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Sponsors & Exhibitors
Would you or your company be interested in participating at 
the MASTERs Conference? What better year to participate 
than our 20 year MASTERs Anniversary! We have Sponsorship 
and Exhibitor opportunities available. Your information will 
reach thousands of people prior to the conference as well as 
the 650+ attendees. If you would like more information,  please 
contact Mary Stone at mary.stone@microchip.com. 

20 years of technical training
Pre-Conference August 15th - 16th

35+ classes, all skill levels

MICROCHIP’S MASTERs CONFERENCE

Microchip Technology invites you to join us at the 2016 MASTERs Conference and experience the premier   
technical training event for embedded control engineers. Now in our 20th consecutive year, the MASTERs 
Conference continues to arm system design engineers at every level with extensive product information and 
hands-on   training to help you scale the learning curve and get your products to market faster. We hope to 
see   you at MASTERs 2016!

Classes 
This year we are offering more than 100 classes that cover 
a broad range of topics and are taught by Microchip’s 
application and design engineers.  Come learn from the same 
people who have designed the products you will use in class, 
and walk out with everything you need to get up and running 
on your new design. We offer both lecture and hands-on 
classes that cover the gamut of embedded control topics 
including new products and peripherals, motor control, power 
supply design, lighting control, firmware design methods, 
graphics display technologies, touch sense methods, analog 
system design and communications protocols like USB, TCP/
IP, and Bluetooth®.

Resort Premises 
JW Marriott Desert Ridge Resort, Arizona’s largest luxury 
resort, is woven into the Sonoran Desert where northern 
Phoenix meets Scottsdale. The resort has 10 distinctive 
dining selections, signature Golf Course and Championship 
Golf Course, Spa, Health Club, Tennis Center, Fitness 
Center, 4 different swimming pools and a lazy river. Please 
visit the resort website at www.jwdesertridgeresort.com for 
more information. The resort is just 20 miles north of the 
Phoenix Sky Harbor International Airport. 

Enjoy Arizona
Take advantage of the scenic beauty of Arizona before or 
after the Conference by visiting the Grand Canyon or the 
fiery red rock cliffs of Sedona. For information on Arizona, 
visit www.arizonaguide.com

Conference, August 17th - 20th
100+ classes, all skill levels
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Meals and Meal Ticket Purchases
Meals are included in the cost of the Conference beginning 
with breakfast on Wednesday, August 17th, through breakfast 
on Saturday, August 20th (Pre-Conference meals start on 
Monday, August 15th). Meals are pre-arranged in a private 
banquet room. 

If desired, your guests can dine with you for an additional 
fee which will be collected by Microchip. You can purchase 
these tickets through the MASTERs website. Meal tickets 
purchased during the Conference can be paid by credit card 
or cash, but cannot be added to your incidental room charge.  
If guests desire to dine elsewhere, there is an assortment of 
restaurants on the Resort premises.

Meal cost per guest accompanying you, but not attending the 
Conference (including tax and gratuity), per meal, per day: 

Meal ticket cost if purchased on the MASTERs website prior 
to August 5th.  

• Breakfast US $20.00, per meal, per day
• Lunch US $23.00, per meal, per day
• Dinner US $39.00, per meal, per day
Cost if purchased at the Conference: 

• Breakfast US $31.00, per meal, per day
• Lunch US $35.00, per meal, per day
• Dinner US $59.00, per meal, per day
Children under 12 will be charged half price and children 
under 5 eat free.

What’s Included in the Conference Fee?
• Overnight Accommodations with tax and gratuities

- Nights included are August 17th, 18th, 19th

• Local and long distance calls in room within the U.S. 
• Round trip airport transportation between Sky Harbor 

Phoenix Airport and the JW Marriott Resort
• Conference meals & conference classes
• Discounted development tools
• USB flash drive with all class materials
• Entertainment for attendees and family members
• Internet access in our Cyber Café
• High-speed internet access in rooms
• Certificate upon completion 

Airport Transportation
Included in Conference Fee:
The Phoenix airport is approximately 20 miles from the 
Resort. Round trip airport transportation is included in your 
Conference fee for all Conference attendees; therefore, you 
do not need to make other arrangements. 

GENERAL INFORMATION

Cyber Café 
The Cyber Café provides Conference attendees with the 
ability to check email 24 hours a day beginning Monday, 
August 15th at 12:00pm until Saturday, August 20th at 1:00pm, 
at no charge.  Printers are available to reprint your class 
schedule or print boarding passes for airline travel. 

Development Tools Store
Microchip offers a wide selection of the most popular 
development tools at discounted prices for MASTERs 
attendees during the Conference. The Development 
Tools Store opens Tuesday, August 16th at 12:00pm and 
closes Saturday, August 20th at 12:00pm. Orders will be 
processed through our microchipDIRECT site at www.
microchipdirect.com.

MASTERs Merchandise Store
Want to take something home to show that you attended 
the 2016 Masters Conference? Or maybe a gift? Then 
be sure to visit our MASTERs Merchandise Store where 
we will have an assortment of items to purchase with the 
Microchip logo. We accept Visa, MasterCard, American 
Express or US currency. The Merchandise Store opens 
Tuesday, August 16th at 12:00pm and closes Friday, August 
19th  at 8:00pm.

Attire
Proper attire for all classes and events is business casual. 
As the temperature outside will be quite warm, short sleeve 
polo-type shirts and shorts or cotton slacks are suggested.

Microchip On-site Office 
Have questions about registration, schedules, evening 
events or classroom locations? Whatever you can’t find 
on our website can be answered by our friendly staff in the 
Microchip on-site office. Our staff is waiting to help you 
make the most of your MASTERs Conference experience. 
We’re here to help you!

Exhibitor Lobby
Interested in additional tools available to help decrease 
development time when using Microchip products? Be 
sure to visit the Exhibitor lobby to discuss your needs 
with select partners who will have demos, literature, and 
technical experts on site. The exhibit will be staffed during 
Conference check-in as well as during lunch breaks and at 
the end of the day after classes.

Networking Central
Located in the Ballroom Lobby, Networking Central offers 
you an ideal place for conversing with others. Whether 
you want to make connections with attendees, talk to 
Microchip employees or charge your electronic devices, 
you’ll find a comfortable spot here to do so. Access to 
complimentary wireless Internet connections as well as 
charging units are available.

Waiver
Microchip reserves the right to refuse registration or entry 
to anyone for any reason. 

Printed Class Material
There is a FedEx Office on-site for your convenience. 
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EVENING CLASSES

Adding Bi-Directional Communication to an IoT  
Device with MPLAB Harmony & PubNub’s Data 
Stream Network
This class will walk through how to add realtime
communication to an Internet of Things device using MPLAB 
Harmony and a PubNub PIC32 SDK. Participants will learn 
the tenets of connecting devices to a global Data Stream 
Network (DSN) via bi-directional TCP communication 
(publish & subscribe) with minimal battery drain and 
bandwidth consumption. Other features of the DSN will 
be reviewed including SSL & AES encryption, Presence 
Detection, Device Status, Channel Multiplexing and Access 
Management (Authorization).

All Grain Brewing and the Automated 
Brewhouse 
 Have you ever been interested in making your own beer?   
Already a home brewer, yet want to improve the quality 
of your beers? In this class we’ll provide an overview 
of the process of making your own beer using all grain 
techniques.  We’ll discuss the role and importance of 
the four ingredients in beer: water, malt, hops, and yeast. 
From there we will dive into the design and construction of 
an automated heat exchange recirculating mash system 
(HERMS) home brew system.  Attendees will leave with 
a basic understanding of all grain brewing as well as 
the details needed to design and construct their own 
automated HERMS brewing system. 

Customized Libraries/Modules Development 
Using MPLAB® Code Configurator (MCC) SDK 
The MPLAB® Code Configurator(MCC) is a free, easy-
to-use, and powerful tool for faster embedded application 
development. With MCC SDK, users can create their own 
modules/libraries and add them to the MCC plug-in tool 
located in the MPLAB® X IDE. Any customized modules/
libraries can be backed up in the cloud so that they are 
retrievable anywhere at any time. In this class, we will 
illustrate the relationship between MCC libraries/modules 
and MCC core service, and explain how the MCC SDK 
operates. We will also walk you through steps of how to 
create a customized library/module in MCC using the SDK 
by yourself.

Introduction to ARM-Based MPU Products                                                 
Interested in learning about the Microchip/Atmel ARM MPU 
Products? This class will start with an introduction to the 
32-bit ARM926 and Cortex-A5-based MPU product line 
card.  Following that we will provide an overview of the 
Architecture and Security features of the devices as well as 
the supporting Evaluation Kits, Software (including Linux), 
Ecosystem and in-System Programming Tools.  This session 
will provide you with everything you need to start your first 
ARM MPU development and select the best fit for your 
project.

GENERAL INFORMATION

MPLAB® XC Compiler Q&A Session                                                 
Join the Microchip compiler team for an informal, open 
discussion regarding Microchip’s MPLAB® XC8/16/32 C 
Compilers. In this interactive session, the team will discuss 
planned compiler features, answer your questions, and take 
suggestions. Come prepared with your most perplexing 
compiler questions and constructive feedback, or relax and 
listen to questions from others. Whether you are just getting 
started with Microchip tools or you are a bona fide C guru, 
your feedback helps us build better tools. What better way to 
spend your evening than chatting with your friendly compiler 
team!

Switch-Mode Power Supply Stability and 
Performance Analysis using Frequency 
Response Analyzers 
Solving the performance vs. stability trade-off is one of the 
most challenging tasks in each switch mode power supply 
design. Each design of the compensator, either in the 
analog or digital domain, requires utmost attention in terms 
of input voltage and load variations. In addition, input and 
output filters are influencing the compensation network and 
total impedance of the converter. Although simulations help 
to solve most of these trade-offs upfront, final verification of 
each design is required.

This class will introduce you to the very basics of 
frequency response measurements used for system 
identification, stability verification and troubleshooting 
techniques on different power converters. In live-demos on 
constant voltage and constant current sources, different 
measurement methods such as voltage and current 
injection will be applied in order to measure the loop 
response and stability margin, LCR values and PSRR and 
usual pitfalls of stability measurements and data analysis 
will be introduced and discussed.

The Future of Automotive Networking  
Most people own cars and use them on a daily basis, but 
do you know what happens inside the car while you are 
driving around? Electronic systems are omnipresent in 
today´s vehicles, consisting of large amounts of electronic 
devices which are all talking to each other in different 
languages or protocols such as CAN, LIN, CAN-FD, MOST 
or Ethernet. 

This evening session will give you some insight on today´s 
vehicle architectures and respective communication 
networks as well as what we see in the future of this 
industry. We’ll explain in detail all the different networks and 
protocols which are deployed in a cars electronic system 
and how they work together.  Last of all, we’ll have some 
Automotive Networking demonstrations for you to test out. 

EVENING CLASSES continued...
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Something for all ages!   
Attendees’ guests are welcome to join us.

EVENING ACTIVITIES

GENERAL INFORMATION

Ask the Experts 
Here’s your chance to ask our engineers design and 
development questions relating to any of our Microchip 
products. Experts from every Microchip department will be 
available to help answer your most pressing questions.  Be 
sure to stop by in the morning, during lunch or after classes. 
Ask the Experts opens on Tuesday, August 16th at 5:00pm until 
Friday, August 19th.

EVENING ACTIVITIES continued...

Battle Block Racers
Are you the best RC car racer? Speed-lovers try your 
skill in this thrilling competition! There’s only one aim for 
the participants...finish first. Along the way, shoot at your 
opponents and see their cars fall apart. This is an exciting 
event for all ages.

Bus to Fry’s Electronics 
Join us for a trip to the local Fry’s Electronics Super Store.  
They have a great selection of electronic components, games 
and much more at reasonable prices.  Seats fill up quickly, 
so be sure to sign up early at the event kiosks located in the 
ballroom lobby.  

Casino Night
Join us on Friday evening for a night filled with games of 
skill and chance.  There will be casino games as well as 
sports bar games. Chips will be exchanged for raffle tickets 
and you will have a chance to win some great prizes at the 
end of the night! Don’t miss this fun event!

FIRST & VEX 
Microchip is a proud sponsor of FIRST and VEX. Come 
see them compete, meet the teams and check out some of 
their amazing robots.

Hover Curling
If you like the olympics “Curling” event, then you will love 
this game!  Join us for a team competition to see who has 
the best distance and throwing skills using our modified 
“hover” crafts.  Teams consist of curlers and sweepers who 
try to get the hover craft closest to the target.  There will be 
prizes given to the winning teams.

Inventors Showcase
Come and see what your peers have developed using 
electronic/mechanical products & technical software, as 
well as Microchip products. You will have a chance to chat 
with the inventors and even purchase some items.  This 
event is open and free for everyone to participate in.  Do 
you have an invention that you would like to demonstrate?  
If so, please contact Kristina Johnson at kristina.johnson@
microchip.com to hold your spot!

PIC® MCU planes                                                               
Did you ever get in trouble for flying a paper airplane in 
school? Here is your chance to fly one without getting a 
visit to the principal. Come see if you can design and fly 
a 8-bit PIC® powered paper airplane. It will be a fun and 
challenging event for all ages. 

Saguaro Lobby Gaming Area                                             
Come by, unwind and enjoy your favorite Wii U and XBox 
One games, or challenge someone to a game of Pool, 
Foosball or Ping Pong.  We will have multiple tournaments 
going on throughout the week. Open 24x7, Monday thru 
Friday.  Located in the Saguaro Lobby. 

Texas Hold’Em
The high rollers are back with this wildly fun Texas Hold’Em 
contest. Be sure to sign up to sit at one of the tables and let 
our dealers get you started in the competition. Find out who 
the best player is in the end! 

