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DTU-ESA 
Spherical Near-Field Antenna Test Facility

SMOS            1.4GHz

Uncertainty (3dB,1)
Magnitude: 0.05dB
Phase: 0.33deg.

BIOMASS     435MHz

Uncertainty     (1)
Gain: 0.15dB

SENTINEL-1   5.4GHz 

Uncertainty (3dB,3)
Directivity: 0.03dB
Gain: 0.1dB



ESA Antenna Workshop 20153

DTU-ESA 
12 GHz Validation Standard Antenna 

DTU-ESA 12GHz VAST Antenna
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DTU-ESA 
mm- Wave Validation Standard Antenna   

ESA Contract No. 4000109866/13/NL/MH
“Millimeter Wave Validation Standard (mm-VAST) antenna”
January 2014 – October 2015

Requirements:

• 17.5-20.2 GHz
27.5-31.0 GHz
37.5-40.5 GHz
47.2-50.2 GHz  

• gain of 30-38 dB 
• return loss > 10 dB
• circular and linear polarization
• co- and cross-polar pattern features
• mechanical and optical coordinate systems 
• mechanical/thermal stability -> 1/10 of measurement uncertainty

DTU Wind

TICRA

DTU Elektro
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230 mm

Electrical Design
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Integrated Pickett-Potter horns

TICRA 
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TICRA 
GRASP

PO/MOM

Feed chain
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Shorts

CP
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R-C  transitions
Polarizer

R-C  transitions
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Mechanical Design

Frame
• 8 mm CFRP

Flange
• Invar
• Ø 180 mm

Brackets
• Invar

Mirror cube

Reflector
• 8 mm CFRP
• Silver paint

Feed
• Aluminium
• Invar flange

Mechanical coordinate system
• Built-in leveller

Optical coordinate system
• Mirror cube

Weight
• < 10 kg.

Dimensions
• 530 mm
• 440 mm
• 230 mm
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Mechanical and Thermal Tests
Mechanical test on separate test antenna

• Feed arm load: 80 kg (x 100).

• Reflector arm load: 160 kg (x 100).

• Feed arm displacement: 0.33 mm

• Reflector arm displacement: 0.17 mm

Measured deviations are about twice the
FEM simulated deviations
– but within specs.

Thermal test II (survival temperature range) on mm-VAST

• 20°-> 50°-> -10°-> 50°-> -10°-> 20°(over 48 hrs). 

• Climatic test chamber  VKF 875-2 (DELTA)

Thermal test I (40° temperature range) on separate test antenna

• 3D ARAMIS Digital Image Correlation system (GOM mbH)

• Random speckle pattern imaged by 2 CCD cameras
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Electrical Tests I

First electrical
tests

Thermal
tests

Second electrical tests       
• Return loss
• Radiation patterns
• Gain

Spherical near-field 
measurements
• full-sphere
• -step / -scan
• probe correction
• uncertainty estimate
• LP and CP
• 10-15 freqs per band

OCS/MCS Euler angles (0, 0, 0)
• First: (219.589, 0.274, 140.498)

• Second: (218.467, 0.276, 141.623)

Band I LP:  First vs. second

Peak difference:  0.039 dB

Measurement uncertainty: 0.29 dB (1)

-> insignificant
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Electrical Tests II – Return Loss
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Electrical Tests III – Gain (CP)
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Electrical Tests IV – Uncertainty (Peak)

Peak directivity – band I and II Peak directivity – band III and IV

Peak gain – all bands
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Some Conclusions

• Successful design, manufacturing, and test of mm-VAST antenna
19.76 GHz  - 30.04 GHz  - 37.80 GHz  - 48.16 GHz  (TBC)

• Single offset reflector configuration is fitting for VAST antennas

• Multi-frequency capability is challenging
- lowest frequency drives size -> over-sized at highest frequency

• Polarization re-configurability is challenging wrt. reproducibility
- should be carefully considered for future VAST antennas

• COTS components not generally suitable for VAST antennas
- do not exhibit the necessary performance
- lack mounting repeatability
- only straight WGs, mirror cube, and leveller were COTSs
- horn, polarizers, shorts, transitions were custom-made
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INVITATION 
JOIN THE WORLD’s FIRST

mm-VAST  FACILITY COMPARISON CAMPAIGN 2016

Yours Truly

DTU and ESA
RSVP


