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In ON state condition of the PIN diode (Fig. 3 (a)), the RF signal in 50 Ω microstrip line will be short 
circuited because of low impedance at the input shunt PIN diode due to λ/4 impedance transformation of radial 
stub (from high to low impedance). The radial stub is equivalent to series inductance and capacitance having a 
bandstop response between Port 1 and Port 2. In OFF state condition of the PIN diode (Fig. 3 (b)), the radial stub 
resonator is disconnected from 50 Ω microstrip line having allpass response between input and output port. 

As shown in Fig 3 (a), the bandstop response of the radial stub resonator can be modeled using transmission 
matrix. 

ሾܶ	ሿ ൌ 	 ሾ ଵܶሿሾ ௦ܶሿሾ ଶܶሿ|௏ୀାହ	௏	                                                                  (1) 

 

where Ts is transmission matrix of radial stub resonator, T1 is transmission matrix of Microstrip Line at Port 1 
and T2 is transmission matrix of Microstrip Line at Port 2. 

Therefore, we have 

ሾܶሿ ൌ 	 ൤
cos ଵߠ ݆ܼଵ sin ଵߠ

݆ ଵܻ sin ଵߠ cos ଵߠ
൨ ൤

1 0
݆ ௦ܻ tan ௦ߠ 1൨ ൤

cos ଶߠ ݆ܼଶ sin ଶߠ
݆ ଶܻ sin ଶߠ cos ଶߠ

൨			                                   (2) 

 

Since the impedance of the microstrip lines are 50 Ω, thus they are fully matched with the characteristic 
impedance of 50 Ω and exhibit very minimum power losses. Therefore T1 and T2 can be ignored in order to 
simplify the following equation where S parameter of the radial stub resonator can be obtained by converting the 
transmission matrix in (2) as 

ܵଶଵ|௏ୀାହ௏ 	ൌ
ଶ

ଶା௝௓బ௒ೞ ୲ୟ୬ఏ
 .                                                                        (3) 

where Zo is characteristic impedance of microstrip line and Ys is characteristic admittance of radial stub. 

The characteristic impedance of radial stub can be obtained as [20] 

ܼ௦ ൌ
ଵ

௒ೞ
ൌ

ଵଶ଴గௗ

௥೔ఏඥఢ೐
                                                                                (4) 

where d is thickness of substrate, ri is inner radial of radial stub and ߳௘ is effective dielectric constant. 

The effective dielectric constant of microstrip, ߳௘ can be calculated from [24] 

߳௘ ൌ
ఢೝ	ା	ଵ

ଶ
൅ ቀ

ఢೝି	ଵ

ଶ
ቁ ൬

ଵ

ඥଵାଵଶௗ/ௐ
൰                                                               (6) 

where ߳௥ is relative dielectric constant of substrate. As suggested in [20] for radial stub, W in (6) is calculated as 

 

ܹ ൌ ሺݎ௜ ൅ ௢ሻݎ sin ቀ
θ

ଶ
ቁ                                                                       (7) 

Then, rearrange (3) with (4), we get 

ܵଶଵ|௏ୀାହ௏ 	ൌ
ଶସ଴πௗ

ଶସ଴πௗା௝ ୲ୟ୬ሺఏሻ௓೚௥೔ఏඥఢ೐
 .                                                       (8) 

To calculate length of radial stub resonator, we know  

 

ߠ ൌ ௢ݎߚ ൌ 	ඥ߳௘݇଴ݎ௢                                                                           (9) 

where  

݇଴ ൌ
݂ߨ2
ܿ
. 

 

Therefore, rearrange (9) and by substituting ݎ௢ ൌ 	
గ

ଶ
 , the λ/4 length of the radial stub resonator can be 

determined as 

௢ݎ ൌ
ഏ
మ

ඥఢ೐ቀ
మഏ೑
೎ ቁ

                                                                           (10) 

where c is speed of light and f is resonant frequency. 

Considering fixed value of d and ߳௘ of printed circuit board (PCB) in (4) and (8), we found that angle, θ and 
inner radius, ri of radial stub are significantly influence Zs and S21. Further analysis is carried out using (4) and (8) 
by considering resonant frequency at 3.5 GHz and a FR4 substrate having thickness of 1.6 mm and dielectric 
constant, ߳௥ of 4.7.  

As shown in Fig. 4, angle, θ is fixed at 90° and inner radius, ri is varied in order to observe the correlation 
with Zs and S21. It is found that as the ri is increased it will produce lower Zs and higher attenuation pole of S21. 
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