
In this episode we show software and hardware options for building a home or university lab on a 

budget. In particular, we discuss antenna simulation and EM software that can be used for free, and 

recently introduced TinySA Ultra, NanoVNA, and LiteVNA spectrum and vector network analyzers that 

can be bought for relatively low prices. For those interested in course/class design, we also discuss lab 

assignments and projects, including ones we may implement during future episodes.

Radio Design 201 Microwave Circuits and Antennas

Episode 4 -  Outfitting Microwave Labs on a Budget
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 .

https://ecefiles.org/
https://www.youtube.com/playlist?list=PL9Ox3wpnB0kpOb7NdpHAK-jDpsZm3Xedx
https://www.youtube.com/playlist?list=PL9Ox3wpnB0kpOb7NdpHAK-jDpsZm3Xedx
https://www.youtube.com/playlist?list=PL9Ox3wpnB0kpOb7NdpHAK-jDpsZm3Xedx
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Today’s  “Lecture”

Today’s Topics

Example Project and Lab Assignments

Radio Design 201 Lab and Project Ideas

Free Software Examples

“Low Cost” Test Equipment Examples

Announcements

Welcome to Episode 4

     (Final episode in 4-part introduction)

See Episodes 1 through 3 for 

➢     Definitions of “microwave”,

➢     Example semester projects, and

➢     Day 1 lecture material



Project/Lab-Oriented  Learning

in Open Laboratories  (See Episode 3) 



Example Class Project

at 5.8 GHz: 
FMCW Radar 

(See Episode 2)

Credit:  KSU ECE Students 

Or Stationary

Target(s)

Student 1
Student 2

Student 3

Student 4



Example Lab3 Assignment  (Page 1)

(Spring 2020)

https://ecefiles.org

https://ecefiles.org/


Lab Assignment  (Pgs 2 – 4)

(Spring 2020)

Made through

ExpressPCB

L1



Lab Assignment  (Pgs 5 – 7)

(Spring 2020)



Construction/Testing (Spring 2020)
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Possible Radio Design 201

Labs/Demos

• Antenna simulations and experiments using EZNEC, 

TinySA and NanoVNA (See also Antenna Briefs series)

• Simulation, construction, and measurement of microstrip 

lines, filters, and amplifiers using QucsStudio, and 

NanoVNA 



Radio Design 201

“Project” Ideas

• 2.4 GHz ISM Band Doppler Radar with Dish Antenna

• 2.4 or 5.8 GHz Doppler + FMCW Radar

• 2.4, 3.4*, or 5.8 GHz Transverter (to/from VHF)

• 5 or 10 GHz Moon-Bounce (EME*) -- as “stretch goal” ☺

                 ( * Amateur/Ham Radio License Required for transmit … )
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Free Antenna Simulators



Some Free EM Simulators



Microstrip Simulation with QucsStudio
(aka “uSimmics”) 



Microstrip Construction and 

Measurement 
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Home-Office RF/Microwave Lab (2021)



TinySA  Spectrum Analyzers



TinySA  and  TinySA-Ultra

Spectrum Analyzers



TinySA  Ultra+ ZS407

2 to 10 GHz (over-range test)



NanoVNA Instruments



Lower-Cost  6 GHz  “NanoVNA”

Usable to 

8+ GHz !



LiteVNA-64 Cal Verifications

Calibration check/verification:

Looking at 2 cm open line after 

calibration thru rated 6.3 GHz

Looking at 30 dB attenuator thru 12 GHz…

S11 Cal-verification thru 10 GHz

Including over-range Testing 



TinySA, LiteVNA, and NanoVNA as

Signal Generators

1 GHz 1 GHz

9 GHz

1 GHz



Attenuators



Low Cost Microwave Antennas



Thanks For 

Watching !

MegawattKS - YouTube https://ecefiles.org

https://www.youtube.com/@MegawattKS
https://www.youtube.com/@MegawattKS
https://www.youtube.com/@MegawattKS
https://ecefiles.org/


Related Microwave and

Lab-on-a Budget Info



RF/Microwave Passive Probes



RF/Microwave Active Probes



Miscellaneous Stuff ☺



Some Related Videos/Sites



“Antenna Briefs” Playlist



Demos in Home Lab



Fast and Easy PCB Layout Software

and Fab (US-based)



KiCad Layout Software
and typical Fab vendor (non-US-based)
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