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Overview

 In this set of notes we calculate CAD formulas for the directivity, gain, efficiency, and 
input resistance of the circular patch, which are accurate for a thin substrate. 

 The formulas are based on the CAD formula for Qsp that was derived in Notes 19. 
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We have:

where
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From Notes 17: 
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Assumption:



Directivity (cont.)
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We then have for the numerator:
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Simplify:



Directivity (cont.)
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We thus have for the numerator: 
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We now let θ → 0 to calculate the numerator of the directivity expression.
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Directivity (cont.)
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Hence, we have: 
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Directivity (cont.)
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Directivity (cont.)

Hence, we have: 
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For the denominator in the directivity formula, we have from Notes 17:
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Directivity (cont.)

Hence, we have:
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Simplifying, we have: 
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Since we are assuming that

For the I0 term, we have from Notes 18 that
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Directivity (cont.)
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Directivity (cont.)

We then have:



The gain of the patch is related to the directivity as: 
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CAD formulas for all of the Q factors were presented in Notes 3. 

and
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Note: 
CAD formulas for all Q’s have now been 

derived, except for Qsw.



From Notes 1:

Gain (cont.)
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(This will be derived later from the spectral-domain method.)



The input resistance at resonance is given by:

Input Resistance
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( )0,0 (0,0) rG D e=

Summary
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Summary (cont.) 
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