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Abstract— We present the design and performance analysis of waveguide-based superconduc-
tor-insulator—superconductor (SIS) mixers employing niobium titanium nitride (NbTiN) trans-
mission lines and tunnel junctions comprising niobium/aluminium oxide (Nb/AlO, /Nb) or nio-
bium/aluminium nitride (Nb/AIN/Nb) topologies. These superconducting quantum devices are
developed to enable wideband heterodyne operation for next-generation far-infrared (FIR) space
missions in the sub-terahertz regime. The mixer circuits are optimised for simultaneous broad-
band radio-frequency (RF) and intermediate-frequency (IF) operation using microstrip archi-
tectures that incorporate end-stub, end-loaded, and twin-junction tuning networks. Three-
dimensional electromagnetic simulations, combined with quantum-mixing analyses, predict re-
ceiver noise temperatures approaching four times the quantum limit across 0.50-0.79 THz for the
AlO,-based design. The AIN-based variant further extends the RF coverage to 0.39-0.82 THz,
satisfying the requirements of several proposed space missions while overlapping the Atacama
Large Millimetre/sub-millimetre Array (ALMA) Bands 8 and extended Band 9. These simulated
results demonstrate that NbTiN-based microstrip SIS mixers have the potential to deliver high
sensitivity and wide instantaneous bandwidth at sub-terahertz frequencies, establishing them as
strong candidates for next-generation space-borne and ground-based FIR observatories.

1. INTRODUCTION

The astronomical electromagnetic spectrum within the observable far-infrared (FIR) frequency
range encompasses nearly half of the photon energy in the universe and contains numerous emis-
sion and absorption lines from atomic and molecular species, which can only be accessed through
heterodyne spectroscopic observations. These observations are essential for understanding the kine-
matics and dynamics of these constituents, as well as the evolution of the interstellar medium, stars,
and galaxies.

For FIR astronomical observations below 1.2 THz and above 0.1 THz, spanning the millime-
tre (mm) to sub-millimetre (sub-mm) range, it has become customary to employ superconduc-
tor-insulator-superconductor (SIS) heterodyne mixers as the primary ultra-sensitive coherent de-
tectors. SIS mixers have demonstrated sensitivity approaching the quantum limit, with exception-
ally low added noise across a wide radio-frequency (RF) and intermediate-frequency (IF) bandwidth
[1, 2]. Consequently, eight of the ten observing bands of the Atacama Large Millimetre/sub-
millimetre Array (ALMA) [3], one of the most important mm/sub-mm observatories currently in
operation, are based on SIS mixer technology [4].

ALMA, together with other ground-based FIR observatories such as the James Clerk Maxwell
Telescope (JCMT), the Large Millimetre Telescope (LMT), the Institut de Radioastronomie Mil-
limétrique (IRAM) 30-metre telescope, the Northern Extended Millimetre Array (NOEMA), the
Sub-millimetre Array (SMA), and many others, has enabled major advances in FIR astrophysics
over the past few decades. However, their performance is fundamentally constrained by atmospheric
water-vapour absorption, particularly above ~0.4 THz, where atmospheric transmission decreases
noticeably and severely limits the number of usable observing hours. Only about four high and dry
sites on Earth can support observations above ~0.4 THz: the Atacama Desert in northern Chile,
the summit of Mauna Kea in Hawai’i, the Greenland summit, and the South Pole. Even at these
sites, the availability of high-frequency observing time is strongly dependent on weather conditions,
with accessibility decreasing rapidly at higher frequencies.

The 0.4-1.2 THz range covers three of the highest ALMA-defined frequency bands, namely
Band 8 (0.385-0.5 THz), Band 9 (0.6-0.72 THz), and Band 10 (0.79-0.95 THz). Notably, frequency
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gaps exist above and below Band 9 due to significant atmospheric water-vapour absorption, which
renders the sky nearly opaque for observations of certain important spectral lines e.g., the carbon
monoxide (CO) J = 5 — 4 transition line (0.57 THz) and many other astronomical water lines.
However, these atmospheric limitations can be overcome using high-altitude balloon platforms and
space-borne missions. For this reason, most above-atmosphere observatories employ heterodyne
receivers whose lowest operational bands begin near 0.4 THz (comparable to ALMA Band8) and
extend to several terahertz. Beyond ~1.2, THz, SIS receivers are generally replaced by hot-electron
bolometer (HEB) mixers [5].

