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Measurements: To verify the active region scalability predicted by 
the numerical simulations, an electromagnetic-field measurement- 
technique based on infra-red thermograms was used. 'Infra-red 
thermography is a technique based on the measurement of the 
transformation into heat of energy absorbed by a lossy material 
when an electromagnetic wave impinges on it [4]. 
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The surface current distribution of a Sierpinski fractal antenna 
shows a self-similar behaviour determined by the self-similar 
properties of its geometry. The application of infra-red 
thermography to electromagnetic near field detection allows the 
experimental verification of the active region scaling of a fractal 
antenna operating at different bands. 

Zntroduction; The multiband behaviour of the fractal-Sierpinski 
antenna has been empirically described in terms of its input imped- 
ance and radiation patterns at several frequency bands [l, 21. The 
surface current distribution on the antenna has been numerically 
evaluated by applying the FDTD algorithm [3], and shows a self- 
similar behaviour and scaling of the active region at each operat- 
ing band. Return losses obtained from this algorithm are in good 
agreement with the experimental results previously mentioned. In 
this Letter, it is explained how an infra-red measurement tech- 
nique can be used to experimentally verify the scaling properties of 
the active region in a fractal-Sierpinski antenna. 

Antenna description: The analysed fractal Sierpinski antenna is 
constructed by the subtraction of a central inverted equilateral tri- 
angle from a main equilateral triangle shape, generating three tri- 
angles, each one of the three triangles being half of the size of the 
original one. By iterating an infinite number of times the same 
subtraction procedure on the remaining triangles, the ideal Sier- 
pinski gasket is obtained. At each iteration new triangular clusters 
appear in the structure. These clusters are scaled by a factor of 2 
at each iteration. The height of these triangular clusters is h/2", 
where h is the total height of the antenna and n = 0, 1, ..., 4. 

The antenna self-similarity gives rise to a scalable surface cur- 
rent distribution. This means that the current distribution on the 
Sierpinski antenna is scaled at each band of operation. The area 
with a high current density concentrates towards the vertex of the 
feeding point of the antenna in the same proportion as the operat- 
ing wavelength. The scalability of the active region together with 
the existence of the same characteristic parameters (input match- 
ing and radiation pattern) at several bands, also related with a fac- 
tor of 2, explain the multiband behaviour of this structure. Active 
regions of a five iteration Sierpinski antenna and surface current 
distribution obtained with an FDTD algorithm are presented in 
Fig. 1 for the second, third and fourth bands. 
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Fig. 1 Surface current distribution on Sierpinski antenna (FDTD simu- 
lation) for second, third and fourth bands 
This Figure is shown in colour on Electronics Letters Online. 

Fig. 2 Fractal Sierpinsiki antennas of f ive  iterations and 60" tuned at 
same frequency but at different operating bands (second, third and 
fourth bands) 
Active region dimensions are shown enclosed by a circle 
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Fig. 3 Infra-red thermogram of second band antenna 
Side bar shows temperature increment over ambient temperature. 
This Figure is shown in colour on Electronics Letters Online. 
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Fig. 4 Infra-red thermogram of third band antenna 
This Figure is shown in colour on Electronics Letters Online. 
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Fig. 5 Infra-red thermogram of fourth band antenna 
This Figure is shown in colour on Electronics Letters Online. 
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Three Sierpinski antennas were designed and printed on a fibre- 
glass substrate, the electric losses of which enabled the thermal 
images to be acquired. These three antennas were operated at the 
same frequency of 2.45GHz, although for each one this frequency 
was assigned to a different band, The heights of the designed 
antennas were: 6cm (h2) for the second band antenna, 12cm (h3) 
for the third band antenna and 22cm (h4) for the fourth band 
antenna. The scaling factor of 2 for the fourth band antenna was 
not maintained due to the substrate, which slightly changes the 
resonant frequency of the antenna. Fig. 2 shows the antenna 
heights. The antenna with its first band at 2.45GHz was not meas- 
ured due to the lack of an appropriate optical lens for the infra- 
red camera in order to carry out the measurement, while the fifth 
band antenna was not constructed because of its large size. Figs. 3 
- 5 show, respectively, the thermograms acquired for the second, 
third and fourth band antennas when the incident power on them 
was almost 4W. As had been previously assumed, by selecting an 
antenna with a higher operating band we obtain an illuminated 
area in the thermal images (the area with higher temperatures): h2/ 
2 for the second band, h3/4 for the third and h4/8 for the fourth. 
These regions correspond to the active area and coincide with the 
regions in which the temperatures reached by the fibreglass are 
higher. 

