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ABSTRACT  
In this paper,study and  survey of microstrip antenna elements is presented, with emphasis on theoretical and 

practical design techniques and material used, as previous study  have been proved that material used play  

significant role in the performance  such as gain ,directivity ,frequency of radiation Available substrate materials 

are reviewed along with the relation between dielectric constant tolerance and resonant frequency of microstrip 

patches. Several theoretical analysis techniques are summarized. Practical procedures are given for both 

standard rectangular and circular patches. The quality, bandwidth, and efficiency factors of typical patch designs 

are discussed.  

 

I. INTRODUCTION 
The purposes of this paper are to describe 

analytical and experimental design approaches for 

microstrip antenna elements, and to provide a 

comprehensive survey of the state of microstrip 

antenna element technology. 

 
 (a)   (b) 

Fig1. (a) Rectangular microstrip patch antenna   (b) 

Circular microstrip patch antenna 

 

By contrast a microstrip device in its simplest 

form consists of a sandwich of two parallel 

conducting layers separated by a single thin dielectric 

substrate [1]. The lower conductor functions as a 

ground plane and the upper conductor may be a 

simple resonant rectangular or circular patch, a 

resonant dipole, or a monolithically printed array of 

patches or dipoles and the associated feed network.  

 

II. MATERIALS FOR PRINTED 

CIRCUIT ANTENNAS 
The propagation constant for a wave in the 

microstrip substrate must be accurately known in 

order to predict the resonant frequency, resonant 

resistance, and other antenna quantities. Antenna 

designers have found that the most sensitive 

parameter in microstrip antenna performance 

estimation is the dielectric constant of the substrate 

material, and that the manufacturer’s tolerance on E, 

is sometimes inadequate. The change in operating 

frequency of a thin substrate microstrip antenna due 

solely to a small tolerance-related change of the 

substrate dielectric constant may be expressed as 

 

δf/fo = -0.5 δδr  / δr                       ......1   

Where fo is the resonant frequency of a microstrip 

antenna assuming a magnetic wall boundary 

condition, δr is the relative dielectric constant,  δf is 

the change in resonant frequency, and δδr is the 

change in relative dielectric constant. 

 

Available Microwave Substrates 
Polytetrafluoroethylene (PTFE) substrates 

reinforced with either glass woven web or glass 

random fiber are very commonly used because of 

their desirable electrical and mechanical properties, 

and because of a wide range of available thicknesses 

and sheet sizes. 

 

Anisotropy 

In order to obtain the necessary mechanical 

properties of PTFE, fill materials are introduced into 

the polymer matrix [2], [3]. This fill material is 

commonly glass fiber although it may also be a 

ceramic. In either case these filler materials take on 

preferred orientations during the manufacturing 

process.  

 

Specialized Substrate Material 

While the material most frequently used for 

printed antenna elements is PTFE, there are other 

materials used for specialized applications. 

Composite materials find applications where weight 

is important, such as for spacecraft antennas, or 
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where large physical separation between the antenna 

element and the ground plane is required. One such 

substrate consists of two thin layers of PTFE bonded 

on each side of hexcell material [3],[4]. Depending 

upon the thickness of the dielectric layers, the 

dielectric constant ranges from 1 .I 7 to about 1.40 

for a composite substrate thickness of 0.25 in. 

A second approach to achieve lightweight antenna 

structures is to support the radiating elements on 

dielectric spacers between the ground plane and the 

radiating element. If these spacers are placed at 

regions within the antenna where the electric field is 

small, the change in operating parameters from an air 

dielectric antenna will be small and can easily be 

computed using perturbation theory [5]. 