In this paper, we investigate the noise-bandwidth limitations of SIS mixers operating near the
lower half of the 0.4-1.2 THz frequency range, using well-established niobium (Nb) tunnel junction
technology with either aluminium oxide (AlO,) or aluminium nitride (AIN) barriers [6, 7, 8]. In
our design, the commonly used niobium (Nb) signal-carrying transmission line is replaced with a
400 nm thick niobium titanium nitride (NbTiN) line, which has a higher gap frequency of about
1.4 THz in contrast to 0.68 THz of Nb, thereby reducing transmission losses. The ground plane
remains a thin 250 nm Nb layer.

This investigation is highly relevant to several upcoming and proposed FIR balloon-borne [9,
10, 11] and space-borne missions [12, 13, 14, 15, 16]. Specifically, the SIS detectors presented in
this paper is designed to meet the noise-bandwidth requirements of the lowest-frequency channel of
the Heterodyne Spectrometer Instrument (HSI) proposed for the Far-Infrared Spectroscopy Space
Telescope (FIRSST, [17]), as well as the lowest SIS channel for the Light Emission Terahertz
Observatory (LETO, [18]), a European Space Agency (ESA) M-class (M8) mission proposal.

Observations in this frequency range are also crucial for upcoming Event Horizon Telescope
(EHT) campaigns, particularly through observations of the CO J = 6 — 5 transition line (0.69 THz),
which aim to produce faster and sharper images and videos of black holes [19, 20, 21]. The same
frequency range is also relevant to forthcoming space-VLBI (very long baseline interferometry)
missions focused on black holes such as the Black Hole Explorer [22], a NASA (National Aeronau-
tics and Space Administration) Small Explorer (SMEX) missions proposal; and the Space-based
High-resolution Array for Radio Astronomy and Physics (SHARP, [23]), another ESA-M8 mission
proposal. Moreover, the same mixer designs can be utilised for a range of ground-based observa-
tories, including the ALMA Wideband Sensitivity Upgrade (WSU) programme [24, 25] and other
mm/sub-mm telescopes such as JCMT, GLT, and the up-coming large single-aperture mapping
telescope such as Atacama Large Aperture Sub-Millimetre Telescope (AtLAST, [26]) and Large
Sub-millimetre Telescope (LST) [27].

2. WIDEBAND HETERODYNE MIXER FOR SPACE-BORNE FIR MISSIONS

Here, we focus on the design of a waveguide-based SIS mixer operating around Band 9, using well-
established waveguide-probe antenna [28] and Nb tunnel junction fabrication technology, with the
exception of the NbTiN wiring layer, which has been shown to perform effectively in similar applica-
tions [29, 30]. To achieve wider noise-bandwidth performance, both at the RF and down-converted
IF ranges, it is essential to understand the impact of the mixer’s on-chip superconducting circuitry.
This understanding enables optimal impedance matching (to minimise signal loss) and tuning of
the junction’s parasitic capacitances over the widest possible operational RF and IF bandwidths.
Consideration of the dimensions of the radial-probe antenna, microstrip RF transformers, junction
tuner circuits, RF chokes, bonding pads, and other on-chip components is crucial, as these elements
may induce unwanted resonances within the operational bandwidth.

To achieve this, we model the ultra-broadband RF /IF SIS device using a three-dimensional (3-D)
electromagnetic simulator, Ansys® High Frequency Structure Simulator (HFSS) [31], to account
for all subtle effects that are often neglected. For heterodyne noise-temperature and conversion-gain
predictions, we employ SuperMiz [32, 33|, a quantum-mixing software package based on Tucker’s
Quantum Mixing Theory, by importing the S-parameter matrix simulated from HFSS to ensure an
accurate description of the mixer chip [34].

We have previously reported the design of ALMA-WSU Band 9 mixers capable of achieving a
wide 20 GHz IF bandwidth covering the extended Band 9 range [35] from 0.58-0.74 THz (instead of
the current ALMA-defined range of 0.6-0.72 THz), utilising primarily coplanar-waveguide (CPW)
transmission lines on chip to reduce parasitic geometric capacitance observed at IF frequencies [36].
Further improvements to the RF bandwidth for ground-based observatories may not be practical
due to limitations imposed by atmospheric water-vapour absorption. However, maximising the
RF bandwidth is essential for future space-borne FIR missions, where reducing the number of
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Figure 1: Layout of the microstrip SIS mixer chip. All on-chip circuit components are realised using mi-
crostrip transmission lines, except for the bonding pad that connects to the IF beam-lead. The inset illus-
trates the combination of a twin-junction, end-loaded, and end-stub tuner circuit used to achieve broadband
RF performance of the mixer chip.

receivers and associated hardware is critical for minimising power consumption, mass, and volume
constraints.