MPLAB® Code Configurator (MCC) 
Application Contest                                                                   
Come learn about the MPLAB Code Configurator (MCC).  
A brief overview will be followed by a challenge using MCC 
to create an application. Xpress development boards will 
be awarded to the first 30 participants along with prizes for 
the challenge winners.  

EVENING CLASSES continued...

Behavior Based Robotics Programming
This will be a class on how to program robotics using 
a behavior based paradigm. An arbitration scheme of 
competing behaviors will be presented along with how 
to structure the code in a behavior based way. Priority 
assignment of behaviors and the possibility of adding in 
additional arbitration will be implemented to expand how 
the behaviors control the robot. Several robots will be 
shown implementing behaviors in a real world environment. 
In addition, Those who attend the class will get a small 
give away board that they could build into a robot to try out 
behavior based robotics programming.

20 year MASTERs Celebration 
After Steve Sanghi’s Keynote, join us from 7:30-9:30pm in 
the Grand Sonoran lobby to help us celebrate Microchip 
MASTERs 20th with cake and great music by Walt 
Richardson. 

Tuesday Night Trivia
Test your knowledge of the world to reach the top of the 
leader board in a friendly team based game of trivia. Bring 
your friends, family, and colleagues and compete against 
other Masters attendees to determine who will be the 
Tuesday Night Trivia Champion. Now with multi-choice 
questions! 
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August 15th- 16th, 2016

Pre-Conference Check-in
For attendees participating in Pre-Conference Classes 
beginning Monday, August 15th, registration will take place 
on: 

Sunday, August 14th, 2:00-8:00 PM (Grand Saguaro Lobby)

Monday, August 15th, 7:00-8:00 AM 
(Microchip Office in Grand Saguaro East)

Meals for the Pre-Conference
All attendee meals are included in the cost of the Pre-
Conference – meal tickets may be purchased for guests 
traveling with you but not attending the Pre-Conference 
(See Meal Ticket Purchases).
Includes breakfast on Monday, August 15th, through dinner 
on Tuesday, August 16th. 

August 17th - 20th, 2016

Conference Check-in
For attendees participating in the Conference beginning 
Wednesday, August 17th, registration will take place on: 

Tuesday, August 16th, 2:00-8:00 PM 
(Grand Saguaro Lobby)

Wednesday, August 17th, 7:00-8:00 AM 
(Microchip Office in Grand Saguaro East)

Meals for the Conference
All attendee meals are included in the cost of the 
Conference.  Meal tickets may be purchased for guests 
traveling with you but not attending the Conference 
(See Meal Ticket Purchases). 
Includes breakfast on Wednesday, August 17th, through 
breakfast on Saturday, August 20th.

CONFERENCE DETAILS

PRE-CONFERENCE DETAILS

SPECIAL EVENTS
Keynote Address - Steve Sanghi, Chairman and 
CEO
Join Steve Sanghi, the President and CEO of Microchip 
Technology Inc., and your colleagues as we officially kick 
off 20 years of the MASTERs Conference on Wednesday, 
August 17th.  Located in the Grand Saguaro South 
Ballroom. 

Special Guest Speaker- Grant Imahara 
This year we’re pleased to announce that Grant Imahara, 
a celebrity electrical engineer known for his work on the 
hit TV show MythBusters, and now Mouser Electronics 
Spokesperson, will be a guest speaker at this year’s 20th 
Anniversary Microchip MASTERs.  Grant will speak on 
Thursday, August 18th and afterwards he will open the 
floor for a live Q&A where you will get the opportunity to 
meet him personally and take photos. Located in the Grand 
Saguaro South Ballroom. 

ADDITIONAL ACTIVITIES

Guest Meet and Greet 
Are you bringing guests with you to the MASTERs 
Conference? Friends, spouse or children? We will be offering 
a meet and greet on Tuesday, Wednesday and Thursday 
mornings at 9:00am in Grand Sonoran F, for your guests to 
attend. They can enjoy a continental breakfast, pickup a 
schedule of daytime activities and meet the resort Concierge 
to answer any questions they may have about what to do in 
Arizona during their stay. 

Guest Afternoon Activities 
Daytime events are offered on Wednesday, Thursday & Friday 
for our attendees’ guests. These events are complimentary and 
include various crafts for the attendee’s guests and activities 
for the kids. More detailed information will be provided at 
the Meet and Greet meetings on Tuesday, Wednesday and 
Thursday mornings in the Grand Sonoran F room at 9:00am. 
Join us and meet other guests while having a great time. 
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PRE-CONFERENCE AGENDA

Monday, August 15th, 2016
Registration 7:00-8:00 AM
Breakfast 6:30-8:00 AM
Class Session 1 8:00-9:45 AM
Break 9:45-10:15 AM
Class Session 2 10:15-12:00PM 
Lunch 12:00-1:30 PM
Class Session 3 1:30-3:15 PM
Break 3:15-3:45 PM
Class Session 4 3:45-5:30 PM
Dinner 5:30-7:30 PM
Evening Events 7:30-10:00 PM

Tuesday, August 16th, 2016
Breakfast 6:30-8:00 AM
Class Session 1 8:00-9:45 AM
Break 9:45-10:15 AM
Class Session 2 10:15-12:00PM 
Lunch 12:00-1:30 PM
Class Session 3 1:30-3:15 PM
Break 3:15-3:45 PM
Class Session 4 3:45-5:30 PM
Registration for MASTERs 2:00-8:00 PM
Dinner 5:30-7:30 PM
Evening Events 7:30-10:00 PM

MASTERS CONFERENCE AGENDA

Wednesday, August 17th, 2016
Registration 7:00-8:00 AM
Breakfast 6:30-8:00 AM
Class Session 1 8:00-9:45 AM
Break 9:45-10:15 AM
Class Session 2 10:15-12:00PM 
Lunch 12:00-1:30 PM
Class Session 3 1:30-3:15 PM
Break 3:15-3:45 PM
Class Session 4 3:45-5:30 PM
Keynote Address 5:45-6:45 PM
Dinner 6:45-8:30 PM
Evening Events 7:30-10:00 PM

Thursday, August 18th, 2016
Breakfast 6:30-8:00 AM
Class Session 1 8:00-9:45 AM
Break 9:45-10:15 AM
Class Session 2 10:15-12:00PM 
Lunch 12:00-1:30 PM
Class Session 3 1:30-3:15 PM
Break 3:15-3:45 PM
Class Session 4 3:45-5:30 PM
Guest Speaker  5:45-7:00 PM
Dinner 7:00-8:30 PM
Evening Events 7:30-10:00 PM

Friday, August 19th, 2016
Breakfast 6:30-8:00 AM
Class Session 1 8:00-9:45 AM
Break 9:45-10:15 AM
Class Session 2 10:15-12:00PM 
Lunch 12:00-1:30 PM
Class Session 3 1:30-3:15 PM
Break 3:15-3:45 PM
Class Session 4 3:45-5:30 PM
Dinner 5:30-7:30 PM
Evening Events 7:30-10:00 PM

Saturday, August 20th, 2016
Breakfast 6:30-8:00 AM
Class Session 1 8:00-9:45 AM
Break 9:45-10:15 AM
Class Session 2 10:15-12:00PM

CONFERENCE AGENDA
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Tech Levels 
1: No prior knowledge on the topic necessary.
2: Basic knowledge of the topic is necessary.
3: Previous hands-on working experience with the topic is necessary.
4: Thorough knowledge and working experience with the topic is necessary.
5: Advanced – attendees should already have expertise in the topic before attending

2016 MASTERs CONFERENCE CLASS LIST

Class Title Abstract

H
o

u
rs

Te
ch

 
L

ev
el Prerequisites

Products and Peripherals

20001 PNP1 The Latest PIC® 
Microcontrollers, USB 
and Networking Products: 
12 Months Ahead

This class provides an overview of Microchip's latest and 
future PIC® microcontrollers, embedded controllers, USB and 
networking products. Attendees will receive an introduction 
to new peripheral capabilities, new technologies and what 
new products they can expect from Microchip in the next 12 
months.

1.75 1

20002 PNP2 The Latest Wireless, 
Analog, and Touch-
Interface Products: 12 
Months Ahead

This class provides an overview of Microchip's latest and 
future wireless, analog, and touch-interface products.

1.75 2

20003 PNP3 Introduction to the 
Arduino™ Compatible 
chipKIT™ Platform

Learn how to develop applications quickly using the chipKIT™ 
platform. Develop fast and powerful 32-bit applications using 
a PIC32-based development board and Arduino™ style 
hardware abstraction. Note: This class will be co-presented by 
a professor from Rutgers University.

1.75 1

20004 PNP4 Reliable Data Storage 
with Non-Volatile 
Memories

Many embedded applications must keep an account of what 
is going on in their world.  From tabulating sensor records 
to taking a detailed snapshot of the moment, data that is 
collected over time and is needed for the short or long 
term must be kept complete and error-free so that it can be 
processed for its designed purpose.Recording data over a 
long time can take its toll on memory through unplanned wear.  
Common mistakes in how data is stored can cause premature 
memory failures. This class will explain the mechanisms of 
wear, how to model its effects, and some techniques in how to 
reduce wear in order to maximize memory endurance.

1.75 2 Attendees registering 
for this class should be 
familiar with data storage 
in non-volatile memories, 
such as Flash and 
EEPROMs.

20005 PNP5 Making Motion and 
Position Applications 
Easy Using the MM7150 
Motion Module

Developing applications such as robots, smart farms, 
wearables, etc., with 9-axis motion sensors can be difficult. 
The code required to process the position data can be 
daunting. Microchip can make these applications much 
easier to manage using the MM7150 Motion Module with 
the SSC7150 motion co-processor and accelerometer, 
magnetometer and gyro sensors. Both raw data and 
processed position and orientation data is sent to your MCU 
via I2C.In this class we will demonstrate the MM7150 Motion 
Module using Microchip’s MM7150 Motion PICtail™/PICtail 
Plus Evaluation Board with the Explorer 16 Development 
Board. This evaluation board combines 9-axis motion sensors 
(accelerometer, magnetometer and gyroscope) with the 
SSC7150 motion co-processor, which is pre-programmed with 
integrated calibration and sensor fusion algorithms to provide 
raw and calibrated motion-compensated 3D data. Attendees 
will learn how to speed their designs to market using motion 
and position for embedded and connected applications.

1.75 1

Note: Most hands-on classes will utilize Microchip’s MPLAB® X Integrated Development Environment (IDE). If you
are unfamiliar with MPLAB X it is suggested that you download the current version of MPLAB X prior to prior to
coming to the conference and also sign up to take the class“20013 DEV2 - Getting Started with Microchip 
Development Tools: MPLAB® X IDE, Simulators, Debuggers, and Plug-Ins” and/or  “20022 FRM2 -Begin 
Programming PIC16F1XXX in C Like a Pro”. Both of these classes will introduce you to the basic functions and 
operation of MPLAB X. You can download the current version of MPLAB X here: www.microchip.com/pagehandler/
en-us/family/mplabx/

HANDS 
ON  

HANDS 
ON  
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Tech Levels 
1: No prior knowledge on the topic necessary.
2: Basic knowledge of the topic is necessary.
3: Previous hands-on working experience with the topic is necessary.
4: Thorough knowledge and working experience with the topic is necessary.
5: Advanced – attendees should already have expertise in the topic before attending

2016 MASTERs CONFERENCE CLASS LIST

     

Class Title Abstract

H
o

u
rs

Te
ch

 
L

ev
el Prerequisites

20006 PNP6 Selecting Clock Sources 
for Embedded Systems

If you are using communications peripherals in your design 
(such as USB, Ethernet or wireless), you may need to select a 
higher performance clock source than the internal RC clock.  
If you are digitizing real-time data with an ADC, the same 
considerations apply.  Otherwise, clock frequency inaccuracy 
and jitter can cause unstable operation, data errors or packet 
loss. In this class, you’ll learn about clock source options for 
your product: crystals, crystal/MEMS oscillators (integrated 
XO/MO) and integrated clock products. We’ll walk through 
some application-specific design examples, examine clock 
options, and balance design time, risk, component count 
and cost.  In some cases, multiple clock frequencies will be 
needed, and we’ll design a complete board-level clock tree.  
We’ll demonstrate Microchip’s Clockworks Configurator, which 
enables you to customize a clock source design, print your 
data sheet and order immediate samples.  After attending this 
class, you’ll be able to choose the best clock solution for your 
product, reducing time-to-market and achieving reliability, 
performance and cost-effectiveness.

1.75 1

20007 CIP1 Applying Configurable 
Logic Cells to 
Interconnect Peripheral 
Functions

The Configurable Logic Cell (CLC) is one of the essential 
Core Independent Peripherals (CIPs) in both 8-bit and 16-bit 
MCU families. It is especially useful for interconnecting other 
CIP functions. This class will explore the usage of different 
configurations in CLC and how it interacts with other CIPs. 
A variety of applications will be introduced in this class using 
CLC, such as WS2812 RGB lighting, ultrasonic ranging 
detector, phase detector, and 2x1 multiplexer. Attendees 
will be introduced to several solutions to different kinds of 
application challenges with creative CIP combinations brought 
by the CLC, and gain a deeper understanding of how to use 
the CLC to interconnect other CIPs.  This is a lecture class, 
but attendees can optionally attend the 20011 CIPL "Open 
Lab" session, which will provide the opportunity to complete 
self-paced hands-on lab exercises that reinforce concepts 
learned in this class as well offer the opportunity for attendees 
to ask experts how to use CIPs to solve their own application 
problems. Exact times for Open Lab evening sessions will be 
provided in class.

