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Substrate Integrated Waveguide Horn Antenna on
Thin Substrate With Back-Lobe Suppression

and Its Application to Arrays
Yu Luo, Member, IEEE, and Jens Bornemann, Fellow, IEEE

Abstract—A substrate integrated waveguide H-plane horn
antenna on thin substrate with low back-lobe radiation is pre-
sented, and its application to arrays demonstrated. To suppress
the back lobe, a pair of slots is employed in the top and bottom
metallization. After size and position of the pair of slots are investi-
gated, low back-lobe radiation is achieved. Moreover, the size of the
horn aperture is approximately one wavelength, which is suitable
for array applications. To highlight this point, the proposed horn
antenna is used in a 1 × 4 planar array on a substrate as thin as
one tenth of the wavelength. The array is designed, fabricated, and
measured. Measurements show good agreement with simulations
and suppressed back-lobe radiation with a 24 dB front-to-back
ratio.

Index Terms—Array, back-lobe, horn antenna, substrate inte-
grated waveguide (SIW).

I. INTRODUCTION

SUBSTRATE integrated waveguide (SIW) H-plane horn an-
tennas, as one kind of typically planar horn antennas, ex-

hibit attractive advantages of low profile, simple fabrication,
and easy integration with other components [1]. However, the
low back-lobe performance of planar horn antennas diminishes
significantly when the substrate thickness is much smaller than
the free-space wavelength, λ0 [2]–[4]. To alleviate the aperture-
radiated waves, which contribute to antenna back radiation, dif-
ferent kinds of structures [5]–[10] are employed in front of the
aperture. However, the additions of such structures significantly
enlarge the size of the entire antenna. To suppress undesired
back radiation, planar strips on soft surfaces are attached to the
top and bottom of the substrate integrated horn [11], but it re-
sults in a multilayer structure. Perforating air-vias with different
diameters are employed in [12] to suppress the back lobe and
improve the bandwidth and reflection coefficient of the horn.
Unfortunately, the substrate is as thick as 0.32 λ0 , which in-
creases difficulties in fabrications. Strip-via arrays are employed
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Fig. 1. Top and side views of the proposed SIW horn antenna with a pair of
slots and its dimensions.

at the side of an air-filled horn to obtain a low back lobe [13],
but it requires a multilayer structure. Most importantly, all the
apertures in [5]–[13] are much wider than the corresponding
free-space wavelengths, which render them unsuitable for many
array applications that require spacing of approximately 1 λ0 .
Some SIW horn arrays are proposed in [5], but the dimensions
of elements in the array are different from the ones of a single
element, and the back-lobe performances of the arrays are not
mentioned in the paper.

Therefore, in this letter, a back-lobe suppressed SIW H-plane
horn antenna on thin substrate and its application to arrays are
presented. To suppress the back radiation, a pair of slots is
employed behind the aperture in the top and bottom metalliza-
tion. The positions and sizes of the slots are investigated to
provide a guideline for placing such slots. To demonstrate that
the proposed antenna is suitable for array applications, an array
formed with the proposed antenna is designed, fabricated, and
measured.

II. BACK-LOBE SUPPRESSED SIW HORN ANTENNA

ON THIN SUBSTRATE

The layout of the SIW H-plane horn antenna with low back-
lobe radiation is shown in Fig. 1. The substrate is Rogers 6006
with thickness of 2.5 mm (0.1 λ0) and εr = 6.15.

To satisfy array application requirements, the aperture width
is selected as one wavelength at center frequency. To suppress
back radiation, a pair of slots is employed in both top and bottom
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Fig. 2. Complex magnitude E-field distributions of the horn with or without
slots. (a) Without slots. (b) With slots.

