Fortunately, the effect of the Y-direction component of spatial frequency and
other optical defects can be corrected [27] and the corrected fringe image is shown in Fig. 7(b).
Except for the remaining distortions on the edges, the tilts and distortions of the stripes have been
corrected.

The interference visibility can be estimated by the ratio of the signal amplitude to the signal
direct current (DC) bias. The signal-modulated portion can be isolated using a suitable isolation
window and backward transformation in the spectrum domain [12]. Then the signal amplitude
can be calculated from the modulus of the isolated signal. Implementing the inverse Fourier
transform for the isolated DC component in the spectrum domain also yields the signal DC bias.
Accordingly, an interferogram at the center of Fig. 7(a) is shown in Fig. 8(a) and its visibility
as a function of position is estimated in Fig. 8(b). The estimated envelope is the sum of signal
amplitude and signal DC bias. The good evaluation of the interferogram envelope in Fig. 8(a)
verifies the accurate determinations of the signal amplitude and the signal DC bias. Fig. 8(b)
indicates that all of the visibilities are larger than 0.8 in general and the maximum value achieves
0.94 when 9° field-of-view illumination is applied. The serious declines appear on the both sides
of the envelope and the visibility, which is related to the endpoint-discontinuity artifacts. The
estimations of envelope and visibility are not correct in this region.
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Fig. 8. Left panel (a), the slice interferogram at the center of the fringe image in Fig. 7(a)
and the corresponding envelope. Right panel (b), the visibility distribution of the slice
interferogram plotted in the left panel.
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The Littrow angle determining the interferogram spatial frequency can be characterized based
on the setup of Fig. 6 using a tunable laser. Two methods, phase analysis and spectrum analysis,
are discussed to determine the spatial frequency. The phase of an interferogram can be determined
by calculating the arctangent value of the ratio of the imaginary part and real part of the modulated
component [12]. Then the spatial frequency can be considered as the quotient of the rate of phase
change with position and 2z. For the spectrum analysis, the corresponding spatial frequency
of the spectrum peak corresponds to the interferogram spatial frequency. In order to compare
the Littrow angles and Littrow wavelengths of different regions, the detector was divided into 3
sub-regions from the bottom to the top. For each sub-region or whole detector, a two-dimensional
Fourier transform was applied to the fringe image to produce a two-dimensional spectrum, which
was then averaged to obtain a one-dimensional spectrum. Note that both the phase analysis
and the spectrum analysis are based on the one-dimensional spectrum obtained. Fitting a linear
function to the measured points yields the relation between the spatial frequency and the input
wavenumber shown in Fig. 9. The results calculated from two methods are in good agreement
with 99.999% consistency. The retrieved Littrow angles using the averages of the whole detector,
rows 45-694, rows 695-1344 and rows 1345-1994 are 16.49363°, 16.49362°, 16.49380° and
16.49460°, respectively. Obviously, the vertical variation exists especially in the top region, and
the Littrow angle becomes larger in the region closer to the top, which may be caused by the
asymmetry of the beamsplitter, field-widening prism and diffraction grating.

—e— Whole detector(phase analysis)
301 =#= Whole detector(spectrum analysis)
—e— Rows 45-694(phase analysis)
- =i~ Rows 45-694(spectrum analysis)
IE 25 —e— Rows 695-1344(phase analysis)
A =i~ Rows 695-1344(spectrum analysis)
L:>,‘20 Rows 1345-1994(phase analysis)
() Rows 1345-1994(spectrum analysis)
o
L1s
©
:J;l 10
)
5

15855 15860 15865 15870 15875
Wavenumber [cm~!]

Fig. 9. Interferogram spatial frequency function of the emission wavenumber. All of the
wavelengths and wavenumbers are given with respect to air. During the spectrum analysis,
zero padding by a factor of 100 is added for each row of the interferogram before the Fourier
transform.

5. Thermal performance

A similar system in Fig. 6 was built for the thermal performance test. Instead of laser light, a
frequency-stable neon lamp was utilized here. The interferometer was contained in an aluminium
housing where the temperature was stabilized under a PID (proportional-integral-derivative)
controller with an accuracy of 0.1 °C. The ambient temperature was also controlled using the air
condition with a temperature of 20 °C. The measurements were performed from 22 °C to 30 °C
with an interval of 1 °C. When a thermal equilibrium was established in the housing, 10 frames
of the interferograms for each temperature were recorded with an exposure time of 30 seconds.
Then the mean value of the 10 frames, equivalent to the typical exposure time in ground-based
nightglow observation, was calculated for further analysis. For each interferogram, the flat-field
correction and the phase-distortion correction using identical phase-distortion parameters was
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implemented. The 500-row signal near the center of the fringe image was then averaged to derive
the phase change. The phase change can be directly retrieved based on the Hilbert transform
described in [19] or according to the following equation,

JLWIRN @] =R [H ]I [ ()] }

Ap (x) = @2 (x) — 1 (x) = arctan{ )

RLWIR[L 0]+ 3 [LX)]3 [ (x)]
where J [I 12 (x)] and R [I 12 (x)] represent the imaginary and real parts of the signal-modulated
portion, respectively. A linear function A¢ (x) was fitted to the retrieved phase change distribution
and the fitting result shows the change of spatial frequency (slope divided by 27) and phase offset
(intercept) due to the temperature variation.

