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Abstract. Slots in metallic ground planes are very promis- be placed closely to the slot, resulting in a typical stripline
ing candidates for conformal antenna applications. Howeverpr triplate configuration. Unfortunately, this structure admits
a low-profile unidirectional antenna requires a back reflectorparallel-plate propagation and the discontinuity slot/stripline
close to the slot and the resulting stripline feed causes strongxcites the corresponding modes. Higher order modes can
excitation of parallel-plate modes. In this contribution, we be avoided by choosing a thin substrate, because their cut-off
consider unidirectional reflector-backed slot configurationsfrequencies increase by decreasing the distance between
with parallel-plate mode suppression by shorting pins. Startthe ground planes. The suppression of the fundamental
ing from a parametric study with respect to shorting pin lo- mode, however, is a challenging task, since it is a TEM type
cation and back reflector distance, we present a stripline-fednode starting at 0Hz. One method to suppress the TEM
rectangular slot element with radiation efficiency of more mode is the use of twin slot configurations for destructive
than 80% and a bandwidth of about 5% at centre frequencynterference of the excited waves. An alternative method is
10 GHz. A careful optimisation of shorting pin locations the cavity backed slotGalejs 1963 Biebl and Friedsam
guarantees reliable parallel-plate mode suppression without995 Omiya et al, 1998. Metallic walls force the electric
deteriorating the slot radiation behaviour. Coupling coeffi- field of the TEM wave to zero. A similar procedure is
cients between parallel and aligned rectangular slot elementthe placement of shorting pins around the slot aperture,
are presented. For increased bandwidth applications, a boweonnecting the slot's ground plane with the back reflector
tie slot element with about 8% bandwidth and radiation effi- (Sommers 1955. Compared to cavity backed slots, only
ciency of close to 80% is proposed. little information about guidelines on positioning of vias is
available in literature. Some papers treat stipline-slot-fed
patch antennasBfachat and Baraccd 995 Bhattacharyya

et al, 1998, where a theoretical analysis for via-slot
interaction is given in the latter.

Due to their low profile, light weight, robustness and low

cost, antennas in printed circuit techn0|ogy are W|de|y In this contribution, a parametric study is concerned with
used in electronic warfare, communication, automotive,the influence of via and reflector positions on the input
etc. Traditionally, many design instructions can be found inimpedance and radiation efficiency of a single rectangular
literature for patch antennadames et al1981). However,  slot element. Then, an optimised unidirectional slot element
due to its resonant behaviour the radiating patch elemenprinted on a very thin substrate with parallel-plate mode sup-
has only narrow bandwidth, unless thick substrates aréression by shorting pins is presented by simulated and mea-
used, which is disadvantageous with respect to integratiorpured data, based on the approach propose&am(ners

into non-planar surfaces. The surrounding of the patch isl959. Towards array applications, we present mutual cou-

inherently dielectric, which benefits propagation of surfacepling investigations for different slot arrangements. A second
waves resulting in low radiation efficiency. radiating bow-tie like aperture for bandwidth enhancement is

presented by numerical and experimental results.

The radiating slot element is an attractive alternative.
A slot in a metallic ground plane is the complementary
structure of the corresponding electric dipole. Since the
radiation pattern of the slot is bidirectional, a back reflector
must be used to avoid back radiation. With respect to
antenna integration in curved surfaces, the reflector shoul

1 Introduction

2 Rectangular Slot Element

The geometry of the investigated rectangular slot element is
&Ieplcted in Figl. The slot is located in the upper ground
plane and is excited by a stripline located in the centre of
Correspondence taC. Locker the substrate witla,=2.2. In order to suppress the parasitic
(loecker@fgan.de) parallel plate mode, the upper and lower ground planes are
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Fig. 1. Geometries of investigated aperture&) stripline-fed

rectangular slot elemen(ty) bow-tie slot element. 1000
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. . . . . ~ 600 —-=d =1.00 mm

connected by shorting pins or vias. Antenna dimensions are § Real ---d=075mm

(unit; millimetre): xo=4.5,x1=1.5,x2 =0.25,y0=1.5,y1=2.2 g 400 =+ d =050 mm
(constant distance in y-direction}0.5,d=1, w1=0.435 and 3 200
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To gain a broad understanding of the influence of via posi- -200
tions and reflector distances on the resonance behaviour, the -400

5 10 15 20

slot was investigated by a parametric study. To avoid trans-
Frequency (GHz)

formation and compensation effects by coupling from the
slot to the stripline and the open stl"lpllne Stub, the S.t”plmeFig. 3. Parametric study: Input impedance with respect to reflector
was removed and the slot was excited by a magréetiap distanced.

