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Superconducting Integrated Superconducting Integrated 
Spectrometer for TELISSpectrometer for TELIS

Outline
• Superconducting Integrated Receiver (SIR);
• TErahertz LImb Sounder (TELIS) project; 
• SIR channel design and SIR chip lauout;
• Nb-AlN-NbN SIR – first implementation;
• SIR channel performance:

– Noise Temperature,
– IF Performance,
– Beam Pattern,
– Spectral  Resolution,

• Conclusion
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Superconducting Integrated Superconducting Integrated 
Receiver (SIR)Receiver (SIR)

STATE OF THE ART
• Single chip Nb-AlOx-Nb SIS receivers with 

superconducting FFO have  been studied at 
frequencies from 100 to 700 GHz;

• A DSB receiver noise temperature as low as 
90 K has been achieved at 500 GHz;

• 9-pixel Imaging Array Receiver has been 
successfully tested;

• FFO Phase Locking (PLL) up to 700 GHz.

APPLICATIONS 
• Airborne Receiver for Atmospheric 

Research and Environmental Monitoring; 
Radio Astronomy 

• Focal Plane Array Receivers; 
• Laboratory submm wave Spectrometers. 
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TELIS TELIS -- TETErahertz rahertz LILImbmb SSounder ounder 
TELIS TELIS Objectives:Objectives:

• Measure many species for atmospheric 
science (ClO, BrO, O3, HCl, HOCl, etc);
- Chemistry, Transport, Climate

• Serve as a test platform for new sensors
• Serve as validation tool for future satellite 

missions

Three independent 
frequency channels, 
cryogenic heterodyne receivers:

500 GHz by RAL
600-650 GHz by SRON-IREE
1.8 THz by DLR (PI)
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Simulated spectra for Simulated spectra for Ozone Ozone and and HClHCl at 625 GHzat 625 GHz

HCl spectrum, 2 km intervals, total atmosphere to 60 km
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Simulated atmospheric spectra (DSB) at 619 GHzSimulated atmospheric spectra (DSB) at 619 GHz
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TELISTELIS--SIR Main ParametersSIR Main Parameters

## Description Value
(Spec)

1 Input frequency range, GHz 500 – 650
(550 – 650)

2 Minimum noise temperature in the range (DSB), K 150 (250)

3 Output IF range, GHz 4 - 8  (5 - 7)
4 Spectral resolution 

(width of the spectral channel), MHz
< 1
( 2 )

5 LO frequency net, MHz < 300
6 Dissipated power at 4.2 K stage 

(including IF amplifiers chain), mW
100

7 Operation temperature, K < 4.5
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TELIS TELIS –– Instrument ModelInstrument Model
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Schematics of the 550Schematics of the 550--650 GHz channel optics650 GHz channel optics
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Wire grid polarizer and dichroic plate are used to separate this receiver from 
the two other frequency channels (not shown). The cold optics and mixer 
element are located inside the cryostat at the ambient temperature 4.2 K
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Layout of SIR cold channelLayout of SIR cold channel

In tegrated lens-antenna (L6)

Parabola (L5) Hyperbola (L4)

F lat

E llipse (L3) W indow (L2)
M agnetic shield

SSB

C ryostat

Parabola (L1)

W ire grid

Term ination load

Integrated lens-antenna (L6)

Parabola (L5) Hyperbola (L4)

F lat

E llipse (L3) W indow (L2)
M agnetic shield

SSB

C ryostat

Parabola (L1)

W ire grid

Term ination load

Integrated lens-antenna (L6)

Parabola (L5) Hyperbola (L4)

F lat

E llipse (L3) W indow (L2)
M agnetic shield

SSB

C ryostat

Parabola (L1)

W ire grid

Term ination load

Thursday, March 22,   P. Yagoubov;   Report 7-5

March 23, 2007 SIR for TELIS, ISSTT-2007 10



Photo of the SIRPhoto of the SIR--TELIS channelTELIS channel
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SIR Mixer Block with ShieldsSIR Mixer Block with Shields
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Schematics of PLL SIRSchematics of PLL SIR
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Photo of the T4m SIR chipPhoto of the T4m SIR chip

