
Abstract— In this paper, we present the performance of the 
first frequency multiplier using the non-linearity of distributed 
SIS junctions. The prototype doubler based on distributed SIS 
junction was for the first time able to pump an SIS mixer. The 
multiplication efficiency of the distributed SIS junction is 15-30 % 
for a fractional bandwidth of 10% with excellent spectral line 
purity. The measured -3 dB line width of the multiplied signal is 
better than 1 Hz, which was limited by the resolution bandwidth 
of the spectrum analyzer. The results attained in this work show 
that the distributed SIS junction frequency multipliers have 
considerable future potential, and could possibly be used in LO 
source in single-end and multi-pixel SIS mixer receivers. 

I. INTRODUCTION  

he extremely nonlinear behavior and quantum nature of 
operation of a Superconductor-Insulator-Superconductor 

(SIS) tunnel junction give reasons to believe that an SIS device 
designed for frequency multiplication can operate with very 
high conversion efficiencies, since the higher order harmonics 
of the quasiparticle tunnel current in an ideal SIS junction at 
zero physical temperature would be similar to the Fourier series 
of a Dirac delta function. However, until now, little work has 
been done on understanding, modeling and experimental 
verification of the harmonic generation (frequency 
multiplication) in SIS devices using quasiparticle tunneling 
effect [1],[2],[3]. Recently, we published an extensive paper 
treating the frequency multiplication possibilities and 
performance through theoretical modelling, which was 
experimentally verified [4],[5]. 

II. LARGE SIGNAL MODELLING 

Accurate analysis of a circuit containing an SIS junction 
requires a self-consistent large-signal solution for the voltage 
across the nonlinear device. In the method used in [4], two 
realistic simplifications are made; i,. The Josephson effect is not 
included as it is assumed to be suppressed with external 
magnetic field; ii. Self-oscillation and other nonharmonic 
frequency generation effects are ruled out.  

The harmonic balance method employed follows the 
procedure described by Hicks et al. [6] for SIS mixers. The 
equivalent circuit diagram of the distributed SIS junction used 
in the analysis is shown in Fig. 1 [4]. The circuit diagram is 
bisected at the linear-nonlinear interface and each half is treated 
separately. The nonlinear portion of the circuit is modelled in 
the time domain whereas the embedding network, which 
includes the surface impedance and the geometrical capacitance 
of the distributed SIS junction, is treated in frequency domain.  

Early results of the harmonic balance simulations show that 
the conversion efficiencies for the 2nd harmonic at the pumping 
factor α = 1.5 and α = 3 attained with the large signal modeling 
are 90% and 50% respectively, details are found in [4]. The 

conversion efficiencies of the 3rd harmonic for the same 
pumping factors were approximately 30% and 15% 
respectively. Furthermore, according to the tunnel current 
spectrum attained by the large signal model and presented in  
Fig. 2, even higher harmonics such as the 4th or 5th may have 
sufficiently good multiplication efficiency, for the model based 
on the given above assumptions. 
 

 
Fig. 1: Distributed SIS multiplier circuit. L and CJ are geometrical inductance 
and capacitance, whereas Zss and Zsg are the surface resistance of the 

microstrip and ground electrode respectively. 
 

 
 Fig.2: The large signal harmonic spectrum of the induced quasiparticle tunnel 
current. The pumping frequency signal at 100 GHz is presented along with 
harmonic tones up to 7th harmonic.  It is clearly seen enhanced intensity of the 
harmonics 2, 3, 4. 

III. MEASUREMENT RESULTS 

The modeling of the device shows that the distributed SIS 
junction can achieve high conversion efficiency, which was 
consistent with large signal harmonic balance simulations of the 
SIS junction multiplier [4].  

The characterization of the device performance was carried 
out at 4 K in a cryostat with a closed-cycle refrigerator similar 
to [3]. Fig. 3 shows a block-diagram of the test setup used for 
the Distributed SIS frequency Multiplier (DSM) 
measurements. To study the response from DSM, an SIS mixer 
[7] that covers the RF frequencies from 163–211 GHz with 4–
8 GHz intermediate frequency (IF) bandwidth, was connected 
at the output of DSM . The DSM was pumped with a phase 
locked 83-105 GHz Gunn oscillator through a WR-10 
waveguide, and the output of the DSM was coupled to the input 
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of the mixer using a 3 cm long WR-5 waveguide. The SIS mixer 
was pumped using a 171-203 GHz LO consisting of an Agilent 
frequency synthesizer and followed by an amplifier / multiplier 
chain (×6) [8]. The IF output was analyzed with a spectrum 
analyzer.  

In order to investigate the spectral response of the DSM, the 
LO frequency of the SIS mixer used for this purpose was set 
between 174–203 GHz, and the DSM was pumped with 
frequencies such that the expected DSM output power at the 
second harmonic would always fall inside the 4–8 GHz band of 
the down converted mixer IF. 

 
Fig. 3: Schematic of the experimental setup used to study the test device. The 
cryostat contains the DSM test chip connected through a WR-5 waveguide to a 
163–211 GHz SIS mixer. Both the SIS mixer and the DSM test chip are pumped 
using two separate local oscillators 

 
The measured output power of the distributed SIS junction in 

the regime of the generated second harmonic is in good 
agreement with the modeled output power. Furthermore, the 
distributed SIS junction as a frequency multiplier was for the 
first time able to pump an SIS mixer [4]. The efficiency of the 
distributed SIS junction is estimated to be 15-30 % for a 
fractional bandwidth of 10% with excellent spectral line purity. 
The measured -3 dB line width of the multiplied signal is 1 Hz, 
which was limited by the lowest resolution bandwidth of the 
spectrum analyzer. The results presented in [4] show that the 
distributed SIS junction frequency multiplier has potential to 
become useful component in LO source of superconducting 
low-noise single-end receivers, SIS and HEB, and possibly be 
used in multi-pixel receivers. 

 
Fig.4: A comparison of the measured and predicted power at the 2nd 
harmonic i.e., 186 GHz (93 GHz input frequency) vs. bias voltage and 
pumping factor ࢻ ≈ . The peak powers are due to the real part of 
current response function, i.e., IKK. The figure shows excellent 

correspondence between model and measurement. Furthermore, 
contribution of the IF amplification chain is removed here. 

 

Fig.5: Pumped dc I-V characteristics of the SIS mixer. The zoomed plot clearly 
shows the quantum response of the SIS mixer for the output power of the DSM 
at twice the input frequency i.e., at 186 GHz. The step-structure of the zoomed 
IVC is due to limitation of data acquisition system (steps show the last digit of 
the current ADC). 

IV. CONCLUSIONS 

In this paper, we presented the performance of the first 
frequency multiplier using the non-linearity of distributed SIS 
junctions. The prototype doubler based on distributed SIS 
junction was for the first time able to pump an SIS mixer. The 
multiplication efficiency of the distributed SIS junction is 15-
30 % for a fractional bandwidth of 10% with excellent spectral 
line purity. The measured -3 dB line width of the multiplied 
signal is better than 1 Hz, which was limited by the resolution 
bandwidth of the spectrum analyzer. The results attained in this 
work show that the distributed SIS junction frequency 
multipliers have considerable future potential, and could 
possibly be used in LO source in single-end and multi-pixel SIS 
mixer receivers. 
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