1.75 1

20008 CIP2 Motor Control Using Core 
Independent Peripherals 
(CIPs)

This class will explore the usage of Microchip’s Core 
Independent Peripherals (CIPs) in motor control applications. 
These CIPs, present on 8-bit and 16-bit MCU and DSC 
devices, provide several alternate methods of implementing 
different building blocks and generating signals that are 
required for low-cost and efficient motor control applications. 
The peripherals discussed will include 16-bit PWM, 
complementary waveform generator, angular timer, hardware 
limit timer, MCCP/SCCP, PTG, CLC, Comparator and Op-
amp. The extensive configurable features provided by these 
peripherals enable efficient implementation of applications 
with minimal processor overhead. Participants will be 
presented with several application case studies using creative 
combinations of these peripherals, thereby gaining a deeper 
understanding and appreciation of the flexibility and ease-of-
use of these modules. This is a lecture class, but attendees 
can optionally attend the 20011 CIPL "Open Lab" session, 
which will provide the opportunity to complete self-paced 
hands-on lab exercises that reinforce concepts learned in this 
class as well offer the opportunity for attendees to ask experts 
how to use CIPs to solve their own application problems. 
Exact times for Open Lab evening sessions will be provided in 
class.

1.75 1
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20009 CIP3 Applying Core 
Independent Peripherals 
(CIPS) to Implement Data 
Communication Protocols

Writing firmware for serial data communication? Need to 
deploy signal encoding techniques such as Manchester code 
or NRZ, or implement data modulation techniques such as 
On-Off Keying, Phase Shift Keying or Frequency Shift Keying? 
Need to deploy standard data buses such as CAN or SENT 
or I2S? Need to deploy customized line coding schemes or 
data buses? Can't have or don't like bit banging? If you say 
"yes" to any of those questions, come find out how Microchip's 
Core Independent Peripherals (CIPs) can help you accelerate 
your design for data communication! This class will show 
you how to use CIPs creatively and effectively to solve 
data communication problems for your design through solid 
examples and case studies using Microchip 8-bit and 16-bit 
MCUs. This is a lecture class, but attendees can optionally 
attend the 20011 CIPL "Open Lab" session, which will provide 
the opportunity to complete self-paced hands-on lab exercises 
that reinforce concepts learned in this class as well offer the 
opportunity for attendees to ask experts how to use CIPs to 
solve their own application problems. Exact times for Open 
Lab evening sessions will be provided in class.

1.75 1

20010 CIP4 Implementing Mixed 
Analog and Digital 
Circuits Using Core 
Independent Peripherals 
(CIPs)

This class will explore the usage of Microchip’s Core 
Independent Peripherals (CIPs) to implement mixed-signal 
circuits to process analog and digital signals. These CIPs, 
present on 8-bit and 16-bit MCU and dsPIC® DSC devices, 
provide several alternate methods of implementing vital mixed-
signal circuits and functions that are required for a variety 
of user applications. The peripherals discussed will include 
PTG, CLC, PGA, comparator, op-amp, temperature indicator, 
signal measurement timer and hardware limit timer. The 
extensive configurable features provided by these peripherals 
enable efficient implementation of applications with minimal 
processor overhead. Participants will be presented with 
several application case studies using creative combinations 
of these peripherals, thereby gaining a deeper understanding 
and appreciation of the flexibility and ease-of-use of these 
modules. This is a lecture class, but attendees can optionally 
attend the 20011 CIPL "Open Lab" session, which will provide 
the opportunity to complete self-paced hands-on lab exercises 
that reinforce concepts learned in this class as well offer the 
opportunity for attendees to ask experts how to use CIPs to 
solve their own application problems. Exact times for Open 
Lab evening sessions will be provided in class.

1.75 1

20011 CIPL Optional Lab Session 
Supporting Classes 
20007 CIP1-20010 CIP4

This optional lab session provides attendees who have taken 
any of the CIP1-CIP4 classes a chance to run through a 
series of lab exercises showing how to configure and use the 
CIPs in different application examples.  In addition, attendees 
are encouraged to come to the CIP workshop room with 
their own application examples and get help from Microchip 
experts on how to implement CIPs to solve their own individual 
problems.  Lab sessions will be available most afternoons as 
well as some evenings.  Exact times for the evening CIP Lab 
Sessions will be provided in class.

1.75 1 Attendees must have 
attended at least one of 
the classes 20007 CIP1-
20010 CIP4.

Development Tools

20012 DEV1 MPLAB® X IDE and 
Development Tools: Today 
and Tomorrow

This introductory-level course offers an overview of Microchip 
Development Tool solutions and a quick review of new 
features in MPLAB® X IDE, MPLAB XC C Compilers, starter 
kits, programmers, debuggers, and other new products. Third 
party hardware and software tools will also be covered, along 
with information on Microchip's academic program. Presented 
by a team of Development Tools engineers and management, 
it is an interactive session, where attendee participation 
is crucial and mutually beneficial to both presenters and 
attendees.

1.75 1

HANDS 
ON  
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20013 DEV2 Getting Started with 
Microchip Development 
Tools: MPLAB® X IDE, 
Simulators, Debuggers, 
and Plug-Ins

This lecture class covers the basics of getting started with 
Microchip development tools. Following an introduction to 
all Microchip tools, the instructor will go through the step-by-
step creation of a project, editing and compiling a program, 
running a program and using the simulator. Basic debugging 
techniques are described, such as how to set a breakpoint, 
etc. Attendees will leave with a basic knowledge of Microchip 
tools which can be used to develop applications for all 8, 
16, and 32-bit Microchip MCUs.  This is a lecture class but 
attendees can optionally attend the 20013 DEV2L "Open Lab" 
session which will provide the opportunity to complete self-
paced hands-on lab exercises that reinforce concepts learned 
in this class. The Open Lab sessions will run some afternoons 
and some evenings. Open Lab evening sessions will be 
provided in class.

1.75 1

20013 DEV2L Optional Lab Session for 
Class 20013 DEV2

Optional Lab Session for class 20013 DEV2 1.75 1 Must have attended 
20013 DEV2

20014 DEV3 Learn the True Power of 
the MPLAB® Simulator!

This class was developed by the simulator designers to 
help you use the simulator the way it was meant to be used! 
Explore design and debugging techniques such as modeling 
real world stimulus with I/O pins, tuning the simulator to your 
target core speed, and learning which peripherals you can 
use with your application’s PIC® MCU. The class will dive 
deeper into the Stimulus Control Language (SCL) to model 
the PIC MCU application environment with greater precision. 
For example, using SCL to model voltage over time on an ANx 
pin to test your application logic around the Analog-to-Digital 
Converter. Next, the class will cover the MDB (Microchip 
Command Line Debugger) to set up automated regression 
tests of your application code using the simulator.  Finally, 
the class will provide an introduction into modifying simulator 
operation using Java based MPLAB® X IDE plug-ins.

4 2 Attendees registering 
for this class should 
have basic knowledge of 
MPLAB® X IDE, including 
how to create and use 
projects.

20015 DEV4 MPLAB® Code 
Configurator (MCC) for 
Simplified Embedded 
Software Development

The MPLAB® Code Configurator (MCC) is a user-friendly 
plug-in that seamlessly integrates with your existing MPLAB 
X Integrated Development Environment to provide an easy 
setup and configuration experience with a wide array of 8 
and 16-bit PIC® microcontrollers. In the past year, MCC 
has been re-architected from the ground up to   enhance 
functionality and provide library support for our latest MCUs 
and Core Independent Peripherals. MCC can now configure 
over 300 MCUs to your specific application without opening 
a product data sheet.This hands-on class will utilize MCC for 
MPLAB® X IDE to generate seamless, easy-to-understand 
drivers and libraries for PIC MCUs with Core Independent 
Peripherals. These drivers are optimized for each CPU and 
can be tailored to fit almost any application and function. The 
available libraries like TCP/IP Lite, mTouch® technology, LIN 
and Boot Loader help further simplify setting up a complete 
solution.  Learn how to leverage the MCC‘s power to quickly 
develop an embedded application and get your project off the 
ground in minimal time. With just basic knowledge of the C 
programming language and some knowledge of Microchip's 
powerful MPLAB X IDE tool suite, you will be generating driver 
functions for an array of peripherals in minutes.

4 2 Attendees registering for 
this class should have 
a basic understanding 
of C, 8-bit PIC® MCU 
development, 16-bit 
PIC24 MCU development 
and the use of MPLAB® 
X IDE.
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ON  
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20016 DEV5 Creating PIC32 
Embedded Applications 
with the Help of MPLAB® 
Harmony, Middleware and 
Software Ecosystem from 
Microchip

MPLAB® Harmony is a modular framework that provides 
interoperable firmware libraries for PIC32 peripherals, drivers, 
services, and middleware. It uses a flexible architecture to 
enable development of a wide variety of embedded solutions 
whether they are based on a Real-Time Operating System 
(RTOS) or not. This class introduces attendees to MPLAB 
Harmony’s key concepts and fundamentals, and demonstrates 
its benefits, including the ability to quickly develop complex 
embedded systems that utilize multiple middleware stacks.

4 2 Attendees registering for 
this class should have a 
basic understanding of C 
language programming 
for PIC32 systems using 
Microchip's MPLAB® X 
IDE, debugger, and XC32 
language tools.

20017 DEV6 Intermediate Debugging 
Techniques Using 
MPLAB® X IDE and 
Microchip Development 
Tools

This course will cover practical debugging techniques using 
MPLAB® X IDE and Microchip development tools. These 
techniques are proven time savers that exploit capabilities 
built into the tools as well as the Integrated Development 
Environment. It begins with a study of hardware and software 
breakpoints, along with some examples. Additionally, use of 
watch windows, program memory, data memory and EEPROM 
memory in debugging an application will be covered, as well 
as single-stepping operations and animations. This is a lecture 
class, but attendees can optionally attend the 20017 DEV6L 
"Open Lab" session, which will provide the opportunity for 
attendees to complete self-paced hands-on lab exercises 
that reinforce concepts learned in this class. The Open Lab 
sessions will run some afternoons and some evenings. Exact 
times for Open Lab evening sessions will be provided in class.

1.75 2 Attendees registering for 
this class should have 
familiarity navigating 
in MPLAB® X IDE,  
Microchip debugging/
programming tools and C 
programming.

20017 DEV6L Optional Lab Session for 
20017 DEV6

Optional lab session for 20017 DEV6. 1.75 1 Attendees registering 
for this class must have 
attended 20017 DEV6.

20018 DEV7 Advanced Debugging 
Techniques: Using 
Special Features in 
Development Tools and 
PIC® MCU Devices

In this advanced course, you will go through practical 
debugging techniques that you can use again and again 
during your development. These techniques are tested and 
proven time savers that exploit capabilities built into the chips 
and tools that you are using right now. This class covers the 
second level of features that you can access using the system 
of the compiler, IDE, hardware tools and devices. This course 
starts with data capture, goes through trace, and finishes 
with techniques for traps/interrupts and intermittent problems. 
This is a lecture class, but attendees can optionally attend 
the 20018 DEV7L "Open Lab" session, which will provide the 
opportunity for attendees to complete self-paced hands-on 
lab exercises that reinforce concepts learned in this class. 
The Open Lab sessions will run some afternoons and some 
evenings. Exact times for Open Lab evening sessions will be 
provided in class.

1.75 2 Attendees registering 
for this class should 
be comfortable using 
MPLAB® X IDE.

20018 DEV7L Optional Lab Session for 
Class 20018 DEV7

Optional lab session for class 20018 DEV7. 1.75 1 Attendees registering 
for this class must have 
attended class 20018 
DEV7.
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ON  
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ON  
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20019 DEV8 Enhancing Your MPLAB® 
X Integrated Development 
Environment with MDB 
and Groovy Scripting

MDBCore is the underlying framework that handles all 
communication between MPLAB® X IDE and the target.  
MDBCore provides a powerful and flexible API that users 
can use to create automated scripting environments for 
regression-testing, calibration, production-line programming 
and much more. There are many advanced features that 
can be used to enhance your development process. In this 
class we will explain in detail how to use the API and show an 
example regression environment with automated compilation 
and script-controlled test execution with advanced scripting 
tools such as Groovy.

4 4 Attendees registering for 
this class should have an 
understanding of writing 
high-level applications for 
the PC world. They should 
be comfortable using the 
command-line interface. 
An appreciation of the 
JAVA language would be 
extremely useful.

20020 DEV9 Introduction to MPLAB® 
X IDE Plug-Ins, Writing 
Your Own, and Extending 
the Simulator.

The MPLAB® X integrated development environment is 
powerful and customizable. By writing plug-ins, the user 
is able to add functionality and expand the IDE with a vast 
array of development possibilities. This class will look at 
writing simple plug-ins and then move on to enhanced ones 
that directly interact with development tools and real silicon. 
Finally, we will look at the new plug-ins that allow a user to 
enhance the existing MPLAB X IDE simulator with new and 
customizable features. Attendees will leave with knowledge on 
how to begin writing their own tool add-ins.

4 4 Attendees registering 
for this class will benefit 
from having attended the 
class on the MPLAB® X 
IDE simulator or have a 
basic understanding of 
its operation. In addition, 
some knowledge of the 
JAVA language will be 
useful.

