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Abstract 

This paper presents the design and characterization process of an active array demonstrator for the mid-frequency 
range (i.e., 300 MHz-1000 MHz) of the future Square Kilometre Array (SKA) radio telescope. This demonstrator, called 
FIDA3 (FG-IGN: Fundacion General Instituto Geografico Nacional - Differential Active Antenna Array), is part of the 
Spanish contribution for the SKA project. The main advantages provided by this design include the use of a dielectric-
free structure, and the use of a fully-differential receiver in which differential low-noise amplifiers (LNAs) are directly 
connected to the balanced tapered-slot antennas (TSAs). First, the radiating structure and the differential low-noise 
amplifiers were separately designed and measured, obtaining good results (antenna elements with low voltage standing-
wave ratios, array scanning capabilities up to 45°, and noise temperatures better than 52 K with low-noise amplifiers 
at room temperature). The potential problems due to the differential nature of the proposed solution are discussed, 
so some effective methods to overcome such limitations are proposed. Second, the complete active antenna array 
receiving system was assembled, and a 1 m2 active antenna array tile was characterized. 

1. Introduction 
r I ^he Square Kilometre Array (SKA) will be a next-genera-

-*- tion radio telescope with a collecting area of about 1 km2 

[1,2]. This instrument is intended to cover the frequency range 
between 70 MHz and 10 GHz, and it will be much more sensi
tive than current telescopes. The SKA technology will allow 
breakthroughs in different areas of science, such as astro-parti
cle physics and cosmology, fundamental physics, galactic and 
extragalactic astronomy, solar-system science, and astrobiol-
ogy. In the context of radio-astronomy instrumentation, differ

ent antenna technologies are proposed in order to cover the 
entire bandwidth: arrays of dipole-like antennas in random 
sparse configurations for the lowest frequency band (70 MHz to 
450 MHz), aperture arrays of tapered-slot antennas (TSAs) for 
the mid-frequency range (300 MHz to 1000 MHz), and small 
dish reflectors at higher frequencies (1 GHz to 10 GHz). 

There is a global collaboration among more than 20 
countries that are currently working to find the most-suitable 
technologies needed to construct this enormous instrument. 
The SKA will be formed by a central core and by several sub-
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stations along five spiral arms out to 200 km radius. The con
struction is scheduled to begin in 2016, and initial observations 
are projected to begin in 2019. The instrument is intended to be 
fully operational by 2024. Nowadays, the research groups and 
institutions involved are investigating the technologies that will 
be necessary to fulfill both the technical and cost requirements. 

In the case of the mid-frequency arrays, 66% of the 
antennas will be placed in the central core, and the rest will be 
placed along the spiral arms. Above 300 MHz, the sky noise 
is relatively low and flat, so the system noise temperature is 
mainly determined by the array's technical performance. A 
dense configuration (i.e., where the distance between elements 
is shorter than a half-wavelength) thus seems the most adequate 
choice for the highest dynamic range [3]. Additionally, a dense 
configuration provides fixed effective aperture across the band, 
wider beams, faster survey speeds, easier beamforming, and 
absence of grating lobes. Each mid-frequency aperture subarray 
will consist of around 75,000 dual-polarization elements, and 
will have a diameter of 180 m. The entire telescope will consist 
of around 250 mid-frequency subarrays. 

During recent years, several dense-antenna-array demon
strators have been proposed for the mid-frequency band of the 
SKA [4-8]. The intrinsic nature of all the proposed antenna 
elements is balanced (i.e., the signal is defined as the signal 
between two identical conductors). First prototypes were 
based on Vivaldi-type antennas, with a balancing feeding 
board (balun) to convert the balanced signal coming from the 
antenna into a ground-referred (single-ended) signal [4-6]. This 
therefore allowed using conventional single-ended amplifiers 
to amplify the weak signals captured by each antenna element. 
This approach has been seen to be inefficient, since the losses 
of the passive balun directly contribute to increasing the overall 
system noise temperature. Novel approaches considered a 
fully-differential front-end, based on a differential low-noise 
amplifier (LNA), directly connected to the antenna [7, 8], 
Another important aspect is the cost, which is directly related 

to the materials and the fabrication process of the antennas. 
First designs were based on printed antennas on FR4-substrate 
boards, due to the ease of fabrication [4]. Novel designs avoid 
the use of substrate boards for printing the antennas, due to 
their high cost and potential losses. In contrast, they are directly 
manufactured in aluminum [5-7], or make use of cheap foils 
or foam structures [8]. The work presented in this paper is 
focused on the design and characterization of a broadband 
dielectric-free differential active-antenna-array demonstrator, 
the technology ofwhich is proposed as a potential candidate for 
the mid-frequency range (300 MHz to 1000 MHz) of the SKA 
telescope. 

