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On the basis of the quantum theory of mixing and the quasi-five-frequency approximation, at
first, the behavior of the mixing with a single SIS junction (or junction arrays in series) is
thoroughly investigated in the frequency range of 100~650 GHz (i.e., below the gap frequency of
Nb junctions), particularly in regard to the junction characteristic (i.e., the @R, C; product) and the
embedding impedances (seen by the SIS junction) at both the RF and IF frequencies. The
optimum operating conditions of SIS mixers and their frequency dependences are studied. The
conclusions provide general guidelines for the designing of SIS mixers, though being not
necessarily limitations. In addition, some interesting results are described. As the quantum
theory of mixing cannot be directly employed in simulating the performance of SIS mixers with
parallel-connected twin junctions (PCTJ, separated by a tuning inductance), which is a tuning
means for SIS junctions, both the large- and small-signal equivalent circuit models of the PCTJ are
constructed in a general form of multi-sideband frequency ports. The mixing behavior of the
PCT]J is then compared to that of a single junction.

Because SIS junctions of a relatively low critical current density are adopted to develop SIS
mixers in this thesis, it is essential to resonate out the junction geometric capacitance to realize
good mixer performance. Therefore, suitable tuning circuitry must be integrated with the SIS
junction. Three types of junction tuning circuits, namely the parallel inductance, end-load (i.e.,
serial inductance), and PCTJ are thus compared, regarding to mainly the tuning bandwidth, input
impedance at resonance, and fabrication easiness. As a result, the PCTJ appears a good first
choice for submillimeter-wave SIS mixers.

To suit the PCTJ of a @R, C; product equal to four and an equivalent normal state resistance
equal to 10 €, a novel waveguide mixer mount, which is associated with a diagonal horn, is
proposed. One of the key components of the mixer mount is the waveguide-to-microstrip
transition (of a half-reduced-height waveguide) featuring an integrated dc/IF return and an offset
coupling probe adopted to extend the working bandwidth. The RF and LO signals are
transmitted from the input waveguide to a 75-€2 microstrip line via this transition, and then coupled
to the PCTJ via two sections of 1/4-wavelength impedance transformer. The waveguide-to-
microstrip transition is simulated by making use of the finite element method. The simulated and
scaling (at Ka-band) experimental results, demonstrating a return loss (at the input port of the
transition) of less than ~15 dB over a 30% relative bandwidth (for a fixed backshort), are in good |
agreement. According to the proposed junction device and mixer mount, the performance of the
500-GHz waveguide SIS mixer is theoretically predicted. The predicted mixer performance is
rather promising, giving an SSB conversion gain of —4.571.5 dB and an SSB mixer noise
temperature of less than 45 K in the frequency range of 430~570 GHz. Hopefully, this mixer
design can be scaled from 100 GHz up to 1 THz.

In terms of the design of the 500-GHz waveguide SIS mixer, four real SIS mixers at 100, 200,
270, and 500 GHz respectively, are constructed and measured. The 100-GHz SIS mixer exhibits
a DSB receiver noise temperature of less than 40 K in the frequency range of 80~120 GHz, with a
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minimum value just four times as large as the quantum limit (i.e., 4Av/k), which is comparable or
superior to the state-of-the-art SIS mixers at this frequency band. In addition, two interesting
mixing behaviors including one related to the ac Josephson effect are first observed at this
frequency band, and they are discussed in detail. The experimental results of the 100-GHz SIS
mixer are analyzed qualitatively. The analytical results support the experimental results in general.
The 200- and 270-GHz receivers are both tested in a real radiometric system which employs a
relatively high IF frequency (5~7 GHz) and a folded Fabry-Perot diplexer situated in front of the
SIS mixer to combine the RF and LO signals. The receiver noise temperatures (DSB) calibrated
before the SIS mixer, are approximately five times as large as the quantum limit for both receivers.
The 500-GHz mixing experiment, carried out only around 482 GHz (for lack of LO sources), is
associated with an SIS junction of a fairly large subgap leakage current. In spite of that, photon-
assisted tunneling steps are clearly observed and the receiver noise temperature calibrated before
the mixer's feed horn is only 176 K (~8hv/k). The experimental results are analyzed
quantitatively, by evaluating the subgap leakage effect and breaking down the receiver noise
performance. If corrected the effect of the subgap leakage current, which accounts for a 67-K
noise contribution at the input port of the quasi-optical system and a 7-dB conversion-gain
degradation, the mixer conversion gain (DSB) and noise temperature (DSB) would turn out to be
only —0.5 dB and 35 K, respectively. Furthermore, the embedding impedance of the 500-GHz
SIS mixer is extracted at 482 GHz using those LO-pumped dc I-V characteristics related to
different LO power levels, and the extracted value is in good agreement with the simulated one.
Likewise, the measured performance of the 500-GHz SIS mixer is compared to the quantum
mixing theory, by simulating the mixer performance with the real dc I-V characteristic of the 500-
GHz junction. Again, the experimental results agree with the theoretical predictions.

A very compact dual-frequency (100/230-GHz) SIS receiver is developed. The system
design, particularly those related to the quasi-optical and 4-K cooling systems, is described in
detail.
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