Almost all proposed up-coming space FIR missions incorporate HEB arrays for observations
above 1.2 THz, taking advantage of the superior observing conditions beyond Earth’s atmosphere.
However, HEB mixers typically have a limited IF bandwidth between 4-6 GHz [5], in contrast to
SIS mixers. Since SIS and HEB receivers on a space-borne satellite are expected to share the same
backend microwave spectrometer, the overall bandwidth of the backend receiver chain will therefore
be constrained mainly by the available IF bandwidth of HEB mixers. Consequently, unlike ground-
based Band 9 mixers designed for ultra-broad IF bandwidth to meet the ALMA-WSU programme,
space-borne applications would benefit from broadening the RF bandwidth while maintaining a
manageable IF bandwidth e.g., between 8-12 GHz, instead of the more demanding 20 GHz, further
mitigating size, weight, and power limitations on the satellite on the backend electronics.

In this section, we refer to the noise-bandwidth requirement of the HSI’s Band 1 channel (500—
790 GHz), originally proposed for FIRSST [17], as well as the Band 3 channel of SHARP [23], as
a guideline for designing our mixer. Fig.1 depicts the layout of our mixer chip, designed based
on two 0.5 pm? aluminium oxide (AlOy) tunnel junctions with a critical current density of about
10kAcm?, corresponding to a normal-resistance-area (RnA) product of 20 Q-pm? and a specific
capacitance of 80 fF /pm?.

The SIS mixer chip employs a microstrip-fed radial probe antenna [37, 38] positioned across the
cross-section of a half-height 100x400 pm rectangular waveguide. The probe antenna is supported
on a 10 pm thick silicon-on-insulator (SOI) substrate [39, 40, 41, 34, 42], to facilitates the mounting,
alignment, and shaping of the mixer chips. Use of SOI substrate also minimises RF power leakage
through the gaps in the trenches hosting the probe antenna mixer chip. The antenna is positioned
96 nm above the waveguide backshort, where the dimensions of the probe and backshort were
optimised using HFSS to achieve maximal power coupling over desired bandwidth. Two semi-
circular tabs were added to the SOI substrate to accurately positioning the probe relative to the
rectangular waveguide [43, 44].

As mentioned earlier, to enhance the power coupling beyond the gap frequency of niobium
(0.68 THz), we replace the wiring layer of our mixer circuit with NbTiN, which has a normal sheet
resistivity of 200 pQcm? and a critical temperature of T, = 15 K.

Without the need to achieve an ultra-broad IF bandwidth required by ALMA-WSU, we can
now utilise a well-controlled microstrip circuit, instead of the earlier CPW designs [36], to enhance
flexibility in incorporating various circuit components into our mixer design !. The microstrip
approach enables a significant broadening of the RF bandwidth by employing a combination of
end-stub, end-loaded, and twin-junction [45, 46, 47] tuning methodologies, as shown in the inset
of Fig.1. This improvement is now feasible because achieving the ultra-low impedance sections
required for end-stub and/or end-loaded tuning circuits in a CPW configuration is challenging and
not compliant with current well-proven photo-fabrication process.

The twin-junction array is embedded in a 400 nm NbTiN top layer and a 250 nm Nb ground

I The microstrip RF circuit provides greater flexibility for broadening the RF bandwidth of the chip but inevitably increases
the IF capacitance, which limits the IF bandwidth. Hence, the use of CPW transmission lines minimises this parallel-plate
capacitance effect, thereby widening the IF bandwidth, as reported in [36].
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Figure 2: SuperMix-predicted double sideband (DSB) RF noise temperature and conversion gain of the
microstrip SIS mixer chip across the FIRSST-HSI Band 1 and SHARP Band 3 ranges, together with the SIS
coupling and return loss performance simulated using HFSS.

layer, sandwiching a 250 nm thick silicon monoxide (SiO) dielectric layer forming the microstrip
transmission line. A wide microstrip section before the junction array acts as the end-loaded stub,
while a secondary wide section connected after the array serves as the end-stub. This end-stub
simultaneously functions as part of the tuner circuit and as a microstrip RF choke to prevent RF
power leakage into the IF circuitry.

