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Methods of analysis
• Transmission line model

• Cavity model

• Full wave model (most complex 
but accurate)

Rectangular Patch

Fringing fields are responsible of 
radiation

• Analyzed using transmission line

model and cavity  model.

Rectangular Microstrip antenna can be 
represented  as an array of two radiating  
narrow slot each of width W and height h 
separated by T.L of a distance L.

This array has a broadside radiation 
pattern (the peak radiation is in the +x-
direction).



Fringing Effect

Due to finite length of patch electric 
field at edge undergo fringing. 

Fringing effect makes 

• the effective electrical length of the 
patch looks longer than its physical 
length .    Leff=L+2ΔL

• Effective dielectric constant εreff< εr
since electric lines travels in air and 
in substrate(dielectric)

The amount of fringing depend on 

• L/h if L/h>>1 fringing is reduced

• Dielectric material as εr>>1 fringing 
is reduced.

Leff>L

L



Design Equations: 
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the length of a half-wave 

patch is slightly less than a 

half wavelength in the 

dielectric substrate 

material(.49λg) ; The amount 

of length reduction depends 

on εr ,h, and W. Formulas are 

available to estimate the 

resonant length with 

empirical adjustments.





• Inset feed design:
Each radiating slot is represented by a parallel equivalent admittance Y

At resonance input impedance is purely resistive

Reactance cancelled each other . Hence for TM010

Where:

Rin input impedance at edge of patch(i.e at y=0) 

G1 conductance of slot 1 ,G12 mutual conductance between slot1 and 
slot2.(+) for odd distribution of resonant voltage (as in TM010).

Leff ≈ λg/2



It is desired to have Rin(y=y0) = 50Ω
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Cavity Model for Microstrip Antenna

• The normalized fields within the dielectric substrate (between the patch and the ground plane) can be found 

more accurately by treating that region as a cavity bounded by electric conductors (above and below it) and by 

magnetic walls (to simulate an open circuit) along the perimeter of the patch.

Small h/W  approximately, the current flow to the top would be zero( open

circuit), which ideally  would not create any tangential magnetic field 

components to the edges of the patch. This would allow the four side 

• walls to be modeled as perfect magnetic. Also the material within the cavity assumed to be lossless, i.e. cavity 
would not radiate and its input impedance would be purely reactive.

• Later radiation will be considered through the material effective loss tangent δeff. The effective loss tangent is 
chosen appropriately to represent the loss mechanism of the cavity, which now behaves as an antenna and is 
taken as the reciprocal of the antenna quality factor Q (δeff = 1/Q)

• height of the substrate is very small (h <<λ) electric field is nearly normal to the surface of the patch. Therefore 
only TMx field will be considered within the cavity.(no H in direction of propagation)

ො𝑎𝑥



• The vector potential Ax must satisfy the homogeneous wave equation of

A  magnetic vector potential
At same direction of E
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Higher order mode can also be exists 





J at the bottom of the patch set to zero. 
Also it was argued that the tangential magnetic fields 
along the edges of the patch are very small,  so Js will 
be zero so only Ms is exist as a source.
Due to large ground and image theory

auxiliary potential functions A and F generated, respectively, by  J and M are found 





Radiating slots






