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A b s t r a c t  . T h e  r a d i a t i o n  p r o p e r t i e s  o f  a  r i g h t  i s o s c e l e s  t r i a n g u l a r  m i c r o s i n p  a n t e n n a  ( R I T M A )  a i e  i n v e s t i g a t e d  t h e o i e l i c a l l y  in  w a i m  i o n i z e d  

[ihisma m e d i u m .  T h e  m o d a l  e x p a n s i o n  t e c h n i q u e  w i t h  v e c t o r  p o t e n t i a l  a p p r o a c h  is a p p l i e d  t o  d e t e r m i n e  th e  r a d i a t i o n  b e h a v i o u r  o f  t h i s  a n t e n n a  in f r e e  

•s|).KL w h i l e  h y d r o d y n a m i c  t h e o r y  i s  a p p l i e d  t o  c o m p u t e  i t s  p e r f o r m a n c e  in  p l a s m a  m e d i u m  T h i s  t h e o r e t i c a l  s t u d y  is  c a r r i e d  o u t  in  T M , ,  m o d e  o f  

(.xciMiion o f  a n t e n n a  a n d  a s i g n i f i c a n t  v a r i a t i o n  m  r a d i a t i o n  c o n d u c t a n c e  a n d  r a d i a t i o n  e f f i c i e n c y  o f  R I T M A  s t r u c t u i e  w i t h  t h e  v a r i a t i o n  in  t h e  r a t i o  

i)( pl . j sm a to  s o u r c e  f r e q u e n c y  ( (o ^ fu ))  is  r e c o r d e d  F o i  b e l t e r  u n d e i s l a n d i n g ,  t h e  c o m p u t e d  H a n d  H  p l a n e  l a d i a t i o n  p a t t e r n s  in  p l a s m a  m e d i u m  a r c  

L i -m p ji ed  w i t h  t h e o r e t i c a l l y  o b t a i n e d  f r e e  s p a c e  p a t t e r n s

Ki> w o r d s  M i c r o s t r i p  a n t e n n a ,  i o n i z e d  p l a s m a  m e d i u m ,  r a d i a t i o n  p r o p e r t i e s  

P \ r S  N o s .  5 2  4 0 . F d ,  8 4  4 0  B a

Antenna technology has developed very rapidly tn recent years 
due to unique and attractive features of microstrip antennas. 
Intense interest in the use of printed circuit antennas for arrays 
lias led to the studies of resonance and radiation properties of 
vanety of planner antenna shapes like rectangular, circular and 
annular ring etc. In contrast, other shapes were either 
investigated purely numerically or received crude analytical 
attention. Only a handful of investigations are carried out on 
triangular geometries [ 1 ].

In the present communication, the radiation properties of a 
light isosceles triangular microstrip antenna (RITMA) are 
investigated theoretically in free space as well as in ionized 
plasma medium. Modal expansion technique with vector 
potential approach is used to obtain radiation properties of 
antenna in free space while hydrodynamic theory is applied m 
plasma medium. Initial assumptions and basic equations 
't^gardmg pi asm a, medium are discussed elsewhere [2]. When 
an antenna is mounted on a space vehicle, it interacts with warm 
and non-drifting ionized plasma medium during its voyage

’ Coi r e s p o n d i n g  Author

through space. The effect of ionosphere plasma medium on the 
radiation properties of microslrip antenna is negligibly small 
because plasma oscillation frequency {f )̂ is much smaller than 
the source frequency (/ )̂. However, a plasma medium with high 
charge density created due to friction at the lime of re-entry of 
the space vehicle in earth's atmosphere; significantly affects 
the radiation performance of antennas. Here, this plasma medium 
is assumed to be warm, isotropic, loss-less, homogeneous, non- 
driflmg continuum of electrons and singly charged ions. The 
presence of singly charged ions is ignored since it does not 
affect the radiation properties of antenna to a great extent. Under 
these conditions, antenna radiates two types of waves namely, 
electromagnetic waves (EM waves) and longitudinal plasma 
waves (LP waves) |3|.

