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Abstract—The waveguide structure of a Sideband-

separating (2SB) receiver based on superconductor-insulator-

superconductor (SIS) mixers strongly influences the Sideband 

Rejection Ratio (SRR), one of the key parameters of the 

receiver. During development of a RF waveguide structure for 

a 211-275 GHz 2SB SIS receiver it was found that SRR 

degrades from 26 dB to about 18-20 dB due to reflections from 

SIS mixers and from RF loads. Additionally, the imbalance of 

an LO signal is found and described. This imbalance can cause 

up to 0.5 dB difference in pumping level of SIS junctions and 

additional phase shift up to 5 degrees. This effect strongly 

depends on LO frequency. As result, the SRR can degrade 

further down by 1..2 dB. 

Keywords—SIS receivers, sideband separation, sideband 

rejection ratio 

I. INTRODUCTION  

The 1.3mm band corresponding to ALMA Band 6 is the 

prime observational range for the current and for the future 

Event Horizon Telescope activities. The VLBI instrument 

for Millimetron space project includes a 211-275 GHz 

receiver, which is planned to be based on superconductor-

insulator-superconductor (SIS) mixers. For the best possible 

sensitivity of the Space-Earth interferometer the onboard 

receiver should have the same sideband configuration as the 

receivers installed in the ground telescopes, i.e. it should be 

sideband separating (2SB) one. Using a DSB mixer on board 

of Millimetron would cause degradation of the 

interferometer sensitivity by a factor of square root of 2. 

II. DESIGN  

In our development of 2SB SIS receiver for the 

frequencies 211-275 GHz we have designed a waveguide 

block comprising of RF hybrid, 3dB LO splitter and LO 

couplers, see Fig.1. The design has modular approach same 

as in [1] and the elements structures are similar to [2]. The 

RF hybrid was designed with a gain balance within 1 dB and 

with a phase imbalance not exceeding 0.3 degrees (see fig.2). 

The corresponding Sideband Rejection Ratio (SRR) is better 

than -26dB in the entire frequency band. The prime focus in 

the design of the waveguide structures was dedicated to the 

reduction of reflections, which are strongly distorting the 

sideband rejection ration (SRR) [3]. 
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Using 3D-simulator and we have analyzed the entire 

waveguide structure of the RF block and estimated the SRR 

efficiency for different levels of reflection form RF loads and 

from the SIS mixers.  

   
Fig.1 Drawing of the hybrid block showing the RF waveguide structure. 

Ports 1 and 7 show the inputs for the LO and RF signals correspondingly. 

Ports 3 and 4 are associated with signs ̀ `SIS-1'' and ̀ `SIS-2'', which indicate 
the location of the SIS junctions after the backpieces are installed. Ports 2, 

6, 5 indicates the loads: 2 - RF load to suppress parasitic reflections, 6 and 

5 - LO loads dump the unused LO power. The waveguide block size is 
25\,mm x 35\,mm. 

 

III. RESULTS  

The influence of the reflections form SIS mixers and from 

the RF load is demonstrated in Fig.2 and Fig.3. The 

reflection level for SIS mixers is varying here from -3.4dB 

to -9.2dB, at the same time reflection from RF load is fixed 

at -20dB. A strong degradation of amplitude and phase 

balance leads to deterioration of the SRR level, as example 

for SIS reflection of about  -7dB it reaches 19 dB in the worst 

point, while for the pure RF hybrid it was not higher than -

26 dB.  

Additionally, the imbalance of an LO signal is found (see 

Fig. 3). It takes place also due to reflections from the SIS 

mixers and the RF load. This imbalance is periodic and the 

period is determined by the distance between the mixers and 

the RF load. For the given above levels of reflection, the LO 

amplitude unbalance can be up to 0.5 dB, causing different 
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pumping level and, as result, different gain of the mixers. 

Meanwhile, more critical is the phase shift, which can reach 

the level of 5 degrees. This effect strongly depends on LO 

frequency. 

 

 

 
Fig.2 The top plot shows the simulated amplitude balance between two SIS 
mixers then reflections are added – oscillating curves; the smooth blue line 

represents gain balance of the single hybrid. The bottom plot similarly 

shows the simulated phase balance with reflections are added – oscillating 
curves; the smooth blue line is a phase balance for the single hybrid. 

 

 

 
Fig.3 The top plot shows the simulated LO coupling balance between two 

SIS mixers then reflections are added; the bottom plot similarly shows the 

simulated phase error between LO signals arriving to the SIS mixers. 
 

 
Fig.4 SRR vs frequency.  

 

As seen from Fig.4 SRR degrades from 26 dB (black 

curve) to about 18..20 dB (blue curve) due to reflections 

from SIS mixers and from RF loads. Here SIS reflection is -

6.7 dB, RF Load reflection -20 dB. For this design the hybrid 

isolation is 26…30 dB. 

