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Abstract—In this work, a frequency scanning array of antipodal
linearly tapered slot antennas is presented. The system is capable of
performing beam steering from −11 to 10 degrees while sweeping the
frequency from 8.25 GHz to 11.5 GHz. The beam scanning is achieved
by means of a specially designed feeding network that divides the
power and introduces the proper phase shift for each antenna port
in the frequency range of interest. Experimental results showing the
full array behaviour are also presented.

1. INTRODUCTION

Electronic beam steering is an appreciated antenna quality because it
allows recovering information from different spacial directions, leading
to interesting applications [1, 2], without the necessity of a mechanical
system to modify the direction of the antenna beam [3], resulting in
a simpler, lighter, faster and more flexible system. To achieve this
using a phased array antenna [4–8], different techniques based on the
use of phase shifters [9], switches [10], Rotman lenses [11] or Butler
matrices [12] can be utilized. The technique applied in the array here
is frequency scanning [13, 14], i.e., the beam steering effect is achieved
through a variation of the input frequency.

In a frequency scanning antenna, the variation of the frequency
leads to a shift of the phase front. To accomplish the desired effect, it
is necessary to design a feeding network that provides the appropriate
frequency dependent phase difference between adjacent elements.
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2. SINGLE RADIATING ELEMENT

The frequency scanning technique requires a circuit matched all over
the range of interest. To achieve this objective, Tapered Slot Antenna
(TSA) is a very good option, due to its wide broadband behaviour. If
a conventional TSA is fed using a microstrip line then the bandwidth
decays because of the transitions between microstrip lines and slot
lines, which are likely to be narrow-band if fabricated in a low dielectric
constant substrate [15]. This drawback can be overcome using an
antipodal TSA, since in this case the required transition is between
a microstrip line and a balanced microstrip line, which does not limit
the bandwidth if properly designed.

The tapering has been chosen to be linear for the easiness of design
and implementation, although it is known that better directivities can
be obtained using more complicated tapers, requiring more precise
fabrication techniques [16, 17].

The main TSA characteristics basically depend on two variables:
the element length and the taper geometry. The element width barely
affects the antenna performance and thus provides design flexibility.

To obtain a more compact array configuration, the classical

Figure 1. Schematic representations of different linearly tapered slot
antennas. (a) Traditional linearly TSA. (b) Union of two traditional
linearly TSA to form the double linearly TSA implemented in this
work. (c) Array composed of double linearly TSA. Note that, for the
sake of clarity, the dielectric is not represented and the dashed lines
represent the bottom side of the dielectric.
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antipodal linearly TSA has been modified in the following way: a half
of a linearly TSA is fused with the same half, but after applying a
specular symmetry along the longitudinal axis. The lengthways edges
of the fused antenna are then cropped to taper both sides. By this
operation, a double linearly TSA is obtained and it shall be fed using
two microstrip ports. A scheme of the process followed to designed
the double linearly TSA is presented in Figure 1. The length values
referred are l1 = 8.5 mm, l2 = 3.93 mm, l3 = 18.1 mm, l4 = 11.66 mm
and l5 = 117.7 mm. This configuration allows having more radiatiating
elements in the same space, which leads to an improvement of the
radiation diagram and prevents the appearence of grating lobes. Due
to the symmetry presented by this configuration, a 180◦ phase shift
is required between two adjacent ports in order to have a broadside
radiation diagram.

3. FEEDING NETWORK

The simplest approach to design a beam steering antenna array is to
feed different array elements with the same amplitude and a progressive
phase distribution. Thus, the variation of phase difference between
adjacent elements causes the desired beam steering effect. As comented
in Section 2, the symmetry of the elements requires a 180◦ progressive
phase distribution to produce a broadside radiation pattern. This fact
must be taken into account while performing the design of the feeding
network. The designed network is a frequency phase shifter and a
power divider [18–21] from one input port to four output ports. The
network is composed of sections of four different impedances: 30 Ω,
40 Ω, 60 Ω and 120 Ω. Using these impedance values it is possible to
design, neglecting propagation losses, a one input to four outputs power
divider, where every output gets a quarter of the signal at the input.
The 50 Ω input is connected to Section A by a line of

√
30 · 40 Ω which

length has been optimized to maximize the return loss, see Table 1.
While the impedance was used to the obtain the appropriate power
division, the different radious of each section have been optimized to

Table 1. Geometrical properties of the feeding network.

Section Length [mm] Width [µm] Impedance [Ω]
A 7.8 3712.4 30
B 27 2481 40
C 27 1295 60
D 27 254.2 120
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provide the desired phase change. These lengths are one of the most
important criteria to determine the distance between two adjacent
elements of the array.

Figure 2 shows the scheme of the described feeding network. Port 1
is placed at the 50 Ω input of the network, meanwhile ports 2, 3, 4 and 5

Figure 2. Scheme of the feeding network.

