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For a 50 Ω system, design a lumped-element, Butterworth high-pass filter with a cut-off 
frequency of 2.4 GHz with an attenuation of at least 15 dB at 1.2 GHz using the 
architecture of Fig. 8.25a.  a) Determine the filter order N and 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 a vertical dashed line at 2.4 GHz for 0 ≤ f ≤ 5 GHz & -25 dB ≤ |VL| ≤ 0. 
a)  Since ω is at 0.5ωc for the HPF, calculate normalized frequency for LPF prototype at 2ωc 

|ω /ωc | - 1 = |2ωc
 /ωc | - 1 = 1.  From Figure 8.26, we see that an LP prototype filter of 

order N = 3 is needed to meet the 15 dB attenuation specification. 

15 dB

 
From Table 8.3, we get the immittances:   

g0 = g4 = 1 (resistors), g1 = g3 = 1.0000 (capacitors), and g2 = 2.0000 (inductor). 
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b)  For filter architecture of Fig 8.25a, use the immittances & equations (8.64cd), & (8.70ab) 
to get necessary scaled & transformed shunt inductances and series capacitances: 

Per (8.64c),   '
0 50SR R= =                                                                     ⇒    Rs’ = 50 Ω. 

Per (8.70b), ' ' 0 0
1 3 9

1

50
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C gω ω π

= = = =
×

         ⇒    L1’= L3’= 3.315 nH. 

Per (8.70a), '
2 9
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                  C2’= 0.663 pF. 

Per (8.64d), '
0 0 4 50(1)L LR R R R g= = =                                                 ⇒    RL’ = 50 Ω. 

 The resulting Butterworth highpass filter circuit with component values is: 

Vs
+
-

Rs   =50 Ω

L1   = nH3.315 RL =50Ω

C2   = pF0.663

L3   = nH3.315

 

c)  From circuits, use ZR = R, ZL = jωL, and ZC = 1/jωC. 
The resulting Butterworth highpass filter circuit in phasor form is: 

V =s  

1 0 V∠ ° 

+
-

Rs   =50Ω Zc 2 = 1/jω ×100.663 −12
 Ω

RL   =50Ω
ZL1  =

 jω ×10 Ω3.315 −9Vin

+

-
VL 

+

-

Zl3  =
 jω ×10 Ω3.315 −9

 
 
d) Using MathCAD 
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