Fig. 3. Effect of the slots on radiation patterns at 12.4 GHz.

surfaces. The length of the slots is set as ls , their width as ws ,
and their position, i.e., the distance between the aperture and the
slots, as ps . The aperture can be treated as magnetic current �M1 ,
and the pair of radiating slots as �M2 . The radiation pattern f(θ)
of the two magnetic currents in the xz plane can be calculated
as:

f(θ) = �M1e
−j k p s

2 sinθ g1(θ) + �M2g2(θ) (1)

where gi(θ) is the radiation pattern of the ith magnetic current,
and k = 2π/λ0 is the wavenumber.

If the radiations of �M1 and �M2 toward the back direction, i.e.,
in negative z-direction (see Fig. 1), have the same magnitude
and opposite phase, low back-lobe radiation can be realized.
The complex magnitude E-field distributions of the horn with
and without slots are shown in Fig. 2. Without the slots, only
the aperture radiates the power. With the addition of the slots,
the aperture and the slots radiate power together. If the position
and size of the slots is well selected, the back radiation of the
aperture and that of the slots can cancel each other. The effect of
the addition of the two slots on the radiation pattern is shown in
Fig. 3. Without slots, the front-to-back radio is only 2.8 dB. After
the addition of slots to the 0.1 λ0 thin substrate, as predicted,
the front-to-back ratio is increased from 2.2 to 21.6 dB, and low
back radiation is obtained. Note that the influence of the slots on
the E-plane pattern is such that it slightly reduces the E-plane
beamwidth due to the improved front-to-back ratio.

To understand the effects of the slots on the back radiation,
the three critical parameters ps , ws , and ls are investigated.

The first parameter studied is ps as shown in Fig. 4. The
position of the slots mainly affects the phase difference between
the two magnetic currents in (1). With ps increasing from 3 to

Fig. 4. Effect of ps on H-plane (yz plane) radiation patterns at 12.4 GHz
(ws = 1 mm, ls = 16 mm).

Fig. 5. Effect of ws on H-plane (yz plane) radiation patterns at 12.4 GHz
(ps = 4 mm, ls = 16 mm).

4 mm, the front-to-back ratio is enhanced from 1.6 to 21.6 dB
and lowest back radiation is obtained. Beyond ps = 4 mm, the
back radiation becomes stronger again.

The second parameter investigated is ws , and results are
shown in Fig. 5. The width of the slots mainly affects the mag-
nitude ratio of the two magnetic currents. When ws = 0.5 mm,
the magnitude of �M2 is smaller than that of �M1 , and the front-
to-back ratio is only 6.2 dB. When ws increases from 0.5 to
1 mm, the magnitudes of the two magnetic currents become
almost the same, and the highest front-to-back ratio of 21.6 dB
is achieved. When ws increases to 1.5 mm, the magnitude of
�M2 becomes larger than that of �M1 , and the front-to-back ratio

decreases again to 5.6 dB.
As with the width ws , the third parameter ls also mainly

affects the magnitude ratio of the two magnetic currents (see
Fig. 6). When ls = 15 mm, the magnitude of �M2 is smaller
than that of �M1 , and the front-to-back ratio is 16.6 dB. When
ls = 16 mm, the magnitudes of the two magnetic currents be-
come almost identical, and the highest front-to-back ratio of
about 21.6 dB is observed. Beyond ls = 16 mm, the back lobe
becomes larger again due to the increasing magnitude of �M2 .

In summary, to obtain the highest front-to-back ratio, ps =
4 mm, ws = 1 mm, and ls = 16 mm are selected.
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Fig. 6. Effect of ls on H-plane (yz plane) radiation patterns at 12.4 GHz
(ps = 4 mm, ws = 1 mm).

Fig. 7. Effect of slots and additional vias on |S11 | of a single antenna.

Two additional vias (cf., Fig. 1) are employed in the wave-
guide and operate as a matching iris. With these additional vias,
the return loss of the single element at 12. 4 GHz increases sig-
nificantly as shown in Fig. 7. The reflection coefficients of the
simple horn element (with and without slots) are also shown in
Fig. 7. This indicates that the effect of the slots on |S11 | is small.

