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Motivation Measurement setup

Microwave Amplifier 

Frequency up converter for multiplexingGHz frequency converter for TES readout

Y. Uzawa, et al., J. Low Temp. Phys. (2018)

G. de Lange, J. Low Temp. Phys. (2014) T. Kojima, et al., AIP Adv. (2018)

=> Essential to characterize SIS frequency conversion properties.

However, there has been few reports below 50 GHz, especially, on an SIS up 

converter. At microwave frequencies, on-wafer characterization can be applied, which 

allows us to directly extract device parameters and to evaluate the device performance.
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LSB -1.6 dB -1.9 dB 

USB -1.6 dB -2.4 dB 

DSB +1.4 dB +0.9 dB

RF 33.80 GHz

IF 0.58 GHz
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Nb/Al/AlOx/Nb junction
Twin junctions connected in parallel
Nominal junction diameter φ = 1 μm
Junction current density Jc ~ 15 kA/cm2

Normal state resistance  RN =10.7 Ω
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◆Cryogenic probe station
Operating temperature: 4.0 K (GM mechanical Cryocooler)

VNA Frequency range： DC-50 GHz

CJ : Geometric capacitanceGQBQ

Lp : Parasitic inductance

S11 ,Y1

Input portQuantum admittance

◆ Equivalent circuit model

Device parameter extraction Frequency converter characterization

◆ Device under test

Measured IV curve Measured S11
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Fitting calculation taking into account the quantum susceptance with the measured total 
admittance Yin at 20 GHz to extract the geometric capacitance and parasitic inductance

Point: measurement
Line: calculation

The extracted geometric capacitance CJ = 0.135 pF

◆ Schematic circuit diagram of the measurement setup

Bias dependence (LO 34.38 GHz) RF/IF dependence

Positive DSB gain was observed.
Further improvement can be expected 
by making circuit optimization of the 
frequency converter

RF: ~10 GHz

IF: DC, several GHz

RF: ~30 GHz

IF: ~5 GHz

An SIS junction has been used as a low-noise down converter at (sub-)

millimeter wavelengths for a long time. In resent years, novel applications of

the SIS junction based on its superior properties are proposed:

RF: <100 GHz

IF: several GHz

100-um-pitch GSG probe

(Lake Shore) 

Point: the bias point for the 
S-parameter measurement.
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