Conclusion: Infra-red thermograms allow experimental verification 
of the self-similar behaviour of the active region in a Sierpinski 
antenna, which confirms its multiband characteristics. Active area 
dimensions are in good agreement with the predictions obtained 
by means of numeric methods. 
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Aperture coupled microstrip patch antenna 
with thick ground plane in millimetre waves 

0. Lafond, M. Himdi a n d  J.P. .Daniel 

The finite thickness of the ground plane is taken into account in 
the cavity model to analyse some aperture coupled microstrip 
patch antennas at millimetre-wave frequencies (60GHz). The 
thickness has a strong effect on impedance matching at high 
frequencies owing to the ratio between the thickness and the 
wavelength, which increases with frequency. The calculated results 
are compared to those obtained by experiment for several 
antennas with different input impedances due to different slot 
lengths. Close agreement is found between the calculated and 
experimental results. 

Introduction: In a previous analysis of aperture coupled microstrip 
patch antennas [l], the antenna represented in Fig. 1 was mod- 
elled using the cavity method. At low frequencies, the ground 
plane thickness ( t )  is very small compared to the wavelength, and 
we can therefore consider this thickness to be zero. However, this 
is not the case at millimetre-wave frequencies (60GHz) where the 
classical copper layers are 1 7 . 5 ~  thick, and 35pm if there are 
two layers. In this Letter, the effect of ground plane thickness is 
taken into account by introducing an empirical coefficient [2] to 
improve the model in V band and to determine the effect on input 
impedance [3]. 

Moreover, a thick ground plane may be used to improve the 
rigidity of thin substrates ( 1 2 7 ~  at 60GHz). To verify the accu- 
racy of the model, several aperture coupled patch antennas have 
been realised and experimental results have been compared to cal- 
culated results. 
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Fig. 1 Geometry of aperture coupled microstrip patch antenna with 
thick ground plane 
a View from side 
b View from top 

Analysis: The cavity method [I] was used previously to describe 
the slot coupled patch antenna (Fig. 1) at low frequencies with 
very small slot thickness compared with the wavelength. In this 
case the input impedance is given by 

where YpntrlZ is the patch admittance given by the cavity method, 
Ysror is the slot admittance given by the transmission line model 
(the slot is considered as two parallel short circuited slot lines), 
AV/ V, is the transformation ratio corresponding to the modal 
voltage discontinuity of the slot in the microstrip feeding line, and 
Zrtuh represents the contribution of the open stub. 

At millimetre wave frequencies, the ground plane, the thickness 
of which corresponds at the least to the copper thickness of the 
substrate, cannot be considered to be infinitely thin. In [2], the 
authors studied three methods to take into account the finite 
thickness of the ground plane in the cavity method (Fig. 4 in [2]). 

When the thickness is < 0.025A(1, method 3 seems to be the best 
with regard to Haddad’s measurement [3] and then an empirical 
correction factor C, is introduced in the cavity method. This coef- 
ficient is given by 

where 

A, = 3 x l08/f { A, = 2 ’ L, 

and A is an experimental factor equal to 3 for a narrow rectangu- 
lar slot. Then the input impedance becomes 

When the thickness becomes more important (> 0.025A0), another 
method (method 2 in [2]) has been used. It considers an exponen- 
tial attenuation to the power 2alo for the TElo mode in the slot. In 
this case, the input impedance is given by 
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