2. Radiating Structure 

2.1 Antenna Array Design 

From the wide variety of tapered-slot antenna elements, 
the so-called bunny-ear type was the one used in the design of 
this array prototype, since the two thin parallel feeding lines 
allowed a direct integration with the differential low-noise 
amplifiers. A representation of the bunny-ear antenna element 
and the proposed dual-polarized-array configuration are shown 
in Figure 1. In this case, the antenna element was completely 
built in aluminum, avoiding the use of a potentially lossy 
dielectric. Furthermore, the antenna was fed with a balanced 
signal between both antenna ports. This antenna array was 
a dense array, and was characterized in terms of the active 
reflection coefficient, which takes into account the mutual 
coupling effects between the antenna elements, and allows 
obtaining an equivalent model of the system with uncoupled 
channels [9, 10]. In dense arrays, it is essential to deal with 
the mutual coupling, since the constructive contribution of the 
mutual coupling helps to achieve a suitable VSWR and facili
tates the broadband performance of the array, the beamform
ing, and the absence of grating lobes. However, the destructive 

Figure 1. The bunny-ear antenna element and array configuration. 



Table 1. The dimensions of the optimum bunny-ear 
antennas in the array. 

dimensions of the upper and bottom vertical profiles and the 
spacing between the antennas. 

Width, 
W- An ^out 

Spacing 

168 mm 350 mm 11 mm 0 

contribution implies an increase in the VSWR that makes scan 
blindness rise for some particular frequency and some par
ticular angle. 

The active reflection coefficient should be acceptably well 
matched (in this case, the reference impedance was chosen as 
150 Q in differential mode) over the entire frequency band of 
interest and for an array-scanning range from broadside up to 
45°, in order to obtain a homogeneous system noise temperature 
when connecting the differential low-noise amplifiers to each 
element of the antenna structure. For the subsequent analysis 
and optimization process, the array was assumed to be infinite, 
so that the active reflection coefficients for all the elements 
were identical, and the array could be characterized by a unique 
reflection-parameter curve for a certain array-scanning 
condition. Regarding the large dimensions of the mid-frequency 
SKA stations, this assumption seemed reasonable. 

The aperture efficiency is given as 

Aeff =abrjrad cos 0, (1) 

where ab is the dimension of the unit cell, 6 is the incidence 
angle, and rjrad is the unit-cell radiation efficiency. For the 

values in Table 1, the unit-cell dimensions were 28.6x10" m . 
Table 1 gives the data for the dimensions of the array of bunny-
ear antennas. Win is the width, and Ljn and Lout are the 

A parametric study of the main antenna parameters was 
carried out, in order to obtain a VSWR < 2.5 over the band of 
interest [11]. During the optimization process, some impedance 
anomalies were observed in the scan impedance response when 
the array was scanning at off-broadside angles, as shown in 
Figure 2. This effect was attributed to the differential nature of 
the bunny-ear antennas in the presence of a third conductor (the 
ground plane) [11]. There exist some combinations of frequency 
and scan-angle values at which the common-mode currents 
dominated the differential-mode currents, leading to a surge in 
the radiated power, and therefore causing a strong mismatch in 
the differential port and the corresponding scan-blindness 
effect. 

Figure 3 illustrates this effect: a plane wave incident on 
the antenna array was simulated to show the induced surface 
currents on the antenna's surface. At the frequencies without the 
presence of anomalies, odd-mode currents were observed in the 
antennas, as shown in Figure 3a. However, at the frequencies 
and scan angles at which the anomaly was predicted from the 
scan impedance curve, the structure propagated dominating 
even-mode currents, as shown in Figure 3b. 

