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Abstract 
This paper presents a method to simplify the calculations of cavity model analysis on a 
multi layer microstrip antenna. The main feature of this method is the simplification of a 
multi layer antenna siructure into a single homogeneaus layer antenna. This in effect 
completely eliminate the problem of mode matching between layers and thus reduces the 
amount of calculation and computing time. Theoretical results obtained using this'method 
were compared with the experimental results and were found to give an error of less than 4 
46. 

lnlrcductiw 
The microstrip patch antenna has become one of the most widely used antenna today 
because of its many desirable features such as low profile. light weight and small size. A 
considerable number of analysis techniques have been reported in the published literature 
[1-4]. While rigorous methods are more complete. they are quite complicated and can nof 
be readily implemented especially for design work. It was reported 141 that the accuracy of 
the rigorous approach may no( be much better than that of the simple transmission line or 
cavity models provided the latter are used within their range of validity. One draw back 
from cavity models is that i t  is not efficient when applied to the microstrip antenna 
structure having multi layer substrates as shown in figure I. Each mode in any particular 
layer has to be solved and matched with adjacent layers [SI. 
This paper presents an experimental investigation in an atlempt to simplify the cavity 
model calculation for a multi layer microstrip antenna structure. 

Analysis 
The main simplification proposed i n  this paper is to consider the antenna structure in 
figure I and simplify it  into a single equivalent homogeneous substrate as shown in figure 
2 where the cavity model is best applied. The equivalent substrate is considered lossless 
and has a permittivity given by 

where 1. =height of the nth substrate layer 
E. = permittivity of the nth substrate layer 

From equation (I ) .  the equivalent dielectric constant is given by 

The height of the equivalent substrate is taken to equal the total height of the substrates 
and is given by 

N 

The rest of the dimensions such as the width and the length of the patch were unchanged. 
FM r, much less than the operating wavelength, the cavity model solution for the z. 
component electric field underneath the patch is given by 161 
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where the notations in equation (4) are the same as in reference [6). 
From equation (4) i t  can be shown 141 that the input impedance is given by 

Three antennas were fabricated to test the simplified model as shown in figure 3. 

Experimental and calculated resullp 
A Wiltron Network Analyser System was employed to measure the return loss versus 
frequency characteristics of these antennas. Figure 4 shows typical results obtained from 
calculation and measurement while the other results were summarised in table I and table 
2. These comparison results show a close agreement between calculated and measured 
data. The worst case shows a discrepancy of less than 4% for mode resonant frequencies 
TMlh TMuI, TMu2 TMlu and TM,,. 

Conclusions 
By using the simplified antenna structure model, the problem of solving the modes in each 
layer of substrate is simplified to solving just the modes in a single layer. The problem 
with mode matching between layers is eliminated completely which in turn reduces the 
amount of calculation and computing time. Using one substrate of high value dielectric 
constant. E,,, say, this investigation shows that other substrates having dielectric constants 
less than can be simulated by combining it with an appropriate layer of air dielectric 
having height calculated using equation (2). 
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Mcde frequencies (GM) 
Calculated values Measured values 

TMiu TMul TMii TMio TMol TMII 
Antenna 3(a): 

I )  12 = 1.56mm 1.518 1.350 2.032 1.509 1.359 2.033 
2) tz = 2.90mm 1.532 1.374 2.057 1.533 1.334 2.083 

1)t2=2.00mm 1.402 1.176 1.884 1.409 1.184 1.958 
2 ) t l =  3.I2mm 1.413 1.273 1.901 1.414 1.233 1.958 

Antenna 3(b): 

Table I Summary of the results obtained for antenna 3(a) and 3(b) 

Mode frequencies ( G M )  
Calculated values Measured values 

TMm TMUI T&z T h o  TMol TMOZ 
Antenna 3(c): 

t2 = 0.02mm 
& 1, = 0.635mm 1.347 1.083 2.166 1.326 1.094 2.125 

Antenna 3(c): 
12 = 0.04mm 

& I, = 1.27mm 1.244 0.995 1.991 1.236 1.012 1.961 

Table 2 Summary of the results obtained for antenna 3(c) 

Figure 1 Antenna with multi layer Figure 2 Simplification of multi layer 
substrates antenna into a single layer 
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Figure 3 Microstrip patch antennas used in (his investigation. 
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Return loss versus frequency for antenna 3(a) with tz = I.56mm 
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Return loss versus frequency for antenna 3(b) with i I  = 2.00mm 
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Relurn loss versus frequency for antenna 3(c) with ( 1 1 ,  I, ) = (0.04, 1.27) mm 

figure 4 Typical results of return loss versus frequency for antennas 3 a. b, c 
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