Figure 3. Simulated scattering parameters of the feeding line. (a)
Amplitude of reflection coefficient at the input of the power divider.
(b) Amplitude of the transmission coefficient for each port. (c) Phase
shift between each pair of adjacent ports.
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are located at the four 120 Ω outputs of the network that are used to
feed the antenna array.

In Figure 3 the simulated behaviour of the feeding line is presented.
|Sij| represents the amplitud of the scattering parameter and Δϕij

is defined by (1a)–(1c) where ϕ is the phase of the corresponding
scattering parameter.

Δϕ1 = ϕS21 − ϕS21 (1a)
Δϕ2 = ϕS31 − ϕS31 (1b)
Δϕ3 = ϕS41 − ϕS41 (1c)

4. ARRAY CONFIGURATION

To obtain the desired radiation diagram the Double TSA presented
in Section 2 shall be used in pairs or in groups. In this configuration
adjacent elements must be placed in different sides of the substrate.
Finally the array is terminated using a half of the Traditional TSA on
each corresponding side of the substrate so that it matches properly
with its contiguous Double TSA. The distance in between adjacent
antennas is 27 mm. All the elements are fed by the network described
in Section 3. Due to the intrinsic characteristics of the TSA, the array
has linear polarization in the substrate plane.

The surface current distribution of an array composed of a Double
TSA and two halves of a Traditional TSA is shown in Figure 4, for the
operation frequency of 10 GHz.

Figure 4. Surface current distribution on the conductors of a three
element array. Note that, for the sake of clarity, the dielectric is not
represented. The central antenna is on the bottom side of the dielectric,
while the single port antennas are on the top side of the dielectric.
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Figure 5. Simulated copolar radiation diagrams for the simplest array
with a double linearly TSA and for the array proposed. Note that all
diagrams are normalized. (a) E plane at 9 GHz. (b) E plane at 10 GHz.
(c) E plane at 11 GHz. (d) H plane at 9 GHz. (e) H plane at 10 GHz.
(f) H plane at 11 GHz.

Figure 5 shows a comparison between the the simplest array with
a double linearly TSA (Figure 4) and the one proposed (Figure 1(c)).
The arrays have not been fed using the feeding network that provides
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the phase shift, but the required microstrip ports with constant phase.
The effect of the array factor is clearly seen for the copolar E plane
pattern. The a-symmetry between the top and the bottom sides of the
array barely affects the symmetry of the H plane pattern.

5. EXPERIMENTAL RESULTS

The structures have been implemented on the 765 µm thick Arlon 25 N
substrate, with εr = 3.38 and tan δ = 0.0025 at 10 GHz. The whole
radiation system formed by the array of linearly tapered slot antennas
and the power divider (Figure 6) has been optimized in order to be
matched for the input port in the 8.25–12 GHz frequency band, this

Figure 6. Photograph of both sides of the manufactured array. (a)
Top side. (b) Bottom side.

Figure 7. Measured amplitude of the reflection parameter of the
complete frequency scanning system, i.e., feeding network and antenna.
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being 40% of the central frequency. As shown in Figure 7, the measured
return loss is consistent with the simulated one. The experimental
radiation diagrams are close to those simulated using a finite element
method (FEM) software. The dissimilarities are due to the precision
limits of the machinery used, which causes small differences between
the manufactured and the designed power divider. Also the issue
of attaching the antenna to the measurement device of the anechoic
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Figure 8. Simulated and measured copolar E plane radiation
diagrams of the antenna. Note that all diagrams are normalized. (a)
8GHz. (b) 8.25 GHz. (c) 9 GHz. (d) 9.25 GHz. (e) 10 GHz. (f)
10.75 GHz. (g) 11 GHz. (h) 11.5 GHz.

Figure 9. Measured 6 dB beam width. The figure has been elaborated
using the data of the copolar E plane.

chamber may cause some differences. The copolar E plane diagrams
show that the antenna is beam scanning capable in the substrate plane.
Sweeping the frequency from 8.25 GHz to 11.5 GHz provides a change
in the beam pointing angle from φ = −11◦ to φ = 10◦, i.e., 21◦ of
continuous beam steering with a frequency sweep of 2.75 GHz, see
Figure 8. In Figure 9 it is shown that the frequency scanning does
not affect significantly the 6 dB beam width, which is for most of the
measurements under 20◦. On the other hand, the maximum of the
copolar H plane diagram is always in the same position, independently
of the frequency sweep, see Figure 10. Note that the axes shown
in Figure 1(c) represent the coordinate system used in all radiation
diagrams.
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Figure 10. Simulated and measured copolar H plane radiation
diagrams of the antenna. Note that all diagrams are normalized. (a)
9GHz. (b) 10 GHz. (c) 11 GHz.

6. CONCLUSIONS

A frequency scanning system has been presented, composed of an array
of novel double linearly tapered slot antennas and a feeding network
that performs the power division and provides the proper phase shift
between adjacent elements. A 21◦ change in the beam pointing angle
is achieved by sweeping the frequency from 8.25 GHz and 11.5 GHz.
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