
 
 

COURSE OVERVIEW
This 2-day classroom course addresses wireless design for Internet of Things (IoT) applications, 
including common standards, choice of suitable wireless protocol, RF antennas and tuning, 
implementation case studies, self-EMC and integration issues and key IoT RF receiver and 
transmitter performance measurements.

The course begins with an RF design perspective on encoding data onto an RF carrier. This 
includes the concepts of frequency, amplitude and phase modulation as viewed through IQ and eye 
diagrams, leading to an appreciation of how GFSK, QPSK, QAM, OFDM modulation works.

There are perhaps too many choices now available in the IoT marketplace and so we review and 
contrast the strengths and weaknesses of popular options including WiFi, Bluetooth, Zigbee, Sigfox, 
LoRa, Z-Wave and cellular offerings such as NB-IoT and GPRS. We also consider the crowded 
2.4GHz ISM band, which inevitably suffers collisions between co-located systems. When two 
separate radio standards co-exist inside the same product, extra effort and careful consideration is 
needed to keep them from interfering with each other.

The course continues with an overview of the radio architectures commonly employed in IoT 
systems. This helps in understanding their vulnerabilities when performing radio tests and 
debugging implementation issues. This is followed by a review of RF IoT antennas, which are 
primarily small and cheap. Getting the best out of them requires careful siting and matching. Printed 
antenna design examples and some real-world examples of the pitfalls of integration are presented 
and discussed.

Various case studies are then presented with product examples employing Bluetooth, WiFi, Zigbee, 
Sigfox and GPS, including lessons learned, particularly about self-interference between circuit 
blocks and the radio section.

The course concludes with an overview of validating receive and transmit performance of IoT 
systems using a range of RF test equipment. The course includes practical demonstrations to help 
reinforce concepts and performed using the latest RF and microwave test and measurement 
instruments. 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Throughout the course, there will be plenty of opportunities to ask the instructor questions to help 
clarify understanding. You are welcome to bring along your IoT product designs for class or private 
discussion with the instructor. The course instructor brings over 30 years of experience in RF, 
wireless and microwave design, development, test and measurement.

COURSE CURRICULUM

Digital Modulation Fundamentals for IoT Applications
IoT Standards and Making Choices
802.11/ Bluetooth Coexistence Challenges
Transceiver Architectures and Impairments
RF Antennas and Tuning
Case Studies, Integration and Self-EMC Issues
RF IoT Receiver and Transmitter Measurements

TARGET AUDIENCE

RF Design Engineers
Hardware Engineers
RF Integration Engineers
Applications Engineers
Technical Managers

The technical course is aimed at RF and hardware engineers designing, developing, integrating and 
testing devices for RF IoT applications or applications engineers supporting customers with RF IoT 
devices and integration. Technical managers involved in managing IoT development projects will 
also benefit from the course, which will enable them to better understand the various trade-offs and 
challenges involved in RF IoT device development.

PREREQUISITES

Although there are no formal prerequisites for this course, an ability to absorb and understand 
technical concepts is essential together with a desire to learn more about the topics covered. A 
technical background is desirable in order to derive maximum benefit from the course.

Those taking the course would normally be qualified to degree-level or have equivalent experience 
in an engineering, physics or mathematics-related subject. If you are unsure about the technical 
level of the course then either  click here  to complete the contact form or call our office on +44 
(0)1962 920 123.

WHAT’S INCLUDED?

Class tuition by industry expert with 30+ years of experience
Full-colour printed course notes including all presentation slides
Morning and afternoon refreshments and buffet lunches
High-quality printed Certificate of Attendance
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COURSE FEE

£1125 + £225 VAT = £1350 GBP per person

COURSE DATES

Click here to view the latest scheduled course dates.

COURSE LOCATION

The course will be held in a modern, well-equipped conference room at Rohde & Schwarz UK.
Rohde & Schwarz UK, Ancells Business Park, Fleet, Hampshire, GU51 2UZ, UK

COURSE CONTENT

Digital Modulation Fundamentals for IoT Applications
This module provides an RF design perspective on encoding data onto an RF carrier. The concepts 
of frequency, amplitude and phase modulation are described and viewed through IQ and eye 
diagrams, leading to an appreciation of the way that GFSK, QPSK, QAM, OFDM modulation works.

Digital representation of signals
The sampling process 
How fast do I sample? 
Effects of undersampling 
More on sampling 
Quantisation and quantisation noise 
Understanding frequency and time
The Fast Fourier Transform (FFT) 

IoT Standards and Making Choices

This module reviews, compares and contrasts the strengths and weaknesses of popular IoT 
standards options including WiFi, Bluetooth, Zigbee, Sigfox, LoRa, Z-Wave and cellular offerings 
such as NB-IoT and GPRS.

