
EE 481/581 Microwave Engineering, lumped_lin_phase_BPF_2_4GHz_50ohm.docx                  1 / 4 

For a 50 Ω system, design a 4th-order, lumped-element, linear phase bandpass filter with a 
center frequency of 2.4 GHz and a bandwidth of 20% using the architecture of Fig. 8.25a.  
a) Determine the low-pass filter prototype element values.  b) Draw a labeled sketch of the 
scaled and transformed filter with component values.  c) Draw a labeled sketch of the filter 
in phasor form with Vs = 1∠0° V.  d) Plot the amplitude response |VL| in decibels with 
horizontal dashed lines at 20log(0.5) & 20log(0.5/√2) and vertical dashed lines at 2.4 ± 
10% GHz for 1 ≤ f ≤ 4 GHz and -25 ≤ |VL| ≤ -5 dB.  Plot ∠VL (deg) for 1 ≤ f ≤ 4 GHz with 
vertical dashed lines at 2.4 ± 10% GHz. 

a)  From Table 8.5, we get the immittances:   

g0 = g5 = 1 (resistors), g1 = 1.0598 (capacitor), g2 = 0.5116 (inductor),  
g3 = 0.3181 (capacitor), and g4 = 0.1104 (inductor). 

  

b)  Given ∆ = 0.2 and ω0 = 2π (2.4 × 109) rad/s.  Per Table 8.6 and using (8.64a) & (8.64b) for 
impedance scaling, each shunt capacitor in the prototype becomes a shunt L & C: 

C1 = g1 = 1.0598 becomes:        ' 0
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   ⇒    L1’ = 0.626 nH. 
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   ⇒    C1’ = 7.028 pF. 

C3 = g3 = 0.3181 becomes:      ' 0
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   ⇒    L3’ = 2.085 nH. 
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   ⇒    C3’ = 2.109 pF. 
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 Per Table 8.6 and using (8.64a) & (8.64b) for impedance scaling, each series inductor in 
the prototype becomes a series L & C: 

L2 = g2 = 0.5116 becomes:            ' 2 0
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   ⇒    L2’ = 8.482 nH. 
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   ⇒    C2’ = 0.518 pF. 

L4 = g4 = 0.1104 becomes:            ' 4 0
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   ⇒    L4’ = 1.830 nH. 

and '
4 9

0 4 0

0.2
(2 )2.4 10 (0.1104)50

C
g Rω π
∆

= =
×

   ⇒    C4’ = 2.403 pF. 

 Per (8.64c), the source resistance RS = g0 becomes:  '
0 0 (50)1SR R g= =      ⇒    Rs’ = 50 Ω. 

 Per (8.64d), the load resistance RL = g5 becomes:     '
0 5 50(1)LR R g= =      ⇒    RL’ = 50 Ω. 

 The resulting linear phase bandpass filter circuit with component values is: 

Vs
+
-

Rs  =50Ω
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c)  From circuits, use ZR = R, ZL = jωL, and ZC = -j/ωC. 
The resulting linear phase bandpass filter circuit in phasor form is: 
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d) Using MathCAD 
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d) cont. 

 
 Note: The linear phase BPF has NOT rolled off 3 dB at fc = 2.4 ± 10% GHz. 


