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Abstract This paper deals with the various techniques for reduction in the size of the antennas A small microstrip patch antenna is 
presented The probe-fed microstrip patch incorporates a single shorting post which significantly reduces the overall si/c ofthe antenna Theoretical 
impedance behaviour and radiation characteristics of the modified patch arc given.
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1. In t ro d u c tio n

In the p resen t s c e n a r io  o f  in c re a se  in  d e m a n d  b y  th e  sy s tem  

designers fo r th e  im p le m e n ta t io n  o f  m o re  c o m p le x  fu n c tio n s  

in reduced sp a c e , th e re  is an  in c re a se  in  th e  d e m a n d  fo r  the  

active in teg ra ted  m ic ro s t r ip  p a tc h  a n te n n a s  w ith  lo w e r size  

and w eight. T h is  p a p e r  a d d re s se s  th e se  d e m a n d s  b y  d e sc r ib in g  

various te c h n iq u e s  to  s a t is fy  th e  s e v e re  c o n s tra in ts  on  th e  

physical d im e n s io n s , th e  n e e d  fo r  “ m in ia tu r is a tio n ” o f  th e  

patch an ten n as. S u c h  lig h t w e ig h t  a n d  lo w  v o lu m e  a n te n n a s  

could find  a p p l ic a t io n s  in  la n d , m o b i le  a n d  p e rs o n a l 

com m unication  s y s te m s  a n d  a irb o rn e  a n te n n a  sy s tem s .

The h a lf-w a v e le n g th  (A /2 )  o p e n -c irc u ite d  m ic ro s tr ip  pa tch  

antenna is u se d  b e c a u s e  o f  b o th  its  c o n v e n tio n a l p ro p e r ty  and  

relative ease  to  m a n u fa c tu re .  M in ia tu r is a tio n  o f  th e  re s o n a n t 

nuciLstrip p a tch  a n te n n a s  c a n  b e  a c c o m p lis h e d  b y  lo ad in g . 

Loading can  ta k e  v a r io u s  fo rm s , n a m e ly  ( i)  u se  o f  su b s tra te s  

and/or su p e rs tra te s  o f  h ig h e r  p e rm it tiv ity , ( i i)  m o d if ic a tio n  

of basic p a tch  g e o m e try  a n d  ( i i i )  u se  o f  sh o r t-c irc u itin g  

posts T hese  a re  b r ie f ly  d e s c r ib e d  b e lo w .

Loading th e  re s o n a n t  a n te n n a  w ith  th e  h ig h  p e rm ittiv ity  

dielectric m a te r ia l  r e d u c e s  th e  s iz e  o f  th e  a n te n n a  [1]. 

Although th e  re d u c t io n  o f  a n te n n a  d im e n s io n s  b y  d ie le c tr ic  

loading has b e e n  c a r r ie d  o u t  s in c e  a n te n n a s  w e re  f irs t u sed , 

practical im p le m e n ta t io n  h a s  b e e n  c lo s e ly  t ie d  to  th e  

availability a n d  c o m p e t i t iv e  a n d  e c o n o m ic a l c o s t o f  d ie le c tr ic

m a te ria ls  in industry . O n one h an d  h ig h  p e rm ittiv ity  su b stra tes  

can  im p ro v e  so m e a n te n n a  c h a ra c te r is tic s , th e y  a re , on the  

o th e r  h a n d , in v a r ia b ly  c e r a m ic - b a s e d  w h ic h  re q u ir e  

sp ec ia lized  m ach in in g  eq u ip m en t as c o m p ared  to  th a t req u ired  

fo r p la s tic  substcates .

T o  ach ie v e  sm a lle r  p la n a r  a n te n n a s  o p e ra tin g  at th e  sam e  

fre q u e n c ie s  as c o n v e n tio n a lly  c o n fig u re d  a n te n n a s  req u ire s  

a m o re  co m p lex  g eo m e try . O n e  o f  th e  g e o m e try  is C -p a tch  

m ic ro s tr ip  a n te n n a  fo rm ed  b y  c u ttin g  a  sm a ll a re a  in o n e  o f  

th e  ra d ia tin g  e d g es  o f  th e  a n te n n a  [2]. A  s im ila r  te c h n iq u e  

u ses H -sh a p e d  o r  re c ta n g u la r  r in g  m ic ro s tr ip  p a tc h , w h ich  

c o n s is ts  o f  a  s trip  o f  m e ta l, H -sh a p e d  o r  re c ta n g u la r  rin g - 

sh a p e d  su p p o rte d  on  th e  g ro u n d e d  d ie le c tr ic  sh ee t. It h as  a 

size  a b o u t h a lf  th a t o f  th e  re c ta n g u la r  p a tc h , w ith  la rg e r 

b e am w id th  b u t sm a lle r  b a n d w id th . O th e r  m in ia tu risa tio n  

sh a p e s  in c lu d e  th e  d o u b le  C -p a tch  ( tw o  s ta c k e d  C -sh ap ed  

a n te n n a  e le m e n ts  c o n n e c te d  to g e th e r  w ith  a  v e rtic a l g ro u n d  

p la n e ) [3 ], a n n u la r  s lo t an d  th e  a n n u la r  se c to r. S o m e  o f  th e  

o th e r  sh a p e s  m a k e  in e f fic ie n t u se  o f  th e  a v a ila b le  a re a  and  

an  a d e q u a te  p e rfo rm a n c e  ca n  o n ly  b e  a c h ie v e d  e ith e r  by  

su p e r-c o n d u c tin g  m a te ria l o r  th ic k  lo w -lo ss  su b s tra te s .