An impedance transformer section is incorporated between the tuner circuit and the microstrip-
fed probe antenna to mitigate the impedance mismatch. To reduce parasitic IF capacitance that
may still limit the IF bandwidth below 12 GHz, the ground plane beneath the final section of
the mixer circuit, where the IF connection beamlead is deposited, was removed, forming a CPW
section instead of a microstrip. This modification has minimal impact on RF performance, as the
RF circuit is effectively terminated by the RF chokes before this section. Its primary function
is simply to provide an electrical connection between the chip and the external IF circuitry. To
ensure proper grounding, gold beam leads are deposited along the edges of the mixer chip, and an
additional gold beam lead connects the output of the mixer chip directly to the readout circuitry.

We optimised the on-chip circuits using HFSS to maximise the RF power coupling to the SIS
junctions, while ensuring the return loss performance is better than —6 dB across the band to avoid
potential stability issue during operation. Once the on-chip circuits were finalised, we simulate the
heterodyne mixing performance of the mixer chip using SuperMix.

3. RF PERFORMANCE OVER FIRSST-HSI BAND 1

Fig. 2 shows that the predicted mixer performance achieves better than 3x the double-sideband
(DSB) quantum-noise limit RF performance from 0.5-0.8 THz, covering the entire FIRSST-HSI
Band 1 range (0.5-0.79 THz) as well as SHARP Band 3 (0.56-0.74 THz). Although not highlighted
in the plot, the mixer performance also covers the extended Band 9 range proposed by Realini et.
al. [35] from 0.58-0.74 THz for the ALMA-WSU programme.

As discussed in [36], the IF performance may vary across RF frequencies and tends to degrade
near the RF band edges. This effect is illustrated by the dashed curves in Fig. 3(a), which show
the DSB gain and noise performance of the mixer operating at 781 GHz. Notably, the gain declines
and the DSB receiver noise increases at higher IF frequencies, although the performance remains
below 4x the quantum limit up to about 7 GHz, sufficient to cover the IF bandwidth of HEB
mixers for FIR space missions. In Fig.3(a), we plot the SIS receiver noise-temperature (Tyec)
performance, rather than the intrinsic noise temperature (TN) of the SIS mixer chip, to include the
impact of a 3.6 K added noise from the readout low-noise amplifier (LNA) and an additional 5%
RF transmission loss from the cold optics, typically mounted at the 20 K stage of a space mission
payload. This allows us to demonstrate the influence of the mixer’s conversion gain on the overall
receiver Tiec, calculated using

1 Thix TiNA
Trec = T, - —1]+ + 1
“ ort <G0Pt > Gopt Gopt Gmix ( )
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Figure 3: (a) DSB IF gain and noise temperature performance simulated at 781 GHz. The receiver noise
temperature (Trec) prediction includes a readout low-noise amplifier with 3.6 K added noise and a 5% loss
from the cold optics, typically anchored at the 20K physical stage in a space-mission payload module,
to account for the effect of the mixer’s conversion gain. The solid lines represent the behaviour of the SIS
receiver with the IF matching circuit, while the dashed lines represent performance without the IF board. (b)
Single-sideband (SSB) noise performance of the microstrip mixer, simulated assuming a readout bandwidth
of 12 GHz. The solid lines indicate the intrinsic mixer noise temperature performance, whereas the dashed
lines include the noise contribution from the 3.6 K added-noise LNA and an additional 5% optical loss,
consistent with panel (a).

where Top¢ is the physical temperature of the cold optics, 1/Gopt the transmission loss of the cold
optics, Thix the mixer’s intrinsic noise temperature, Gnix the mixer’s conversion gain, and Tyna
the added noise from the LNA.

To enable broader IF bandwidth, we anticipate the use of an external IF matching circuit to
enhance IF bandwidth performance, following the design methodology in [48]. As shown by the
solid lines in Fig.3(a), the inclusion of an external IF-matching circuit, typically fabricated using
standard printed-circuit-board (PCB) technology, effectively flattens both the DSB gain and noise
responses up to approximately 15 GHz.?

As shown in Fig. 3(b), this approach enables full coverage of the FIRSST-HSI Band 1 frequency
range with only 12 local-oscillator (LO) tunings®, assuming a 12 GHz readout IF bandwidth with
the corresponding LNA*. The receiver noise temperature remains below 4 x hv/k, as required by
the mission, even when accounting for a 5% optical loss at the 20K stage and a 3.6 K readout
amplifier added noise. The mixer performance also covers SHARP Band 3, assuming a 4 x hv/k
noise level. These results demonstrate that the predicted microstrip mixer performance can achieve
a significantly wider RF bandwidth than existing ALMA Band 9 mixers while maintaining a re-
spectable 12 GHz IF bandwidth, without relying on hybrid junction technologies (e.g., Nb/NbN or
Nb/NbTiN junctions).