A triangular patch with dimensions a, a and V2.a is shown 
in Figure 1 over a ground plane with substrate thickness h and 
substrate dielectric constant e^. Because of its simplicity in 
nature and reliability of results, Modal expansion technique with 
vector potential approach is applied in this paper to carry out 
mode-dependent study of antenna in free space. Since electric
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fields within the substrate are considered to be z-directed with 
interior modes as quasi-discrete modes to z, the total
electric field at the aperture of antenna are written as the sum of 
the fields associated with different modes so that [4]

m  7T \ \  m  7 t j/i
cos

hence expressions for far zone field pattern factor in 
electromagnetic mode are derived />,

here

where is the mode amplitude coefficient and (v,, v,) is the 
coordinates of feed point

(v -x ) . (2)

In this paper, the feed point on antenna is obtained by rotating 
the coordinate system in X-Y by an angle 45” and shifting it 
along the bisector to the point O' as shown in Figure 1.

F i g u r e  1.  G c o m e l r y  o f  k I T M A  s i r i i c t i i r c  w i t h  c o o r d i n a t e  s y s t e m

Z-directed orthonormalised mode vectors satisfy the wave 
equation and eigen values satisfy the separation equation. The 
propagation constant in plasma medium is

(3)P, = (o

1
I

and ^   ̂“  TCO

Here, (̂ cô  / cô  is defined as the ratio of plasma to source 
frequency.

By applying the concept of equivalent sources and image 
theory, the surface magnetic current density at different edges 
of the patch is evaluated to find vector electric potential (F) and

c o s c o s ^  + F̂ , cos^sin^j, (4^

Eff = + s in ^ -  cos^j.

Similarly in the longitudinal plasma mode, the far zone Held 
pattern factor are obtained following [2 ] / e

îhEKI “
e\\

’̂0̂ " pPp
-V/7 (5)

Here, n is the perturbation of electron population density 
given by

(Or
n =

I  e v o  r ] j

. exp[-//y ( r - r ') l
|(V .A ^) '■ Mv, (6)

\r-r '\

is the r.m.s. thermal velocity of electrons present in the plasma 
medium, T]̂ f is the wave impedance in the dielectric medium. M 
represents the magnetic current density at the edges of the 
patch, rhe propagation constant of longitudinal plasma waves 
(Pf,) is given by

=W V fl)'4= /? ,
 ̂ \ c

\^0 J
(7)

This technique is first tested on a RITMA structure 
= 45^) in free space by substituting plasma parameter A " 1 

in eqs. (1) to (4). Radiation patterns and other parameters of 
antenna are computed with this technique and are validated 
with simulation software IE3D with fairly good agreement. 
Computed and simulated E-plane directive gain of this antenna 
in upper hemisphere is shown in Figure 2 with excellent 
agreement.

Tabic 1. R a d i a t i o n  p a r a m e t e r s  o f  R I T M A  s t r u c t u r e  in  E -  a n d  H - p l a n e

S N o P a r a m e t e r s E - p l a n c  ( ^ - 0 ® ) H - p l a n c  ( ^  =  9 0 ^ ’ )

1 P l a s m a  p a r a m e t e r s  A l . O  0 . 5 0 . 2 1 0 0 . 5  0 . 2

2 D i r e c t i o n  o f  m a i n  l o b c ( 6 ) 0 “ 0 “ 0 “ 0 “ 0 “

3 D i r e c t i o n  o f  s i d e  l o b c ( 6 ) 

( i f  a n y )
" - - -

4 3  d B  b e a m w i d t h  o f  m a i n  l o b e 1 1 8 “ O m n i - O m n i - 7 5 “ 8 7 “ 9 0 “

s d i r c c l i o n a l  d i r e c t i o n a l
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The far zone field pattern factors for RITMA structure in 
( M mode are computed in (0 = 0) and (0 = ;r / 2 ) planes for 
TM mode of excitation by using eq. (4). These results are 
l̂uiwn in Table I for different A values while free space simulated

