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=PL9Ox3wpnBOkpObINdpHAK-jDpsZm3Xedx

This material is provided by ecefiles.org for educational use .

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.
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Related Course Syllabi

ECE 662 (Radio Design 101) ECE 764 (Radio Design 201)

Week Material Assignimnents Week Material

Assignments

Course Introduction, radio transmission, wireless link budgets, and received signal powers in dBm

Signal generator, oscilloscope, and spectrum analyzer demos

Soldering and connector assembly demos
Electronics review: DC bias and AC circuits, transistor large/small signal models

CE/CC/CB amplifier configurations, 'O impedances, coupling/bypass cap review
Transistors at RF, resonance, and muned RF amplifier design
Resonant eircuits, Q and bandwidth

Miller effects, stability, common-base and cascode circuits. Voltage vs. power gain

Series/parallel cquivalent circuits, impedance matching with L networks

Component and board parasitics at RI". Introduction to transmission-lines
Transmission lincs and Smith Charts. Impedance measurements at RF

Return loss, SWR, and introduction to S-parameters
Network analyzers, calibrations, and demonsirations

Large signal response of amplifiers - compression and intermodulation
Oscillator design, common base and common collector Colpitts configuration

Frequency stability and phase noise, buffering, PLLs and VCOs,
Analog and digital modulations (FM and FSK) and Bluetooth standards overview

I'ransmitter designs, power amplifiers, FCC rules and regulations
Anlenna lypes and operational prineiples

Receiver design (fined-RF, superhet, and direct-conversion architectures)
Mixer design

IC mixer circuit descriptions
RF and IF Bandpass filters, filter technologies

IF amplifiers, IF limiting amps, and automatic gain control techniques
FM Demodulator circuits

FM IF subsystem integrated circuit descriptions
Audio amplificrs

Additional topics - Troubleshooting techniques

Assemble receiver and test/debug.
Bit slicing, bit‘frame synec, bit-error-rate testing, and other digital comm topies

Project 0 out

Project 0 build due

Project 0 due
Project 1 out

Pjt 1 design duc

Pjt 1 design back

Pjt 1 due, Pjt 2 out

Pijt 2 design due

Pijt 2 design back

Pjt 2 due, Midterm out

Midterm due

Pijt 3 owt

Pjt 3 due
Pjt 4 out

Pit 4 due

Final Exam  Demonstrate receiver and take oral quiz on its operation on or before Friday

Introduction to comm systems, frequencies, and wavelengths
Calculating and measuring received signal strengths with spectrum analyzer

EM theory review
Antenna theory

Basic antenna types: dipoles, monopoles, patches, arrays
Antenna characterisitics: polarization, patterns, and impedance

Measurcment of antenna patterns and signal reflection/transmission
Transmission lincs and reflection cocfficient

Introduction to Smith Charts, plotting of impedance/admittance
Simulation with Agilent ADS

Lambda/4 lines and impedance transformations with microstrip
Microstrip components and coupled-line microwave filiers

PC board design, layout, and parasitics
Two-port circuit theory review and introduction to S-parameters

Circuil analysis and simulation with S-parameters
Amplifier insertion gain, matching, stabilily, noise figure, and compression specs

Project discussion (microwave plus baseband, ADC and DSP functions)
Basic mixer concepts and hybrid-ring microstrip implementations

Voltage controlled oscillators
Frequency multipliers

Project discussions (pads, RF connector test points, test planning)
Frequency synthsizers and phase-locked loops

Project testing/debugging discussions

Analysis and design of dircctional antennas: — Array theory

Dish antennas and antenna feeds: ¢.g, helix, horn, and patch antennas
Antenna simulations with ADS, EZNEC and other tools

Additional radar and wireless performance issues

Final Exam:

Verify you have lab access
Lab 1 assigned

Purchase lab kit (before lab 2)

Lab 1 due

Lab 2 assigned

Lab 2 due

Lab 3 assigned

Lab 3 due

Project assigned

Prototype design/layouts due

Probotype boards back

Test, debug, respin boards
Submit final board layouts

Radar demos and writeups




Radio Design 101 - Overview

= @ YouTube
Receiver and Filter Design

Block Diagram

New Radio Design 101 series
Abstracted from a senior-design University class
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Radio Design 101 - Episode 1 - Transceivers and Filters - Part 1
MegawattKs