III. ARRAY APPLICATION

To demonstrate that the proposed SIW horn antenna is suit-
able for array applications on thin substrates with low back
radiation, a 1 × 4 SIW antenna array is designed as shown in
Fig. 8. It is fed by a 1-to-4 divider network whose dimensions
are also shown in Fig. 8.

As discussed in Section II, four pairs of slots are employed
to reduce back radiation. The dimensions of the horn elements,
the size and position of slots, and the substrate are the same as
those of the single element presented in Section II. The effects
of the slots on the E- and H-plane radiation patterns are shown
in Fig. 9. Without slots, strong back radiation is observed, and
the front-to-back ratio is only 4.6 dB. With the slots, the back
lobe is suppressed, and the front-to-back ratio is enhanced to
22.6 dB. Since the aperture is less than one wavelength, the side
lobe level is only –13 dB.

Some vias are employed in the feeding network and operate
as matching irises. With these additional vias, the bandwidth is

Fig. 8. Layout of the 1×4 SIW antenna array.

Fig. 9. Effects of slots on radiation patterns of the proposed 1 × 4 array at
12.4 GHz.

Fig. 10. Effect of slots and additional vias on |S11 | of proposed 1 × 4 array.

enhanced as shown in Fig. 10. Without additional vias, the min-
imum |S11 | around 12.4 GHz is only –3 dB. With the addition
of the vias, |S11 | is better than –10 dB in the frequency band
from 12.25 to 12.47 GHz. The widths of the SIWs are also op-
timized for good impedance matching. The |S11 | of the simple
horn array is also exhibited in Fig. 10. This indicates that the
effect of the slots on |S11 | is small.

To verify the proposed design, the antenna array is fabricated
and measured. Fig. 11 depicts a photograph of the fabricated
prototype.



LUO AND BORNEMANN: SUBSTRATE INTEGRATED WAVEGUIDE HORN ANTENNA ON THIN SUBSTRATE WITH BACK-LOBE SUPPRESSION 2625

Fig. 11. Photograph of the proposed 1 × 4 SIW array.

Fig. 12. Normalized simulated and measured radiation patterns of proposed
1 × 4 array at 12.4 GHz. (a) H-plane. (b) E-plane.

Fig. 13. Simulated and measured |S11 | of proposed 1 × 4 array.

Measurements of the reflection coefficient, gain, and radi-
ation patterns are performed using an Agilent 5230A vector
network analyzer and a far-field antenna test chamber. The nor-
malized simulated and measured radiation patterns are shown in
Fig. 12. Good agreement between simulations and measure-
ments is observed. As predicted, measured results show very
low back-lobe radiation, and the front-to-back ratio is as high as
24 dB. In addition, the side lobe level is only –13 dB to prove
that the proposed antenna is suitable for array applications. The
measured gain, as shown in Fig. 13, at the center frequency, i.e.,
12.4 GHz, is 10.4 dBi, which is slightly lower than the simulated
one of 11.3 dBi. We attribute the difference of 0.9 dB to losses in
the feeding SMA connector as well as other cable connections.
The simulated and measured reflection coefficients as a function

of frequency are also shown in Fig. 13. In the frequency band
between 12.24 and 12.41 GHz (1.4% relative bandwidth), the
measured reflection coefficient is better than –10 dB.

IV. CONCLUSION

An SIW H-plane horn antenna on thin substrate with low
back radiation is presented. It is demonstrated that the front-to-
back ratio can be significantly enhanced by the addition of a
pair of slots in the top and bottom metallization. The proper size
and position of the slots provide very low back radiation, which
is sufficient for substrate integrated circuits on thin substrates.
Since the aperture width of the horn is smaller than one wave-
length, the proposed antenna is suitable for array applications.
A prototyped 1×4 SIW horn antenna array shows 24 dB front-
to-back ratio and side lobe levels better than –13 dB. To the best
of our knowledge, this is the first time that an SIW horn antenna
array with low back-lobe radiation on thin substrate is presented.
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