In order to mitigate the effect of the even-mode currents, a 
solution based on connecting two resistors between each one of 
the feeding lines of the antennas and the ground plane was 
proposed (see Figure 3c). In this way, the common-mode cur
rent suffered a stronger suppression than the differential-mode 
current, since the two resistors were seen as being in series for 
the differential-mode excitation, whereas they were in parallel 
for the common-mode excitation (a factor of four difference). 
Since the resistors are noisy elements, the noise contribution as 
a function of the resistor value was studied (see Figure 3d). The 
best trade-off was reached when the resonance in the dif
ferential-scan impedance became sufficiently suppressed while 
the overall impedance characteristics remained almost unaf-

0.6 0.7 
Freq [GHz] 

Figure 2. The simulated E-plane VSWR curves, where anomalies appeared when scanning 
at off-broadside angles. 
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Figure 3d. The noise contribution of the padding resistors. 

Figure 3a. Odd-mode currents in the antenna at 500 MHz. 
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Figure 3b. Even-mode currents at the frequency of the 
anomaly. 
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Figure 3c. The proposed solution, based on resistive miti
gation. 
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Figure 4. The simulated VSWR curves when using a resistor 
value of 3 kil to correct the anomalies for both (a) E-plane 
and (b) H-plane scanning. 
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fected. A 3 kQ resistance was chosen as an appropriate trade
off value for the final prototype, which implied an extra con
tribution of around 10 K to the total noise temperature of the 
system. The final simulated VSWR curves of the infinite array 
for both E- and H-plane scanning are shown in Figure 4, in 
which the condition VSWR < 2.5 was fulfilled in the band of 
interest. 

The antenna's impedance matching degraded by increas
ing the resistor values beyond a certain point as the effect of 
the lumped resistors decreased [11], i.e., on transmitting, a 
lower power was delivered to these resistors because of a low-
power transmission factor from the differential antenna port 
to the resistors. Likewise, on receiving, only a small part of 
the thermal noise that was generated by these resistors will be 
observed at the antenna port, due to this low transmission fac
tor. Finally, the antenna gain was not greatly affected, since the 
padding resistors were simultaneously included in the differ
ential broadband amplifier through RF chokes, preventing its 
effect at RF frequencies. 

Finally, a guideline for the design of the active receiving 
array is given as follows: 

Design the radiating element (the bunny-ear 
antenna) inside the dense array with the optimum 
dimensions to reduce the scan blindness and opti
mize the aperture efficiency [11]. 

Calculate and measure the active reflection coeffi
cient. 

Design the low-noise differential amplifier (DLNA) 
for the impedance corresponding to the active 
reflection coefficient. 

Integrate the antenna with the low-noise differential 
amplifier and measure the active receiving antenna. 

2.2 Antenna Array Measurement 

An array prototype formed by 64 antenna elements was 
manufactured and characterized (see Figure 5). The complete 
scattering (S) parameter matrix of the array was measured, in 
order to obtain all the mutual-coupling coefficients between all 
the antenna elements. Since the antennas were fed in differen
tial mode, passive baluns connected to the bunny-ear antennas 
were used to convert from differential to single-ended mode, 
and to directly use a two-port network analyzer. By mathe
matically processing this S-parameter matrix, it was possible to 
calculate the active reflection coefficient of any element in the 
array [9]: 

7=1 

Figure 5. A photograph of the manufactured antenna-array 
prototype. 

where T'act is the active reflection coefficient of the rth ele
ment, N is the number of elements in the array, the sant are the 
S parameters of the radiating structure, and ^ is the phase 
delay in the rth path (used for scanning). The measured active 
reflection coefficient of the center element of the manufactured 
structure, assuming different scan angles from broadside up to 
45° in both the E and H planes, is shown in Figure 6. The 
feeding network was designed by making use of commercial 
broadband power combiners (JPCS-8-10 and JS4PS-1W from 
Mini-Circuits) and commercial broadband phase shifters. First, 
four 8:1 power combiners combined the 32 equal polarized 
antennas into four branches. Second, one 4:1 power combiner 
combined into a single output port. 

