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TABLE I 

Gain Bandwidth  Beamwidth 

N Theory  Experiment  3  dB 1 dB E H Sidelobes 

4 14.5 dB  13.5  dB  1.5 GHz 550 MHz 35" 3 7; -8 dB 
8 17.7 dB 17  dB 1.5 GHz 700 MHz 3 2' 16 -9 dB 

16  21 dB 20.3  dB 1.5 GHz 600 MHz 15' 15" -12  dB 
64  27  dB 24.3  dB 1.4 GHz 650 MHz 8"  8" -12  dB 

This  formula  may  be used to  find  the  element  width so the radia- 
tion resistance will be 200 n. It  should  be  noted  that  the  inte- 
grand for PR is the radiation  pattern  of a single element.  The 
radiation  pattern  for  an  array will be given by  the  product  of  this 
integrand  by  the  array  factor.  This was  used in  the  computer sim- 
ulation  to  find  the  optimum  distance  between  elements. 

The  same expression with a different  current  distribution was 
also used to estimate  the  radiation  loss  from  the  feed  network  in 
the  array. 
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On Some Broad-Band  Microstrip Resonators 

D. R.  PODDAR, J. S .  CHATTERJEE, AND S .  R. CHOWDHURY 

Absrracr-The variation of voltage  standing-wave  ratio (VSWR) with 
frequency  for  microstrip  antennas on  stepped  and  wedge-shaped  di- 
electric-substrates is measured for a  band of frequencies,  and is com- 
pared with  those  of  an  equivalent  rectangular  microstrip  resonator.  The 
results  indicate  a  considerable  improvement  in  bandwidth. 

INTRODUCTION 

Microstrip  resonators  of  rectangular,  circular,  and  other  shapes 
have been investigated in many  works [ l ]  -[5]  because of their 
various  advantages,  such as ease of  fabrication  and  compatibility 
with  solid-state  microwave devices. The  main  drawback of micro- 
strip  resonators is their  narrow  bandwidth.  Various  attempts have 
been  made t o  improve  the  bandwidth of microstrip  resonators  like 
using  parasites [6] and increasing the  thickness of substrates [7] by 
various planar  and  multilayered  structures [ 8 ] .  The  present  work 
is concerned  with  the  measurement  of  the (1 :2) voltage standing- 
wave ratio (VSWR) bandwidth  of  some  microstrip  resonators  on 
stepped  and  wedgeshaped  dielectric-substrates.  These  measure- 
ments  indicate  that  the  fractional  bandwidth  in  percentage  ob- 
tainable  by  these  structures ranges from 25 percent,  whereas  the 
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bandwidth  of  microstrip  antennas  reported so far  by  others is less 
than 20 percent. 

EXPERIMENTAL  RESULTS 

The  antennas  are  shown  in  Fig. 1. All the  relevant  dimensions 
in  terms  of  guide  wavelength  are  indicated in Fig. 1. The  micro- 
strip  patches were etched  on  perspex  dielectric  substrates.  The 
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Fig. 1. Proposed  microstrip  structures.  (a)  Stepped  microstrip  resonator. 
@) Rectangular  microstrip  resonator.  (c) Wedge-shaped microstrip 
resonator. 
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FREQUENCY IN G H Z .  - 
Fig. 2 .  V S I R  versus frequency  plot. 

VSWR  versus frequency  plots  of  the  resonators  shown  in  Fig. 1 
are given in Fig. 2. The (1 :2) VSWR bandwidth  of  the  microstrip 
resonator  on a  wedge-shaped dielectric is 28 percent  and  that on 
a stepped  dielectric  is 25 percent,  whereas  the  bandwidth is 13 
percent  for  an  equivalent  rectangular  resonator.  The  maximum 
height  for all the  resonators  was 0.01 m.  This  indicates  that  there 
is considerable  improvement  of  bandwidth over that  of a  similar 
rectangular  microstrip  resonator.  It  may  be  mentioned  that  the 
feed  point was in  the  same  position  for all the  resonators. 
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Cylindrical-Rectangular Microstrip Antenna 

CLIFFORD M. KROWNE 

Absrracf-Resonant  frequencies f, of  a  cylindrical-rectangular  micro- 
strip  antenna  are  theoretically  calculated. Comparison is  made  tof,  for  a 
planar  rectangular  patch  antenna,  including  the  simplest  planar  patch 
modes  having no field  variation  normal  to  the  patch  surface.  The  validity 
of using  planar  antenna  patches  to  characterize  microstrip  antennas is 
examined. 

INTRODUCTION 

In many  applications  pertaining t o  satellites, missiles, space- 
craft,  and  aircraft,  conformal  microstrip  antenna  patches  are used. 
Microstrip  antenna  patches  are  placed  above  what  may  be  char- 
acterized  as a conducting  plane  with a dielectric  substrate  separa- 
ting  the  patch  from  the  conducting  plane [ l]  . However,  often 
this  plane  surface is either  distorted or the  antenna  elements  are 
intentionally  placed  on a curved  surface.  Thus t o  determine  the 
correct  modal field solution  to  the  electromagnetic  cavity  prob- 
lem,  which  can  be used to  find  the  radiation field solution,  this 
curvature  should  be  taken  into  account.  Here  this is done  for a 
rectangular  patch on a cylindrical  surface.  The  assumption  that 
the  conducting  patch  and  the  conducting  cylinder  (ground  sur- 
face)  act as electric walls, and  that  the  open  cavity  ends  act  as 
magnetic walls is applied to   the analysis for  obtaining  the  fields 
and  associated  modal  resonant  frequencies [4]. This  assumption 
should  be  particularly valid when using these fields for  deter- 
mining  the  radiation  pattern  for  the  limiting case of thin cavities 
(I? Q n) which  are  utilized  for  most  microstrip  antenna  applica- 
tions. All of  the analysis for  simplicity also  assumes that  the  per- 
mittivity E and  permeability  pare  constant  (homogeneousmedium 
filling cavity)  and real (no  dielectric losses). 

The eigenvalue equations  for  resonant  frequencies f ,  are  nu- 
merically solved and  examined over  a range of  dielectric  sub- 
strate  thicknesses k .  These  resonant  frequencies f,c for  the 
curved  cylindrical-rectangular  antenna,  representing a distortion 
of a planar rectangular microstrip  antenna,  are  compared  to 
resonant  frequencies frR of  the  planar  patch  antenna  in  order  to 
assess the validity of  the  commonly used assumption  that  con- 
formally  mounted  microstrip  antennas  may  be  treated as  planar. 
The  results  demonstrate  that  this  assumption is good for h that 
is small compared to   the surface  curvature a, and  that  it is ex- 
cellent when  considering  excitation  of  the  antenna  with  no  spatial 
field  variation  normal to  the  surface. 

THEORY 

The  geometry  of  the cavity is shown in Fig. 1 where  Fig. l(a) 
is a perspective  drawing  of a conducting  patch on a cylindrical 
surface, Fig. l(b) is a cross  section  through  the  patch  and nor- 
mal to  the z-axis, and Fig. l(c)  shows  the  cavity  isolated  by itself 
in cross  section.  The  conducting  patch  and  grounded  cylindrical 
surface  are  treated as electric walls and  the  magnetic walls of  the 
cavity are  defined  by  dropping  perpendiculars  from  the  patch 
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