Firmware Design and Compilers

20021 FRM1 C Language 
Fundamentals

This one-day class will enable you to begin writing embedded 
C language firmware for microcontrollers. You will be able to 
demonstrate a working knowledge of all major C language 
constructs including variables, constants, operators, 
expressions and statements, decision functionality, loops, 
functions, arrays, multi-file projects, data and function 
pointers, structures and unions, bit fields, enumerations, and 
macros.  You will work with hands-on labs in conjunction with 
instructor-led code demonstrations that will be conducted 
with the MPLAB® SIM simulator. The C language topics 
will be presented from a non-hardware framework so that 
you can focus on learning the C language instead of the 
microcontroller architecture. Skills learned in this class will be 
applicable to any ANSI C compiler. Hardware and compiler-
specific details such as interrupts, memory models and 
optimization will not be discussed, and no programming or 
debugging hardware (development tools or microcontrollers) 
are used in this class. Those topics will be covered in other 
embedded firmware classes. While not required, previous 
experience with any programming language or experience 
with microcontrollers would be helpful. In addition to the in-
class lab exercises, attendees of this class can gain additional 
knowledge by electing to attend an evening "Open Lab" 
session, which will provide the opportunity for attendees to 
complete self-paced hands-on lab exercises that reinforce 
concepts learned in this class. The Open Lab sessions will run 
Monday and Wednesday evenings. Exact times for Open Lab 
evening sessions will be provided in class.

8 1
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20022 FRM2 Begin Programming 
PIC16F1XXX in C Like 
a Pro

Starting a PIC16 project? Need to know if you are starting off 
on the right foot, using the best practices and most current 
tools available for your development? Then this class is for 
you! After completing this class, you will understand the basics 
of the PIC16F1XXX architecture and know how to best use 
the hardware and software tools available from Microchip to 
develop your project. During the course of the class, we will 
cover 8-bit MCU basics and use the best techniques in C 
to create a good application program.  Next, we will create 
an application project from scratch and use the MPLAB® 
Code Configurator (MCC) to set up code for some basic 
PIC16F1XXX peripherals (GPIO, Timers, USART, PWM and 
ADC). Using standard demo hardware and software tools, 
we will create best practice State Machine-based code for 
a PIC16F1XXX project. We will incorporate and use the 
peripherals mentioned above in this simple application. By 
learning these best practices and techniques, you will be able 
to start your own application with your best foot forward and 
develop a well structured and bug-free application.

4 2 Attendees registering for 
this class must have prior 
knowledge of C or have 
taken the C Language 
class 20021 FRM1.

20023 FRM3 Taming Embedded C The enigmas of the C programming language will be 
explained. The hidden secrets of Microchip debugging tools 
will be revealed. The mysteries of masterful design and 
coding practice will be laid bare! This class in programming 
microcontrollers focuses heavily on technique and practical 
methods. This class is targeted at attendees who have some 
facility with programming microcontrollers in C, debugging 
real-world applications and solving difficult programming 
challenges. Attendees will take their programming, debugging 
and problem solving to the next level using best practice 
advice from the best programming minds at Microchip.

1.75 3

20024 FRM4 Interrupts and Task 
Scheduling – No RTOS 
Required !

Interrupts are an important part of embedded system 
programming. This class will explain  how interrupts work 
as well as how to avoid pitfalls when using interrupts. This 
class will explain what concurrency is and demonstrate how 
to resolve concurrency problems. Ultimately, the attendees 
in this class will learn how to use interrupts to create a task 
scheduler that behaves just like an RTOS. The provided 
hands-on lab exercises will reinforce concepts learned in this 
class.

4 3

20025 FRM5 A Systematic Approach to 
Complex System Design

How many times have you started a complex design only to 
find that the speed of operation is adequate, but you've blown 
your system power budget? Or that you've managed power 
well, but the system is so complex that it won't fit in your 
target device? By reviewing case studies of real products, this 
mid-level class in systematic firmware development presents 
important considerations necessary to achieving all three. This 
class is targeted at attendees who have some experience with 
programming microcontrollers and are looking for guidance in 
a systems approach to design trade-offs and decision-making 
strategies. Attendees will improve their understanding of why 
to make particular design decisions using several classes of 
common challenges, and how to ensure that those decisions 
will result in a properly and reliably operating system. Best 
practice approaches and solutions to common system design 
and performance problems will be presented, and examples of 
advanced debugging techniques will be used to highlight and 
explain common problems.

1.75 3
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20026 FRM6 Methods to Avoid Data 
Corruption via Interrupt 
Processes

In systems where interrupts are utilized, the volatile qualifier 
is often used as a method of instructing the compiler to treat 
variables delicately by forcing all reads and writes to occur. 
Unfortunately, many programmers make assumptions about its 
application to shared data and the ability to protect this data. 
The purpose of this class is to help attendees understand why 
using the volatile qualifier may cause more harm than good, 
and why accessor functions should be used for atomic data 
and shared hardware ports. Additionally, the class will cover 
why atomic (non-interruptable) access is not guaranteed for 
any access or operation, and the vital importance of atomic 
data and their protection when utilizing interrupts.The course 
will show code examples and analyze the disassembly of the 
C compiler to demonstrate the importance of assumptions 
about methods used during compilation. Also, state-based 
systems will be shown with nested/enabled interrupts to show 
how they may unintentionally affect the operation of ports and 
variables. Note: This class will be taught by a representative 
from Occam Medical Design.

1.75 4

20027 FRM7 Using Unified Modeling 
Language (UML) 
with Object-Oriented 
Concepts in Your 
Embedded Designs

This class will teach you how to implement a state machine 
using Unified Modeling Language (UML) with object-
oriented concepts. You will learn how to combine MPLAB® 
X IDE, the MPLAB Code Configurator (MCC), the Unified 
Modeling Language (UML) editor, and a 'C' code generator 
to automatically create code from a drawn UML file and 
load it into a PIC16 microcontroller. The class work focuses 
heavily on the implementation of state machines and code 
re-use. Good design techniques and practices will also be 
covered. Ultimately, the attendee will learn how to construct 
a moderately complex program using state machines, and 
understand more about code abstraction and object-oriented 
concepts enabling code re-use without sacrificing code space 
and optimization.

4 3 Attendees registering for 
this class should have a 
knowledge of C.

20028 FRM8 MPLAB® Harmony 
PIC32 Bluetooth® 
and USB 5x5x5 RGB 
LED Cube Design and 
Implementation

Have you ever seen one of those cool LED cubes that creates 
3-dimensional color animation?  Want to learn how to design 
one?  In this class we will show you how MPLAB® Harmony 
was used to create a 5x5x5 RGB LED Cube that can utilize 
the RN4677 Bluetooth® Module and/or USB for control. The 
class will cover hardware and software implementation details, 
design trade-offs, debugging challenges and solutions.  We 
will show how the MPLAB® Harmony Configurator (MHC) 
was used to create the MPLAB Harmony Framework needed 
to support the UART, USB, SPI, DMA, Timer and OC/PWM 
PLIBs and drivers. We will also show the MPLAB Harmony 
driver and PLIB API usage.   Live demonstrations will show 
how Bluetooth or USB can be used to select scenes, turn on 
pixels, set colors, etc. Note: the 5x5x5 RGB Cube shown in 
class in will be available for sale in kit form at the Microchip 
Store. Get yours and create your own patterns!

1.75 3

20029 FRM9 GUI Rapid Prototyping 
with LUA for PIC32MZ

GUI design is no longer exclusive engineering work. Rapid 
prototyping technologies are widely used by Industrial 
Designers to develop and test GUI features. With PIC32MZ, 
LUA and GIMP, your designers can create GUI proofs of 
concepts with a few clicks. When the GUI design is ready, 
firmware engineers jump in and realize the project easily with 
MPLAB® Harmony.Today you can look behind the curtain and 
learn how to use GUI Rapid Prototyping!What programming 
techniques can you use to enable parallel product 
development? How LUA interpreter works?What do you need 
for quick start?These questions are more are covered in this 
class.

1.75 1
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20030 
FRM10

Introduction to Linux This hands-on class will introduce you to the Linux OS. 
Using a virtual environment you will learn about X windows, 
a common GUI for Linux, as well as running Linux from a 
command line. We’ll go over directory structure, permissions 
and commands. You will also develop an understanding of 
user accounts and administrative accounts. Hands-on labs will 
have you writing and executing scripts and small C programs.

4 2

Functional Safety

20031 FS1 Functional Safety: 
Concept to Certification

As electronic system complexity continues to increase, the 
need for a comprehensive plan to design for safety also 
increases. In this class, Microchip, LDRA and Underwriters 
Laboratories (UL) team up to teach about preparing and 
designing for functional safety. The class topics will be as 
follows: - Introduction to Functional Safety and how it affects 
your design and coding, including real-world examples.  - 
Introduce LDRA and the tools they have available to ensure 
your code is written in a way to increase safety as well as 
demonstrate compliance with software metrics and test 
requirements from functional safety standards. - Introduce UL 
and the testing/certification process and how you can prepare 
for success. This class is intended for the embedded engineer 
designing products that require compliance with functional 
safety standards.

1.75 3 Attendees registering for 
this class should have 
previous experience 
designing for safety.

Medical 

20032 MED1 Medical Device Design 
for FDA Approval: 
Vibrating Mesh Nebulizer

This class uses the Vibrating Mesh Nebulizer Reference 
Design as an example of a device that needs FDA approval 
to discuss the requirements for an FDA approval submission.    
We will show details of the hardware and software of the 
nebulizer, then investigate the implications of the ultimate 
FDA submission as it applies to this product. We will discuss 
practices and documentation necessary during the design 
process to be ready for FDA submission.The class will begin 
with a general introduction of aerosol drug delivery and 
vibrating mesh nebulizer technology.  This class will then 
explain the nebulizer reference design and FDA requirements 
during development, using the reference design as a case 
study.  Microchip’s nebulizer demo boards will be shown in the 
class.Note: the FDA section will be taught by a representative 
from Occammd, a Microchip medical design partner specialist.

1.75 1

20033 MED2 Biometric Digital Signal 
Processing

This class demonstrates how to use the Core Independent 
Peripherals (CIPs) and the intelligent analog peripherals 
featured in Microchip’s 8-bit microcontrollers, along with 
Microchip’s proprietary signal encoding technique (patent 
pending) to develop biomedical sensors.This class will closely 
examine the case of a reflectance pulse oximeter (RPO) 
using Photoplethysmography (PPG) techniques. The principle 
of PPG is optical detection of blood volume changes in the 
microvascular bed of the tissue. This class will mention other 
possible sensor applications using Microchip’s proprietary 
signal encoding technique.Microchip’s RPO demo board will 
be shown during the class. The RPO demo board can be 
purchased at Dev Tools store. Microchip’s filter library code 
associated with this class will be given to attendees.

4 2 Attendees registering 
for this class should 
have basic familiarity 
with MPLAB® X IDE 
and should have a basic 
knowledge of the C 
language.

HANDS 
ON  

HANDS 
ON  



MASTERs 2016 Conference                          Page 17  

Tech Levels 
1: No prior knowledge on the topic necessary.
2: Basic knowledge of the topic is necessary.
3: Previous hands-on working experience with the topic is necessary.
4: Thorough knowledge and working experience with the topic is necessary.
5: Advanced – attendees should already have expertise in the topic before attending

2016 MASTERs CONFERENCE CLASS LIST

     

Class Title Abstract

H
o

u
rs

Te
ch

 
L

ev
el Prerequisites

Bootloaders

20034 BTL1 8-bit Bootloaders Using 
MCC

Have you ever wished for a simple way to add functionality 
or correct a bug within firmware already released to the field? 
If so, then a bootloader solves the problem. This class will 
focus on incorporating a bootloader into your application and 
covers the resources required, along with a review of common 
"gotchas" to avoid. The material in this class will also cover 
advanced bootloader features such as checking for an existing 
valid application, methods for switching between application/
bootloader modes, calculation of the checksum over a specific 
range of memory, and fail-safe bootloading.

1.75 3

20035 BTL2 Bootloaders on PIC32 
Devices

This class will focus on PIC32 bootloaders to allow in-
field upgrades to application firmware. By the end of the 
class, participants will be able to explain the concepts of 
the bootloader, PIC32 memory organization, usage of boot 
flash on the PIC32, modifying linker scripts, techniques to 
place the bootloader and application images in different 
memory areas, and merging the bootloader and application 
hex files for production programming. The class also covers 
the list of bootloaders in MPLAB® Harmony. There will be 
demonstrations to help participants add linker scripts to their 
application through the MPLAB Harmony Configurator (MHC).

1.75 2

Touch and Gesture Sensing

20036 TAG1 Introduction to 
Microchip's Touch and 3D 
Gesture Technologies

Microchip offers complete 1D, 2D touch and 3D gesture 
solutions. This introductory class will not only present 
the product/solution portfolio, but also show how these 
technologies can improve your application. Demonstrations 
including touch keys, sliders, proximity, touchpad/touchscreen 
and 3D gesture will be shown in the class.

1.75 2

20037 TAG2 Touch Screen Design, 
Integration, and Sourcing

Are you adding a touch screen interface to your design?  In 
this class attendees will gain an understanding of Microchip's 
touch screen technologies and how Microchip can help speed 
up your design.  We will focus on projected capacitive touch, 
integration, sensor design, and Microchip's Sensor Design 
Partners.

1.75 1 Attendees registering 
for this class may find 
it helpful to attend the 
introductory class on 
touch and gesture 
sensing: 20036 TAG1.

20038 TAG3 3D Gesture Controller 
MGC3X30 Part 1: Getting 
Started

Microchip’s MGC3X30 (GestIC® technology) devices provide 
real-time 3D gesture recognition, hand position tracking, touch 
and proximity sensing. This class covers getting started with 
Microchip’s MGC3X30 and the Hillstar/Woodstar development 
kits (DM160218/DM160226).The presentation starts with 
an introduction to the basics of electrical near-field sensing, 
and the architecture of an MGC3X30 system. Furthermore, 
it introduces the features of  the Aurea PC software and the 
embedded Colibri Gesture Suite.

