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1 Introduction 

In antenna diversity systems, mutual coupling impacts the element terminal impedance: and radiation 
pattern characteristics, leading to altered diversity performance. Most studies of this effect only 
include the effect of the coupling on the pattern, [I] ,  [2]. In this paper, we present a framework 
based on network theory that incorporates the impact of antenna termination [3], [4] in assessing 
the diversity performance of coupled systems. 

2 Coupled Antenna Network Representation 

We will use the scattering parameter (S-parameter) representation as the analysis framework for 
mutually-coupled antenna networks. Figure l(a) illustrates a coupled receiving antenna system 
in which each element of the coupled array is characterized by a generator whose signal passes 
through a coupling matrix Tc consisting of the blocks Tc,ij, i , j  E [1,2], where 1 and 2 refer 
to input and output ports respectively. The block s,,,, = ss represents the coupled S-parameter 
matrix measured at the antenna element input ports. Rather than trying to characterize the remaining 
blocks of 3,. we will simply represent the excitation signal at the antenna ports as E:: so that Til = 

Ssbl + 6s. The N-port antenna in Figure l(a) is attached to the M-port load network 3, through 
a matching network with S-parameter matrix 

The performance of antenna diversity systems depends upon the signal strength on each antenna 
branch as well as the signal correlation between branches. We use the covariance matrix for the 
voltages received on each branch to assess these metrics. For the network in Figure l(a) with 
20 = 1, the received voltages are given by 

- - 

- - 

- 

- - _ _  
- - 

consisting of blocks 3,. i ,  j E [l, :!I. 
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leading to the covariance matrix Rr. = E { V L U ~ }  = R s z H ,  where Rs is the covariance of 5s 
and E {.} represents an expectation. The quantities 6s and Rs can be obtained from the element 
radiation patterns using an open-circuit network analysis. 

3 Results 

We will explore a receive array consisting of two z-oriented half-wave dipoles (0.01X wire radius) 
separated by a distance d. The coupling is characterized using the finite-difference time-domain 
(FDTD) approach. Multipath amvals are assumed confined to the horizontal plane and, unless 
otherwise specified, are uniformly distributed within this plane (0 5 4 < 2a). Figure l(b) plots 
the variation of the signal correlation coefficient magnitude (normalized off-diagonal element of 
the covariance matrix) as a function of antenna spacing for several different antenna terminations. 

The Hermirian match is an optimal match for power transfer such that 31, = Ss . This matching 
network can be chosen to also diagonalize the covariance matrix. As can be seen, for close spacing 
the correlation can be improved by proper matching. 

Figure 2(a) shows the effective diversity order [3] computed at the 1% level as a function of spacing 
for the different termination conditions. We again see that for small antenna spacings, improved 
matching leads to improved diversity performance. This metric also reveals the expected result 
that although the matching network can diagonalize the covariance matrix, this diagonalization 
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comes at the expense of unequal branch SNR and therefore does not facilitate additional diversity 
gain. For larger spacings, clearly the match becomes less important, as the curves for the different 
terminations tend to the same value. Finally, Figure 2(b) shows the diversity order as a function of 
spacing for when the channel is obtained using 5000 realizations of a statistical path-based channel 
model [ 5 ] .  While there certainly are some slight differences between the results in Figures 2(a) and 
(b), the main conclusions obtained from this more practical example are the same as those drawn 
from the more simplistic, previous computation. 
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Figure 2: Plot of effective diversity order as a function of antenna spacing for two coupled dipole 
antennas terminated with various loads for (a) plane waves uniformly distributed in angle in  the 
horizontal plane and (b) channels obtained from a statistical model. 

References 

[I] K. Boyle, “Radiation patterns and correlation of closely spaced linear antennas,” IEEE Trans. Antennas 
Propagat., vol. 50, pp. 1162-1 165, Aug. 2002. 

[2] T. Svantesson and A. Ranheim, “Mutual coupling effects on the capacity of muldelement antenna sys- 
tems,” in lEEE ICASSP’2001, vol. 4, (Salt Lake City, UT), pp. 2485-2488, May 7-1 1 2001. 

131 0. Ngrklit, P. D. Teal, and R. G. Vaughan, “Measurement and evaluation of multi-antenna handsets in 
indoor mobile communication,’’ IEEE Trans. Antennas Propagat., vol. 49, pp. 429437, Mar. 2001. 

[41 R. G. Vaughan and N. L. Scott, “Closely spaced monopoles for mobile communications,” Radio Scierice, 
vol. 28, pp. 1259-1266, Nov.-Dec. 1993. 

[SI J. W. Wallace and M. A. Jensen, “Modeling the indoor MIMO wireless channel:’ 1EEE Trans. Antennas 
Propag., vol. 50, pp. 591-599, May 2002. 

305 


