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Abstract

This article demonstrates the effect of coupling between two metal strips and the substrate width of a periodic leaky wave patch antenna
operating at 80 GHz. Increasing the width of the substrate and the distance between the metal patches results in directional radiation and
a good reflection coefficient in the 72-86 GHz band.
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1. Introduction

The development of space telecommunications in recent years has required the realization of increasingly compact and efficient equip-
ment, operating at higher and higher frequencies. The use of high accuracy radars in surveillance, detection and mobile communication
systems is leading to a research focus on scanning antennas [1-5]. Antenna arrays are currently used in many radar, mobile radio and
space applications, but little is known about the coupling phenomena that occur in them. Leaky wave antenna arrays are well suited in the
millimeter band [4-9]. The coupling between two leaky antennas is of great importance in the design of antenna arrays. Several simula-
tors are available to process these leaky structures and extract propagation, diffraction and radiation parameters [5-12].

In order to explore methods to reduce the angular aperture and the levels minors lobes, we propose to analyze the effect of the width of
the two metal patches and the dielectric substrate on the performance of the leaky wave array antenna operating at 80 GHz.

2. Theory

Leaky waves are characterized by the loss of energy by radiation as they propagate. Consider the structure in Figure 1 and assume that
the propagation is along (Oy), the propagation constant along this axis is written:

ki + ki +kZ =k} (1)

Where (kx , Ky , kz) are the propagation constants along the three respective directions (Ox, Oy, Oz ). k, = i—“ is the wave number and

A, is the free-space wavelength.
If the structure is infinite along (Ox) then kx = 0 and let us assume that the propagation is along (Oy) (Figure 1), we can then assume
that:

ky = By - jay )
k, =B, —jay (3)
(By - ].O(y)2 + (By - jay)z = k12> 4)

Equaling the imaginary parts, we obtain:
ayBy +a,B,=0 ®)

This equation allows us to draw the equi-amplitude lines and the equi-phase lines that are orthogonal and tilted with respect to the (Oz)
axis by an angle 6 given by:
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Fig. 1: Characteristics of Leaky Waves.

The emergence angle 6 is therefore:

. B
sin(6) = = %(@)2 )

For values of o sufficiently weak:

sin(0) = 32 ®

In the case of a periodically charged structure with spatial periodicity I, if (Oy) is the direction of propagation of the guided wave, the
configuration of the fields at a point (x,y,z) will be the same as that at the point (x, y+l, z). Moreover, Floguet's theorem [13] states that
the fields at two homologous points differ only by a complex constant.

So we can write:

E(x,y +d,z) = E(x,y,z)e ! 9)

In this case, the pseudo-periodic field is decomposed into a Fourier series, giving rise to a fundamental term (n=0) and to space harmon-
ics or Bloch-Floquet modes (n = 1, +2, +3, ...) given by [13-14]:

E(x,y,2) = X2 a,(x, z) e kY (10)
Where

a,(x,z) = %fod E(x,y,z)e XmYdy (11)
And

kyn = ky + 237 = (By —ja) + 2% = Byn — jut (12)
With

Byn = Bo + (13)

Byn is the phase constant the n" harmonic of the leaky wave along (Oy);
Bo is the phase constant of the fundamental mode of the dielectric guide without the periodic grating.
Equation (13) shows that {3, can take an infinite number of values.

The harmonic can so constitute a forward, backward, slow or fast wave.
We can define for each space harmonic n, the angle corresponding to the direction of radiation. It is given by:

sin@,, = ]Lﬂ (14)

0

In some applications, to avoid minor lobes, it is recommended to consider only the space harmonic n=-1 [13]. Its angular direction is
given by the relation (15)
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sin_, = == (15)

Where B_y1 = Byo — %“, with B_y4 : the phase constant of the space harmonic n=0 and p the periodicity.

3. Antenna design

Figure 2 shows the structure of a leaky wave microstrip antenna array, consisting of a dielectric substrate of relative permittivity ¢,
width B of thickness a with a perfectly conducting ground plane. On its upper side of the substrate are printed metallic patches of width
w with periodicity | following (0z).

Wetallic patches

Ground plane

Fig. 2: Periodic Leaky Wave Antenna.

4. Results and discussion

This section presents the simulation results of the proposed leaky wave periodic patch antenna. The structure was designed and simulated
using HFSSv13 Simulation software. The parameters evaluated are: reflection losses, propagation and radiation parameters.

4.1. Reflection coefficient
Figure 3 shows the curve of reflection coefficient variation as a function of frequency for a leaky wave patch antenna, varying the dis-

tance S between two metallic patches. This antenna resonates at frequency F=80 GHz for S=32, and F=81.5 GHz for S=2A, with reflec-
tion coefficient values of -24.03 dB and -7.32dB respectively. We note that the antenna efficiency is significantly improved for S=32,.
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Fig. 3: Variation of the Reflection Coefficient as A Function of the Frequency: B= 0.8A, ; W=0.4A4; B=8)0.

4.2. Propagation parameters

In this section, we propose to study the influence of frequency on B‘1/k ,0_4, and O‘/k at millimeter band. The variation of the de-
0 ()

pointing direction 6_(-1) and the attenuation constant as a function of frequency is shown in Figure 4. The curve for the variation of the
angular direction 6_; has a constant slope. Indeed, a step of 1 GHz subsequently results in an angular jump of 1.8° where the angular
opening is 38.7° between [60; 85] GHz. As for the attenuation constant, it increases when the frequency decreases.
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Fig. 4: Variation of ©_; and A/KO as A Function of Frequency.

In Figure 5, the normalized variations of the real and imaginary part of B‘l/k as a function of frequency is shown. The attenuation con-
(o)

stant O‘/k undergoes a monotonic decay with frequency, while B‘l/k increases with frequency.
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Fig. 5: Variation of /Ko and /Ko With Frequency.

To appreciate the sensitivity of the antenna, we have plotted the variation of the attenuation constant 0‘/k and the real part B‘l/k asa
0 (o}

function of frequency in Figures (6) and (7), varying the substrate width. It is easily to see that the latter has almost no effect on the at-
tenuation constant and the phase constant.
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Fig. 6: Variation of ﬁ_l/l(o as A Function of Frequency.
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Fig. 7: Variation of a/KO as A Function of Frequency.

4.3. Radiation patterns

To highlight the enhancement of the levels of minor's lobes and angular aperture, we have plotted in Figure 8 the radiation patterns ver-
sus 0 diagram for different values of B.

In figure 8, we represented the radiation patterns of the LWA for different values of B. We note that, the efficiency of the antenna is
clearly improved for B=8A,. The metal patterns should be far from each other, this decreases the electromagnetic coupling between them,
due mainly to reflections from the edges of the metal. This coupling is practically very strong for very close patches.
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Fig. 8: Radiation Patterns Of The E-Plane at F=80 GHz; B= 0.8A, ; W=0.4A,.

5. Conclusion

This study showed us that the use of a periodic leaky waves patch antenna coupled allows to reduce the minor's lobes levels and to im-
prove the angular aperture when the metallic patches are far from each other.
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