14.5K s Analytics Edit video b 1.6K £> Share ﬂ Promote 4 Ask m Save

68K views Sy ago Radio Design 101

This video overviews radio / wireless transmitters and receivers, circuit component impedances’ Lltage divider circuits, and simple one-pole lowpass / bandpass filters. The material is based on a
University senior-design course, but is intended for anyone interested in the nuts and bolts of © :ctronics and radio circuits. This is part 1 of a two part episode focused on bandpass filters - including
their application, design, and measurement. Part 2 will go into filter design in depth, includ” | an overview of impedance matching networks. Future episodes will center around and support te: more
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Component and PCB Parasitics

From Radio Design 101 Appendix C

PCB Traces above Ground Plane 7
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Parasitics Demos
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NanoVNA - Measuring RLC Components YouTube

B YouTube - Megawattks - Jan 8, 2021
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8 More videos . ) What happens at 1GHz
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Radio Design 201 — Review

Radio Design 201 #3
Microwave Circuits and Antennas A Definition of “Microwaves”

Project-oriented Learning

* Radio frequencies where the size of the electronic

¢ —— ! - components and /or interconnects used is larger
. [ro— P : than about 1/10t™ to 1/20 of a wavelength

Speed of Light

A s E 12.5 cm 6 mm (240 mils) Yes? Depends...

Wavelength f 1.25 cm 600 um (24 mils) Yes, for PCB design.
Maybe for IC design.
Frequency Yes, for (most) packaging.

3 meters 15 cm (6 inches) Nope. Just RF

MegawattKS - YouTube https://ecefiles.org

Microwave Student-team designed
Bandpass Filter 5 GHz Radar !



Microwave Circuits and Antennas
Radio Design 201 #9 (Part 2 of 2)

ransmission Lines - Theory and Practice
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Transmission Lines at Microwave

Any connection with distributed
Series L and Shunt C

PC Board Trace

Ideal Model

Model at RF
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A “simple” 3 GHz Lowpass Filter

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

o, uSimmics 5.9 o USimmics 5.8
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Pixing the Problem
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TX-line Reflections Demo
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NanoVNA Demonstrations - Coax line reflections and Smith charts NanoVNA Demonstrations - Coax line reflections and Smith charts
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Demonstrations of reflection coefficients (S11) on coax lines, and use of a NanoVNA (a vector network analyzer) to understand polar and Smith chart Demonstrations of reflection coefficients (S11) on coax lines, and use of a NanoVNA (a vector network analyzer) to understand polar and Smith chart
impedance presentation formats. Derived from a university senior/graduate level course lecture/demo, but presented in a hopefully intuitive way impedance presentation formats. Derived from a university senior/graduate level course lecture/demo, but presented in a hopefully intuitive way
without the math. more without the math. more

60 Comments = Seortby 60 Comments
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Ssummary / 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” Z_

Z  1s determined by series-L and shunt-C per unit length (and hence, by size and separation
of conductors) Z, = \/dL/dx / dC/dx  (recall in free-space,Z, = i, / &)

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

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

= EYouTube Transmission Lines - Signal Transmission and Reflection — Transmission Lines - Signal Transmission and Reflection

With nothing connected to the end of the line,

the voltage at the end of the transmission line
reaches double the value of the DC input voltage
from the battery, and the signal is then reflected back.

Transmission Lines - Signal Transmission and Reflection o . i L =
Transmission Lines - Signal Transmission and Reflection

Physics Videos by Eugene Khutoryansky @ .
0 O et Subscribe s 5k G p>share e 0 Physics Videos by Eugene Khutoryansky ®
104N bers

913K views 10y ago
Visualization of the voltages and currents for electrical signals along a transmission line. My Patreon page is at @ / eugenek more 913,430 views Aug 3, 2016
Visualization of the voltages and currents for electrical signals along a transmission line. My Patreon page is at @ / eugenek




Homework ©
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Ideal Model

Possibly get a NanoVNA and try
some measurements Model at RF

See full “Test Equipment” video
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NanoVNA - Measuring RLC Components

5 Megavlvatth Analytics Edit video & 1.7K 4> Share %] Promote 4 Ask

75,637 views Jan 8, 2021
Using a Vector Network Analyzer (VNA) to measure and understand RLC para n radio / wireless design and construction. Looks at resistors,
capacitors, and inductors and their non-ideal behaviors at radio and microwave frequencies. Also includes brief discussions of EM fields, both in free

Play Video Trailer here © e e

4+ Al-generated video summary « Al can make mi

MegawattkKsS explores the impact of parasitic capacitance and inductance on standard resistors, capacitors, and inductors at high frequencies. By
utilizing a NanoVNA to test various components and board traces, this demonstration clarifies why physical design limitations and circuit layout
choices are critical when moving from theoretical models to practical radio frequency electronics.
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Thanks For
Watching !

MegawattKS - YouTube https://ecefiles.org
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