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Jupiter Icy moons Explorer 
Submillimeter Wave Instrument 

 
PI Paul Hartogh, MPS, Goëttingen, GE 

Ø  JUpiter Icy moons Explorer, first ESA Large mission of the Cosmic 
Vision program!

Ø  SWI to investigate the temperature structure, composition and 
dynamics of Jupiter's stratosphere and troposphere, and the 
exospheres and surfaces of the icy moons, with high spectral 
resolution (107) and high frequency accuracy and stability (108)!

Ø  Proposal in October 2012 with two frequency bands: 530-625GHz and 
1080-1275GHz.!
Frontends by Jet Propulsion Laboratory (NASA) & LERMA!
!

Ø  Proposal approved by ESA in 2013 with 2 channels at 530-625GHz 
after the withdrawal of JPL due to lack of funding!

Ø  SWI 1080-1275GHz band back on the baseline since June 2016: 
LERMA-Observatory in charge of the delivery of the front-end!



SWI science traceability matrix (extract)!



Heterodyne detection for 
high spectral resolution
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High Spectral Resolution with 
Heterodyne instruments
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Ø  5000kg / 900W!
Ø  2700kg propellant!
Ø  280kg / 360W max payload!
Ø  7.6 year flight to Jupiter!
Ø  Launch 2022! 8!

Jupiter Icy Moons Explorer spacecraft

31m!

4m!

7.6m!

100m2 solar arrays! SWI!

Credits: ESA/ ATG MEDIALAB!
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JUICE 
Submillimeter Wave Instrument 

Ø  45cm dish @ 45°!
with 2-axis movement!

Ø  2 spectrometers with up to 
100KHz resolution!

Ø  Front-end operating at 
120-150K (high frequency 
parts) and 240-270K (low 
frequency parts)!

Ø  ~17kg!
Ø  ~60W! SWI Telescope and Receiver Unit!

Radiator!
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JUICE - Submillimeter Wave Instrument 
SWI Telescope and Receiver Unit!
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Planar Schottky Diodes with Airbridges 
 

(JPL ~1995, LERMA-LPN 2006) 
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3D model of JUICE-SWI 1200GHz receiver frontend (March-2018)!
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Power-combined 300GHz frequency doubler- 
concept!



Specs @ 120K 

Output power @295K 



600GHz balanced doubler for JUICE-SWI 
1200GHz receiver!

Design: Dr. Fei Yang /!
Jiangqiao Ding/!

Dr. Alain Maestrini!



Specs @ 120K!

Measured at LERMA May-November 2016!



Design: Dr. A. Maestrini /!
Dr. Moro-Melgar /!

Dr. J. Treuttel!

3D model of LERMA 1080-1280GHz 
sub-harmonic Schottky mixer for JUICE-SWI 
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IF port!

DC bias line!
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diodes!
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On-chip!
capacitor!

100 µm!

2µm-thin!
GaAs membrane!

RF and DC!
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JUICE-SWI SHM 1200GHz flight devices (doping 5E17 cm-3)!
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LERMA 1080-1280GHz 
prototype Schottky 

receiver for JUICE-SWI 

150GHz Local Oscillator chain 
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LERMA 1200GHz Schottky Receiver  
Cryogenic Test Setup (120-150K) 
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JUICE-SWI 1200GHz receiver sensitivity

with baselined 150GHz LO chain and biased mixer




SHM1200-V1-RPG-SN01 with GaAs109-L6C4-A device 


Data corrected for atmospheric absorption and cryostat window loss integrated for a 4.0-8.0GHz IF


T_REC_CORRECTED! T_REC_150K_RAW! Average air transmission!

Measured at LERMA, 10-11 May 2017!

Specs @ 120-150K!

Receiver tuned to observe the!
methane line at 1256GHz!

raw measurements @ 150K!

corrected measurements @ 
150K!
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-  New 300GHz and 600GHz doubler flight devices fabricated with 
improved RF performance. Device qualification ongoing.

-  1200GHz flight mixer devices fabricated. Device qualification ongoing.

-  EM micro-mechanical blocks fabricated at SAP-micro (FR), delivery of 
EM models ongoing

-  STM model ready for shipment
 
-  New flight cryo-test setup and clean room in operation 
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Current status of JUICE-SWI 1200GHz 
receiver frontend



LERMA SWI FLIGHT CRYO-TEST-SETUP 



LERMA SWI FLIGHT CRYO-TEST-SETUP 



SWI D300X2-EM 300GHz Dual-Chip Doubler 



SWI 1200GHz Receiver Front-End STM 



SWI 1200GHz Receiver Front-End STM 



END
Thanks for your attention!
Do you have questions ?
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