 

III. ANALYSIS TECHNIQUES FOR 

MICROSTRIP ELEMENTS 
Transmission-Line Models 

The simplest analytical description of a 

rectangular microstrip patch utilizes transmission-line 

theory and models the patch as two parallel radiating 

slots [6]  .Each radiating edge of length a is modeled 

as a narrow slot radiating into a half-space, with a 

slot admittance given by 

 

G1+ jB1 = δa/ δ0z0[1+ j(1- 0.636 ln k0w)]        …..2   

 

Where λ0 is the free-space wavelength, zo = √µ0/ε0, k0 

= 2π/ λ0, and w is the slot width, approximately equal 

to the substrate thickness t. Since the slots are 

identical,an identical expression holds for the 

admittance of slot 2. Assuming no field variation 

along the direction parallel to the radiating edge, the 

characteristic admittance is given by  

Y0 = aδδr /tz0                                      ………3 

   

Where t is the substrate thickness and δr is the 

relative dielectric constant. Since it is desired to 

excite the slots 180
0 

out of phase, the dimension b is 

set equal to slightly less than λd/2, where λd = λ0/ δδr   

, i.e., b = 0.48λd  to 0.49 λd. This slight reduction in 

resonant length is necessary because of the fringing 

fields at the radiating edges. By properly choosing 

this length reduction factor q, the admittance of slot 2 

after transformation becomes [7] 

 

G2+ jB2 = G1- jB1                                         .....4 

 

So that the total input admittance at resonance 

becomes 

Yin = (G1+ jB1) + (G2+ jB2) = 2G1                                …..5 

In a typical design, a = λ0/2 so that G1 = 0.00417 

mhos, 

i.e, 

Rin = (1/2G1) = 120 δ                                   …..6 

The resonant frequency is found from 

 

fr = c/ δd δδr = qc/2bδδr                                 …..7 

 

The advantage of this model lies in its simplicity, 

i.e., the resonant frequency and input resistance are 

given by the simple formulas (6) and (7). The fringe 

factor q determines the accuracy of the resonant 

frequency and in practice is determined by measuring 

fr for a rectangular patch on a given substrate. It is 

then assumed that the same q value holds for patches 

of other sizes on this same substrate and in the same 

general frequency range. 

 

Modal-Expansion Cavity Models 

Although the preceding transmission-line model 

is easy to use, it suffers from numerous 

disadvantages. It is only useful for patches of 

rectangular shape, the fringe factor q must be 

empirically determined, it ignores field variations 

along the radiating edge, it is not adaptable to 

inclusion of the feed, etc. These disadvantages are 

eliminated in the modal expansion analysis technique 

whereby the patch is viewed as a thin TMz -mode 

cavity with magnetic walls [8],[9],[10]-[16]. 

This results in a much more accurate formulation for 

the input impedance, resonant frequency, etc, for 

both rectangular and circular patches at only a 

modest increase in mathematical complexity. 

  

IV. DESIGN PROCEDURES FOR 

MICROSTRIP ANTENNAS 
This section presents design procedures for 

rectangular and circular microstrip patch antennas. 

For patches of simple rectangular or circular shape, 

the theoretical models presented earlier are used to 

generate design curves.  

 

Rectangular Microstrip Antennas 

The design of a rectangular microstrip antenna 

begins by recognizing that the desired TMl0 mode is 

excited by making the patch dimension b slightly less 

than one-half wavelength in the substrate, λd = λ0/√εr 

thus causing the two parallel radiating edges of 

length a to behave effectively as a two element 

broadside array. The length a is chosen to be 

approximately λ0/2 in a typical design. If there were 

no fringing, the resonant frequency would be given 

by fro = c/(2b/εr).However, in practice, the fringing 

capacitance effect associated with the radiating edges 

causes the effective distance between the radiating 

edges to be slightly greater than b, so that the actual 

resonant frequency is slightly less than fro by a factor 

q as discussed earlier.  

 

Circular Microstrip Antennas 

A circular microstrip patch of radius a and with a 

nonradiating zero- admittance wall has a dominant 

RF mode whose resonant frequency is given by fro = 

ck10'/ (2πa√εr), where k10' = 1.84118[11].In this case 
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the resonant wavelength in the dielectric is therefore 

λd0 = 3.413a.The real resonant frequency f r is 

therefore less than fro. 

 

Performance Parameter: 

The usual goal of an antenna design is to produce 

an antenna system which has high efficiency and 

large bandwidth. However, these parameters are 

interrelated and one does not have complete freedom 

to independently set these parameters. The stored 

energy in the cavity region, including that energy 

stored in the fringing fields around the structure, may 

be calculated and then compared with the various 

losses to compute the Q factor associated with each. 

