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Abstract— In this paper, we report on the design and performance
of a prototype SIS mixer covering ALMA band-7 (275-373 GHz)
and band-8 (385-500 GHz). The waveguide SIS mixer is based on
a parallel connected twin-junction circuit with a current density of
about 25 kA/cm? For the DSB mixer evaluation system, a
wideband corrugated horn antenna and a 15-dB RF/LO coupler
have been designed and fabricated. LO sources for such a broad
frequency coverage are currently not available, therefore, a dual
band LO injection system with two LO sources and an LO
diplexer have been used. The measured DSB receiver noise
temperature ranges from 45 to 90 K and is compliant with existing
ALMA band 7 and 8 receiver noise temperature specifications.

I. INTRODUCTION

At NAOJ, we are developing wideband sub-mm SIS mixers
based on high-current-density junctions to cover two ALMA
bands with the same receiver. In order to benefit from all
equipment and know-how acquired during the design and
production of ALMA band 8 receivers, we are aiming to cover
ALMA band 7 (275-373 GHz) and band 8 (385-500 GHz)
simultaneously. The fractional bandwidth of this target band is
slightly over 60%. An increase in RF bandwidth of ALMA
receivers can lead to the reduction of the total number of
receivers to be operated and maintained in the ALMA front
end, which would make operations more effective and increase
the time devoted to science observations. In addition, the wider
spectral range coverage with the same receiver and LO
calibrations offers the possibility of new observation modes as
described for example in the ALMA band 2+3 science case [1].

The development of a heterodyne receiver with large
fractional bandwidths poses technical challenges for most
components such as the SIS mixers, local oscillator source and
waveguide parts including a corrugated horn and RF/LO
coupler. In particular, high critical current density (Jc) junctions
yielding low RC products are essential to achieve wide RF band
performance [2]-[4]. Moreover, performance of the wideband
receiver should not be compromised even if the frequency
coverage increases. For example, we should keep the quantum-
limited noise performance, and comply with ALMA
specifications for both bands 7 and 8 to perform scientific
observations in the same level as the current one.

In this paper, we describe the design and performance of the
first prototype of a wideband waveguide SIS mixer and
evaluation system covering the frequency range from 275 GHz
to 500 GHz.
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II. BAND 7+8 SIS MIXER DESIGN

Our mixer block is similar to the one described in [5]. The
mixer block consists of three parts, a main body implementing
a waveguide and chip slot, a back piece with the backshort, and
an IF module with a 50-Q microstrip line and a coaxial
connector. The SIS mixer chip with dimensions 60 pmx180
pmx 2.2 mm is suspended over the chip slot, and is fixed at both
ends with glue as shown in Fig. 1. The mixer chip is designed
to cover the very wide RF bandwidth and comprises a
waveguide probe in combination with a WR-2.3 (290 um x 580
pm) waveguide, matching circuits employing high current
density junctions, and IF output circuitry incorporating a low
pass filter and an IF pad to connect an IF 50 Q line with bonding
wires.

We designed an asymmetric single-side waveguide probe
placed across the reduced-height waveguide with dimensions
100 um x 580 um. The shape of the waveguide probe was
empirically optimized to have nearly constant impedance in the
desired RF range. Fig 2 (a) shows the simulation result of the
probe impedance. The simulated probe impedance was around
30 Q and slightly capacitive.

A scanning electron microscope image of the RF matching
circuit is shown in Fig.1. The circuit comprises an Nb/SiO2/Nb
microstrip line and parallel-connected Nb/AINY/Nb twin
junctions and is designed for a current density of around 25
kA/cm?. The nominal junction diameters are ¢ =0.9 um. The
matching circuit implements a single-section quarter-wave
impedance transformer to obtain the wideband performance.
Fig. 2 (b) shows the calculated power coupling between feed
point of the probe to the SIS junctions. The calculation was
performed on the basis of the equivalent circuit shown in the
graph in Fig. 2 (b). The design was optimized to maximize the
coupling and the bandwidth. The calculated coupling is
typically more than 90 % or return loss more than 10 dB.
However, the coupling at the lower band edge gets deteriorated.
SIS mixers with an updated design applying a multi-section
impedance transformer with improved bandwidth coverage will
be included in a future publication.