Review of available IoT technologies
WiFi
Bluetooth
Zigbee
Sigfox
LoRa
Z-Wave
Cellular offerings such as NB-IoT and GPRS
IoT frequency bands
IoT operation ranges
Device power consumption 
Data rates
Number of connected devices
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Cost comparison of different technologies
Network topology

802.11/ Bluetooth Coexistence Challenges

This module addresses the crowded 2.4GHz ISM band that inevitably suffers collisions between co-
located systems. When two separate radio standards co-exist inside the same product, extra effort 
is needed to keep them from interfering with each other.

WiFi channel spectrum (2.4 GHz) 
2.4GHz ISM band – crowding
802.11 / Bluetooth coexistence issues
Front-end overload issue
Coexistence Improvements 
WLAN performance degradation 
Concurrent WLAN/Bluetooth use cases 
Bluetooth and 802.11x colocation 
Transceiver architectural options

Transceiver Architectures and Impairments

This module provides an overview of the radio architectures commonly employed in IoT systems 
and provides an insight into heir vulnerabilities when performing radio tests and debugging 
implementation issues.

Transceiver architectures and trade-offs 
Single conversion (RF to IF, or IF to RF)
Double conversion (RF and 2 IFs)
Direct conversion to baseband
Direct digitising
Receiver and transmitter impairments

RF Antennas and Tuning
Most IoT antennas are small and cheap. Getting the best out of them requires careful PCB siting 
and matching. This module begins with an overview of antenna basics followed by a discussion of a 
range of printed antenna designs together with some real-world examples of integration pitfalls.

Antenna basics
How antennas achieve gain
Antenna pattern and beamwidth
Antenna polarization
EIRP definition
Types of RF antenna for IoT applications
Antenna matching networks
Antenna network layout guidelines
SigFox antenna implementation case study
Antenna design errors
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PIFA antenna for Bluetooth implementation case study

Case Studies, Integration and Self-EMC Issues

This module describes and discusses a range of practical IoT case studies employing Bluetooth, 
WiFi, Zigbee, Sigfox, GPS including lessons learned, particularly about self-interference between 
circuit blocks and the radio section.

Case study – 2.4 GHz Zigbee module
• EM simulation of antenna
• Type approval of module
• Rapid prototyping
• PCB layout evolution
• Interfacing to Zigbee chip
• Measured results

Case study – 868 MHz Zigbee Smart Meter product
• Layout with integrated antenna
• Matching results
• Modulation

Case study: Self-EMC issues in FridgeCam product
• 2-turn loop test for troubleshooting EMC problems
• Use shielded inductors and adding decoupling capacitors 
• Use of shielded flexible ribbon

Case study: GPS Module EMC issue
• Layout analysis
• Updated PCB layout

RF IoT Receiver and Transmitter Measurements

This module provides an overview of validating receive and transmit performance using a range of 
common RF test equipment.

Receiver modulation measurements
Setting up a Bluetooth® connection
Receiver test setup
Bit error rate (BER) testing
Receiver sensitivity
Adjacent / alternate channel selectivity
Spurious response measurements
Receiver chain measurements
Transmitter modulation measurements
Error vector magnitude (EVM) and measurement
EVM specifications and combination mechanisms
Frequency kick due to power ramping
AM-AM and AM-PM nonlinearities
Spectral regrowth
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Adjacent channel power
80MHz spectrum emission mask
Harmonics and spurious signals

Please note that changes may be made to the above content based on continuous improvement 
and the latest technology developments.

ABOUT US

The Technology Academy was established in 2007 as a private UK company specialising in the 
development and delivery of instructor-led and online RF, wireless, digital TV and broadcast 
technology training courses to meet the continuing professional development needs of individuals 
and companies developing innovative technology products and services. All of our courses are 
taught by leading technical experts drawn from industry and academia with many years of 
experience in their specialist fields. Courses are delivered throughout the UK, Europe and Rest of 
the World. We are a training partner of Rohde & Schwarz UK, who support courses by providing the 
latest test and measurement equipment for practical demonstrations.

OUR INSTRUCTORS

As experts in their respective fields, our instructors and advisors are carefully selected from leading 
technology companies and universities for their comprehensive knowledge of the subject matter. In 
addition to expert subject knowledge, each instructor has demonstrated the ability to translate 
complex technical theory into practical, understandable and relevant concepts and teach to a 
professional audience in an effective, lively and enthusiastic manner. All instructors know the subject 
matter intimately and are able to expand on all course topics as and when required, emphasising 
key concepts with suitable analogies and practical examples.

TERMS & CONDITIONS

We encourage you to read our full Terms and Conditions, which cover important issues like payment 
and cancellation policies.

ANY QUESTIONS?

Please click here and complete the contact form or call our office on +44 (0)1962 920 123.

 
E&OE.
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