
Prof. T. L. Wu

Microwave Filter Design

Chp6. Highpass Filters

Prof. Tzong-Lin Wu

Department of Electrical Engineering

National Taiwan University

Prof. T. L. Wu

Highpass Filters

� Highpass filter prototype

� Find an appropriate microstrip realization
� Quasilumped HPF

� Optimum Distributed HPF

Highpass 

Transformation
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Example

- Quasilumped Highpass Filters

� Design a three-order HPF with 0.1 dB ripple and cutoff frequency of 1.5 

GHz. The source/load impedance of the filter is 50 Ω.
� Step 1 – Find out the required L/C element values 

� Step 2 – Choose the adequate structures to implement the required L/C
� C1 and C3 are realized by interdigital capacitor

� L2 is realized by short-circuited stub

or

Y-parameters from EM simulator

Prof. T. L. Wu

Example

- Stepped-impedance LPF

� Step 3 – find out the required physical length for element values

Number of fingers: 10

Length of fingers: 10 mm

Width of fingers: 0.3 mm

Space of fingers: 0.2 mm

Width of the line: 2 mm (Zc = 84.62 Ω)

Length of the line: 11.327 mm

The microstrip is designed on a substrate with a dielectric constant of 2.2 and a thickness of 1.57 mm
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Optimum Distributed Highpass Filters

� General structure – equal electrical length connecting line with shorting stubs

Pseudohighpass filter Optimum highpass filter (commensurate elements)

� Optimum filtering characteristics

n stubs imply 2n-1 order filter response
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Optimum Distributed Highpass Filters

� Design equations for optimum highpass filters

Normalized characteristic admittance

Passband
1.

2.

3.

Shorting stub:

Connecting line:
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Example

- Optimum Distributed Highpass Filters

� Design an optimum distributed HPF at cutoff frequency of 1.5 GHz and 0.1 

dB ripple passband up to 6.5 GHz using 6 stubs. The source/load impedance 

of the filter is 50 Ω.
� Step 1 – Find out the required electrical length θc

� Step 2 – look up table to find the required characteristic impedances of the element values

� Intepolation method to find θc= 33.75o
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Example

- Optimum Distributed Highpass Filters
� Find the characteristic impedances for the line elements (Z0 = 50)

The microstrip is designed on a substrate with a dielectric constant of 2.2 and a thickness of 1.57 mm

2n-1 = 11 ripples
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HW V
Please design a HPF based on Butterworth prototype with the following specifications using 

interdigital capacitors and short-circuited stubs:

1. Cutoff frequency : 3 GHz

2. Insertion loss > 25 dB  at 1 GHz

The properties of the substrate is εr = 4.4 and loss tangent of 0. The substrate thickness is 1.6 mm.

a. Please determine the order of the HPF.

b. Find out the required series capacitances and shunt inductance. 

c. Plot the return loss and insertion loss for the designed HPF using ADS.

d. Utilize 6, 8, and 10 fingers to realize this HPF and discuss the frequency response for the 

three structures in EM solver. 

e. Discuss the frequency responses from the circuit simulator (ADS) and EM solver. 