0  = 9 0 “ ■ # 1  ' c a l c u l a t e d

The E-pIanc radiation patterns m longitudinal plasma mtxic 
are drawn in Figure 4 tor {A = 0.5) for a limited range /.<?. 0 -  45® 
to 65® by applying eqs. (5) to (7). Us nature is similar to those 
patterns drawn for other conventional antennas operating in 
the plasma medium [5] i.c. it contain.several closely spaced 
well-defined lobes. However in this pattern, separation between 
any two successive prominent maximas is almost same.

A - 0 5

ImiirL- 2. ( o n i p i i r i s o n  b e t w e e n  c o m p u t e d  a n d  s i m u l a t e d  d i r e c t i v e  g a i n  o f

I
[ [hicc-dimensional pattern is shown in Figure 3. It can be seen 
I Horn Tabic I that the 3dB beam width of free space patterns [A -  

1 IS less than those in plasma medium {A = 0.2, 0.5). All the 
! p:iKimciei s in this paper, are computed by using // = 0 .150 cm, a
'  ̂f4S em- f -  2 32 andI] ^  2.403 GHz.

F r e q u e n c y  2 , 4 0 2  ( G H z )  
d t h e t a  = 5  ( d e g )  
d p h i  == 1 0  ( d e g )  | E - to ta l  |

| l i ^ i i u  \ ’I ' h r c c - d i n i c i i s i t i n a l  s i m u l a t e d  l a d i u t i o n  p a t t e r n  o f  R H M A

'Hill IIIK'

5 0  5 5  6 0  6 5

A n g le  (in d e g r e e )  ^ »

F i g u r e  4 .  L P  m o d e  r a d i a t i o n  p a n e r n  o f  R I T M A  s t r u e l u i e  in  B - p l a n e

The variation in several antenna parameters with plasma 
parameter A values in EiM mode is shown in Table 2. The values 
of radiation conductance arc obtained by integrating complex 
poynting vector over the upper hemisphere. The radiation 
conductance (Ĝ ,) is maximum in free space (A=1 .0) and decreases 
slightly on decreasing the plasma parameter (A) value. On the 
other hand, in longitudinal plasma mode, (G ) increases 
significantly on decreasing plasma parameter (A). The resultant 
effect of these parameters can be seen on the percent radiation 
efficiency (r]%) of antenna in the plasma medium.

The variation of percent radiation efficiency of antenna in 
the plasma medium as a function of plasma parameter A as shown 
in Table 2, indicates that on decreasing plasma parameter, 
undcsired power contributed by electroacoustic waves, 
dominates over the contribution by electromagnetic waves and

T a b i c  2 .  V a r i a t i o n  in  d i f f e r c n l  a n t e n n a  p a r a m e i e r s  in  E M  m o d e  w i t h  p l a s m a  p a i a r n c i c r  ( A )  in  T M ,  

m o d e  o f  e x c i t a t i o n .

P l a s m a

p a r a m e l c r

A

(( 0 , , / O j ) Q u a l i t y

f a c t o r

Q ,

B a n d - w i d t h

( % )

n i r e c l i v e  

g a m  

( in  d B )

E l f i c i c i i c y

( % )

