
 
 

Wide band arrays at sub-millimeter bands 
 
Connected arrays of slots and dipoles have become the technology of choice for compact, low profile, 
wideband and wide scanning antennas [1], [2]. The principle of operation consists in creating a 
continuous current distribution over the radiating aperture, avoiding resonances and reducing 
impedance variations at the array elements over very wide frequency and scan ranges. Such a concept 
has taken also different forms as Planar Ultra-wideband Modular Array (PUMA) [3], connected arrays 
of slots or dipoles [4] backed by a ground plane for unidirectional radiation and Continuous Transverse 
Stub (CTS) arrays [5]. The antenna stack-up may require several metallic layers (>4) [3] or separated 
circuits mechanically assembled [6]. These arrays can achieve record performance, with 5:1 impedance 
bandwidth with a scan range up to ±70° [6]. The band and visible range are improved by replacing the 
backing reflector with a stack-up of frequency selective surfaces (FSS) [7] or by loading the radiating 
aperture with Wide Angle Impedance Matching (WAIM) layers [8]. Anisotropic artificial dielectrics [9] 
have been also proposed to ease  the fabrication in Printed Circuit Board (PCB) and avoid mechanical 
assembling but require more than 10 metallic layers. Recently, [10] has presented for the first time a 
3×3 connected array of dipoles covering all allocated 5G bands in USA from 27.5 up to 72 GHz with a 
field of view of ±45°. Its limited scan range is due to packaging issues, confirming that fabrication and 
system architecture are key for such arrays. IETR has recently proposed CTS arrays links in the V- [11] 
and E-bands [12]. In D-band, a connected arrays in polystrata technology has been recently proposed 
with 4096 radiating elements [13]. 
 
The PhD project addresses three major goals:   

• To propose a Green’s function approach for the analysis of connected arrays at sub-millimetre 
bands taking into account technology constraints for the fabrication of such arrays. Losses, 
active reflection coefficient, scanning capabilities and polarization purity should be assessed. 
The developed tool will allow a fast performance assessment of the various wide band 
solutions mentioned in the state of the art. In particular, the multi-layer implementation of 
such arrays, e.g. [9], requires a precise characterization of the induced reactive loading over 
the radiating aperture. Besides, multi-layer solutions severely impact the polarization purity of 
such antennas while scanning [3], [4]. In this regards, compact and low profile solutions should 
be preferred during the analysis. 

• To investigate the scanning capability, circular polarization capability, polarization purity and 
suitability of such antennas in the sub-millimetre bands for future applications as multi-band 
radiometers or payload data links and transfers, just to mention a few. This task will also 
considers the finiteness of the arrays to avoid dummy loads generally adopted in connected 
arrays to reduce edge waves [4]. Besides, at such higher frequencies losses may play a bigger 
role for the definition of the antenna architecture and overall performance. 

• To prototype and validate experimentally the numerical results with advanced technology as 
for example diffusion bounding of thin laminate plates and silicon micro machining. 

The main supervisor of the PhD student will be Mauro ETTORRE IETR, CRCN CNRS 
(mauro.ettorre@univ-rennes1.fr) 
  
  
The PhD project will be held at the IETR, Rennes in the framework of a collaboration with the French 
Space Agency (CNES). 
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