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Abstract—We present an overview of the recent developments of 

a cryogenic 2-14 GHz feed system for the Very Long Baseline 

Interferometry 2010 (VLBL2010) project.  

I. INTRODUCTION 

     High-precision geodesy is central to a broad variety of 
human activities, including private, commercial and 

governmental interests, as well as being of broad scientific 

interest. Very Long Baseline Interferometry (VLBI) is one of 

the three major modern geodesy space-based observing 

systems. With the importance of high accuracy geodesy to 

science and society, the new generation of VLBI system, 

VLBI2010 [1], is aiming to the following goals: 1) 1 mm 

measurement accuracy on global baselines; 2) continuous 

measurements for time series of station positions and Earth 

orientation parameters; 3) turnaround time to initial geodetic 

results of less than 24 hours; 4) a broad, continuous frequency 

range (2-14 GHz) observation. 
    Wideband feed system for reflector antennas is one of the 

major challenges in the project. The feed must be compact in 

size so that it can be located inside a cryostat in order to be 

cryogenically cooled for a minimum system noise temperature. 

The phase center location of the feed must be constant over the 

frequency band in order to achieve the 1-mm measurement 

accuracy. In addition, constant beam width, high aperture 

efficiency, low cross-polar level, and low input reflection 

coefficient, over the whole wideband, are also very important 

for the system.  

    Among all modern wideband feed technologies, the Eleven 
feed is a unique one which can fulfill all requirements of the 

VLBI project. The Eleven feed is a cascaded log-periodic 

folded dipole array, having a nearly constant beamwidth with 

11 dBi directivity, a fixed phase center location, and a simple 

geometry with a low profile. 

    This paper summarizes the recent developments on the 

Eleven feed technology for VLBI2010. This includes the 

design and testing of the 8-port version in [2], a way of making 

it more compact by bending down the outer dipoles, the 

circular eleven feed to improve high frequency performance, 

and the development of a wideband balun in order to reduce 

the number of ports to four, as well as modeling of system 

noise temperature, integration of different types of LNAs 

(differential or single-ended), and packaging of everything in a 

cryostat. The eleven antenna system with LNAs in cryostat is 

provided commercially by Omnisys Instruments AB for 

VLBI2010. 

 

 
Figure 1: The existing 2-13 GHz Eleven feed 

II. FEED DEVELOPMENT 

    Figure 1 shows picture of the existing 2-13GHz Eleven feed 

[2]. The further developments of the feed include: 1) the new 

balun feeding network, see Figure 2 (right) and the prototype 

in Figure 3; 2) the new circular Eleven feed which improves 

the BOR1 efficiency over a decade bandwidth, see Figure 2. 

Figure 4 shows the simulated aperture efficiency and its sub-

efficiencies. From this, we see that the aperture efficiency is 

above -2.5 dB over the whole band of 2-14 GHz, and even 
down to 1 GHz. 

III. SYSTEM ANALYSIS AND TEST 

    The system analysis includes the development of noise 

model to characterize the expected receiver and system noise 

performance and analysis of the effect of the infrared filters 

and vacuum window when the feed is integrated in cryostat.    



IV. RECEIVE INTEGRATION 

The receiver integration includes the design, fabrication 
and tests of cryogenic receiver including Eleven feed, low 

noise amplifiers (LNAs), temperature stabilization and feeding 

network to realize circular polarization. The validation and 

selection of different LNA alternatives will be discussed from 

performance, operation and reliability point of view. The 

measured receiver temperature with wideband 50ohm LNAs is 

about 20K over 70% of the 2-14GHz band.  

 

 
 

 
Figure 2: 1.3-14 GHz new circular Eleven feed (left) and new 

balun solution (right) 

 
Figure 3 The prototype of the Eleven feed with the balun feeding 

V. CONCLUSION 

In the full paper, we will present the measurement data for 
the feed performance, the analysis of the effect on the feed 

efficiency by the dielectric material based on the simulations 

and the measurements, optimization of the vacuum window 

diameter to achieve optimal performance, and the receiver 

noise test data of the Eleven feed integrated with cryogenic 

LNAs. 

 

 
Figure 4 Simulated aperture efficiency and its sub-efficiencies 
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