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Characteristics of space and surface waves excited by a surface 
electric current distribution in a aultilayered structure are studied. 
Exact for.ulation of the input and autual iapedances and also radiation 
fields considering the effects of surface waves and the leaky .odes is 
presented. These characteristics are investigated via the reaction concept. 
The subject .ay find application for theoretical analysis of the aechanisa 
of autual coupling in ailliaeter wave printed antennas. 

I, INTRODUCTION 

Radiation and i.pedance characteristics of a surface electric 
current distribution such as printed strip dipoles in stratified aedia 
are reported by a nu.her of investigators. In the present investigation 
an atteapt has been .ade to study the characteristics of space and surface 
waves excited by a surface electroaagnetic source and the e ffects of the. 
on the certain paraaeters of the antenna such as radiation pattern and 
input iapedance[4]. 

The reaction concept is adopted as the aain essence of this work. 
It will he shown in general that the iapedance characteristics and 
radiation pattern of a printed antenna are affected not only by the space 
wave but also by the existence of surface waves and the leaky .odes which 
are excited by the saae electroaagneti c source. The aechanisa of autual 
coupling and cross polarization patterns and any other certain paraaeter of 
a printed antenna will he exactly justified, especially in .illiaeter wave 
range.In the following sections basic features of our approach will be 
outlined. 

II,FORMULATION OF THE PROBLEM 

The geo.etry under consideration is shown in fig.l, a printed strip 
dipole on the upper surface of a grounded dielectric substrate is assuaed 
to be the source of space and surface waves,but this assuaption will not 
restrict the procedure. 

The Hertz potential coaponents r Q , r z for z~ are given in 
cylindrical coordinates as [2](a tiae dependence exp(j~t) is assuaed): 
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fig.1. a printed strip dipole with a longitudinal current distribution 
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f(Q)=2Q(er)8inh(u'h); g(Q)=gZ(1-er)(er)8inh(2u'h)ta 
and .x=cos(~) while .y=sin(~) 
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De{a): pusinh(u'h)+u'cosh(u'h) (4) 
Da{2)=u{er)cosh(u'b)+ pu'giob(u'h) (5) 

with U2={g2_ko2) ; u,z=(Q2_k2 ) (6) 
The integrands in (1),(2) contain singularities in the range ko<Q<k which 
correspond to either transverse aagnetic(TM) surface wave .ades(o.(a)=O) or 
transverse electric (TE) surface wave .ades(De(Q)=O).ln addition to the 
surface wave poles of the integrands in (1) and (2) which lie on the real 
axis,there are an infinite nuaher of coaplex roots which give rise to a 
class of lIOdes called leaky .ades[3]. 

The nuaber of lIOdes excited depends upon the thickness h of the 
substrate, its dielectric constant Er,and the frequency of operation. The 
So .. erfeld-type integrals given by (1) and (2) contain the two radicals 
given by u and u' which are double-valued functions of the coaplex 
variable 2.However the sign of the radical represented by u' does not 
affect the single-valuedness of the integrands,since the teras involving u' 
are even functions of a.This iaplies then that only the branch points 
contributed by u need be considered[l]. Thus the integrands in (1) and (2) 
are two-valued functions of g because of the two branches of the function 
u.The branch points occur at: Q=±ko (7) 
The convergence. of the integrals and outward-propagating or attenuated wave 
character require (Re 2)0) and (la 0<0) [3].The choice of the branch cuts 
and the path of integration are shown in fig.2. Although the branch cut is 
arbitrary,as far as the original integrals along Care concerned,it aust be 
chosen .are carefully if the integrals along Cl are to vanish.Also it is 
only on the proper branch that the integrals (1) and (2) will converge at 
infinity.The original integral along C is thus equal to: 

J =- J - J -2~j E residue at QRoTM(n) 
C Cl C2 n 

TE(n) 
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n 
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aRo and aRo are the n-th teros of n.(a) and De{a) respectively. 
Provided we Rssuae that ko has a saall iaaginary part,that is, ko=ko'-jko", 
corresponding to a saall loss in the aediua.lf the integral along the 
seaicircle Cl vanishes,then the original integrals are equal to the branch 
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fig.2. path of integration 
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cut integral plus the residues contributed by the 
cut integral represents the radiation field with 

enclosed poles. The branch 
a continuous eigen value 

spectru. [3] : 
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surface wave field for the n-th surface wave .ode is obtained as: 
TM .odes: -u( z-h) (2 ) 
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The space and surface wave fiel s of a printed strip dipole are 
deter.ined.Notice that we have a8su.ed the current distribution on the 
strip dipole. Derivation of this current distribution has been discussed 
in the literature[5],[6],[7].Therefore we have shown that total fields 
due to the radiation of an electro.agnetic source can be deco.posed into 
three separate parts . Contribution of the. on the radiation pattern,cross 
polarization and sidelobe levels depend upon the confor.ity between their 
polarization and the direction of current distribution. 

The effect of space and surface wave .odes on input i.pedance can be 
shown by using the concept of self reaction [8]. Deco.position of electric 
field into space,TE surface wave .odes and TN surface wave .odes yields: 

Zin=C <s ,aHC <8 ,aHe <r,a> (14) 
1TE 2TM 3 

where <s,a> is the reaction of surface wave fields on the corresponding 
surface current source and <r,a> is the reaction of radiated field on the 
sa.e source. The effect on .utual i.pedance can also be shown as follows: 

Zab=B <5 ,bH8 <s ,b>+B <r,b> (15) 
1TE 2TM 3 

The far field due to the ele.entary horizontal dipole at z=h is 
given in spherical coordinates by {2]: 

and 
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According to previous discussions,it can be 
fields are affected not only by space waves but 
-odes and TM surface wave -odes. 

observed that radiated 
also by TE surface wave 

The surface wave a.plitude for the TEl and TM2 .odes of ax direc ted 
electric dipole are plotted in figs.3 ,4 respectively . The para.eters were 
h=1 .27 •• ,Er=2.33,and f=30GHz. Fig.S shows t he variation of the radiated 
field co.ponents due to the radiation of a x directed electric dipole 
wi th the saae paraaeters. These space and surface wave co.ponents are 
plotted in the vicinity of the source. 

I II. CONCLUSION 

This paper has presented an accurate .ethod for the evaluation of 
the effects of space and surface wave .odes on the certain paraaeters of a 
surface electro.agnetic source such as a printed dipole via the concept of 
reaction. The present investigation .ay find applications in the studying of 
the . echanis. of .utual coupling in .illi.eter wave printed antennas • 
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