1.75 1

20039 TAG4 3D Gesture Controller 
MGC3X30 Part 2: Sensor 
Design and Integration

Microchip’s MGC3X30 (GestIC® technology) devices provide 
real-time 3D gesture recognition, hand position tracking, touch 
and proximity sensing. The class will focus on the design 
and the integration of GestIC technology sensors in various 
applications. This includes new findings for larger electrodes 
(>140mm) and battery operated devices. Attendees will 
understand the capabilities of GestIC technology, and learn 
how to design a 3D sensor with optimal performance.

1.75 4
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Display Technologies

20040 GFX1 Creating Basic PIC32 
Graphics Applications 
Using MPLAB® Harmony

Looking to add a Graphical User Interface (GUI) to your 
embedded system? Then this is the right class for you! 
Attendees will use lecture material and hands-on exercises 
to learn how to harness the power of the MPLAB® Harmony 
Graphics Library, along with the Harmony Configurator 
integrated graphics designer to create an embedded graphical 
user interface. For the hands-on exercises, attendees will use 
the PIC32MZ EF Starter Kit along with the PIC32 Multimedia 
Expansion Board II.

4 2 Attendees should have a 
strong working knowledge 
of the C programming 
language.

20041 GFX2 Advanced PIC32 
Graphics Development 
using MPLAB® Harmony

This class will showcase the latest features offered with 
MPLAB® Harmony Graphics.  The class will include a hands-
on lab on how to store and load images from an external 
media.  We will also introduce JPEG decoding which serves 
as a powerful tool to add visual quality to Harmony Graphics 
and a demonstration will show how to use double buffering 
to improve graphics performance.  Lastly, we will cover the 
recently added multi-lingual localization support.

1.75 3 Attendees registering for 
this class are expected to 
have a working knowledge 
of the MPLAB® Harmony 
Framework, basic 
computer graphics 
concepts, as well as 
hands-on experience 
with MPLAB Harmony 
Graphics Composer.

20042 GFX3 PIC32 Graphics Using 
SEGGER emWin and 
MPLAB® Harmony

The SEGGER emWin Pro toolset and library is now part of 
MPLAB® Harmony. Learn how to use the tools to create 
basic graphics features using the stand alone tools. After that, 
we will explore the various topics on integration to MPLAB 
Harmony including porting of the source files, connection to 
system services, and integration to a basic application.In the 
end, we will move from concept, through design, to a working 
display complete with touch control.

4 3 Attendees registering for 
this class should have 
a basic understanding 
of graphics in a 
microcontroller 
environment.

Automotive Networking- CAN/LIN

20043 AN1 CAN (Controller Area 
Network) and CAN-FD 
(Flexible Data-Rate) 
Basics

This class discusses the basic operation of the CAN 
(Controller Area Network) protocol. From there, the class 
will drill down to specific areas such as bit timing, arbitration, 
error detection and recovery, as well as other areas which 
contribute to the overall robustness of the CAN protocol. 
Beyond, attendees will be introduced to the extended CAN 
FD specification, CAN transceivers and PCB board design 
considerations.

4 1

20044 AN2 Setting Up CAN 
(Controller Area Network) 
and CAN-FD Nodes 
Using the 8-bit, 16-bit and 
32-bit CAN Solutions

CAN (Controller Area Network) is a common serial 
communication protocol in automotive, marine, factory 
automation and other fields. Microchip's CAN solution 
provides many features to the system designer, which 
allows efficient CAN bus communication with minimal CPU 
overhead. This class will provide a review of the 8-bit, 16-bit, 
and 32-bit Microchip CAN technology modules, and reinforce 
that material through a series of hands-on examples that will 
involve the attendees writing their own firmware using C.

4 4 Attendees registering for 
this class should have 
a basic understanding 
of the CAN Bus or 
have taken the CAN 
Basics (20043 AN1) 
class (recommended), 
and have experience 
with C programming 
and MPLAB® X IDE. It 
is also advisable that 
you have experience in 
programming 16 and 32-
bit PIC® MCUs.
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20045 AN3 LIN (Local Interconnect 
Network) Low-Cost 
Serial Bus Design for 
Industrial and Automotive 
Applications

If you need low-cost, standardized network connectivity, 
LIN (Local Interconnect Network) is a UART-based serial 
communication system that could be just right. Intended 
to be used for distributed electronic systems, it is finding 
homes in the industrial, consumer and automotive markets. 
We will teach you the basics of the LIN bus including the 
definition of the protocol and the physical layer, and also the 
definition of interfaces for development tools and application 
software. Attendees will configure and generate a LIN bus 
communication driver with a third party development tool by ihr 
GmbH. We will use LIN physical layer ICs, and 8-bit and 16-bit 
microcontrollers to build networks in several hands-on labs.

4 2

Serial Communication - I2C/SPI

20046 SER1 Choosing the Right 
Serial Bus for Adding 
Peripherals to Your 
Embedded Control 
Application

You’ve selected your microcontroller – what’s the best way 
to choose your embedded peripherals? In this class you 
will learn about the bit-level detail of the SPI, I2C, and UNI/
O® buses, including the implementation options on a PIC® 
microcontroller. You will learn about the advantages and 
disadvantages of each bus in terms of I/O requirements, 
number of interconnects, code space, and other 
considerations. You’ll understand how the features of each 
bus contribute to a robust system design, with key design 
tips being discussed along the way. We’ll briefly cover the 
various types of peripherals that are available for each bus. 
Serial EEPROMs, Serial SRAM, temperature sensors and 
application examples will be used to illustrate the concepts.

1.75 2

20047 SER2 Practical I2C: 
Introduction, 
Implementation and 
Troubleshooting

"Why am I not receiving an acknowledge from my slave 
device?""Help! I cannot write to my I2C EEPROM.""I always 
read 0xFF. What is wrong?"These are some of the comments 
we hear and this class will provide useful insights about 
I2C. It will start with an I2C introduction and key concepts, 
continue with configuring the PIC® Microcontroller as an 
I2C Master or Slave, and end with demos showing common 
I2C communications failures and how to troubleshoot them. 
This class is recommended for anyone using I2C, planning to 
use I2C or who just wants to learn more about I2C. This is a 
lecture class but attendees can optionally attend the 20047 
SER2L "Open Lab" session, which will provide the opportunity 
for attendees to complete self-paced hands-on lab exercises 
that reinforce concepts learned in this class. The Open Lab 
sessions will run some afternoons and some evenings. Exact 
times for Open Lab evening sessions will be provided in class.

1.75 1

20047 SER2L Optional Lab Session for 
20047 SER2

Optional Lab Session for 20047 SER2. 1.75 2 Attendees registering 
for this class must have 
attended 20047 SER2.

USB

20048 USB1 USB 2.0 Embedded Host 
and Device: Concepts, 
Solutions and Traffic 
Capture

This class will provide a practical introduction to the Universal 
Serial Bus protocol version 2.0. The main concepts (such 
as enumeration, full speed and high speed communication, 
embedded host and device, classes) will be explained and 
demonstrated using Microchip solutions. A protocol analyzer 
will be also used during the presentation to capture the traffic 
on the bus and show how this can be beneficial during USB 
development.

4 1
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20049 USB2 Designing for USB 2.0 
- High Speed Signals, 
Battery Charging, 
PCB Design, and Best 
Practices

This class will cover the fundamentals of USB 2.0 physical 
layer signaling, USB system design, and PCB layout 
guidelines. We will cover the low-level protocols for USB 
Low Speed, Full Speed, and High Speed, including battery 
charging, On-The-Go, and high-speed inter-chip supplements. 
We will briefly discuss the new USB Type-C™ connector 
and how it integrates with existing USB 2.0 implementations. 
There will be a demonstration of USB High Speed signal 
capture with discussion of the appropriate test equipment 
and techniques for debugging and compliance testing. The 
class will detail common issues like noise, EMI, and crosstalk, 
with some helpful techniques to identify and mitigate these 
potential problems. Throughout the sessions we will suggest 
best practices for USB design that will help you achieve a 
successful first pass USB High Speed design and USB.org 
logo compliance test.

1.75 2

20050 USB3 USB Human Interface 
Device (HID) Class

This course will explore the USB HID class as a method of 
exchanging data between a USB device and a PC. It will 
focus on two use cases of the HID class: creating a standard 
HID device such as a keyboard, mouse, or joystick, and 
creating a custom, vendor-defined HID device for transferring 
arbitrary data to and from a host application. This course 
will also introduce HIDAPI, a free, cross-platform library for 
communicating with custom, vendor-defined HID devices 
from a PC. Labs will cover the creation of a HID report 
descriptor for making standard HID-class devices such as 
keyboards, mice, and joysticks. In addition, labs will cover the 
firmware and software involved in making a custom, vendor-
defined USB HID device and host application, and will use 
the Microchip USB and HID libraries (part of the MLA) and 
HIDAPI.

4 4 Attendees registering for 
this class should have a 
working knowledge and 
familiarity with C and 
optionally C++. They 
should also be familiar 
with USB protocol level 
terminology (packets, 
transactions, transfers, 
endpoints, interfaces, 
etc.). To become 
familiar with these topics 
attendees can first take 
the class 20048 USB1.

20051 USB4 Implementing Vendor/
Custom USB Devices: 
Firmware and PC 
Software

This hands-on lab plus lecture class explores USB 
applications designed around the custom/vendor device class. 
Applications using the custom USB device class are in many 
ways the most versatile, and are often some of the easiest 
types of USB devices to get started with during initial USB 
development. In this class, we will discuss general information 
and concepts useful for developing a vendor class USB 
device, including hands-on labs using the Microchip provided 
USB framework and APIs for sending/receiving generic 
application data over USB endpoints. Additional discussion 
and hands-on exercises will be conducted involving PC 
application programming to send and receive application data 
over USB with the firmware on the microcontroller.

4 4 Attendees registering for 
this class should have 
previous C programming 
experience. No prior 
experience with USB is 
required for this class, 
although for those that 
are new to USB, taking 
class 20048 USB1 is also 
recommended.

20052 USB5 Developing USB Device 
Applications with 
MPLAB® Harmony USB 
Device Stack

USB is now a standard serial communication channel to 
connect embedded systems to PCs. Upon completion of the 
course, you will be able to create an enumerable USB device, 
transfer data between a PIC® MCU and a PC, and create a 
composite USB peripheral using a PIC32 USB microcontroller 
and the MPLAB® Harmony USB Library.

4 4 Attendees should be 
familiar with the USB 
protocol, transfer types, 
device classes, endpoints 
and descriptors. MPLAB® 
X IDE, XC32 and C 
language are used in this 
class and attendees need 
to be familiar with them.
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20053 USB6 Developing USB Host 
Applications with 
MPLAB® Harmony USB 
Host Stack

The USB Host Stack in MPLAB® Harmony allows USB 
application designers to support different USB device types. 
This includes communications and mass storage USB device 
types. Additionally, the host stack supports multiple USB 
devices through a Hub. This class will explain how to add 
support for communications, mass storage and HUB USB 
devices to a USB application. The coding steps required to 
communicate with a CDC USB device will be explained. The 
steps to use the MPLAB Harmony File System to access 
data on a USB mass storage device will be discussed. An 
application to support both, a communications and mass 
storage device through a USB Hub, will then be discussed. 
All hands-on exercises will use the MPLAB Harmony 
Configuration (MHC) Tool to add and configure USB Stack 
components to the project.

4 2 Attendees registering 
for this class should be 
familiar with the USB 2.0 
protocol and MPLAB® 
Harmony applications. 
Familiarity with C 
language programming 
constructs such as 
structures and pointers is 
assumed.

20054 USB7 USB Type-C™ Interface 
- Technical Overview and 
Design

This course is tailored to the USB designer who wants 
to understand the revolutionary new USB Type-C™/
USB-C™ interface and how to incorporate it existing or 
new designs. Attendees will become experts in the range of 
USB-C features, port and cable types, and product design 
requirements, by example.

1.75 2

Bluetooth

20055 BLU1 Getting Started with 
Bluetooth® Low Energy 
Development

Bluetooth® Low Energy (BLE) is the low-power extension to 
the Bluetooth 4.x Core Specification, extending the standard 
to cover low-power, low-latency use-cases. This hands-on 
course focuses on the key design considerations you should 
be aware of in adding BLE connectivity to your embedded 
application. Lab exercises will interface a Microchip PIC® 
MCU with an agency-certified Microchip BLE module.

4 1 Attendees registering 
for this should have 
some background using 
the MPLAB® X IDE 
tool chain, as well as 
some experience in C 
programming.

20056 BLU2 Creating Proof-of-
Concept Android™ Apps 
for Bluetooth® Low 
Energy

Creating professional mobile apps might be beyond the scope 
of most embedded design engineers, but if you just want to get 
started and learn to create simple proof-of-concept apps, then 
this class is for you. You will learn what development tools to 
use, how Android apps are structured, touch on key features 
of the Java language, and go into Bluetooth® LE support in 
more detail.The class will use Android tablets to connect to 
Microchip Bluetooth® LE modules. The hands-on labs will 
cover the steps required to scan, connect, discover services, 
and send and receive data over a Bluetooth LE connection.

4 2 Attendees registering for 
this class should have 
a working knowledge of 
Bluetooth® Low Energy, 
preferably having taken 
class 20055 BLU1 
"Getting Started with 
Bluetooth Low Energy".

20057 BLU3 Developing iOS™ 
Applications to Control 
Bluetooth® Low Energy 
Accessories

Learn the development process for creating iOS™ 
applications to communicate with the RN487x Bluetooth® 
Low Energy module. This class explains which development 
tools are used for iOS application development, the languages 
used, and how the operating system supports Bluetooth Low 
Energy interfaces. Note: This class does NOT cover Bluetooth 
audio applications.