Taking into account the LO phase imbalance reduces the 

SRR level further by about 2 dB in the worst points (green 

curve vs blue one). The mixer gain imbalance caused by 

difference of mixers and by various LO pumping level could 

be estimated as 10% in amplitude or 0.8dB in power. This 

imbalance can be in-phase or contra-phase to amplitude 

imbalance causing degradation or improving of SRR, as 

shown by red and by orange curves in Fig.4. This give 

motivation to try swapping SIS mixer in 2SB block for better 

performance. 

As conclusion, the influence of reflections on SRR level 

shows necessity to improve RF load, hybrid isolation and to 

pay attention to SIS mixer reflections for better performance 

of the entire 2SB receiver. 

This work was supported by a grant from the Russian 

Science Foundation (project No. 23-79-00061, 

https://rscf.ru/project/23-79-00061/). The equipment of USU 

#352529"Cryointegral" was used to perform the simulations. 

 
 

REFERENCES 

[1] A. Khudchenko et. al, ”Modular 2SB SIS Receiver for 600-720 

GHz: Performance and Characterization Methods”, IEEE Tr. on 

TST, vol. 7, No. 1, pp. 2-9, 2017. 

[2] R. Hesper et. al, “A new high-performance sideband-separating 

mixer for 650 GHz,” Proc. SPIE, vol. 9914, 2016, Art. no. 

99140G.  

[3] R. Hesper, et al., "A High-Performance 650-GHz Sideband-

Separating Mixer. Design and Results", IEEE Tr. on TST, vol. 

7, No. 6, pp. 686-693, 2017 

 

https://rscf.ru/project/23-79-00061/

	ProceedingsBook_10152023_v3_Part1
	History

	REG_0044_ISSTT2022_Drakinskiy
	REG_0110_ISSTT2022_Thuroczy_02
	REG-0002_ISSTT2022_Pavolotsky
	I. Introduction
	II. Results
	III. Conclusion
	IV. Acknowledgement
	References

	REG-0003_ISSTT2022_Whitton
	REG-0004_ISSTT2022_Kotiranta
	I. Introduction
	II. SWI Optics
	III. Testbed Design
	IV. Measurement Methods
	A. Beam Coalignment Measurements
	B. Side Band Measurements

	V. Results
	VI. Conclusions
	Acknowledgments
	References

	REG-0008_ISSTT2022_Alibakhshikenari
	REG-0009_ISSTT2022_Thomas
	REG-0010_ISSTT2022_Thomas
	REG-0011_ISSTT2022_Sakai
	I. Introduction
	II. Permittivity extraction
	A. Measurement Setup
	B. Preprocessing
	C. Data Analysis

	III. experimental Results
	IV. conclusion
	References

	REG-0012_ISSTT2022_Auriacombe
	REG-0014_ISSTT2022_Chattopadhyay
	REG-0015_ISSTT2022_Shan
	REG-0016_ISSTT2022_Karasik
	I. Introduction
	II. MgB2 HEB Mixer
	III. THz Quantum Cascade VECSEL
	IV. THz Heterodyne Receiver

	REG-0018_ISSTT2022_Horton
	REG-0019_ISSTT2022_Montofre
	I. Introduction
	II. Design, simulations, and characterization
	III. Conclusion
	IV. References

	REG-0020_ISSTT2022_Rothbart
	REG-0021_ISSTT2022_Lopez-Fernandez
	REG-0022_ISSTT2022_Ballew
	REG-0023_ISSTT2022_Tan
	REG-0024_ISSTT2022_Meledin
	I. Introduction
	II. Receiver Design
	III. Characterization of the receiver at the telescope
	IV. Conclusion
	V. References

	REG-0026_ISSTT2022_Tuerk
	REG-0027_ISSTT2022_Realini
	I. Introduction
	II. RF waveguide structure
	III. Results
	References

	REG-0029_ISSTT2022_Driessen
	REG-0030_ISSTT2022_Mahieu
	REG-0031_ISSTT2022_Gao
	REG-0032_ISSTT2022_Albers
	REG-0033_ISSTT2022_Belitsky
	REG-0034_ISSTT2022_Barkhof
	I. Introduction
	/
	References

	REG-0035_ISSTT2022_Yates
	REG-0036_ISSTT2022_Salem
	REG-0037_ISSTT2022_Gibson
	REG-0038_ISSTT2022_Hesper
	REG-0039_ISSTT2022_Groppi
	REG-0040_ISSTT2022_Monje
	REG-0041_ISSTT2022_Veenendaal
	REG-0042_ISSTT2022_Reck
	REG-0043_ISSTT2022_Gonzalez
	REG-0046_ISSTT2022_Mondal
	REG-0049_ISSTT2022_Henke
	REG-0051_ISSTT2022_Zhu
	REG-0052_ISSTT2022_Moseley
	I. Introduction
	II. Test Facility architecture
	III. Future capabilities and opportunities
	References