Silicon (Si);
4 x 4 x 0.5 mm3

Nb-AlOx-Nb or  
Nb-AlN-NbN;
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SIR Microcircuit for TELISSIR Microcircuit for TELIS

FFO
400*16 µm2

Double-slot
twin SIS – 0.8 µm2

HM – 1.0 µm2

Nb-AlN-NbN or  Nb-AlOx-Nb;     Jc = 5 - 10 kA/cm2 

Optionally: SIS – Jc = 8 kA/cm2;  FFO + HM = 4 kA/cm2 
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Quality of the Quality of the AlOxAlOx andand AlNAlN tunnel barriers tunnel barriers 
on the current densityon the current density
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NbNb--AlNAlN--NbNNbN SIR SIR –– new featuresnew features

400 GHz

700 GHz
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NbNb--AlNAlN--NbNNbN SIS pumped by FFO; SIS pumped by FFO; 
FFO frequency FFO frequency tuningtuning
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FL and PL spectra of the FL and PL spectra of the NbNb--AlNAlN--NbNNbN FFO :FFO :
frequencyfrequency 660055 GHzGHz; ; LW =LW = 1.7 M1.7 MГцГц; SR = 92 %; SR = 92 %

360 380 400 420 440
-60

-55

-50

-45

-40

-35

-30

-25

-20

  Span - 100 MHz 

    Resolution 
Bandwidth - 1 MHz

 

 

IF
 O

ut
pu

t P
ow

er
 (d

B
m

)

Down-converted FFO Frequency (MHz)

      Phase locked 
 at 605 GHz (SR = 92 %)

   Frequency locked 
   Linewidth = 1.7 MHz

March 23, 2007 SIR for TELIS, ISSTT-2007 19



Frequency dependence of the FFO:Frequency dependence of the FFO:
NbNb--AlOxAlOx--NbNb and and NbNb--AlNAlN--NbNNbN circuits  circuits  
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Uncorrected Receiver Noise Temperature (DSB)Uncorrected Receiver Noise Temperature (DSB)
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SIR Stability:SIR Stability: Allan variance testAllan variance test
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SIR Noise Temperature SIR Noise Temperature 
on Intermediate Frequency and SIS Biason Intermediate Frequency and SIS Bias
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AntennaAntenna--Lens Beam Pattern of the SIR at 625 GHzLens Beam Pattern of the SIR at 625 GHz
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Amplitude and phase APBAmplitude and phase APB
of the SIR with cold opticsof the SIR with cold optics
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DeconvolvedDeconvolved spectrum of two OCS emission spectrum of two OCS emission 
lines (lines (gas pressure 1.2gas pressure 1.2 mBarmBar; FFO frequency 625.24; FFO frequency 625.24 GHz)GHz)
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Gas cell measurements; Gas cell measurements; 
resolution determined by DACresolution determined by DAC
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Phase locked FFO; spectral resolution < 1 MHzPhase locked FFO; spectral resolution < 1 MHz
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ConclusionConclusion
• Concept of the Phase-locked SIR is developed and tested.
• Nb-AlN-NbN FFO and SIR have been successfully tested.  
• Improved design of the FFO for TELIS has been developed 

and optimized; free-running linewidth from 2 to 10 MHz
recorded in the frequency range 350 – 740 GHz that allows 
to phase lock from 35 up to 90 % of FFO power.

• 3-rd generation of the PL SIR for TELIS has been developed 
showing a possibility to realize TELIS requirements:
Frequency range 500 – 650 ГГц;
Noise Temperature 150 К (DSB, min); 
IF bandwidth 4 - 8 ГГц;
Beam Pattern - FWHM = 3 deg, with sidelobes < - 17 dB; 
Spectral resolution better 1 МГц.

• Procedure for remote optimization of the PL SIR operation 
has been developed and experimentally proven. 

• First TELIS flight is scheduled on November 2007
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