


Test re,sult.s: Impedance and rcturn loss me;isurements wcrc carried 
out on thc antenna in a11 three bands and the nicasured plots arc 
shown in Fig. 2. Thc impedance bandwidth in cach frequency 
band was incasured for a minimum return loss of IOdB. The ratio 
of thc highest to lowest operating resonant frcquencies U;(;) was 
cqual to 9.06. 

Radiation pattcrn and gain measurenicnts in all thrce bends of 
the antcniia were also carried out in an anechoic chamber. Thc 
typical measured co-polar and cross-polar radiation pattcriis at 
the rcsonanl frequencies of each band are illustrated in Fig. 3. 
Thc top row shows the H-plane radiation patterns while the bot- 
tom row shows the E-planc radiation patterns. The multiple lohcs 
or the E-plane radiation patterns in bands two and three are duc 
to the geometrical asymmetry of tlic fractal structure in the E- 
plane with respect to thc feed point location A miniiiium gain of 
7dB was achieved in cach rrequcncy band of the antenna. 

Table 2 Measured pcrformancc characteristics of square 
microstrip fractal patch amenna 

1 1.5 74 60 -26 -23 7.5 1.33 
2 4.5 41.5 32.5 -22.8 -23.5 9.2 1.78 
3 13.59 18 8 -16 

-~ 

Conclurion: Thc concept of a 'fractal' has bceii extended for the 
first time to the domain of microstrip patch antcnnas to obtain 
multi-band frequency operation. A square micrustrip patch 

~ 
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antenna was constructcd using hictal geometry for three-band 
opcration. Thc mcasured results indicate that thc anleiinii cxhibils 
good radiation and impedance niatching characteristics in all three 
hands. Thc same conccpt can be extendcd to any number of bands 
taking into acc'oitnl the hhricalional criticality and also to the 
domain of triangdar microstrip patch atitcnnas. Antennas of this 
type arc xtlractivc candidates for wirclcss, satellite and mobilc 
communication applications. 
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Shaped beams from circular apertures and 
arrays with uniform amplitude 

A. Trastoy-Rios, M. Vicentc-Lozano and F. Ares-Pcna 

Introductiorr: It is often casier and less cxocnsive to control the ~~ 

phasc or an antcnna excitation distribution than to control its 
amditude. esvcciallv in the case of dvnamic control. We thereforc . .  ~ 

recently dcvcloped a general mcthod for thc synthesis of radiation 
plittcrns by controlling the phasc distribution of apertures with 
fixed amplitudc dislrihutions [I,  21. Of all amplitudc distributions, 
the siniplcst is uniforni distribution, which in the case of an active 
fccd array also allows for maximum efficiency at the feed amplifi- 
cation stagc [3]. In  this Lcttcr, we report the results of applying 
our method to tlie synthesis of pattcrns exhibiting flat-lopped 
bcams with controlled ripple surrounded by ring sidelobes with 
controllcd heights to bc produced by a circular aperture with an 
excitation distribution of uniform amplitude, and of adapting the 
result to a circular grid planar arrliy, likewise of uniform excita- 
tion amplitude distribution. 

Dercription of metltod: Continuous (iperlures: Wc assume an cxcita- 
tion distribution h, = Iaexp(jyio), where lo is tlie desired amplitudc 
distribution and yio is arbitrary (for cxample, identically zero). Wc 
assume that the complex zcros (I+,,, + .jvo,J of the corrcsponding 
radiation pattern Fo arc known. We seck to synthesisc a desired 
radiation pattern F by iteralive perturbation of the U",, t jvo,,. In 
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