
Designing a Lowpass Transmission Line Filter Using 

Richard’s Transformation in EDS 

The prototype filter is usually designed as a lowpass filter to operate from a 1 Ω generator into 

a 1 Ω load with a cut-off frequency of 1 rad/sec. There exist many different filter realizations. 

However, ladder network is the most commonly used network due to its low sensitivity to errors 

in the components, resulting in low cost components with large tolerances in performances. The 

ideal filter which has no transition between the passband and the stopband can only be achieved 

with infinite number of elements (infinite delay) which is unrealizable. Practical filters use transfer 

functions which approximate to the ideal response with the minimum amount of delay. There exist 

many approximations to the ideal filter based on the design specifications.  

The simplest approximation to the ideal lowpass filter is maximally flat approximation or 

Butterworth which is maximally flat at d.c. (f = 0 Hz) and infinity but rolls off to 3 dB at ω = 1. 

The cut-off frequency is normally referred to at the - 3 dB point where the filter insertion loss is 

half of the total available power. The Chebyshev filter, with the Chebyshev polynomial as its 

characteristic filtering function, has the equiripple in the passband (only in the passband) which 

provide the optimum selectivity. With the same filter order, Chebyshev filter provide better 

selectivity that the Butterworth. With this advantage, we can see that most of the filters are the 

Chebyshev type filter.  

The Elliptic filter provides the best approximation to ideal filter. The elliptic function 

approximation is equiripple in both the passband and the stopband. One of the disadvantages of 

using the elliptic function filter is that the range of element values required is quite large which is 

up to 10: 1. Furthermore, in many applications we wish to specify the locations of the transmission 

zeros ourselves. This is possible by using the Generalised Chebyshev approximation. This type of 

filter has the same passband characteristic as the Chebyshev filter but different stopband 

characteristic. The transmission zero at infinite frequency for the Chebyshev type filter is moved 

to the desired arbitrary frequencies to achieve higher selectivity than Chebyshev with the same 

order. Introducing transmission zero greatly reduce the number of orders required as compared to 

the Chebyshev filter for the same selectivity requirement. It’s worth to mentioned that there are 

many more filter classes such as Bessel filter, equirriple group delay filter and so on.  



1. Designing lumped element filter.  

We start the design using the lowpass protype cut-off frequency at 1 rad/sec operating at 1 Ω 

generator into a 1 Ω load. The return loss in the passband is set to be at 20 dB. To make it simple, 

we choose filter order N = 3. The values for the lumped elements using ladder type network are 

listed in Table 1. Note that the component values of the filter elements can be synthesized from 

the transfer function or using the formula in any microwave engineering textbooks. 

Table 1. Element values 

 

 

 

 

 

In EDS, construct the schematic circuit as shown in Figure 1. The number of elements is 3 for 

degree N = 3. The terminations are 1 Ω. 

 

Figure 1. Lumped element filter schematic in EDS 

No. @1 rad/s @ at 1 Hz 

1 L1 = 0.85345 H L1 = 0.85345 /(2*pi) H 

2 C2 = 1.104 F C2 = 1.104 F /(2*pi) F 

3 L1 = 0.85345 H L1 = 0.85345 /(2*pi) H 



At the setting page, set the frequency range from -5 Hz to 5 Hz. At the toolbar, run the simulation 

using S-parameter. The response is plotted in Figure 2 which shows that the cutoff frequency at 

the equiripple level is 1 Hz as expected. The return loss is 20 dB. The stopband insertion loss is 

more than 20 dB at after 3 Hz.  

 

Figure 2. Simulated S-parameter response of lumped element filter schematic in EDS 

 

 

 

 



2. Designing transmission line filter using Richard’s transform 

Richard transformation synthesizes an LC network using open- and short-circuited transmission 

line stubs. The transformation states that an inductor can be replaced with a short-circuited stub of 

length EL (electrical length) and characteristic impedance Z0 = L, while a capacitor can be replaced 

with an open-circuited stub of length EL (electrical length) and characteristic impedance Z0 = 1/C. 

The cutoff occurs at unity frequency for a low-pass filter prototype; to obtain the same 

cutoff frequency for the Richards’-transformed filter, the EL required is 45 degree. Table 2 lists 

the characteristic impedance of the short circuit transmission line stub (SSCTL) corresponding to 

inductor and the characteristic impedance of the open-circuit transmission line stub (SOCTL or 

TL1 without termination).  

 

Table 2. Element values 

 

 

 

 

 

 

 

In EDS, construct the schematic circuit as shown in Figure 3. The Richards’ transformations have 

been applied to convert inductors and capacitors to series and shunt stubs. 

No. @1 rad/s Z0 for TL (450) 

1 L1 = 0.85345 H Z = 0.85345 Ω (SSCTL1) 

2 C2 = 1.104 F Z02 = 1/1.104 Ω (TL1) 

3 L1 = 0.85345 H Z = 0.85345 Ω (SSCTL2) 



 

Figure 3. Schematic using Richard’s transmission line in EDS 

 

 

Figure 4. Simulated S-parameter response of lumped element filter schematic in EDS 



The simulation using S-parameters is performed and plotted in Figure 4 which shows that the 

cutoff frequency at the equiripple level is 1 Hz as expected. The return loss is 20 dB. This is the 

same as the lumped element filter. However, beyond the passband, there is an interesting 

characteristic to be observed which is the repetition of the passband at the multiple integral of the 

fundamental frequency. This is the inherent property of transmission line which has the repeated 

passbands called spurious frequencies.   

 

3. Designing transmission line filter using Kuroda’s identity 

Short circuited transmission line stub are very hard to design as compared to the open circuited 

stub in practical implementation especially in microstrip. The Kuroda’s identities use redundant 

transmission line sections to achieve a more practical microwave filter implementation. Adding 1 

Ω transmission lines (TLs) to the circuit in Figure 3 we get Figure 5. This will not change the 

response regardless how long the line will be since they are matched to the source and load (the 

same impedances 1 Ω). The response is the same as that in Figure 4.  

 

Figure 5. Schematic using Richard’s transmission line in EDS with redundant elements 

 

 

 

 



The Kuroda’s identities transform the short circuit stub TL to the shunt circuit stub as shown in 

Figure 6.  

                     

Figure 6. Transforming shorted stub to open circuited stub using Kuroda’s identity. 

The new circuit with all open circuited stub transmission lines is shown in Figure 7. And its 

corresponding response is shown in Figure 8.  

 

 

Figure 7. Schematic using Kuroda’s identity 



 

Figure 8. Simulated response 

 