In the case of broadside scanning, the measured VSWR 
remained below the desired value of 2.5 in the band of interest. 
For scanning angles close to the limit of 45°, the VSWR per
formance degraded in the upper part of the band. These results 
were acceptable, taking into account the small dimensions of 
the implemented prototype. Better results could be expected 
with a larger implementation of the array. 

3. Differential Amplifiers 

3.1 Low-Noise Amplifier Design 

As was explained before, bunny-ear antennas provide 
a balanced output. Two options may thus be considered in a 
receiver configuration. The first option is using a passive balun 
to convert the incoming balanced signal into a signal in single-
ended mode (one-port output), and to then connect a conven
tional low-noise amplifier. However, this option may be strongly 
limited by the losses and bandwidth restrictions of the passive 



balun. In this first approach, the losses of the balun directly 
contribute as a noise increase in the system's performance. The 
second option, which is the one proposed in this work, consists 
of using a differential low-noise amplifier directly connected to 
the antenna, working as an active balun. 

The circuit schematic of the proposed differential low-
noise amplifier is shown in Figure 7 [12]. It consisted of two 
cascaded differential-pair stages. This configuration provided 
protection against external interference due to the mitigation 
of common-mode signals [13]. The sources of the transistors 
in both branches were connected to a common current source, 
which was implemented by using a transistor in series with an 
inductance. Some padding resistors were included in the design 
in order to ensure the unconditional stability of the amplifier. 

3.2 Low-Noise Amplifier Measurements 

The differential low-noise amplifier prototype is shown in 
Figure 8. It was implemented by using discrete surface-mount 
components on a microstrip substrate. The transistors were low-
noise PHEMTs, model ATF-34143 from Avago Technologies. 
A passive transformer was connected at the output of the circuit 
in order to provide a single-ended output port. 

The characterization at microwave frequencies of this 
type of differential devices required some specific methods, and 
it was especially critical for the case of the noise. In this case, 
the source impedance seen by the low-noise amplifiers was 
assumed to be 150 Q in differential mode (average scan 
impedance of the antennas). The gain was thus obtained by 
means of the so-called mixed-mode scattering (S) parameters 
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Figure 6. The measured VSWR curves of the center ele
ment of the manufactured 64-element array for different 
(a) E-plane and (b) H-plane scanning. 
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Figure 7. The electrical schematic of the proposed differential low-noise amplifier. 
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Figure 8. The differential low-noise-amplifier prototype 
board. 

high input impedance provided by the transistors at some hun
dreds of MHz. In this case, an input-matching network was not 
used, in order to avoid the potential losses of a passive circuit at 
the input of the amplifier. In the case of the output return losses, 
they were below -13 dB in the band of interest. The differential 
gain can also be obtained from the corresponding mixed-mode 
S parameter as 

mm 
sds2\ 

std 

Ti^ 
std' 

s32 (4) 

where the notation is the same as in Equation (2). As could be 
seen from Figure 10, the gain was higher than 26 dB in the band 
of interest. 
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Figure 9. The measured and simulated input and output 
return losses of the differential low-noise amplifier. 

In the case of the noise figure, the hot/cold method using a 
differential load, presented in [14], was applied. It required 
connecting a resistor with the value of the desired differential 
source impedance (150Q, in this case) at the input of the 
differential amplifier. This connection was done by means of a 
ladder line with the same characteristic impedance as the load. 
With this configuration, the output power of the amplifier was 
obtained for two different conditions: when the load was at 
ambient temperature (i.e., hot measurement: Thot « 290 K), and 
when the load was dipped into liquid nitrogen (cold meas
urement: Tcold « 70 K), obtaining the corresponding hot and 
cold output powers (Phot and Pcold). The noise temperature of 
the device under test (DUT) can be calculated by the Y-factor 
method as [15] 

T, 
T, hot -YT, cold 

DUT 
Y-\ 

(5) 

where Y = Phot/Pcold . The noise temperature obtained from 
this method is shown in Figure 10. The noise was lower than 
52 K in the band of interest. 