4. PERFORMANCE ACROSS LETO BAND 1 REQUIREMENT

Given the promising performance predicted above for an SIS mixer design utilising a NbTiN trans-
mission line and AlO,-based tunnel junctions near the THz regime, in this section we investigate
whether the predicted RF bandwidth performance can be further improved by replacing the AlO,
barrier with aluminium nitride (AIN), while retaining all other materials used in the previously
described mixer design. The aim is to broaden the RF bandwidth while maintaining the 12 GHz
IF bandwidth, such that the mixer chip can be used to cover both the FIRSST-HSI and the
currently proposed ESA-M8 LETO missions, targeting the 0.45-0.82 THz range, as well as both
ALMA Band 8 and Band 9, and slightly beyond; a rather demanding requirement for an SIS mixer
operating at such high frequencies.

For this investigation, we assume half-micron AIN tunnel junctions with a normal-resistance—area
product of 20 Q-um? and a specific capacitance of 55fF /pm?, as reported in [49]. The mixer chip

2This limit is primarily due to the large IF capacitance introduced by the on-chip microstrip RF circuits.

3The plot assumes a readout IF bandwidth of 0-12,GHz, neglecting the +-0.3,GHz LNA gap for clarity; additional LO tunings
would be required to fill these gaps.

4 Assuming a Low Noise Factory (LNF) 0.3-14,GHz LNA.
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Figure 4: SuperMix predicted double sideband RF noise temperature and conversion gain of the AIN SIS
mixer chip across LETO’s Band 1, ALMA’s Band 8 and extended Band 9 range, and the SIS coupling and
return loss performance simulated with HFSS.
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Figure 5: SSB noise performance of the AIN mixer simulated assuming a readout bandwidth of 12 GHz.
The solid lines represent the native mixer noise temperature performance, while the dashed lines include
noise contribution from the 3.6 K added noise from the readout LNA and an additional 5% optical loss for
cold optics anchored at 20K stage, taking into account the impact of mixer’s conversion gain. The solid
horizon/diagonal lines indicate the Tye. requirement of ALMA-WSU’s Band 8, Band 9 and LETO’s Band 1.
(a) Without IF matching circuit. (b) With IF matching circuit.

layout follows the earlier design, with optimisations to the probe dimensions and on-chip circuit
components tailored to the AIN junctions to maximise RF-bandwidth performance.

Fig. 4 presents the predicted performance of the AIN-based mixer, showing close to 3x DSB
noise performance from 0.385-0.825 THz. The return loss performance remains better than —6 dB
across this frequency range, indicating that the AIN mixer chip could potentially cover the required
bandwidths of the FIRSST-HSI Band 1, SHARP Band 3, LETO Band 1, and the combined ALMA
Band 849 noise-bandwidth requirements.

We subsequently evaluated the SSB receiver performance of the AIN-based mixer across the tar-
get RF bandwidth, as shown in Fig.5(a). The simulation assumes a 12 GHz readout IF bandwidth
in the absence of an external IF matching circuit. The predicted results indicate that the AIN
mixer is capable of meeting the noise-bandwidth requirements of LETO Band 1, as well as those
of ALMA Band8 and the extended Band 9 range, even when accounting for 3.6 K of added noise
from the readout LNA and an additional 5% optical loss associated with the cold optics anchored
at the 20 K stage. The only deviations occur at the lowest 5 GHz segment of ALMA Band 8 and at
the uppermost frequency edge of LETO Band 1. As illustrated in Fig.5(b), the implementation of
an external IF matching network, following the methodology outlined in Sec. 3, could further im-
proves the receiver noise temperature, and recovering the sensitivity across the high-frequency end
of LETO Band 1. These results demonstrate the feasibility of achieving broad and continuous RF
coverage with AIN-barrier SIS mixers while maintaining manageable IF bandwidth, thus satisfying
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Figure 6: (a) SuperMix predicted RF and IF bandwidth performance of the microstrip AlO, mixer. The
simulation assumes four LO tunings and a 20 GHz IF readout bandwidth, covering the extended ALMA
Band 9 RF range from 0.58-0.74 THz. (b) The RF and IF bandwidth performance of the AIN mixer with
seven LO tunings, assuming a 20 GHz IF readout bandwidth, covering both the ALMA’s Band 8 (purple
shaded area) and the extended Band 9 RF frequency range (light blue shaded area).

the stringent requirements of next-generation far-infrared space observatories.