	REG-0053_ISSTT2022_Moro
	REG-0054_ISSTT2022_Lambert
	REG-0055_ISSTT2022_Mahdizadeh
	REG-0056_ISSTT2022_Thuroczy
	REG-0057_ISSTT2022_Kaneko
	References

	REG-0058_ISSTT2022_Lain-Rubio
	REG-0059_ISSTT2022_Ren
	REG-0060_ISSTT2022_Ezawa
	I. Introduction
	II. Developments
	References

	REG-0061_ISSTT2022_Shurakov
	REG-0062_ISSTT2022_Wang
	REG-0063_ISSTT2022_Richter
	I. Introduction
	References

	REG-0064_ISSTT2022_Treuttel
	REG-0066_ISSTT2022_Crowe
	REG-0067_ISSTT2022_Hartogh
	REG-0068_ISSTT2022_Serres
	REG-0069_ISSTT2022_Janssen
	REG-0070_ISSTT2022_Valentin
	REG-0071_ISSTT2022_Wiedner
	REG-0072_ISSTT2022_Saeid
	REG-0073_ISSTT2022_Reyes
	REG-0074_ISSTT2022_Murk
	I. Introduction
	References

	REG-0075_ISSTT2022_Lampin
	REG-0076_ISSTT2022_Baryshev
	I. Introduction

	REG-0077_ISSTT2022_Nerik
	REG-0078_ISSTT2022_Linden
	REG-0079_ISSTT2022_Kawamura
	I. The Asthros Receiver

	REG-0080_ISSTT2022_Matsuo
	I. Introduction
	II. Preparation of Lab. Experiments
	III. Cryogenic Readout Electronics
	IV. Optical Setup of Interferometer Experiment
	V. Toward Antarctic Intensity Interferometry
	Acknowledgments
	References

	REG-0081_ISSTT2022_Baryshev
	I. Extended Rationale

	REG-0082_ISSTT2022_Mirzaei
	REG-0083_ISSTT2022_Orfao
	REG-0084_ISSTT2022_Kojima
	REG-0085_ISSTT2022_Fernandez
	REG-0086_ISSTT2022_Mirzaei
	REG-0087_ISSTT2022_Jaafar
	REG-0088_ISSTT2022_Khalatpour
	REG-0089_ISSTT2022_Barrueto
	REG-0090_ISSTT2022_Watkins
	REG-0091_ISSTT2022_Wienold
	References

	REG-0092_ISSTT2022_Cesar
	REG-0094_ISSTT2022_Khan
	REG-0095_ISSTT2022_Imada
	REG-0096_ISSTT2022_Siles
	I. Introduction
	II. Architecture Overview

	REG-0097_ISSTT2022_Sinclair
	REG-0098_ISSTT2022_Boehm
	REG-0099_ISSTT2022_Maestrini
	REG-0100_ISSTT2022_Lima
	I. Introduction (Heading 1)
	II. Results
	References

	REG-0101_ISSTT2022_Maestrini
	REG-0102_ISSTT2022_Khanal
	REG-0102_ISSTT2022_Treuttel_2
	REG-0103_ISSTT2022_Siles
	I. Introduction
	II. Approach and Preliminary Results

	REG-0105_ISSTT2022_Khudchenko
	REG-107_ISSTT2022_Walker
	REG-0109_ISSTT2022_Curwen
	REG-0111_ISSTT2022_Sriram
	II. Results
	I. Introduction
	References

	REG-0115_ISST22_Spencer
	STD-0003_ISSTT2022_Wenninger
	STD-0006_ISSTT2022_Yamasaki
	STD-0007_ISSTT2022_Masui
	STD-0009_ISSTT2022_Massingill
	STD-0010_ISSTT2022_Yoo
	STD-0011_ISSTT2022_Hoh
	STD-0012_ISSTT2022_Sirsi
	STD-0013_ISSTT2022_Longden
	STD-0014_ISSTT2022_Lopez
	STD-0015_ISSTT2022_Navarro_Montilla
	STD-0017_ISSTT2022_Monasterio
	STD-0018_ISSTT2022_Mebarki
	STD-0019_ISSTT2022_Cardenas
	STD-0020_ISSTT2022_Carrasco
	STD-0021_ISSTT2022_Benson
	STD-0022_ISSTT2022_Scott
	STD-0024_ISSTT2022_Shin
	STD-0025_ISSTT2022_Jayasankar
	STD-0026_ISSTT2022_Elmaleh
	STD-0027_ISSTT2022_MartinezGil
	STD-0028_ISSTT2022_Grutzeck
	STD-0029_ISSTT2022_Alqaraghuli
	STD-0030_ISSTT2022_Niwa
	STD-0031_ISSTT2022_Silva
	ProceedingsBook_10152023_v3_Part3



