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Á The letter bands

Á The atmosphere

Á The applications

Á The semiconductor technologies

Á Components and packaging

Á System integration

Á Equipment

Agenda



Whatôs in a name?

Letter bands and mm-wave frequencies



Nomenclature (1)

Á IEEE Std 521-2002

Á UHF, VHF, X-band, L-band, etc.

Á Blanket designations > 110 GHz

Á ñmmò: 110 ï300 GHz,  ñTHzò 300 ï1000 GHz

Á Similar for ITU, NATO EW (A-M) bands

Á No letter designations above 100 GHz.

Á RADAR letter bands (Ka,Q,V,E,W) to 

110 GHzé but above?



Á MIL-DTL-85/3D

Á ñWR-XXò designation

Á Unique, good way to shop for components

Á My nomenclature 

(no claim of generality!)

Á 3 ï999.99 MHz: RF

Á 1 ï30 GHz: microwave

Á 30 ï300 GHz: mm-wave

Á Include 28 GHz

Á 300+ GHz: Terahertz

Nomenclature (2)

Source: MI-WAVE, www.miwv.com



To soar through the airé

mm-Wave atmospheric properties



Atmospheric propagation characteristics (1)

Á Much higher attenuation, delay

Á Gaseous

Á Oxygen

Á 60, 118.75 GHz

Á Temporally, spatially fixed

Á Elevation

Á Water vapour 

Á 22.24, 183.31, 325.5 GHz

Á Highly variable

Source: http://http://propagation.ece.gatech.edu



Atmospheric propagation characteristics (2)

Á Liquid Water

Á Clouds

Á Rain

Á Atmospheric ñwindowsò

Á 35 GHz

Á 94 GHz

Á 140 GHz

Á 220 GHz

Source: Ancans et al, ñAnalysis Of Characteristics And Requirements For 5G Mobile Communication 

Systemsò, Latvian Journal Of Physics And Technical Sciences, v.54(4), 2017, pp. 69-78



But it is useful?

Applications of mm-waves



Applications: the Ɇchannel

Á Communications
Á 5G: 26, 28, 39, (52) GHz

Á P2P: 71-76, 81-86, 92ï95 GHz

Á WiGig: 60 GHz

Á SatCom: 26.5 - 40 GHz

Á Inter-satellite: 59-64 GHz

Á RADAR
Á Automotive (24, 76-81 GHz)

Á Clouds (94 GHz)

Á Radio Astronomy
Á Eg. ALMA: 31 GHz ï1 THz

Sources: www.iss.uni-stuttgart.de, www.e-band.com



Applications: the ȹchannel

Á Atmospheric Radiometry

Á mm-Wave emission lines

Á Synthetic Aperture RADAR Imaging

Á 94 GHz, UAV 

Á Directed energy, active denial

Á 95 GHz

Á Airport security screening

Á Active or passive, 80-100 GHz

Sources: Johannes et al, ñMiniaturized high resolution Synthetic Aperture Radar at 94 GHz for microlite aircraft 

or UAVò, Proc. IEEE Sensors 2011; wikimedia.org; www.radiometer-physics.de; www.sds.l-3com.com



Why the difference?

Á Wide available bandwidth
Á Communication speed

Á RADAR resolution

Á Attenuation wanted!
Á Spatial reuse, LPD, LPI

Á Specific physical phenomena
Á Emission line radiometry

Á Stronger emissions

Á More compact systems

Á �ãL
�Ö

�Ù
, everything scales

Source: http://www.jb.man.ac.uk, Christian Wolff (www.radartutorial.eu)  