1.75 3 Attendees registering for 
the class should have 
taken the class 20055 
BLU1.
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20058 BLU4 Workshop on Creating 
Host-less Bluetooth® Low 
Energy (BLE) Application

Do you want to create host-less Bluetooth® Low Energy 
(BLE) products but aren’t sure how to get started? If so, then 
this workshop is for you. In this workshop you will learn to 
implement host-less (NO-MCU) designs using the RN4870 
Bluetooth low energy module. By using the RN4870 internal 
scripting feature, common operations will be demonstrated 
using scripting; meaning no SDK or development tools are 
needed. This workshop will use a Microchip BLE module 
PICtail™ board and a plug-in sensor board. Attendees will try 
out a device concept on the Microchip BLE module PICtail 
board using scripting language, which will communicate 
with their BLE enabled smartphones/tablets.By the end of 
the class, the attendees will have a basic understanding 
of scripting concepts, associating peripherals with GATT 
characteristics. The attendees will use RN4870 PICtail board 
to build simple BLE sensor applications, remote control demo, 
and a beacon example. Attendees can use their own BLE iOS 
or Android device in class or use one provided.

1.75 3 Attendees taking this 
class should have 
knowledge of Bluetooth® 
Low Energy fundamentals 
and previous 
programming experience 
and/or have taken the 
class 20055 BLU1.

Networking

20059 NET1 TCP/IP Networking 
Fundamentals

If you need to add network connectivity to your product, but 
you don’t know how TCP/IP works, this class is for you. You 
will learn the basics of TCP/IP including how IP addresses are 
assigned and used, and how the data packetization process 
works. We will then use this knowledge to demonstrate how 
an embedded device communicates on your local network or 
across the world using the Internet. We will teach you what 
ports and sockets are, and how applications use them to 
create TCP/IP connections. We will also describe how some 
common TCP/IP applications (DHCP, DNS, etc.) work. We will 
show you how the client-server model works and will discuss 
the trade-offs to consider when choosing to locate a server 
on a local network vs. the internet. Last, we will show you 
Microchip’s solutions for embedded TCP/IP designs.

4 1

20060 NET2 Introduction to the 
MPLAB® Harmony TCP/
IP Stack

Welcome to the MPLAB® Harmony TCP/IP Stack! If you 
plan to use a PIC32 in an embedded TCP/IP application, 
you will need to know how to use the MPLAB Harmony TCP/
IP stack. You will learn the parts of the stack fundamental 
to all TCP/IP applications, how to configure the stack, and 
how to interface your application to the stack.  This class will 
show you the supported protocols, example demo code, and 
support utilities provided by the stack. We will describe the 
architecture of the stack and how it works and show some 
common stack APIs used to interface your application with the 
stack (socket programming). You will get hands on experience 
with configuring the stack using the MPLAB Harmony 
Configuration (MHC) Tool, and creating a TCP/IP application 
using a "bare metal" implementation.Note: This class is not 
relevant for Microchip’s stand-alone RN Wi-Fi® modules.

4 2 Attendees registering for 
this class should have 
a basic understanding 
of both TCP/IP and 
the MPLAB® Harmony 
Framework or should 
attend the "20059 NET1 
- TCP/IP Networking 
Fundamentals" and the 
"20016 DEV5 - Creating 
PIC32 Embedded 
Applications with the Help 
of MPLAB® Harmony..." 
classes.

20061 NET3 Introducing PIC® MCUs 
with Wi-Fi® Built-in as a 
Peripheral

This class introduces the attendee to a new class of PIC32 
Microcontrollers with built-in Wi-Fi® features that are driving 
a higher degree of system integration in IoT applications. This 
class will introduce the architecture of silicon, the features of 
the Wi-Fi 802.11 a/b/g/n module and the software that enables 
this product in IoT applications. The class is a lecture format 
and accompanied by various IoT demos based on the new 
product family.

1.75 2
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20062 NET4 Adding an Ethernet 
Switch to Your Design 
for Daisy Chaining, 
VLAN, Diagnostics and 
Monitoring

Many products incorporate an Ethernet interface for 
connection to the outside world or to other devices. This 
course will introduce basic and advanced features of an 
Ethernet switch explaining the differences between managed 
and un-managed modes, advanced features such as VLAN’s 
and QoS, where to use them, and how these features can 
be implemented in end products. We will present example 
solutions using 3-port switches showing how these can quickly 
and easily be used in place of single port PHYs to create 
daisy chained applications. Using 3-port and larger switches, 
advanced switch features including VLANs and QoS will be 
demonstrated. The key functionality of port mirroring and its 
use in network debug/diagnostics will also be shown. Two 
example designs using a PIC32 will be presented – one using 
SNMP and another MQTT for IoT. We will utilize features 
within the switch to build a network weathermap illustrating 
and graphing the network behavior of a number of devices.

1.75 2 Attendees registering for 
this class should have a 
basic understanding of 
Ethernet and Linux.

20063 NET5 An Introduction to 
EtherCAT® and the 
Microchip LAN9252 Slave 
Controller

EtherCAT® is probably the fastest growing industrial field 
bus. The protocol is based on Ethernet layer 1, so it offers the 
leverage of standard infrastructure hardware, thus allowing 
the deployment of cost-effective solutions. Because it employs 
on-the-fly as opposed to store-and-forward packet processing, 
it provides fast node update speeds and offers real-time 
synchronous I/O control over a distributed control system to 
well within 1us. It is its own protocol and requires dedicated 
master and slave controllers. The LAN9252 is an example of 
such a slave controller. This class familiarizes the attendee 
with implementing a Raspberry Pi EtherCAT master to control 
slaves based on the LAN9252, and introduces the tools 
required to implement an EtherCAT network.

1.75 1

20064 NET6 Getting Up and Running 
with LoRaWAN™ Long-
Range Networking

This class is developed for engineers at any level interested in 
designing long-range IoT solutions based on the LoRaWAN™ 
MAC Class A protocol. During the course, the attendees 
will learn the basics of this long-range network structure, 
the modulation scheme, and the parameters that allow this 
extraordinary range. The theory will be discussed in enough 
depth to start development right away. In the second part 
we will get up and running with the RN2903 LoRaWAN™ 
module with a hands-on session, which includes working with 
the simple UART interface and connecting to a real LoRa® 
network. After the class, attendees will be capable of starting 
their own development with this technology, enabling fast time 
to market.

4 3 Attendees registering for 
this class should have 
an understanding of C 
programming and how to 
build code using MPLAB® 
X IDE.

HANDS 
ON  



Page 24       MASTERs 2016 Conference

Tech Levels 
1: No prior knowledge on the topic necessary.
2: Basic knowledge of the topic is necessary.
3: Previous hands-on working experience with the topic is necessary.
4: Thorough knowledge and working experience with the topic is necessary.
5: Advanced – attendees should already have expertise in the topic before attending

2016 MASTERs CONFERENCE CLASS LIST

Class Title Abstract

H
o

u
rs

Te
ch

 
L

ev
el Prerequisites

20065 NET7 Connecting Things 
Using Microchip's MCC 
LoRaWAN™ Library

With the growing Internet of Things, Microchip’s LoRa® 
Technology wireless solution addresses the increasing 
demands on end-devices for long range connectivity, low 
power for battery operation, and low infrastructure cost 
for volume deployment, enabling Internet of Things (IoT) 
and Machine-to-Machine (M2M) wireless communication. 
Microchip’s LoRa Technology solution is ready to run out of 
the box and comes with the complete LoRaWAN™ protocol 
stack. Leveraging its integration with the MPLAB® Code 
Configurator (MCC), it drastically reduces time to market 
and saves development costs. In this class we will start by 
presenting an overview of the LoRa Technology (architecture 
and characteristics) and Microchip’s LoRaWAN Library.  We 
will then show how to enable and configure the Microchip 
LoRaWAN library in their applications.  Finally, we will cover 
what the hardware prerequisites are, and what configuration 
is needed to have a functional LoRa Technology based 
application. During the hands-on labs, the attendees will have 
the opportunity to experience a bring-up of a LoRaWAN Class 
A based application by using the Microchip LoRaWAN library 
generated from the MPLAB Code Configurator (MCC).

4 3 Attendees registering for 
this class should have 
a basic understanding 
of C programming, 8-bit 
PIC® MCU development 
and the use of MPLAB® 
X IDE.

20066 NET8 Developing Wireless 
Applications Using The 
Next Generation MiWi™ 
Mesh and P2P Protocol 
Stack

Microchip’s MiWi™ protocol stack is a very powerful, flexible, 
yet lightweight wireless networking stack, on which complex 
wireless applications can be built.  The MiWi protocol supports 
a number of networking topologies including Point-To-Point 
(P2P), Dynamic Mesh and Star. These features are realized 
in a stack whose memory footprint is as small as16KB. 
Microchip’s newest generation of the MiWi stack implements a 
more sophisticated routing and network-monitoring algorithm, 
which makes its dynamic routing, network self-healing and 
network stability features some of the best in class.     This 
new MiWi protocol class will explain in-depth the three 
networking topologies that the MiWi protocol supports: 
P2P, STAR and Mesh. The lecture portion of this class will 
also cover topics such as how to build complex wireless 
applications in less than 20 lines of code. The hands-on 
portion of the class will teach students how to make changes 
to the MiWi stack do such tasks as changing the transceiver 
or the stack topology.     This new class will to be of great 
interest to students who are interested in creating wireless 
networking applications, but who are not TCP/IP or Bluetooth® 
experts.

4 2 Attendees registering for 
this class should have 
basic knowledge of C 
programming, as well as 
some knowledge of PIC® 
MCUs

Internet of Things (IoT)

20067 IoT1 Connecting to the Cloud 
with the Internet of 
Things (IoT) Family of 
Development Tools from 
Microchip

As embedded design engineers look to make that next great 
connected, or Internet of Things (IoT), product, knowing 
where to start can be a challenge. There are natural firewalls 
between a company's IT or cloud development department 
and the engineering department that need to be overcome. 
The objectives of this class are to introduce the family of IoT 
development kits developed by Microchip and discuss how to 
connect these kits to the Amazon Web Services IoT service. 
Engineers will learn how to leverage the demo to connect to a 
cloud-based system. The skills acquired in this class will help 
the embedded engineer communicate effectively with their IT 
or cloud development department.

4 2 Attendees registering 
for this class should be 
familiar with basic TCP/
IP networking concepts 
(sockets, addressing) and 
working with Microchip's 
TCP/IP stack from 
MPLAB® Harmony.

HANDS 
ON  

HANDS 
ON  

HANDS 
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20068 IoT2 Internet of Tiny! 8-bit 
devices using Lite TCP/
IP stack

This class will give an overview of our light TCP/IP library, 
including a brief introduction to the protocols included in the 
stack, their features and limitations. We will showcase our 
easy to use MPLAB® Code Configurator (MCC) to generate 
most of the code and show how quickly one can have a 
working project to build upon. We will go through the UDP and 
TCP APIs needed to create and extend the user application. 
A brief introduction to CoAP will also be presented. Hands-on 
labs will provide attendees the experience of creating real life 
applications based upon the information presented. Last but 
not least, in order to bring the presented ideas and concepts 
home, a couple of demos will be shown.

4 2 Attendees should have 
a basic knowledge of 
the Ethernet drivers 
and TCP/IP networking 
fundamentals.

20069 IoT3 Utilizing the Microchip 
LoRa® Technology 
Gateway Radio Module

As the IoT universe grows, secure communications with 
geographically dispersed, battery powered, embedded devices 
becomes a necessity. This class will offer insight, setup 
and demonstration of the new LoRa® Technology Gateway 
Radio Module and the Microchip LoRa Technology Gateway 
Reference Evaluation Board as a host for a swarm of RN2903 
LoRa Technology Transceiver Modules. At the conclusion of 
the class, the participant will have the knowledge necessary to 
setup and monitor their own long distance IoT constellation.

1.75 2

20070 IoT4 The Path from Dev Kit 
Demo to IoT Product on 
the Exosite One Platform

This class will teach you what you need to know about taking 
an Internet of Things development kit demo and creating a 
production ready firmware application for your IoT device. In 
this hands-on class you will take an Ethernet Client Module 
Development Kit powered by the ExositeReady SDK, add 
support for a new MikroBus™ based sensor, and deploy your 
new product on Exosite's OnePlatform. You will also learn 
about the various application level protocols that are available 
to connect your product and the trade-offs that each bring 
with them, as well as how to apply the associated security 
protocols required to keep your device's communication safe 
and secure. We will study some very public mistakes that have 
brought IoT devices into the news and discuss what they did 
wrong and how you can avoid the same fate. Note: This class 
will be presented by a representative of Exosite.

4 3

20071 IoT5 An Insight Into AWS 
(Amazon Web Services): 
New AWS IoT Service 
and How an Embedded 
Engineer Can Leverage 
Cloud Computing

Amazon Web Services (AWS) provides cloud computing 
services to over one million customers in 190 countries. 
This class will present to the embedded engineer a basic 
understanding of AWS and how their platform can help 
enable the embedded community. This session will include a 
discussion of relevant service offerings, security in the cloud, 
scalability of solutions on AWS, and a deeper overview of 
the new AWS IoT service. This will provide the embedded 
engineer with the knowledge needed to work directly with their 
IT department in the development of a cloud-based product 
using one of the new IoT starter kits from Microchip as a case 
study. Note: This class will be presented by a representative 
from Amazon.

1.75 2

Security/Encryption

20072 SEC1 Introduction to Security 
and Authentication 
Applications

Security, and cryptography in general, is increasingly 
important in today’s connected world. This class will introduce 
the basic concepts of cryptography and algorithms. We 
will discuss applications of cryptography, including product 
authentication, data encryption, and KeeLoq® security. This 
class aims to make the student familiar with basic concepts, 
and will not go into the mathematics behind the algorithms.