[13]. The mixed-mode S parameters allow obtaining an 
equivalent representation of the circuit as a two-port device, 
considering the input ports to be a single port that can be excited 
with differential or common-mode signals. The input and output 
return losses of the three-port differential low-noise amplifier 
can be calculated from the standard S parameters as [13] 

Vrfll {« std 
*12 

std 
y21 + s: 22 , 

(3) 

S M 2 2 
std 

^33 

where the single-ended input ports are numbered as 1 and 2 
(assuming a 75 Q port impedance for each port), the output 

port is numbered 3 (50 Q port impedance), sst are the stan
dard S parameters, smm are the mixed-mode S parameters, 
subscript d denotes differential mode, and subscript s denotes 
single-ended mode. These two parameters are shown in Fig
ure 9. It could be seen that the return losses at the input were 
quite poor in the lower part of the band. This was due to the 
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Figure 10. The measured and simulated gain and noise 
performance of the differential low-noise amplifier. 



4. System Integration 

Once the separated performance of both the radiating 
structure and the differential low-noise amplifiers was charac
terized, the next step consisted in the integration of all these 
components, forming an active antenna-array receiver. The 
antennas were placed over a metallic layer, which worked 
as the ground plane of the array. The differential ports of the 
antennas passed the ground plane through holes in the plane. 
The differential low-noise amplifiers were then soldered to 
each antenna below the ground plane, as is shown in Fig
ure 1 la. Each differential low-noise amplifier provided a sin
gle-ended output (because of the passive balun at the output, 
as shown in Figure 8). The outputs of the 32 elements for each 
polarization were thus combined by using commercial broad
band combiners (i.e., four 8:1 and one 4:1 devices), obtaining a 
single coaxial output per polarization. The connections between 
the amplifiers and the combiners was done by means of flexible 
coaxial cables. 

%hjfr 

1M M\ 3 
Figure 11. The differential low-noise amplifiers connected 
to the antennas below the ground plane in the implemented 
array prototype. 

The noise characterization of the array system was done 
in a hot/cold system facility developed by ASTRON (The 
Netherlands) [16]. This system consisted of a large metallic 
box with a removable roof that allowed characterizing the 
noise temperature of many types of receiving systems. A pho
tograph of the FID A3 prototype inside the hot/cold system is 
shown in Figure 12. The aim with the lateral metallic walls is 
to isolate the system under test from the undesired terrestrial 
interference. The characterization of the system was based on 
the Y-factor method [15]. In fact, the procedure was equivalent 
to the procedure followed in the characterization of the low-
noise amplifiers, but on a larger scale. The output power of the 
system was measured when the system was excited through two 
different source temperatures. For this case, the cold test was 
done when the system was looking at the sky, and the hot test 
was obtained when the array was looking toward an absorbing 
material, which was placed in the removable roof. The cold 
temperature was given by the average sky noise temperature 
(which is frequency dependent), and the hot temperature was 
the ambient temperature. With the two temperatures and the 
two corresponding output powers, the system noise temperature 
could be calculated by using Equation (4). 

In order to obtain higher levels of power with the spec
trum analyzer, a broadband low-noise amplifier was connected 
at the output of the array. In addition, a tunable bandpass filter 
was connected before the output amplifier, in order to avoid 
out-of-band interference that could saturate such an amplifier. 
The measurement along the band of interest was thus under
taken by means of spectrum captures in subbands of 20 MHz, 
with frequency steps of 10 MHz. The measured system noise 
temperature of the implemented active array tile is shown in 
Figure 13. This system noise value was the average noise tem
perature of the 32 elements [17]. The gray curve shows the 
noise-temperature curves directly obtained from each one of the 
subbands in which the measurement was done. The continuous 
black line corresponds to the average noise-temperature value 
in the frequency ranges in which the absence of interference 
allowed a reliable acquisition of the noise-temperature level. 

Figure 12. Measurements of the gain and noise performance 
of the differential low-noise amplifier. 
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Figure 13. The measured noise temperature of the FIDA3 
array tile. The gray curve shows the raw data, and the black 
line represents the average value in the frequency ranges 
with low interference. 



There were three frequency ranges, (i.e., 330 MHz to 360 MHz, 
440 MHz to 720 MHz, and 930 MHz to 960 MHz), in which the 
interference - presumably coining from TETRA, TV, GSM900, 
and other services - make a correct acquisition of the system 
noise temperature impossible. 

