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Superconducting Integrated Receiver (SIR)
with phase-locked FFO
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» Internal part of the SIR Microcircuit

Nb-AIN-NbN; Jc=5-10 kA/cm?
Optionally: SIS — Jc = 8 kA/cm?; FFO + HM = 4 kA/cm?
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nt, pA

Nb-AIN-Nb
$=0.03 7

EBL + CMP

Nb-AIN-NbN
Nb-AlOx-Nb;
J.=1-100 kA/cm?
d=2-1nm
$=0.1-1000 mkm52



K(.)) Nb-AIOx-Nb and Nb-AIN-NbN FFO for SIR
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K()) Nb-AIN-NbN SIS pumped by FFO;
| FFO frequency tuning

HD13-09#26 (Vg=3.7mV, Rn=21 Ohm)
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Nb-AIN-NbN SIS pumped by FFO;
FFO power tuning (f = 500 GHz)
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FL and PL spectra of the Nb-AIN-NbN FFO :
frequency 605 GHz; LW = 1.7 MHz; SR =92 %
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Phase Noise (dBc/Hz)

&)

-110

-130

-150

Phase Noise of the PL FFO

Absolute FFO phase noise, (n =20); SR=97.7%
R&S Synthesizer at 22 GHz * n° (n = 20)

Offset from Carrier (Hz)

26-28 May, 2009

ISTC Workshop, Yerevan ’

- %- Phase locked FFO, f__ =450 GHz (3f , = 0.5 MHz; SR = 97.7%))
—— RA&S Synthesizer at 22 GHz (Specification)
\\
K‘*\-* \\\ \\&\\N\\’-»
i ™ N Tl \% S
K= ok — K <>\ *~ ~ 4
N
\ -
\\
10 100 1k 10k 100k 1™ 10M

T T T T T T T T T T T T T T T T
0- -
n Spectrum analyzer
Resolution Banwidth
-20 RBW =1 Hz -
3
@ -40-] -
)
S
s
3 -60- i
o
-80 - -
-100 — 71 r 1 r 1 1 ' 1 1 1 " T ' 1 °
50 -40 -30 -20 -10 0 10 20 30 40 50
Offset from carrier (Hz)
~ 100 ——— —
o e
s §-\\\\\
[« *
o
o 80 e
my
a \
o 60 &
s
S 40 \
L
= ]
o x
g 20 * Experimental Data; TELIS PLL
o JAP, 102, 063912 (2007) *x ]
& Regulation BW = 10 MHz
I

1 10
Free-running FFO Linewidth (MHz)



> Netherlands Institute for Space Research

Development of the
Integrated Spectrometer for TELIS

Valery Koshelets, Lyudmila Filippenko, Pavel Dmitriev, Andrey Ermakov,
Andrey Khudchenko, Nickolay Kinev, Oleg Kiselev,
Alexander Sobolev, Mikhail Torgashin,

Kotel'nikov Institute of Radio Engineering and Electronics, Moscow, Russia

Pavel Yagoubov, Gert de Lange, Hans Golstein, Leo de Jong,
Arno de Lange, Bart van Kuik, Ed de Vries, Johaness Dercksen,
Ruud Hoogeveen, Avri Seleg

SRON Netherlands Institute for Space Research, the Netherlands

Nopporn Suttiwong, Georg Wagner, Manfred Birk (Pl)
Institute for Remote Sensing Technology, DLR, Germany

26-28 May, 2009 ISTC Workshop, Yerevan 11



(69) -
| TELIS (Terahertz Limb Sounder)

TELIS Objectives:

 Measure many species for
Thermal Stabilization atmospheric science:

CIO, BrO, O4, HCI, HOCI, etc;

- Chemistry, Transport, Climate

Blackbody | =T
Calibration Unit = e

« Serve as a test platform for new
sensors

 Serve as validation tool for future
satellite missions

Telescope

s ° Threeindependent
frequency channels,
cryogenic heterodyne receivers:

— 500 GHz by RAL
— 500-650 GHz by SRON-IREE

— 1.8 THz by DLR (PI)
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SIR Mixer Block with Shields
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Noise Temperature of the Flight SIR (DSB)

(T4m-093-05f,17-Dec-2007)
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Data