5. APPLICATION TO ALMA-WSU PROGRAM

The SIS mixer architectures presented above demonstrate performance that approaches the strin-
gent requirements of upcoming FIR space missions, such as FIRSST-HSI, SHARP, and LETO. It is
worth noting that the design specifications for space-based FIR missions e.g., those of FIRSST-HSI,
are considerably more demanding than those for ground-based observatories such as the ALMA-WSU
programme. This distinction is expected, given the reduced optical losses achievable at above-
atmosphere observatories, where the optical components are typically cryogenically cooled. More-
over, the extended development and deployment timelines of space missions impose additional
constraints, as post-launch instrument upgrades are either impractical or impossible, unlike in
ground-based facilities where subsystem enhancements can be implemented on relatively short
timescales.

In this context, we examine whether the two SIS mixer architectures presented in this work can
also be adapted to the ALMA-WSU programme, which targets substantially broader IF bandwidth
coverage near 20 GHz. In this section, we re-simulate the mixer noise-bandwidth performance as-
suming a 20 GHz IF readout bandwidth, without the inclusion of any external IF-matching circuitry.

Here, we evaluate the performance of the AlO,-based mixer presented in Sec.3 across the ex-
tended ALMA Band 9 range proposed by [35]. Fig. 6 (a) shows the predicted SSB receiver noise tem-
perature, assuming a 20 GHz readout IF bandwidth and a flat 3.6 K low-noise amplifier (LNA). The
results indicate that the design successfully meets the ALMA-WSU-defined 100% noise-bandwidth
requirement across the extended Band 9 range (0.58-0.74 THz), as well as the 80% noise-bandwidth
requirement from 0.596-0.724 THz, with the exception of a narrow ~10 GHz gap near 0.66 THz.
These results account for a modest 5% optical loss at room temperature (297K) and a 3.6K
readout-amplifier contribution.

A slight reduction of the IF readout bandwidth to approximately 18 GHz is expected to yield
full compliance with the 80% WSU requirement, albeit at the expense of requiring additional LO
tunings to recover complete RF coverage. Furthermore, minimising optical losses would enable
full compliance with the 80% WSU specification across the entire 100% noise-bandwidth range.
The predicted performance also exceeds that of the sub-micron-junction mixer reported in [36],
particularly near the RF-band edges, owing to the adoption of a half-height waveguide that enhances
probe-antenna coupling and the replacement of Nb with NbTiN, which reduces transmission losses
at higher frequencies.

In this section, we evaluate the performance of the AIN-based mixer presented in Sec.4 to
determine whether it can simultaneously satisfy the noise-bandwidth requirements across ALMA
Band 8 and the extended Band 9 range, assuming a 20 GHz readout IF bandwidth without the use
of an external IF-matching circuit. Fig. 6 (b) presents the predicted SSB receiver noise temperature,
including a 5% optical loss referenced to room temperature and a 3.6 K noise contribution from the
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readout LNA. The results indicate that the AIN mixer largely meets the ALMA-WSU Band 8+9
specifications, with only minor deviations observed at a few frequency points near the lower edge of
Band 8. As in previous cases, these residual discrepancies can be mitigated by slightly relaxing the
IF readout bandwidth to approximately 18 GHz or by employing additional LO tunings to recover
full spectral coverage.

6. CONCLUSION

We have presented the design and simulation study of NbTiN-based SIS mixers employing Nb/AlO, /Nb
and Nb/AIN/Nb tunnel junctions for heterodyne detection in the sub-terahertz frequency range.
The proposed microstrip mixer architectures, incorporating end-stub, end-loaded, and twin-junction
tuning networks, demonstrate the capability to achieve simultaneously broad RF and practical IF
bandwidths while maintaining receiver noise temperatures within three to four times the quantum
limit. Depending on the specific requirements of future FIR space missions, either of the two mixer
designs shows the potential to meet the stringent noise-bandwidth criteria of upcoming space-
based observatories. Although originally developed for space-borne applications, the same SIS
mixer architectures are equally applicable to ground-based observatories, such as the ALMA-WSU
programme.
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