
Why is up-converter necessary?

Experiment

Simulation

InP HEMT Amp.: 
High power dissipation
A few mW

Supercond. Para. Amp.: 
Very low operation temp. < 1 K

• Tucker theory is applied

• Standard I-V curve of Nb junction (1 mm2, 3 kA/cm2) is used

• Intermediate frequency (IF), f0, is assumed to be 3 GHz

• IF embedding impedance is fixed to be 50 W

• RF amplifier noise is assumed to be 10 K

• RF embedding impedance is swept to see gain and noise 
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 Proposing low-noise and low-power-consumption amplifier

– Consisted of an SIS up-converter and an SIS down-converter

 Possible application
– Multi-beam receivers (I/O InP HEMT Amp.)

– Quantum computers (I/O Supercond. Para. Amp.)

– Others?
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• Room temp. down conversion gain (𝑮𝒓𝒐𝒐𝒎)

Total powers, PPM
room_IN and PPM

room_OUT, of signals, RF and IFout , 

measured by a microwave power meter (PM) with appropriate power 

sensors for RF- and IF-band, respectively.
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Up-conv. component (USB)

𝑮𝒕𝒐𝒕𝒂𝒍 =
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Peak powers, PSA
total_IN and PSA

total_OUT, of signals, IFin and IFout , measured 

by a spectrum analyzer (SA) with same resolution bandwidth.

 Measurement setup

• The total system gain with up- and down-converters (𝑮𝒕𝒐𝒕𝒂𝒍 = 𝑮𝒄𝒓𝒚𝒐 𝑮𝒓𝒐𝒐𝒎)

Note: SUS WG loss at room temp. in LWG was about 3.6 dB. Thus, SIS up-conversion gain would be more 

than 4.2 dB, if less temp. dependence of SUS WG loss.

 Results SIS up-converter
• Designed as down-converter for 100-GHz 

band, not optimized as up-converter.
• Successful observation of up-conversion gain in SIS junctions.

𝑮𝒖𝒑 = 𝑮𝒄𝒓𝒚𝒐 + 𝐿𝐴𝑇𝑇 20 𝑑𝐵 + 𝐿𝑊𝐺(~3.6𝑑𝐵)

4 series junctions

I-V characteristics
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-23dB

Positive gain in SSB !

0dB line for DSB gain 
without WG loss


