
Designing radio frequency (RF) and microwave circuits requires an understanding of component and 

printed circuit board parasitics, and how PCB traces become transmission lines when their length 

exceeds about 1/10 of a wavelength. Episode 9 dives into these issues and illustrates them with circuits 

made in associated university courses. The second half of the episode elaborates the mathematics, 

operation, and practical applications of transmission lines, including characteristic impedance, velocity 

of propagation, and signal reflections.

Radio Design 201 Microwave Circuits and Antennas

Episode 9    RF Parasitics and Transmission Lines
Slides downloaded from: https://ecefiles.org/

Companion videos at:   https://www.youtube.com/playlist?list=PL9Ox3wpnB0kpOb7NdpHAK-jDpsZm3Xedx 

This material is provided by ecefiles.org for educational use .
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Related Course Syllabi
ECE 662   (Radio Design 101) ECE 764   (Radio Design 201)



Radio Design 101 - Overview

Student-designed FM Receiver !



Component and PCB Parasitics

From Radio Design 101 Appendix C



Parasitics Demos



Radio Design 201 – Review

Student-team designed 

5 GHz Radar !

Microwave

Bandpass Filter
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Transmission Lines at Microwave

Any connection with distributed 

Series L and Shunt C

• Coax, 

• Twisted-pairs (USB,Ethernet), 

• Ribbon-cable with grounds, 

• Connectors, 

• PCB traces (with ground plane),
• Variants: (Microstrip, CPW, stripline …)

• …



A “simple” 3 GHz Lowpass Filter

Simulations using “uSimmics” (see also: “QucsStudio”)

Narrow PCB Trace ModelSimple Textbook View



Fixing the Problem

Match Rs and Characteristic Impedance (Zo) of transmission line



Today’s “Course Lecture”

Play 

https://www.youtube.com/

watch?v=jo6H5ZeBuYM 

from 2:12 to 2:36

NOTE: 

𝒁 ≡ 𝒁𝒐
in this derivation

https://www.youtube.com/watch?v=jo6H5ZeBuYM
https://www.youtube.com/watch?v=jo6H5ZeBuYM


Today’s Course “Lecture”



TX-line Reflections Demo



Summary / Take-homes
• At RF, consider/model RLC parasitics when designing / simulating circuits

• At Microwave, we treat interconnects as “controlled impedance” transmission lines

• “RF vs Microwave” depends on the length of the tx-lines (and size of components) relative to 

wavelength

• Tx-lines are characterized by their “Characteristic Impedance” Zo

• Zo is determined by series-L and shunt-C per unit length (and hence, by size and separation 

of conductors) 𝑍𝑜 = ΤΤ𝑑𝐿 𝑑𝑥 𝑑𝐶/𝑑𝑥       (recall in free-space, 𝑍𝑜 = Τ𝜇𝑜 𝜀𝑜 )

• Zo  for TX-lines  is usually 50 Ohms, but Zo can range from about 5 to 500 Ohms

• Tx-line initially draws current and power from source like a resistor of value Zo (because 

propagation velocity is < speed-of-light,  which itself is finite)

• When signal reaches end of tx-line, it may be (partially) reflected …



An Interesting Animation Video 

showing TX-line Reflections



Homework ☺

• Watch this video  →

• Possibly get a NanoVNA and try 

some measurements

• See full “Test Equipment” video 

series at https://ecefiles.org/rf-

circuits-course-section-9/

Play Video Trailer here ☺
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Thanks For 

Watching !

MegawattKS - YouTube https://ecefiles.org
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  𝒁 ≡  𝒁 𝒐


   Z o =      d L /  d x     /      d C / d x


   Z o =     𝜇 o     /       𝜀 o