1.75 1
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20073 SEC2 Microchip Security 
Solutions

Security and cryptography are increasingly important in 
today's world. Microchip provides a variety of hardware and 
software solutions to address security issues. This class 
examines these solutions with examples on utilizing them.

1.75 2

20074 SEC3 Using Hardware-Based 
Devices to Secure 
and Authenticate 
Embedded Applications: 
An Introduction to 
Microchip’s CEC1XXX 
Crypto Engine Controllers

Microchip’s CEC1XXX Family of Crypto Engine Controllers 
ensure that embedded designs are not cloned, counterfeited 
or tampered, helping risk mitigation to OEMs by ensuring 
that only legitimate products and firmware upgrades work 
in the host system.  Learn about privacy, authentication, 
attestation and hardware key management to help repel 
aggressive attacks against your system. Cryptography is 
mathematically complex and highly detailed with constantly 
emerging standards, algorithms, processes, definitions and 
methodologies. Microchip makes it easy to secure your design 
using the CEC1XXX Family of Crypto Engine Controllers, 
eliminating the need for resource intensive expertise on your 
side.  Come see how Microchip has simplified the cost and 
risk of adding hardware security to your embedded designs.

1.75 1

Analog and Mixed Signal

20075 AMS1 Signal Conditioning 
Techniques Using 
Precision Instrumentation 
Amplifier

The primary challenge of sensing in industrial environments 
is conditioning low-level sensor signals in the presence of 
high-noise environments. While this is an ideal application for 
a precision Instrumentation Amplifier (INA), simple mistakes 
can quickly compromise the precision performance. This 
course starts with an introduction to the Instrumentation 
Amplifier by comparing the common architectures and their 
individual advantages. We will then focus on how to apply 
the Instrumentation Amplifier effectively using select signal 
chain application examples and discuss how to avoid common 
mistakes.

1.75 2

20076 AMS2 Sensing and 
Communicating with an 
Analog World - Part 1

As part one of two of the “Sensing and Communicating with 
an Analog World” class, this lecture covers some basic types 
of sensors, sensor terminology that is typically found in a 
data sheet, and basic design considerations when choosing 
a sensor. The lecture also highlights a few select sensors, 
both explaining in detail how each sensor operates, and 
demonstrating each sensor in an application.

1.75 2

20077 AMS3 Sensing and 
Communicating with an 
Analog World - Part 2

Part two of the “Sensing and Communicating with an Analog 
World” class covers interfacing sensors with the on-board 
peripherals found in most of the PIC® MCUs, such as the 
Analog-to-Digital Converter, MSSP, and Op-Amps. Basic 
filtering techniques, digital communication methods, as well as 
other common issues are discussed using specific examples 
and demonstrations.

1.75 3

20078 AMS4 High-Precision Analog 
Applications Using Op 
Amps

Are you interested in designing high-precision circuits? How 
can you take advantage of a PIC® MCU's capabilities? This 
class covers precision op amp fundamentals, their application 
to circuit design, and design tips and tricks. Circuits with 
traditional, reduced analog content and mixed signal 
architectures are illustrated. This is an analog class for users 
at Analog Technical Level 3 (some experience).

1.75 2 Attendees should have 
some analog design 
experience.

20079 AMS5 Precision Remote 
Temperature Sensing for 
Embedded Systems

Embedded systems with precision thermal management 
require high-accuracy instrumentation. Several temperature 
sensors are available in the market to measure temperature 
at remote locations such as Silicon IC sensors, diode 
sensors, thermistors, RTDs and thermocouples. This 
session demonstrates the various discrete and non-discrete 
thermal management solutions for precision remote sensing 
applications. Attendees will explore the pros, cons and 
implementation techniques of each sensor and identify the 
appropriate cost-effective solution for the embedded system 
application.

1.75 1
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20080 AMS6 Simplify Your RF 
Receiving System Using 
the Latest Digitally-
Enhanced High-Speed 
ADC

Did you know that Microchip offers various low-power, high 
speed pipelined Analog-to-Digital Converters (ADC)? Input 
sample rates of these ADCs range from 10 Msps to 200 Msps 
per channel. These ADCs are used as a key element in digital 
communications and data acquisition systems such as base 
stations, Radar, Sonar, ultrasound, satellite communication 
applications, oscilloscopes, etc. Some of these ADCs have 
unique built-in digital feature sets such as digital down 
converter for In-phase and Quadrature signal detection (I/Q 
demodulation) in RF receiving applications, digital decimation 
for filtering or Continuous-Wave (CW) beam-forming for 
ultrasound transducer or phased array  antennas, etc. In 
this class, you will learn how the built-in digital features 
can greatly simplify your RF receiving or data acquisition 
systems, and improve your overall system performance. 
This class is absolutely for you if you are developing (or 
planning to develop) high speed data acquisition or RF data 
communication systems.

1.75 1

Audio and DSP

20081 AUD1 Digital Audio Effects 
Using a PIC32

The release of highly-integrated 32-bit microcontrollers with 
small form factors has made it possible to perform complex 
audio effects in a simple platform.This class will demonstrate 
how to use a PIC32MZ chipKIT™ development platform to 
create a variety of audio sound effects. These applications 
will specifically target vintage type effects such as echo delay, 
reverb, phaser, flanger, and chorus. The class will focus 
on the I2S peripheral with connections to an audio codec, 
management of sampled data, and the math routines used in 
the development of the effects. The different solutions will be 
presented and demonstrated in class. The lessons learned in 
each step of the hardware and software development will be 
shared.

1.75 1

20082 AUD2 USB Audio Solutions 
Using MPLAB® Harmony 
and PIC32

USB architecture offers a number of potential audio solutions. 
With MPLAB® Harmony and PIC32, we will explore several 
solutions from a USB headset to thumb drive MP3 playback. 
The applications include the capabilities of microphone 
capture and playback from a PC device. High-resolution audio 
using a USB 2.0 audio device class will be introduced during 
the session.

1.75 3 Attendees registering 
for this class should be 
familiar with MPLAB® 
Harmony.

Motor Control

20083 MC1 Overview of Intelligent 
Motor Control Solutions

This class is an overview of common motor types, 
applications, control algorithms and motor interface design. 
This class will cover basic motor theory and vocabulary. Motor 
types discussed include the DC brush motor, DC brushless 
motor, stepper motor, switched reluctance motor and AC 
induction. Common motor control algorithms and resources 
required will be reviewed. This class will also cover motor 
interface design including motor control peripherals, motor 
position detection and driver electronics.

4 2

20084 MC2 How to Succeed in Motor 
Control

There are many resources for learning the basic principles 
of field-oriented control (FOC) for permanent-magnet 
synchronous motors (PMSM) and induction motors (IM). This 
seminar complements those resources by discussing topics 
in motor control which are often overlooked, or which have 
subtle implications for motor control system design – including 
a discussion of which requirements can make a motor control 
project easy or difficult, how to read a motor data sheet, and 
how to calculate operating voltage requirements. Participants 
should have a basic familiarity with PMSM and FOC.

1.75 4 Attendees registering for 
this class should have 
a basic familiarity with 
field-oriented control 
of permanent-magnet 
synchronous motors.
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ON  
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20085 MC3 Power Stage Design for 
DC Motors

Recent MASTERs classes in motor systems have discussed 
in detail the control and motion portion of motor systems but 
have neglected the critical design and analysis of the power 
stage.  This class introduces both basic and advanced design 
techniques for motor driver power stages. The class begins 
with an overview of DC motor operation, 1/2 bridge, full bridge 
and 3-phase power stages. Motor drive requirements such 
as torque and speed are discussed as well as current/voltage 
stresses during startup, running and stall modes of operation.  
Calculations necessary for power stage component selection 
are discussed. Selection of the appropriate MOSFET/IGBT 
driver is discussed as well as switching frequency trade-offs. 
Information discussed in the class is put to use at the end with 
a power stage design example.

1.75 2

20086 MC4 motorBench™ 
Development Suite: Part 
1 – Introduction

Microchip motorBench™ Development Suite is an interactive 
graphical tool developed by engineers to help engineers 
design and implement closed loop PMSM motor control 
systems, from basic to sophisticated ones. It is a tool that 
acts as a companion of the engineers in their design process. 
This class introduces the attendees to key concepts of the 
Microchip motorBench Development Suite, its usage model 
and its development environment. Attendees will learn the 
benefits of this tool and how to leverage it in order to simplify 
and shorten the design cycle of their motor control application. 
The class will also show how attendees can use the tool 
by starting with basic information about their application 
hardware, make well-informed choices about algorithms 
and estimators within the tool to obtain fully-functional motor 
control application code within minutes.

1.75 2 Attendees registering for 
this class should have a 
basic knowledge of motor 
control.

20087 MC5 motorBench™ 
Development Suite: Part 
2 – New Motor Control 
Algorithms

This class builds upon what was covered in the prerequisite 
class, motorBench™ Development Suite: Part 1, by 
introducing attendees to the new architecture, development 
environment and implementation overview of the Motor 
Control source code. The class will also present additional 
details about the newly-developed run-time algorithms that are 
included with the Microchip motorBench Development Suite.

1.75 4 Attendees registering for 
this class should have 
taken the class 20086 
MC4 - motorBench™ 
Development Suite: 
Part 1, and should have 
a working knowledge 
of motor control and 
embedded C.

20088 MC6 Introduction to Field-
Oriented Control for 
Permanent Magnet 
Synchronous Motors

In this class we will explore the control of PMSM (Permanent 
Magnet Synchronous Motors), which are similar in 
construction to BLDC (Brushless DC Motors) using Field-
Oriented Control (FOC) instead of the traditional scalar 6-step 
control. The PMSM is receiving attention from designers 
who are concerned about optimal smooth torque control, low 
audible noise and extracting the best motor efficiency. It is 
a two-for-one class because the FOC method learned can 
also be applied to ACIM (AC Induction Motors). FOC is an 
advanced control technique used to operate a motor more 
smoothly over the full speed range. It is more responsive to 
load changes, offers fast acceleration/deceleration, and can 
generate full torque at zero RPM. In this class the attendee 
will be guided through the theory and application of FOC on a 
PMSM motor.

1.75 3
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20089 MC7 Speed Estimators, Flux 
Weakening and Efficient 
Use of SPMSM and 
IPMSM

Speed sensorless techniques for controlling permanent 
magnet synchronous motors are popular as they eliminate 
speed sensors, reducing cost and increasing overall reliability. 
In this class, a generalized approach to observer/estimator 
is presented, and the working of Microchip estimators is 
undergone in detail. From motor equations, an equation-based 
flux weakening algorithm is introduced, which will eliminate 
any need for lookup tables for basic control of motor. For 
IPMSM, saliency of the rotor produces an additional torque 
called ‘reluctance torque’. This class will also touch upon 
the use of MTPA algorithm to run the motor at most efficient 
operating point. This class will be theoretical session involving 
discussion around the motor model and its equations. The 
implementation level details like fixed point, scaling, etc., 
are out of scope for this class. This is a lecture class, but 
attendees can optionally attend the 20089 MC7L "Open Lab" 
session, which will provide the opportunity for attendees to 
complete self-paced hands-on lab exercises that reinforce 
concepts learned in this class. The Open Lab sessions will run 
some afternoons and some evenings. Exact times for Open 
Lab evening sessions will be provided in class.

1.75 5 Attendees taking this 
class should have a basic 
understanding of motor 
control and sensorless 
FOC for PMSM.

20089 MC7L Optional Lab Session for 
Class 20089 MC7

Optional Lab Session for class 20089 MC7. 1.75 1 Attendees registering 
for this class must have 
attended class 20089 
MC7.

20090 MC8 Simulation of FOC of a 
PMSM Using MATLAB®/
Simulink®

An application design for a typical motor control application 
includes simulation of the complete application with designed 
algorithm. Graphical programming tools like MATLAB®/
Simulink® are preferred for their ease of simulation and quick 
cycle time. While drawing a concurrence between the output 
of simulation and performance of real application, care needs 
to be taken about digitization, quantization and fixed point 
scaling, as the stability and response are greatly affected by 
these parameters. Microchip has developed the basic building 
blocks for FOC of a Permanent Magnet Synchronous Motor 
(PMSM) for simulation purposes. This class will introduce 
these MATLAB blocks and also present the general guidelines 
and best practices used for simulation of a motor. It will be 
a theoretical session involving discussion around MATLAB/
Simulink, Microchip blocks, simulation of motor control and 
will complement the FOC algorithm used in the motorBench™ 
Development Suite. As a demo, a simulation model of a 
PMSM running sensorless FOC will be presented.

1.75 5 Attendees taking this 
class shouldh have basic 
knowledge of motor 
control, sensorless FOC 
for PMSM and MATLAB 
Simulink.
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Power Supplies and Power Conversion

20091 PC1 Fundamentals of Switch-
Mode Power Converters

This class is the first of four classes presenting the basics 
of switch mode power conversion. The goal of this class is 
present the principles and concepts of switch mode power 
converters. This class provides the needed foundation for the 
classes that provide the details of designing and using switch 
mode power converters. The class starts with a description 
of the basic components and circuits used in switch mode 
converters. Next, the fundamental principles of energy storage 
and processing common to all switch mode converters, 
inductor volt-second and capacitor charge balance, are 
presented. Using these principles, the operation of the most 
common switch mode converters is explained. Converters 
discussed in some detail include the buck, the boost, the 
forward, and the flyback converters. The class concludes with 
a survey of other common and important switch mode power 
converter topologies. After this class it is suggested than those 
interested in switch mode power take class 20092 PC2, which 
provides an introduction to feedback and control loops for 
switch mode power converters.