voltage source. The terminal impedance was computed by

a surface/volume integral equation method for the analy-

sis of planar circuits with additional 3-D-components em-

bedded in a multilayered medium of infinite extekagpel The fabricated single slot element with dimensions as de-
and Hansen1999 Vaupel et al. 2003. Thus, the layered scribed in Fig.1 is excited by a stripline, which is open at
medium environment is analytically considered by its spec-its end. Thus, the stub can be used to optimise impedance
tral domain Green'’s function and only the magnetic surfacematching. The slot was printed on a 90 m80mm
currents in the slot aperture as well as the electric via currentRogers 5880 Duroid substrate and should have a theoretical
(modelled as volume currents) must be discretised. directivity of about 5.15 dB (gain of a losslesg2-dipole in-
Numerical results on the input impedance and radiation effi-creased by 3 dB due to missing back radiation). In order to
ciency show Figs2, 3 and Figs 4, 5, respectively, with re-  decrease the number of degrees of freedom, the width of the
spect to via-slot distancey and back reflector-slot distance feeding stripline was chosen for &0 The slot's dimensions

d. The curves for the real and imaginary part of the inputwere carefully optimised by Agilent's ADS2003A Momen-
impedance show a typical resonator behaviour. The reflectum (ADS), including metallisation (copper) and dielectric
tor and the vias cause a shift of the input impedance to thdosses. The directivity was estimated by integrating the ra-
inductive regime. The frequency of the first resonance (cor-diation fields over all radiation directions and the gain is de-
responding to the peak input resistance) increases and thermined by the gain transfer method. A slightly higher res-
peak resistance decreases and broadens with decreasing waance frequency was chosen in ADS to obtain a resonance
and reflector distance, resulting in a reduced effective lengttrequency of 10 GHz. Figuré depicts simulated (ADS) and

of the slot. The efficiency curves show that the parallel platemeasured return loss data. The measured bandwidth (return
mode can be effectively suppressed by the vias. At the frefoss <—10dB) is about 5%. Simulated and measured data
quency band edges, Fig.shows a decreasing efficiency for are in good agreement. The efficiency curve in Figndi-

vias placed too far as well as too close to the slot. A distancecates, that the efficiency does not decrease below about 80%
xo smaller than approx..B5x should ensure efficiencies over in the band of operation.

90%. If the back reflector is too close to the slot, the parallel

plate mode is excited stronger, yielding a lower efficiency.
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loss.
1.0 -
AR o o 1.0
09 09 li
08}/ ’
0.7
> . 4
g 06 — d=200mm AR >
5 05 ——-d=150mm ‘»\ ‘\\,‘- s
= N\ K]
o 04 —:— d =1.00 mm Ry g
----d=0.75mm e w
03 =~ d =050 mm ' —-— Measurement
0.2 e —— Simulation (ADS)
0.1 .
o ) ) 01
5 10 15 20 0

8 8.5 9 9.5 10 105 11 115 12
Frequency (GHz) . (GH?)
requency z

Fig. 5. Parametric study: Efficiency with respect to reflector dis- Fig. 7. Rectangular slot element, simulated and measured effi-
tanced. ciency.

3 Mutual coupling between rectangular slot elements 4 Bow-Tie Slot Element

) ) . Since the bandwidth of the rectangular slot element is rela-
Mutual coupling between antenna elements is an importanfely small, we also investigated bow-tie like slot elements
criterion in conformal array antenna applications. We in- (Kraus 1988. The slot was widened at its ends and the
vestigated collinear and broadside slot arrangements. Threl%ngth was increased to abouff for a centre frequency
slots were considered in each configuration. The single slops 10 GHz. see Figl. In order to reduce edge diffrac-
dimensions are taken from Fida. In the collinear con-  {jon effects, the side length of the substrate was increased
figuration, centre-centre distances with respect to the first; 100 mm. In this structure the vias positions are not paral-
slot are 225 mm and 55 mm. In the broadside slot con- ¢| to the aperture axis. The vias positions were carefully

figuration, the slots could be arranged closer to each Otheroptimised to achieve the design requirements. The bow-
resulting in separations of 15mm and 45mm. The mutuakje dimensions are (units: millimetre)to=4.25, x1=4.45,

coupling was determined by transmission measurements bg52:4_65 x3=0.25,x4=1.6,x5=2.5,y0=1.7,y1=2.2,w1=0.425
tween neighbouring slots with a HP8510 network analyserqang;,=10.5. As for the rectangular slot element, the substrate
The remaining third port was terminated by a®®@natch. a5 an permittivity of 2. Figure10 depicts the measured
Figures8 and9 show simulated and measured scattering co-ang simulated return loss. The 10dB bandwidth amounts
efficients S;;, which describe the coupling behaviour. For 1 08 GHz and is higher than for the rectangular slot ele-

collinear alignment the radiation null in the corresponding ment. The measured antenna efficiency is aboutS®6
direction causes a smaller coupling compared to the couplingg Fig11, in the band of operation.

for broadside configuration. In this case, the radiated space

wave travelling along the slot ground plane creates the rel-

ative large coupling. By placing a metallic plate betweens Conclusion

the slot aperture, it can be demonstrated that the mutual cou-

pling due to parallel-plate mode propagation is effectively Radiating slots in a metallic ground plane were investigated.
suppressed by the vias. The upper ground plane was connected with a back reflector
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Fig. 8. Mutual coupling, collinear slot arrangement. Fig. 10. Bow-Tie element, measured and simulated return loss.
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Fig. 9. Mutual coupling, broadside slot arrangement. Fig. 11. Bow-Tie element, measured and simulated efficiency.
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