Ph. Coguet: Also wilh Communications Rescarch  Laboratory,
Ministty of Posts and Telecommunications, Koganei-shi, Tokyo 184-
#7935, Japan

References

| FERNANDES, CA, and FERNANDES, IG: ‘Performance of lens
antennas in wireless indoor millimeter-wave applications’, [KFE
Trans., 1999, MTT-47, (6), pp. 732-737

2 $HKIL T, UFARA K, and KaGosHIMa, K. ‘30.GHz multibeam
anterma using bi-layer Butler matrix cireuils”. Proc. ISAT'O6,
Chibg, Jupan, 1996, Vol. 1, pp. 165-168

3 ELTFTHERIADES, G.Y., DBRAND, Y. ZORCHER J-F, and MOSIG, L
FALPSS: a millimetre-wave aperture-coupled patch antennn on a
subsirate lens', Eleerron, Lett,, 1997, 33, (3), pp. 169--170

4 MATSUL T, KIYOKAWA M, and HIROSE, M. ‘Millimeler wave
ganssian beam antenna and integration with planar circuits”. 1EEE
MTT-8 Int. Symp. Dig., 1996, Vol. L, pp. 393-396

5 SAULRAU, k. ‘Btude de résonateurs de Pérot-Fabry et d’antennes
imprimées en - ondes milliméirigues. Conception d’antonnes 3
laisceau gaussien’. PhID Thesis, Rennes University, December (999

6 cuLLen, Ad., and yu, PE: ‘Complex source-point theory of the
electromagnetic open resonator’, Proc. B. Soc. Lond, A., 1979, 366,
pp. 155 171

7 SAULEAU, R, THOUROUDE,D., COQUET,PH, DANIEL, LR, und
Marsor, s ‘Implementation of conductor losses in FDTD
algorithm combined with  Floquet  boundary  condlitions.
Application (o the study of millimeter waves resonant cavities’,
Microw. Opt. Technol. Leti,, 1999, 22, (2), pp. 103-108

Beam-switchable scanning leaky-wave
antenna

Chien-Jen Wang, Ying-Chou Shih and C.F. Jou

A beam-switchable scaming leaky-wave antenna (LWA) has been
developed. This LWA with a two-terminal feeding micrestrip line
structure is intcprated with a single port double throw (SPDT)
switch as & control circuit. [n dual-heam mode, the scanning angle
i stecred over a range of 36 64° for the right-hand beam and 144
—116° for the left-hand beam. In one-beam mode, the scanning
angle is measwted over 20° for the right-hand beani, The
measured result shows that we can change from the one-beam
mode to the dual-beam mode electronically by controlling the on/
off status of an SPDT swilch, in contrast to the case for
traditional leaky-wave antennas,

Introduction: Lleaky-wave antenmas  (LWAs) have recently
attracted a significant degree of interest, and the use of varions
types of leaky-wave antenna as [requency-scanning elements is
increasing [1 - 4]. Leaky-wave antennas possess the advantages of
having a low profile, being simple to [abricate, ease of matching,
having o narrow beamwidth and [requency-scanning capability.
They are also highly sullable lor use as active integrated millime-
tre-wave anlennas.

One-beam scanning leaky-wave antennias {1, 2] and dual-besm
scanning leaky-wave antennas {3, 4] have been widely studied.
Unfortunately, no method has yet been proposed which can ena-
hle the beam mode, such a3 the one-beam scanning or dual-beam
scanning mode, to be changed. :

In this Leller, we present a one-beam/dual-heam scanning
leaky-wave antenma (see Fig. 1) design. A two-terminal feeding
LWA is integrated with a single port double throw (SPDT) con-
trol circuit, shown in Fig. 2. The radiation pattern can be
switched between one-beam mode and dual-beam moede by chang-
ing the DC bias voliage of the swilch, An advanlage of owr design
is that the beam mode can be chosen electronically, not mechani-
cally.

Design of LWA and SPDT circuit: As shown schematically in
Fig. 1, the unit consists of an SPDT control circuit, & matching
circuit and a microstrip two-lerminal feeding leaky-wave antenna,
The RT/Duriod subsirate used has a thickness of .508 mm and a
diclectric constunt of g, = 2.2, Two SPST switches, forming an
SPIYT switch, were designed by using a commercially available
CAD o0l HP-EEsof Libra. We used an M/A COM MA4GP030

GaAs pin diode as the solid-state deviec in an SPDT swilch 1o
oblain low msertion loss, higlt isolation level, fast swilching speed,
and high power capacity.
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Fig. 2 SPOT controf circuit

