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PLANE WAVE SCATTERING FROM INFINITE MICROSTRIP ARRAYS 
ON 

FERRITE SUBSTRATES 

Frances J. Harackiewicz 

Department of Electrical Engineering 
Southern Illinois University 

Carbondale, IL 62901 

INTRODUCTION 

A full-wave analysis of plane-wave scattering from 
an infinite, periodic array of microstrip patches on a 
ferrite slab under different bias conditions is 
presented. The magnetic bias field is applied in a 
direction parallel to the slab. Similarly to what was 
found for a single patch on a ferrite slab biased in a 
direction perpendicular to the slab 111, the scattering 
coefficient which is directly related to the monostatic 
radar cross section is seen to move around in frequency 
as the bias field strength changes. This effect 
indicates that microstrip antennas could be made 
"invisible" or hide in frequency when not in 
transmitting or receiving mode. The bias field could 
be applied when the antenna is not transmitting but is 
wished to be hidden. 

Figure 1 shows the geometry of the array and 
substrate. The given inputs to the analysis are the 
substrate parameters including the bias field strength, 
the array grid geometry, the patch dimensions, and the 
incident angle. The substrate' s permeability is given 
by the tenso;: 

- - 
P =  

where 

and 
p = ( l + G o /  o m  - 
o = 2nf, o = y4nMs,  oo = yHo,  oo = oo + j/T, m and 

T=2/ (yrRH) 
and y is the gyromagnetic ratio, and T is the 
relaxation time, and A H  is the 3dB line width. Note 
that the imaginary parts of the off-diagonal elements 
do not correspond to loss in the medium. Notice that 
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t h e  t enso r  elements vary with b i a s  f i e l d  s t r eng th  Ho 
and with frequency f .  

THEORY 

The ana lys i s  i s  based on t h e  s p e c t r a l  domain 
Green's func t ion  Galerkin method [2] and [3] f o r  a r rays  
p r in t ed  on i s o t r o p i c  and b i a x i a l  slabs. The theory of 
[2] and [3] has  been extended us ing  t h e  spectral-domain 
dyadic Green's func t ion  a s  der ived  i n  [ 4 ] .  This 
Green's func t ion  has  been extended t o  t h e  case  of an 
i n f i n i t e ,  phased a r r ay  of sources  s o  t h a t  only one u n i t  
c e l l  need be considered.  In  t h i s  u n i t  c e l l ,  t h e  patch 
sur face  cu r ren t s  a r e  expanded i n  entire-domain 
t r igonometr ic  b a s i s  func t ions .  The given e x i t a t i o n  i s  
a u n i t  amplitude p lane  wave t h a t  i s  inc ident  and 
r e f l e c t e d  from t h e  grounded f e r r i t e  s l a b  when no 
patches a r e  p re sen t .  A Galerkin method i s  used t o  
so lve  t h e  boundary condi t ion  

E ~ c a t  
t a n  

on t h e  patches f o r  t h e  induced cu r ren t s  on t h e  patch i n  
a u n i t  c e l l .  Then t h e  s c a t t e r i n g  coe f f i c i en t s  S e e ,  

S , and S a r e  found. These sca t t e r ing  
h;f ic!bnts  can rh lge  i n  amplitude from 0 t o  2 and a re  
d i r e c t l y  r e l a t e d  t o  t h e  monostat ic  r e tu rn  from a f i n i t e  
a r ray .  

Surface wave e f f e c t s  a r e  accounted f o r  with the  
Green's func t ion  Galerkin method. Al so  t h e  method can 
be extended t o  inc lude  o t h e r  patch shapes, f i n i t e  
a r rays ,  o r  s i n g l e  pa tches .  

RESULTS 

Figures  2 and 3 show t h e  magnitudes of S and S 
i n  d~ versus frequency f o r  a near  normal inci88ent p l a t$  
wave and f o r  t h r e e  d i f f e r e n t  b i a s  condi t ions  [ 5 ] .  In 
t h e  f i r s t  case,  t h e  inc iden t  f i e l d  does not  couple 
s t rongly  with t h e  ferr i te  magnetic moments, and the  
response does not  change much with b i a s  f i e l d .  In  the  
second case,  t h e  inc iden t  f i e l d  i s  polar ized  a s  t o  
couple with t h e  f e r r i t e  magnefic moments and the  
response does change with t h e  y-directed b i a s  f i e l d .  
In  t h e  second case ,  n o t i c e  t h a t  t h e  resonant peaks 
s h i f t  with b i a s  f i e l d .  A l s o ,  i n  t h e  second case,  t he  
sec t ion  from f i r s t  peak t o  f i r s t  deep n u l l  i n  t h e  
magnetized cases  corresponds t o  t h e  frequency range 
where a magnetostat ic  su r face  wave may e x i s t .  

These r e s u l t s  i n d i c a t e  some promise f o r  t h e  use of 
cont ro l led-b iased  ferri tes a s  subs t r a t e s  f o r  s t e a l t h  
antennas. 
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Figure 1 Geometry of the infinite array problem. 
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Figure 2 Magnitude ol Sgg versus Irequcncy (CHz) lor X. = M, == 0 (unmag 

netiied) and HO = 0.5, 1.0 (KOe)  with Ab, = 0 137 ( K O c ) .  
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bias conditions. 

3 Magnitude 01 S++ versus Irequcncy ( C H t )  lor three different I e r r i t e  
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