
Episode 3 in the introduction to Radio Design 201contains the first-day lecture from the university 

course that RD201 is abstracted from, as well as a 'syllabus' of what is coming in subsequent episodes. 

The Day-1 "lecture" covers radio and antenna basics, frequencies and wavelengths, and applications of 

the microwave spectrum. The syllabus covers recommended books, the project-oriented (a.k.a. project-

based) course design, schedule of topics, and examples of electronic parts used in associated labs and 

projects done in the course.

Radio Design 201 Microwave Circuits and Antennas

Episode 3 -  Project-Oriented Learning
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/
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Frequencies and wavelengths

Microwave spectrum and example 

applications

Course syllabus, schedule,  parts list

Demos, lab, and project possibilities 

for Radio Design 201 

Announcements

Welcome to Episode 3!

See Episodes 1 and 2 for 

➢     definitions of “microwave”, and

➢      example semester projects



Radio and Antenna Basics

RXTX

Antennas and Propagation Series (Antenna Briefs)

Radio Design 101 +  This Series ECE 512, 647, 641, 660, …

Linear Systems w/ Fourier/Laplace/Z Transforms

Digital Signal Processing

Logic Synthesis

Comm Systems

Voice / DataVoice / Data

ECE 512, 647, 641, 660, …

wavelength 𝜆

BasebandBaseband RF / Microwave

Pre-requisites and Related Material

Physics

Math (Algebra, Calculus, Probability)

Circuits and Electronics



What’s Going On Here ?

(from Antenna Briefs series, Episode 1)
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Wavelength vs Frequency (Derivation)

• Wave travels away from antenna with velocity  c 

• Wavelength  𝜆  is distance traveled in one cycle-

time or “period”  T of sinewave source

• Distance is velocity (m/s) times time (s)

• So… 𝜆 = 𝑐𝑇 = 𝑐
1

𝑓

𝝀𝒐 =
𝒄

𝒇
𝑓 = 1 𝑀𝐻𝑧 𝜆𝑜 = 300𝑚

𝑓 = 100 𝑀𝐻𝑧 𝜆𝑜 = 3 𝑚

𝑓 = 10 𝐺𝐻𝑧 𝜆𝑜 = 3 𝑐𝑚

𝑐 =
1

𝜇𝑜𝜖𝑜
= 299,792,458 𝑚/𝑠 ≈ 3𝐸8 𝑚/𝑠 (In free-space)

Wavelength

in meters

(in free space)

Speed of light

in meters/sec

Frequency of source

in cycles/sec (Hertz)



Wavelength on PC Boards

• Wave travels along PCB trace with velocity  𝑣𝑟 c 

• 𝑣𝑟 is the “relative velocity” of light (or radio waves) 

in the PC-board.    E.g.  𝑣𝑟 =
𝑣

𝑐
≈ 0.5

• Actual value of 𝑣𝑟 depends on dielectric’s relative 

permittivity 𝜖𝑟 , trace type (microstrip, CPW, etc.), 

width of traces, and distance to ground plane.

• For Microstrip lines, we use 𝜖𝑟𝑒𝑓𝑓
 since some fields 

are in the board, and  some above it in the air…

𝜆 = 𝑣𝑟𝑐𝑇 =
1

𝜇𝑜𝜖𝑜𝜖𝑟𝑒𝑓𝑓

1

𝑓
=

1

𝜖𝑟𝑒𝑓𝑓

1

𝜇𝑜𝜖𝑜

1

𝑓

One inch line on FR4

mils

𝝀 = 𝑣𝑟

𝒄

𝒇Vr

Example (Microstrip on FR4 PCB):

f = 10 GHz

𝑣𝑟 = 0.552
𝜆 = (0.552)(3cm) 𝑜𝑟 0.652”

𝑣𝑟 𝑐

𝜖𝑟𝑒𝑓𝑓



Recall from Episode 2 and  Radio Design 101

Kirchoff’s Laws don’t (easily) apply  if 𝐿 ≥ 𝜆/10 !

1.5 mm at 10 GHz !



Credit:  KSU ECE Students 

𝜆/4

Bias line

at 2.9 GHz

5.8 GHz

Wilkinson

Power

Divider

5.8 GHz

Bandpass

Filter

2.9 GHz

VCO

Microwave Circuits
… Where we’re headed …
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The RF and Microwave Spectrum

f 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz 100 GHz 1 THz

VLF

Microwave

Millimeter

Wave

TeraHertz

𝜆𝑜
300 km 30 km 3 km 300 m 30 m 3 m 30 cm 3 cm 3 mm 0.3 mm

LF MF HF VHF UHF

L Band  (1 – 2 GHz)

S Band  (2 – 4 GHz)

C Band  (4 – 8 GHz)

Ku Band  (12 – 18 GHz)

K/Ka Band  (18 – 40 GHz)

V Band  (40 – 75 GHz)

Infrared

NOTES:

• More spectrum available in Microwave bands

• Size of efficient antennas decreases with wavelength

• It’s easier to have directional antennas with high gain 

at microwave 

• See Antenna Briefs series for more !

X Band  (8 – 12 GHz)

W Band  (75-110 GHz)



Example Applications

• VLF  - Communication with submarines (due to larger skin-depth)

• LF  - Early wireless and classic radio-location systems

• MF  - AM broadcast

• HF  - International shortwave broadcast, CB, Ham Radio, OTH radar, …

• VHF  - FM/TV broadcast, public safety, aircraft, 2-meter ham band, …

• UHF  -  Arguably, the most valuable spectral region, 

            TV, cell-phones, keyless entry, sensors, WiFi, FRS, and lots more !

• Microwave  -  5G cellular, WiFi, DVB satellites,  radar, …

• Millimeter   -  Automotive radar, deep-space links, future 6G, medical, …
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Videos on Project-Based Learning



Project/Lab-Oriented  Learning 
(See episode 2 for project examples) 



Doppler Radar Project
(See Episode 2) 

-10 to -140 dBm



Example University Course Syllabus



Example Course Syllabus  (Pgs 3-4)



Lecture, Lab, and Project Schedules



Lab and Project Parts List
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Thanks For 

Watching !

MegawattKS - YouTube https://ecefiles.org
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