To excite the first highet order mode within the operating fre-
quency range, the microstrip leaky-wave antenna is fed asynunetri-
cally, and the width W and length L of the antenna arc
empirically chosen (o be 1.06em and 12¢m, respectively. A rigor-
ous (Wicner-Hopt) solution {3] is cmployed to find the normalised
complex propagation constunt Mk, — jolk, of the first higher order
mode, where B, is the normalised phase constant and ok is the
normalised attenuation constant. The variations in Py and ok,
with frequency are plotted in Fig. 3. The normalised phase con-
stant Bk, is less than |, and most of the radiating energy leaks in
the form of the space wave.
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Fig. 3 Nonnalived complex propagation constants of first higher mode
Jor particular microsirip leaky-wave antenng

T = 0.508mm, # = 1lmm, wd € = 2.2; ky is free-space wuve
number
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Theoretival and experimental resufts: The SPT element has three
ports and works in four operating modes, the left-hand beam
mode, the right-hand heam mode, the dual-beam mode and the
beam-off mode, When diode A s ON {forward-biased) and diode
B is O (no bias}, no signal passes through port 2 and all of the
input power will appear at port 3. This is referred to as the one-
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beam made. When diode A s ON and diode B is ON, the input
signal will be relurned at port 1 (bheam-off mode). When diode A
and diode B are both OFV, the SPDT works as a power divider
and the inpul power is split in half {(dual-beam made),
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Fig. 4 Measured one-bean scarning radintion patierns for proposed
antenna at 9.3, 2.8 and (0.4GHz
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Fig. 5 Measured ducat-beam scauning vadiation patierns for proposed
antenna af $.2, 9.8 and 10.6 Gifz

- 10.6GHz
—8—98Glz
- A 92GHz

Fig. 4 shows the measured one-beam scanning radiation pat-
terns for this antenna al 9.3, 9.8 and 104GHz. The main beams
swing up from the end-five direction {the Z-axis), which is charac-
teristic of an 1. WA, For the onc-beam mode, the measured angles
of the main beam arg ~61, 50 and 41°, Fig. 5 shows the measured
dual-beam scanning radiation patlermns at 9.2, 9.8 and 10.6GHz.
Note thal the measured scanning angles for the right-hand beam
are 63, 49 and 38% meanwhile, the measured angles for ihe left-
hand beam are 113, 131 and 142°, reapeetively.

Conclusion: We have successilly employed a two-terminal feeding
topology to ercate a dual-beam radiation pattern and an SPDT

ELECTRONICS LETTERS 30th March 2000 Vol 38

switch to electromically select 4 one-beam or dual-beam radiation
pattern. This designed antenna has a large bandwidth and lexible
beam-swirching mechanism, and will be 4 suitable candidate for
mobile and satellite communications applications. The cirenit can
be ¢asily implemented i a monolithic array module.
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Broadband microstrip patch antennas for
MMICs

W.S.T. Rowe and R.B. Waterhouse

A broadband micvostrip patch antenna well suited for monolithic
microwave integrated cirenits (MMICs) is presenled. The antenna
exhibils & neasored bandwidith of 35%, low surface wave loss, a
high front-to-back ratic, and is fabricatee dircctly on the MMIC
substrate material. The pradicted and measured input impedances
are given along with the measured radiation performance.

Mtroduction: Antennas suitable for integration with monolithic
microwave integrated citeuits (MMICs) and optoclectronic inte-
grated circuits {(OEICs) have found numerous applications, such
as fibre-based antenny remoling, phased arrays, and quasi-optical
power combining systems {1]. The integration of the antenna with
microwave andfor eplical components generdtes a compact, low-
profile, lightweight and low-cost archilecture,

To be miegrated, the antenna must be fabricated on the high
diclectric constant material used for the MMTICs, This makes the
antenna susceplible lo surface wave cxcitalion. A few attempls
have been made Lo design an antenna to meel the requirements for
integration [2, 3] However, most ¢ffor(s reveal a narrow imped-
ance bandwidth {< 6%), und/or a reduced gain antenna due to sur-
face wave loss.

Recenlly, two MMIC-compatible printed antenna struclures
have been reported with low surface wave loss and a wide band-
width: the hi-lo stacked patch [4]; and the coplanar waveguide
(CPW) fed aperlure stacked patch (ASP) [5]. The CPW fed ASP,
however, sulfers flom a relatively low front-to-back ratio of
~11 dB, which complicates the packaging of (he integrated MMIC/
antenna. The hi-lo stacked pateh has a much higher front-to-back
ralio of ~22dB on a similar sized ground plane as the CPW fod
AS8P, vet has a smaller impedance bandwidih (~25% compared to
A5,

In this Letler, the hi-lo stacked paich configuration is exlended
1o gnhance the bandwidih, An extra parasitic patch is added to Lhe
hi-lo structure on a slab of low dislectric foam, The measured
results for this new hi-lo-lo geometry will be presented, and the
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