R a d i a t i o n

c o n d u c l a i i c e

li e

0 . 1 0  9 9 5 2 3 4 . 5 8 0  3 0 4  7 9 0  0 4 0  0 0 3 3

0 . 2 0  9 8 1 4 0  9 8 0  5 0 4 , 8 6 0  3 3 0  0 0 6 6

0 0 , 9 5 4 1 0 2  51 0  6 9 4  9 6 1 1 2 0  0 0 9 6

0  4 0 . 9 1 7 8 2  1 6 0 . 8 6 5 1 2 2 , 7 0 0  0 1 2 4

0 . 5 0 . 8 6 6 7 0  0 5 1 0 1 5 31 6  3 4 0  0 1 4 8

0 . 6 0 . 8 0 0 6 2  4 7 1 13 5 . 5 6 1 3 . 0 3 0 . 0 1 6 8

■ 0 . 7 0  7 1 4 5 7  6 9 1 . 2 3 5 8 5 2 3 , 7 2 0  0 1 8 3

0  8 0  6 0 0 5 4 . 8 6 1 2 9 6 . 2 0 3 9 . 7 6 0 . 0 1 9 3

0 . 9 0 . 4 3 6 5 3 . 4 9 1 . 3 2 6  5 9 5 7 . 9 0 0  0 1 9 9

1 . 0 0 5 3  2 9 I 3 3 7 0 3 1 0 0 0  0 1 9 9
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h e n c e  t h e  p e r c e n t  r a d i a t i o n  e f f i c i e n c y  o f  a n t e n n a  d e c r e a s e s  

s i g n i f i c a n t l y  i n  p l a s m a  m e d i u m  t h a t  i s  a s s u m e d  1 0 0 %  i n  f r e e  

s p a c e .

T h e  v a l u e s  o f  t o t a l  q u a l i t y  f a c t o r ,  d i r e c t i v i t y  a n d  b a n d w i d t h  

( V S W R  2 : 1 )  o f  R I T M A  s t r u c t u r e  a r e  s h o w n  i n  T a b l e  2 ,  a s  a  

f u n c t i o n  o f  p l a s m a  p a r a m e t e r  A .  L o w  v a l u e  o f  t o t a l  q u a l i t y  f a c t o r  

o f  a n t e n n a  i n  f r e e  s p a c e  i n d i c a t e s  t h a t  a n t e n n a  i s  r a d i a t i n g  p o w e r  

m o r e  e f f e c t i v e l y  i n  f r e e  s p a c e .  O n  t h e  o t h e r  h a n d ,  p l a s m a  f i e l d s  

( E A )  a r e  l o n g i t u d i n a l  i n  n a t u r e  a n d  t h e i r  c o n t r i b u t i o n  t o  r a d i a t i o n  

o r  r e c e p t i o n  o f  s i g n a l  b y  a n t e n n a  i s  n o t  a t  a l l  u s e f u l .  T h e i r  

p r e s e n c e  e v e n  d e t e r i o r a t e s  t h e  p e r f o r m a n c e  o f  r a d i a t i n g  

s t r u c t u r e .  H e n c e  a t  l o w  A  v a l u e s ;  e n e r g y  r a d i a t e d  i n  t h e  f o r m  o f  

p l a s m a  w a v e s  i n c r e a s e s ,  w h i c h  i n c r e a s e s  t h e  q u a l i t y  f a c t o r  o f  

a n t e n n a  i n  p l a s m a  m e d i u m .  T h e  E M  m o d e  b a n d w i d t h  a n d  

d i r e c t i v i t y  v a l u e s  o f  a n t e n n a  a r e  a l s o  h i g h e r  i n  f r e e  s p a c e  t h a n  

t h a t  i n  p l a s m a  m e d i u m .

T h e  w o r k  r e p o r t e d  i n  t h i s  p a p e r  i s  p u r e l y  o f  t h e o r e t i c a l  n a t u r e  

b u t  r e s u l t s  a r c  i n t e r e s t i n g .  T h e  r e p o r t e d  r e s u l t s  i n  p l a s m a  n e e d  

e x p e r i m e n t a l  v e r i f i c a t i o n  b e f o r e  a n y  p o s s i b l e  a p p l i c a t i o n ,  w h i c h

i s  n o t  p o s s i b l e  c u r r e n t l y  s i n c e  i n  a n y  p a r t  o f  c o u n t r y ,  f a c i l i t i e s ,  

t o  c r e a t e  a n d  s u s t a i n  h i g h - d e n s i t y  p l a s m a  m e d i u m  f o r  a  l o n g e r  

d u r a t i o n  a r e  n o t  a v a i l a b l e .
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