C o m m o n  te c h n iq u e  to  re d u c e  th e  o v e ra ll s iz e  o f  a 

m ic ro s tr ip  p a tch  an te n n a  is to  te rm in a te  o n e  o f  th e  ra d ia tin g  

e d g e s  w ith  a  sh o rt c irc u it [4]. T h e  sh o r t c irc u it c an  b e  in th e  

fo rm  o f  a m eta l c la m p  o r a c o p p e r  sh e e t w ra p p e d  a ro u n d  the
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e d g e  o r  a  se r ie s  o f  sh o r tin g  p o sts  lo ca ted  n e a r  th e  feed  o f  

th e  a n te n n a . T h e se  m o d if ie d  p a tch e s  a re  a p p ro x im a te ly  a 

q u a r te r -w a v e le n g th  in len g th  an d  g e n e ra lly  h a v e  a w id e r 

b e a m w id th  c o m p a re d  to  c o n v e n tio n a lly  s ized  p a tc h e s . 

H o w e v e r, th is  a lso  e lim in a te s  th e  m u tu a l c o u p lin g  b e tw een  

th e  tw o  so u rc e s  an d  th e  b a n d w id th  is re d u c e d  by ab o u t o iic- 

fifth .

R e d u c in g  th e  o v e ra ll len g th  o f  a  q u a rte r-w a v e le n g th  

(A /4 )  sh o rte d  p a tch  to  less th an  z l/8  is p o ss ib le  b y  re p la c in g  

th e  co ax  feed  by  a c a p a c itiv e  feed  [5]. I 'h e  c a p a c itiv e  load  

is fo rm e d  by  fo ld in g  th e  o p e n  en d  o f  the  p a tc h  to w a rd s  th e  

g ro u n d  p la n e  an d  a d d in g  a p la te  (p a ra lle l to  th e  g ro u n d  

p lan e ) .

2 . A n te n n a  d e s ig n  a n d  s im u la t io n  r e s u l ts

A s w as e v id e n t in [4], a lth o u g h  re d u c in g  th e  n u m b e r o f  

sh o r tin g  p o s ts  e f fe c tiv e ly  re d u c e s  th e  size  o f  th e  p a tch , th e  

in p u t im p e d a n c e  at re so n a n c e  b e c o m e s  s ig n if ic a n tly  la rg er. 

T h is  is in d eed  th e  case  w h en  u s in g  a s in g le  sh o r tin g  post. 

It w as  ib u n d  th a t to  red u c e  th e  in p u t im p e d a n c e  at re so n a n c e  

to  c lo se  to  .50 Q , v e ry  sm all c o n d u c to rs  fo r b o th  th e  c o ax ia l 

feed  an d  th e  sh o r tin g  p o st m us! be u sed  a n d  a lso  th ese  

c o n d u c to rs  m u s t be  lo ca ted  in c lo se  p ro x im ity . In th e  d es ig n  

o f  th e  p ro b e -fe d  c irc u la r  m ic ro s tr ip  p a tch  w ith  a s in g le  

sh o r tin g  p o st, th e  sh o r t-c irc u it w a s  m o v e d  s lig h tly  aw ay  

fro m  th e  p a tch  c o n d u c to r  e d g e  T h e  re a so n s  fo r d o in g  so 

w e re  to  ea se  th e  to le ra n c e s  o n  th e  e tc h in g  o f  th e  p a tc h  as 

w e ll as to  re d u c e  th e  l ik e lih o o d  o f  e x c itin g  h ig h e r  o rd e r  

m o d e s  in th e  v ic in ity  o f  th e  post.

F ig u re  1 sh o w s  th e  g e o m e try  o f  th e  p ro b e -fe d  c irc u la r  

m ic ro s tr ip  p a tc h  w ith  a  s in g le  sh o r tin g  p o s t I’he ra d iu s  o f

Figure I. Geometric layout of probe-fed circular microstrip patch antenna 
with a single shorting post

c o n v e n tio n a l c irc u la r  p a tch  (m o u n te d  o n  th e  sa m e  substrate 

an d  d e s ig n e d  to  re so n a te  at th e  sa m e  fre q u e n c y )  w ith  the 

ra d iu s  o f  27.1 m m , ~ 0 .l4 A o . T o  a c c u ra te ly  p re d ic t the 

im p e d a n c e  b e h a v io r  an d  th e  ra d ia tio n  c h a ra c te r is tic s  o f  the 

m o d if ie d  p ro b e -fe d  c irc u la r  p a tc h , IE 3 D  so f tw a re  [6] was 

u sed . F ig u re  2  sh o w s th e  re tu rn  lo ss  c h a ra c te r is tic  o f  the

Figure 2. Impedance behavior of tlie modified patch (Smith th.irii

ab o v e  p a tch . T h e  th e o re tic a l im p e d a n c e  b e h a v io r  o f  the 

sh o rte d  p a tch  is sh o w n  in F ig u re s  3 an d  4 w hile  the

irr̂ ehm)

Figure 3. Impedance characteristic.s of shorted microstrip patch 
antenna.

this modified circular patch is 9.19 mm, ~0.047Ao (where ^  
is the free spare wave' th). T h is compares with a Fieure 4. Return loss of shorted microstrip patch antenna
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la d ia t io n  characteristics of the modified patch are shown in 

l-iiliire 5.

E thdta, phi=0. (deg)
E-phi, phi««90. (deg)

0.0

Hgiiri' 5. Sitmiliilcd F-plane and 11-planc radiation patlcras ol'shortcd 
microsltip patch.

3. C o n c lu s io n s

A small microstrip patch antenna has been analysed. The 
inobc-lcd microstrip patch with a single shorting post is 
si!;nilic;mlly smaller in size than conventional microstrip

patch antennas and is thus suitable for applications where 
limited antenna real estate is available.
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