Regarding the measured performance of the implemented 
antenna-array tile (Figure 13), the system noise temperature 
was around 700 K in the lower part of the band, and decreased 
down to around 100 K in the higher part of the band. These 
noise values differ significantly with respect to the 55 K meas
ured from the isolated amplifier with the ideal 150 Q source-
impedance condition (Figure 10). This disagreement can be 
attributed to different effects. In the higher part of the band, the 
system noise temperature was around 100 K to 150 K, and the 
noise temperature of the low-noise amplifier was around 50 K. 
In this range, the discrepancy could be attributed to the 
mismatching introduced by the edge elements, the low-noise 
amplifiers of which see a source impedance far from the desired 
150 Q . It should be noticed that 14 of the 32 elements were 
placed at the edge of the grid, whereas the antenna optimization 
was carried out assuming an infinite-by-infinite implementation. 
In the case of the lower part of the band, the discrepancy was 
much more significant, since the system noise temperature 
reached up to 800 K in the worst case. One of the reasons for 
the larger system noise temperature at low frequencies was that 
the array was electrically smaller (in terms of wavelength) and, 
therefore, further from the infinite-array assumption. 
Furthermore, the shortest electrical distance between the 
elements at lower frequencies makes the coupling coefficients 
larger in magnitude, so removing the adjacent elements (as in 
the case of the edge elements) usually makes results more 
critical. Furthermore, the noise resistance, Rn, of the transistors 
used in the amplifier design was higher in the lower part of the 
band, so the low-noise amplifiers were less robust against 
antenna impedance-mismatching in this range. 

Beyond the previous aspects, another effect, related to the 
influence of the input impedance of the low-noise amplifier on 
the active reflection coefficient of the antennas, was identified. 
Regarding Equation (1), the active reflection coefficient of an 
antenna element is dependent on the S parameters of the antenna 
structure. However, as it was stated in [10], this expression is 
only valid assuming perfect input-impedance matching in the 
low-noise amplifiers. The dependence of the active reflection 
coefficient on the input impedance of the low-noise amplifiers 
is thus intrinsically present, since the port impedance (for 
which the S parameters of the radiating structure are defined) 
should be adjusted to equal the input impedance of the low-
noise amplifiers. This dependence on the input impedance of 
the low-noise amplifier was explicitly given in [18], in which 
the active antenna impedance of any element in an TV-element 
antenna-array structure is defined as 

i., r >Zant >(zant +ZJfA - i )"1 -w 
Z'act = —^ - f . (6) 

i / . (zant+zffA.l) -w 

where Z'act is the active antenna impedance of the /th element 

in the array, ZJ^A is the low-noise amplifier input impedance, 

Zant is the NxN impedance parameter matrix of the antenna, 
I is the NxN identity matrix, i.j is the /th column-vector of 

the identity matrix (i.e., an all-zero vector except for a 1 in 
position /'), and w is the beam-forming vector. 

The measured active antenna impedances of the 32 ele
ments of the array tile, assuming ideal 150 Q loading condi
tions and broadside radiation, were calculated using Equa
tion (5). The corresponding reflection coefficients with respect 
to Z0 = 150 Q are plotted in Figure 14a. The reflection coeffi
cient of the center element was lower than -8 dB in the band of 
interest. For the case of the other elements, this parameter 
increased up to -2.5 dB in the worst case. This degradation was 
expected, due to the poorer performance provided by the edge 
elements. However, the active antenna impedance seen from 
the input of the amplifiers needs to consider the effect of the 
own amplifiers. The actual active reflection coefficients (also 
normalized for Z 0 =150Q) of the antenna elements, 
considering that the array was loaded with the implemented 
differential low-noise amplifiers, are thus shown in Figure 14b. 
This second case corresponded to the precise source-impedance 
condition with which the low-noise amplifiers were loaded, and 
with which their noise performance was determined. As it could 
be observed from the graph, the poor input reflection coefficient 
given by the amplifier in the lower part of the band (see 
Figure 9) caused a strong mismatching in some of the antenna 
elements in this frequency range, Equation (5). This effect was 
even more pronounced at low frequencies, due to the higher 
mutual-coupling levels. This can be understood with the help of 
Figure 14, which shows the modeling of the receiving active 
array in terms of the active antenna impedance of each antenna 
element. The signal transfer between the antennas was modeled 

by means of the S-parameter matrix (Sa n t) of the radiating 
structure with respect to the port impedance, Z0 . 