SIR Noise Temperature
on Intermediate Frequency and SIS Bias

(T4m-093-05f,14-Dec-2007)
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SIR Stability: Allan variance test
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o
SIR Spectral Resolution 9 RON

Netherlands Institute for Space Research

Deconvolved spectrum of the OCS emission

lines at a gas pressure 2.6 mBar. i A A T |J
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SIR for TELIS — remote operation
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®) >
| TELIS-SIR Main Parameters

(parameters determined by digital correlator are in parentheses)

Input frequency range, GHz 500-650TITwy
Minimum noise temperature in the range (DSB), K 120 K
Output IF range, GHz 4-8 (5-7) I'Tu
Spectral resolution, MHz <300 Mly
LO frequency net, MHz <1(2) MIl'u
Dissipated power at 4.2 K stage, mW < 30 mBT
Operation temperature, K <45K
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Esrange
Space Center,
Kiruna, Sweden,
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March 2009

ﬁ Swedish Space
| Corporation

- Esranges:
HIRUNA'. Eliropean SpacelRange

* J FINLAND"" '
?‘Nunwn'n ¢ f* R/\ GILRRL
¥ 'S
\/\ﬂ rif ‘ &
. fﬂ”\&
Ve
P SN

26-28 May, 2009 ISTC Workshop, Yerevan 21



SRON
\ TELIS (Terahertz Limb Sounder)  pumwms

A

Ly

TELIS-MIPAS at Esrange, Sweden; March 2009

Balloon size: 400 000 m3; Payload weight: 1 200 kg
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Flight trajectory (predicted)
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Frequencies and s bstances
selected for the first TELIS flight
## | FFO Frequency, Substances
GHz (High priority)
1 495.04 H,-180
2 496.88 HDO
3 505.6 BrO (AT =0.3K!l)
4 507.28 CIO
5 515.25 O, /pointing /pressure
6 519.25 BrO (AT =0.3K!l)
/ 607.78 O, isotopes
8 619.1 HCI (HOCI, CIO)
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Spectra measured at limb-sounding
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Back to the Earth...
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30-cm POrtable Submillimeter Telescope (POST)

Purple Mountain Observatory; Nanjing.
Site: Delingha of Qinghai province (altitude ~3200 m)

Frequency - 345 GHz
Tr (DSB) <100 K
Spectral resolution < 1 MHz

2-stage GM type;
cooling capacity
-01W;

compressor — 42 kg;
power consumption
-1.2 kW
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Arizona Radi

Observatory (ARO)

Main reflector: paraboloid D=10 m; F/D=0.35. Subreflector: d=0.69 m;
SIS-345: The MPIfR 345 GHz dual-channel receiver; Tr(DSB) < 125 K
SIS-490: The SORAL 490 GHz single-channel receiver - January 1998.
T(DSB) =110-150 K across its 425 to 500 GHz tuning range.
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ESPRIT — Exploratory Submm Space

Radio-Interferometric Telescope

The six elements of
ESPRIT in an Ariane 5

26-28 May, 2009

Telescope sizes ~ 3.5 meter ; off-axis
Number of elements N =6 (15 baselines)
Projected baselines 200 - 1000 meter

Frequencies:
Spotsintherange 0.5-6 THz

Front Ends - (0.5-1.5 THz):

SIS mixers, multiplier LO /

SIR =FFO + SIS + HM

(1.5 -6 THz) HEB mixers, QCL as LO
System temperature < 1000 K

IF bandwidth >4 GHz (goal 8 GHz)

ISTC Workshop, Yerevan 30
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K()} Conclusion 55 |Fon|

« Concept of the Phase-locked SIR is developed and tested.
« Nb-AIN-NbN FFOs and SIRs have been successfully implemented.

« 3-rd generation of the SIR with PL FFO for TELIS has been developed
showing a possibility to achieve TELIS requirements:
Frequency range 500 — 650 GHz; Noise Temperature < 150 K;
IF bandwidth 4 - 8 GHz; Spectral resolution better 1 MHz;
Beam Pattern - FWHM = 3 deg, with sidelobes < - 17 dB.

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

» First TELIS flight has been completed in March 2009 (Kiruna, Sweden).
« Future space and ground-base missions are under consideration.
« SIR Technology is mature for future space missions.
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