The steps required to perform these loss calculations 

were outlined previously. There are four loss 

mechanisms to be considered, namely, radiation, the 

loss associated with surface wave propagation on a 

dielectric coated conductor, the loss due to heating in 

the conducting elements and the ground plane, and 

the loss due to heating within the dielectric medium. 

The total Q of the antenna is given by 

 

1/Q = 1/ Qrad + 1/ Qsw + 1/ Qdi + 1/ Qcu                  …..8   

 

The term involving Qsw associated with the surface 

wave is negligible for thin substrates. For thicker 

substrates, techniques are available to estimate the 

surface wave contribution [17],[14]. The Q factors 

may then be calculated assuming that energy stored 

in the fringing fields is negligible, and the field 

distribution within the cavity region does not depend 

on thickness. Formulas for the Q factors due to 

conductor loss and dielectric loss for circular 

microstrip antennas have been obtained [18], [19]. It 

can be shown that these relationships apply in general 

to thin microstrip antennas of arbitrary shape, i.e.,  

Qdi  = 1/tan δ                                          …..9 

Qcu = t/ ds                                           …..10 

 

Where ds = (πfµδ)
-1/2

 is the skin depth associated with 

the conductor. Providing that the field distribution 

along the radiating aperture or within the cavity 

region of the antenna does not change as the 

thickness is varied, it can be shown that the radiation 

quality factor Qrad has the following form: 

 

Qrad = (2w δr /tG/l)                                            …..11 

 

Where G/l is the conductance per unit length of the 

radiating aperture.  

Bandwidth as referred to microstrip antennas 

may take one of several meanings. The usual 

definition of the bandwidth, Δf =Q/f0 is not extremely 

useful by itself. There is usually an impedance 

matching network between the antenna radiating 

element and its input port which must be considered. 

 A more meaningful measure of bandwidth is that 

band of frequencies where the input VSWR is less 

than a specified value, usually 2:1, assuming that a 

unity VSWR is obtained at the design frequency. The 

bandwidth may then be expressed in terms of Q and 

maximum allowable VSWR as follows [20] 

BW= [VSWR- 1]/ QδVSWR                        …..12 

The antenna efficiency (power radiated/power 

input) may be calculated.  

 

η =Q/ Qrad                                                          …..13 

 

Antenna engineers usually express this as the 

antenna loss, i.e.,10 log (l/ η), in decibels. Since the 

copper loss increases with increasing frequency, there 

is more loss for an X-band patch than for an L-band 

patch of the same electrical size.  

 

V. CONCLUSION 
This paper has provided a comprehensive review 

of the state of microstrip antenna element technology 

as it exists in 1981.Most practical microstrip antenna 

designs use either the rectangular or circular patch, 

although other configurations such as the open-circuit 

microstrip radiator or the microstrip dipole are being 

used with increasing success. Design procedures and 

graphical presentations of typical microstrip patch 

performance data have been discussed, with emphasis 

on the rectangular and circular patches. The 

microstrip antenna has typical bandwidths from one 

to six percent, although greater bandwidths may be 

achieved by using increased substrate thickness or 

larger patch sizes. Exclusive of the problems in 

microstrip arrays, there is a critical need for attention 

to the development of key improvements in the 

microstrip element itself. The first and most pressing 

of these is the need for better substrate dielectric 

constant tolerance control, as discussed. The second 

is the need for more detailed attention to rigorous 

solutions for the radiating wall admittance for various 

microstrip antenna geometries, including electrically 

thicker substrates, since this is crucial to improving 

design procedures and formulas. The third 

requirement is for the development of a larger class 

of layered microstrip element configurations which 

can be used for the design of multi frequency 

elements. Related to this is the need for more design 

approaches which can produce greater bandwidth. 

Finally, but certainly not the least of these, is the 

need for greatly expanded efforts in the development 

of monolithically integrated microstrip elements and 

associated active components. 
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