As discussed in [29], a predictive model using ray-trace software and a finite element analysis
can be built. The model can adjust the parameters including the refractive index, the grating groove
density and the dimensions of the elements according to the respective ambient temperature.
Note that all of the dimensions and angles are provided with the manufacturer’s inspection data
and the material data are based on the glass catalogs [30,31]. The mechanical deformations
resulting from the differential expansion between two different materials were characterized by a
finite element model (FEM) analysis. A linear static stress model considering the monolithic
interferometer, the covers and the 5-mm adhesive layers between the interferometer and the covers
was established and the deformation (relative position change) result is shown in Fig. 10. After
adding the deformation into every element, the new angles were calculated by fitting the updated
plane. On arm one, the distortions on the angle between field-widening prism and beamsplitter
and the angle between field-widening prism and grating are —1.466x107° radians/°C and 4.111
%1077 radians/°C, respectively. The corresponding distortions on arm two are —1.119x107°
radians/°C and 7.623x1077 radians/°C. Updating the angles in the ray-trace model, the Littrow
angle and the optical OPD offset at different temperatures were tracked. The spatial frequency
and the phase offset were therefore also monitored in this predictive model.

0.0026258 Max
F 0.0023341
‘ 0.0020423
0.0017506
0.0014588

J 0.001167
0.00087528
0.00058352

ﬂ 0.00029176

0 Min

Fig. 10. Deformation of the interferometer based on a finite element model. The analysis
includes 3059857 nodes and 1400125 elements with the fixed constraints on the screw holes.
Note that the top and bottom plates are the covers of the interferometer housing and the unit
of the legend is millimeter.

Figure 11(a) and Fig. 11(b) show how the spatial frequency and the phase offset change in the
measurements and the model study when the temperature changes. As the temperature increases,
the spatial frequencies increase linearly at 0.0154 cm™!/°C in the measurements and 0.0313
cm~!/°C in the model study, respectively. Similarly, the phase offsets change at linear rates of
0.469 rad/°C in the measurements and 0.330 rad/°C in the model study, respectively. The thermal
drift of the spatial frequency agrees with the model value within a factor of two, and the thermal
drift of the phase offset agrees with the model value within 29.6%. It was possible to vary the
air pressure during the measurement, but we did not consider this effect in the model study. In
addition, the parameters of uncertainty and alignment tolerances cause the measurements and the
model to differ further.
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Fig. 11. Change of the spatial frequency (a) and change of the phase offset (b) when the
temperature is varied from 22 °C to 30 °C. Note that the dashed lines are the fitting results,
the red lines are the measurement results and the green lines are the model results.

Compared with other DASH interferometers with a phase drift of 1.25 rad/°C [13] and 4.29
rad/°C [29], a more stable DASH interferometer has been realized. However, the temperature
response (0.469 rad/°C) is still higher than the design value (1.2 mrad/°C) due to the manufacturing
and alignment tolerances. Temperature control and calibration thermal tracking are also necessary
during wind measurement for this interferometer. UV curing adhesive was used to glue the
separate optical components, and the thermal coefficient of adhesive is an order of magnitude
larger than the thermal expansion coefficient of H-FK61 [32]. In order to compensate the
incoincidence of the two grating images caused by manufacturing and alignment tolerances, the
difference of adhesive thickness between two arms is inevitable during final gluing. Therefore,
the variation of adhesive thickness on two arms seriously deteriorates the expected thermal
compensation. In order to achieve better thermal stability, a more thermally stable adhesive and a
more precise alignment are suggested during the interferometer assembly.

6. Summary

We studied a monolithic DASH interferometer with field-widening and thermal compensation
from the aspects of optical design and laboratory performance. An optimum OPD offset was
chosen to mitigate the contradiction between increasing phase sensitivity and visibility decline.
The thermal drift of a monolithic DASH interferometer can be compensated by a suitable
combination of different glasses and dimensions, which was verified in the laboratory test. A
thermally stable monolithic DASH interferometer with large etendue was designed and built.
The field of view test showed that the high contrast of the fringes is maintained when the field
of view reaches 9°. The temperature dependence of the phase offset and the spatial frequency
were determined with thermal sensitivities of 0.469 rad/°C and 0.0154 cm~!/°C, respectively.
Nevertheless, a better thermal stability of DASH interferometer can be realized with higher
manufacturing tolerance and more precise assembly.

The design and laboratory performance indicate that this DASH instrument meets the
requirement to observe the thermospheric wind from the ground. A compact and rugged DASH
instrument suited for the field measurement will be developed in the next step, and the field
measurements will be carried out with this DASH sensor in the future.
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