III. BAND 7 AND 8 DUAL BAND EVALUATION SYSTEM

Fig. 3 shows our DSB noise temperature measurement
system and is similar to of the one described in [5], which
focused on the wide IF bandwidth performance of a mixer-
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Fig. 2. (a) Simulation result of the designed probe impedance over 275-500 GHz.
The Smith chart is normalized to 30 Q. (b) The calculated junction power
coupling and return loss of the designed matching circuit. The calculation is based
on the equivalent circuit shown on the graph.

preamplifier module at ALMA band 8 frequencies (385-500
GHz). We modified this system and expanded the RF range to
include ALMA band 7 frequencies (275-373 GHz).

On the RF side, the cryostat implements a 12.5-um-thick
polyimide film as a vacuum window and an infrared filter. The
reflection loss of the polyimide film has been measured by
terahertz time domain spectroscopy and is less than 3 % over
the band 7 and 8 frequencies. A corrugated horn antenna [6]
attached to a 15-dB RF/LO waveguide coupler, and the SIS
mixer block are located on the 10 K stage. The corrugated horn
antenna has a profiled shape to achieve the wideband
performance in terms of return loss and cross polarization. The
measured return loss is higher than 20 dB over the whole band.
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Fig. 1. Optical photograph of the SIS mixer chip mounted on the mixer block and scanning electron microscope image focusing on the
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The RF/LO coupler, fabricated by direct machining,
incorporates 3 slots with a 30-um width between two parallel
waveguides of 290 um x 700 um. The coupling of the RF/LO
coupler ranges from —17 to —14 dB.

The target RF bandwidth is too wide for typical LO sources
at these high frequencies, and therefore we applied a dual band
LO system incorporating an LO diplexer [7]. The system allows
us to evaluate an SIS mixer in one cooling cycle without any
change of the configuration in the cryostat. The LO sources use
ALMA band-7 and band-8 warm cartridge assemblies, which
allow us to electrically control and generate high LO power
with low amplitude noise [8], [9]. Cryogenic frequency
multipliers x3 and x6 are located on the 10-K stage inside the
cryostat and generate the final LO power in the frequency
ranges of 283-365 GHz and 393-492 GHz. The frequency
diplexer functions as the combiner of the two LO frequency
bands. The output LO power from the diplexer is transmitted to
the RF/LO coupler through a WR-4.3 oversized waveguide
made of CuNi, and then is injected into the SIS mixer. The LO
powers to pump SIS junctions are sufficient at the bands 7 and
8 frequencies. The IF chain in this study uses a cryogenic
isolator and a cryogenic low-noise amplifier (CLNA) with a
typical noise temperature of 2.1 K over the 4-8 GHz range [10].
Output IF power from the cryogenic IF chain is amplified with
a room temperature amplifier and measured with a power meter
and a spectrum analyzer.

IV.MEASUREMENT RESULT

We have fabricated two wafers with current densities Jc~ 26
kA/cm? and Jc~ 60 kA/cm?, the latter unintentionally resulting
in a current density much higher than the design value. The
DSB noise temperature measurement was carried out by the
standard Y-factor method using liquid-nitrogen cooled and
room temperature blackbody loads. Preliminary measurement
results for the DSB noise temperatures are 45 K to 90 K over
the 283-492 GHz frequency range. Interestingly, both mixers
showed similar performance even though their current densities
differ by a factor of more than 2, indicating that the circuit
design is very tolerant for a wide range of load impedances.
The results fully comply with current ALMA band 7 and band
8 receiver noise temperature specifications. Note that the
ALMA spec. is divided by 2 to translate from 2SB to DSB
specification.

The updated second design of the SIS mixers, its
performance and characterization are included in an extended
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Fig. 3. Schematics of the noise temperature measurement setup with dual band LO injection system. The RF corrugated horn and the LO diplexer have been
described in references [6] and [7].
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Fig. 4. Measurement results of the DSB receiver noise temperature for two SIS
mixers with the critical current density of 26 and 60 kA/cm?*. The ALMA specs.
at bands 7 and 8 are divided by 2 to translate from 2SB to DSB specification.

paper which has been submitted to IEEE Transactions on
Terahertz Science and Technology.
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