From Figure 14, it could be inferred that when the differ
ential low-noise amplifier (DLNA) reflection coefficient is 
poor, there may be a larger amount of power that can be coupled 
into different antennas in the array. According to Figure 9, the 
poorest differential low-noise amplifier sn parameter occurred 

for frequencies lower than 400 MHz. Actually, some of the 
active reflection coefficients had values higher than 0 dB at 
these frequencies, which provided a source-impedance 
condition with unpredictable consequences in the low-noise 
amplifiers. In fact, the stability was not guaranteed, since the 
unconditionally stable amplifier ensured stability for source 
impedances that were inside the Smith chart, not outside, as 
corresponded to a reflection coefficient higher than one in 
magnitude. The combination of both effects - antenna 
mismatching and potential instabilities - seemed a convincing 
explanation for the extremely high noise level present at low 
frequencies in the measurement of the implemented active 
array tile (Figure 13). 
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Figure 14. The basic scheme of an TV-element active-array 
receiver. 
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Figure 15. The measured active reflection coefficients of the 
32 elements of the FIDA3 array tile, assuming (a) ideal 
150 D. loading conditions, and (b) loading with the imple
mented differential low-noise amplifiers. 
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Figure 16. The measured radiation patterns of the embed
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tern, (bottom) diagonal plane. 



Although the previous effects seem critical, they are 
associated with the small dimensions of the implemented pro
totype, and can be mitigated with a larger implementation of 
the array, as is the case for the final SKA stations. The case of 
an infinite antenna array is equivalent to the case of a single-
antenna receiver, since it can be analyzed as a single antenna 
element with periodic boundary conditions. In both cases, the 
antenna impedance is non-sensitive to low-noise amplifier 
variations. In the case of a large antenna array implementation, 
the active antenna impedances of the elements is expected to 
converge to a unique value, which corresponds to the value 
obtainable from an infinite-array simulation (for a given scan 
angle). As explained before, this last value is independent of 
the loading conditions (low-noise amplifiers), and effects such 
as the effect shown in Figure 15b are not going to be present. 

Finally, the pattern of the embedded element was included 
in the H plane, E plane, and the diagonal plane. It could be seen 
that the cross-polarized level with respect to the co-polarized 
level was lower than 15 dB for scanning angles between -45° 
to 45°. 

5. Conclusion 

The design and characterization process for a differential 
active-antenna-array demonstrator for radio-astronomy appli
cations has been detailed in this paper. Due to the balanced 
nature of the wideband antenna elements required for this 
application, the advantages of using a fully differential receiver 
are evident. However, some special considerations had to be 
taken into account with the proposed design. This was because 
of the anomalies related to the presence of even-mode currents 
in the balanced antennas, and the ad-hoc measurement methods 
required to characterize the differential low-noise amplifiers. 
All of the previous limitations were successfully overcome in 
this paper, achieving good results with both separated-antenna 
and low-noise-amplifier implementations. From the complete 
system integration, the information that could be extracted from 
the implemented array tile was limited by the reduced size of 
the prototype. Only in the higher part of the band, did the array 
began to be large enough to obtain noise values comparable to 
those expected from the isolated low-noise amplifier 
measurements. A significantly larger array implementation is 
thus necessary to obtain a more-reliable idea of the expected 
noise temperature with the final SKA stations. Nevertheless, 
implementing a prototype with many more elements presents 
some strong restrictions in terms of cost, assembly, or 
characterization. For example, current antenna facilities used to 
characterize this type of receiving array are not prepared for 

systems much larger than the implemented 1 m2 tile. On the 
other hand, the difficulties of characterizing a system in the 
300 MHz to 1000 MHz band were evident from the measured 
results, due to the effects of the external interference in this 
frequency range. In any case, the information extracted from 
the implementation and characterization of the present antenna-
array prototype was very valuable for the technology choice of 
the final SKA design. 
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