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                                      Microwave               Sub-mm/THz              Far IR 

Wavelength range:       1 m  –     1 mm           1 mm     -  0.1 mm      100 µm –  15 µm 

Frequency range:     300 MHz – 300 GHz       0.3 THz -     3 THz         3 THz – 20 THz  



Atmospheric Transparency 
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E Lopez-Baeza, Physical Principles of Passive Microwave Radiometry – ESA Summer School 



How much energy is there in the 

microwave band? 
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Band Fraction of 

Total Radiation 

Visible 0.5 – 0.6 µm 6 x 10-33 

Near-IR 1.55 – 1.75 µm 7 x 10-10 

Thermal IR 10.5 – 12.5 µm 0.12 

Microwave 1.52 – 1.56 cm 1 x 10-10 

Conclusion: small but measurable amounts of 

radiation are emitted in the microwave region 

Planks Law, long wavelength approximation: 

    Radiance Lf = 2kT/λ2  (λ>>50 µm with T=280K) 

 Sun   @ 5800K, peak at   0.5 µm 

 Earth @   280K, peak at 10.3 µm 



Main microwave absorption lines 
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H2O O2 H2O O2 



Scanning options 
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Limb-Nadir Combination 
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STEAM-R viewing geometry: 14 
simultaneous views in UTLS 

region. Receivers split into two 
7-element arrays observing in 

orthogonal polarisations   

• PREMIER is ESA mission candidate to observe 

atmospheric composition 

• Important climate observations, combined 

observations with MetOp 

• IR and microwave limb sounders 

• Single-sideband (SSB) observations in upper 

troposphere are a key feature in STEAM-R 



MetOp SG mission 

• Main application: numerical 

weather prediction (NWP), 

and climate monitoring 

• Follow on to current MetOp 

satellite series 

• MetOp-SG will consist of 

pairs of satellites 

• >20 year overall mission 

lifetime 
(ESA) 



The Microwave sounder 



What does the MWS do? 
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• Measures global temperature and water vapour profiles for Numerical 

Weather Prediction (NWP). 

• Scans the Earth across track, with 93 pixel over a scan of ± 53°.  

• Scan duration determined by 17 km footprint for the higher frequency 

channels.  

• Instrument self-calibrates each scan rotation with a view to cold space 

and to an on-board (hot) calibration target (OBCT). 

• Increase to 24 channels (cf 5 channels in MHS) 

• Mode of operation almost identical to MHS 

 

 

 115 kg 

177 Watts 



MWI – Microwave Imager 



ICI – Ice Cloud Imager 



Key technologies for MetOp-SG 

• Heterodyne receiver breadboard (STFC-RAL) 

– 183GHz subharmonic mixer, local oscillator, IF Electronics 

• Optimised feedhorn design at 183 GHz (Astrium) 

• 165/183GHz waveguide diplexer (Astrium) 

• Development of a 183/229 GHz quasi-optics system 

(Astrium/RAL) 

183GHz heterodyne receiver (STFC-RAL) 

Astrium/Thomas Keating/RAL 

Astrium/RAL/Thomas Keating 

STFC-RAL 



The SHIRM for STEAM-R  

• The SHIRM Sub-Harmonically pumped Image-

Rejection Mixer (RAL/Astrium) 

• Demonstrated successfully with CEOI funding 

WR-05 waveguide load 

LO input waveguide 

IF output 1 

IF output 2 

RF input 

waveguide 

Diode pairs 

90° hybrid and 45° stub- 

loaded phase shifter 

Quartz-based 

microstrip circuit 

Internal Detail 

RAL Schottky Diodes 



Other UK Developments in Passive 

Microwave/ Millimetre Wave 

• Frequency Selective Surface (FSS) Filters (QUB) 

– Frequency separation in quasi-optics systems 

– Ultra low insertion loss at >350GHz 

• Wideband spectrometer (STAR-Dundee) 

– High spectral resolution with digital FFT 

• Calibration of microwave imagers (JCR Systems) 

– Improved techniques 

– Development of switcher/coupler technologies 

• Metamaterials 

– Study of artificial micro-structures to reduce stray 

reflections in quasi optical systems 

Queens University Belfast 

STAR-Dundee 

STFC-RAL 