1.75 1

20092 PC2 Fundamentals of Switch-
Mode Power Converters: 
Control

This class is the second of three classes presenting the 
basics of switch mode power conversion.  While 20091 
PC1 not a prerequisite, this class builds on the concepts 
presented in that class. The goal of this class is to present the 
principles and concepts of feedback control of switch mode 
power converters. This introductory class focuses more on 
the concepts and principles than detailed design. Each of 
the elements of analog feedback controllers are presented 
and discussed: the error amplifier, the compensator, and the 
modulator. Particular attention is paid to loop compensation 
and how loop compensation is designed to achieve both 
stability and good performance. An overview of current 
mode control and its advantages is then presented. After this 
class, those interested in designing power converter control 
loops with digital control should take class 20093 PC3, 
which provides in-depth information on how to design digital 
controllers for switch mode power converters.

1.75 1

20093 PC3 Power Supply Digital 
Compensator Design

This technical session is aimed at firmware engineers and 
embedded systems programmers who need to learn the 
foundation principles needed for fully digital compensator 
design and implementation. This session covers all topics 
necessary to design stable digital control loops on dsPIC® 
DSC devices. Topics such as discrete time control systems, 
Z transforms and linear difference equation coefficient 
calculations are presented in a step-by-step manner and 
with real-life design examples. The material covered will also 
be necessary for understanding many of the other technical 
sessions in the conference. The session concludes with real-
life loop measurement of a fully digital power supply.

1.75 2
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20094 PC4 Digital Compensator 
Design for Power 
Converters Made 
Easy Using Microchip 
Development Tools

This class is intended to showcase the design and 
implementation of digital compensators for switched mode 
power supplies (SMPS) using Microchip's GUI based Digital 
Compensator Design Tool (DCDT). The DCDT tool simplifies 
control loop design and allows verification of performance 
parameters such crossover frequency and gain/phase margin. 
This class discusses different methods to extract or model 
the SMPS power stage transfer function and uses these 
models with the DCDT to design an optimum compensator 
for a specific SMPS topology. Practical examples of plant 
modeling, digital compensator design and implementation with 
the Digital Power Starter Kit hardware are demonstrated in this 
class. The class also discusses dsPIC® DSC power specific 
peripherals and tips and tricks for taking advantage of powerful 
features of the new dsPIC33EP ‘GS’ family devices to achieve 
improved performance in a digitally controlled power supply.

1.75 2 Attendees not familiar 
with the basic principles 
of analog and digital 
control loop design 
should take 20093 PC3 
- Power Supply Digital 
Compensator Design.

20095 PC5 Digital Power Conversion 
Using dsPIC® DSCs: 
Adaptive and Model 
Predictive Control

Digital control loops in power conversion applications offer 
design flexibility, improved performance and reliability, and 
are one of the keystones to increasing efficiency and power 
density to meet future top level standards. The SMPS dsPIC® 
DSC family offers a wide range of hardware and software-
based features that can be used to implement an application-
specific, multi-level control system by adding adaptive 
algorithms to the basic control loop.The two major subjects 
introduced and discussed in this class are Adaptive Gain 
Control (AGC) and Adaptive Software Slope Compensation 
(ASSC). Both are used to find and maintain the optimum 
performance vs. stability ratio over all operating conditions 
of voltage, as well as current mode controlled converters 
while bypassing/solving some of the most significant trade-
offs in common analog power supply designs. Essential 
mathematics, software implementation and performance 
comparisons will be discussed in detail and will be supported 
by live demos.After attending this class, attendees will 
understand the characteristics of multi-level control systems 
and how they can be utilized to improve overall system 
performance, stability, and reliability.

4 5 Attendees registering for 
this class should have 
basic knowledge of the 
dsPIC® DSC architecture 
and the specific SMPS 
peripherals of the dsPIC 
DSC GS family, as well 
as a basic understanding 
of commonly used power 
conversion topologies and 
their control requirements.

20096 PC6 Understanding and 
Designing a Switching 
Power Supply with 
Adaptive COT 
Architecture

This class outlines the overview of various popular control 
mode topologies used for switch mode DC-DC power 
supplies. This class will discuss Microchip's advanced 
Constant On Time (COT) control architecture with related 
stability analysis covering different output filters. Some 
practical test results will be shared as well.

1.75 2

20097 PC7 Designing Intelligent 
Power Converters Using 
Core Independent 
Peripherals (CIPs)

Intelligent power converter design adds intelligence and 
automation to LED lighting, AC-DC power factor correction, 
DC-AC power inverters, and generic DC to DC converters.  
This combination allows a system to not only convert one 
voltage to another, but also exercise a high level of monitoring 
and control over the conversion.  It is therefore logical that 
the next step in design is the integration of a microcontroller 
and the basic building blocks of switch-mode converters 
onto a single die. This lecture class will discuss the design of 
intelligent power converters using just such a family of devices: 
Microchip’s new 8 and 16-bit microcontroller families with 
integrated Core Independent Peripherals (CIPs). It will explore 
example designs from three points of view: the level of control 
and monitoring possible with the new peripherals, the variety 
of topologies supported by the peripherals, and the variety of 
automated features and functions that can be implemented 
using the peripherals. Numerous design examples will be 
included to illustrate each point of view.

4 5 Attendees taking this 
class should have 
taken 20091 PC1 
- Fundamentals of 
Switch-Mode Power 
Converters, 20092 PC2 
- Fundamentals of Switch-
Mode Power Converter: 
Control and 20093 PC3 
- Power Supply Digital 
Compensator Design.
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20098 PC8 Power Conversion: 
Advanced Control 
Algorithms/Concepts 
Applied to Power Factor 
Correction Using dsPIC® 
DSCs

This class is designed to show how Microchip's dsPIC® DSC 
can be used in advanced control algorithms/techniques to 
improve power supply performance and maintain uniform loop 
gain in Power Factor Correction (PFC) boost converters. This 
class will discuss how to manage DCM mode of operation 
including a bumpless controller for switching between DCM 
and CCM modes of operation. This class will also discuss 
adaptive control algorithms for maintaining designed loop 
gain performance with changes in output voltage and inductor 
characteristics.

1.75 5 Attendees registering for 
this class should have 
knowledge of power 
electronics, a basic 
knowledge of Microchip 
SMPS dsPIC® DSCs, 
knowledge of boost 
type converters for PFC 
applications, and should 
also have knowledge of 
control theory.

20099 PC9 Small Signal Modeling for 
the LLC Converter

The LLC converter is widely used in medium power DC-DC 
applications due to its high efficiency and power density.  In 
spite of this these advantages, the dynamic behavior is difficult 
to characterize and remains an open topic for research.  In 
this class an overview of several modeling approaches will be 
given. These models include the first harmonic analysis (FHA), 
extended describing function (EDF), and system identification. 
The relative differences of the modeling approaches will be 
discussed, as well as their applicability to controller design.

1.75 2

20100 PC10 Peak Current Control of 
ZVS Full Bridge Topology 
with Digital Slope 
Compensation Using 
dsPIC® DSCs

This class explores the implementation of a fully digital peak 
current control technique with digital slope compensation 
(without external components) on a Phase Shifted Full Bridge 
Converter, using the features of dsPIC® DSCs. Phase 
Shifted Full Bridge topology based power supplies are a 
popular choice in industrial, telecom and server applications, 
especially due to their high efficiency of operation. Peak 
current control is a popular and traditionally analog control 
technique, known for its unique advantages including better 
dynamic response, inherent current limit protection and 
flux balancing in magnetic components, thus offering better 
reliability. This class focuses on implementation of a new 
digital slope compensation algorithm along with a unique 
switching scheme for achieving high efficiency using digital 
peak current control in a Phase Shifted Full Bridge Converter, 
using the dsPIC DSC.  A detailed control system modeling, 
design and analysis is also presented along with discussion 
on few non-linear algorithms implemented for performance 
improvement.

1.75 4

20101 PC11 Introduction to LEDs and 
LED Driver Topologies

This course will discuss the basics of the electrical and 
thermal properties of LEDs, and driving the LEDs to maximize 
their reliability. The course will also discuss the different ways 
to drive LEDs: linear and switch-mode. The various switch-
mode converters that can be used to drive LEDs will be 
presented. Typical applications and the pros and cons of each 
topology will be described.  The last part of this class will also 
show how to simulate a simple buck LED driver.

1.75 1



MASTERs 2016 Conference                          Page 33  

Tech Levels 
1: No prior knowledge on the topic necessary.
2: Basic knowledge of the topic is necessary.
3: Previous hands-on working experience with the topic is necessary.
4: Thorough knowledge and working experience with the topic is necessary.
5: Advanced – attendees should already have expertise in the topic before attending

2016 MASTERs CONFERENCE CLASS LIST

     

Class Title Abstract

H
o

u
rs

Te
ch

 
L

ev
el Prerequisites

20102 PC12 DC/DC Power Supply 
Designs for Automotive 
Multi String and Single 
String LED Headlights

Ever wondered about the amazing shape and brightness of 
the latest car headlights? Thanks to new LED technology, 
darkness does not stand a chance and a new array of styling 
opportunities has opened up. But all this remains useless 
without the right power technology to control multiple individual 
LED strings. This class is designed to introduce DC/DC 
converters for LED lighting control, some topologies for multi 
and single LED strings, and their implementation on demo 
designs. The multistring demo designs use an interleaved 
boost converter and 8 buck converters to control 8 individual 
LED strings, or a main buck for the rail voltage to control 
16 single LEDs with linear stages. The single string demo 
designs use a SEPIC buck/boost converter driven by PIC16 
analog peripherals.Attendees will learn about controlling 
multiple converters with one dsPIC® Digital Signal Controller, 
including multiple control loops. In practice, the monitoring 
and parameter settings are shown through interfaces like 
CAN, UART and PMBus. This class will also discuss the 
implementation of a single LED string in a demo in comparison 
with the multi string headlight. This design is based on a 
SEPIC topology and features an 8-Bit PIC® microcontroller 
with dedicated power supply peripherals.

1.75 2 Attendees registering 
for this class should 
have basic knowledge in 
Digital Power Conversion 
topologies and the 
control techniques based 
on previous classes.
Attendees registered 
for this class should 
have prior knowledge in 
PIC® MCU and dsPIC® 
DSC architecture and 
peripherals. Attendees 
registered for this class 
should have basic 
knowledge in PIC16F 
architecture and 
peripherals.

20103 PC13 Understanding the 
Capabilities of Standard 
Switcher ICs and 
Finding Solutions to 
Requirements Outside the 
Normal Operation of Such 
Converters

Standard integrated switch buck and boost ICs can also be 
used for buck-boost, isolated and other design requirements 
by simply modifying the topology with additional switch 
components and inductors.  By adding, or even swapping 
some components to a classic switcher, its capabilities can be 
extended to include not only different operating points, but also 
a completely different functionality. This allows the use of a 
switcher in a much wider area of applications, with a minimum 
of design effort.

1.75 2

Batteries

20104 BAT1 Fundamentals for Battery 
Selection and Application

Primary batteries are a commonly used and familiar power 
source used in a wide variety of applications. Battery selection 
can often be an afterthought, and not fully considering the 
technical characteristics of a battery lead to a number of 
potential consequences.Energizer Application Support will 
show why it is important to consider battery selection early in 
the design process. This course will begin by reviewing some 
of the key technical attributes of alkaline, lithium iron disulfide, 
and lithium coin batteries with a focus on how they can either 
positively or negatively affect the final product. Case studies of 
real applications will then be presented to serve as examples 
of both poor and wise battery selection and implementation. 
From these lessons, you will leave with strategies that will lead 
to more successful designs.

1.75 1

20105 BAT2 Battery Charging 
Fundamentals, Hardware 
Solutions, and Firmware 
Support for Real Products 
in the Market Today

This class will introduce manufacturer's recommended charge 
profiles for several chemistries including Li-Ion, LiFePO4, 
NiMH and SLA. With the charge algorithms identified, several 
charging topologies will be introduced that support a wide 
range of batteries. A review of each topology and component 
selection summary will be presented. Finally a multi-chemistry 
and multi-topology firmware solution with PC based GUI will 
be demonstrated. Real end-products will be highlighted and 
their charging requirements discussed including suggested 
solutions for each one.

1.75 2
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Energy Metering

20106 ACM Advanced AC 
Measurement with 
a Focus on Power 
Monitoring

Power monitoring is starting to play an important role as 
power management systems are used more and more often 
in different environments such as PC power supplies, home 
appliance or industrial power supplies. To achieve accurate 
AC measurements in your system, it is important to have the 
right signal processing techniques implemented.For complex 
situations, where different parameters are required to be 
measured, dedicated ASICs are no longer the best approach. 
For these systems, an external ADC with a separate 
microcontroller is the best choice if the firmware is properly 
developed.This class will focus on writing code to implement 
the functions which will extract the desired parameters from 
the acquired signal. PIC32 signal processing libraries will be 
used to achieve the goals of the class. The focus will be in 
understanding the purpose of each function, and how to fine 
tune them for each particular case. A signal generator will be 
used to provide AC signals to the MCP3914 Evaluation Board. 
In this class, a PIC32 will be used for signal processing.

4 2

Signal Integrity and PCB Design

20107 SIG1 Successful High-Speed 
PCB Design for Today’s 
Fast Protocols

Rising protocol speeds and tight design constraints present 
tough challenges to engineers and designers. Super Speed 
USB (Gen 1 and Gen2), 10 Gigabit Ethernet, Display Port, 
and other protocols are 2.5 GHz or faster. Even the older 
High Speed USB (2.0) and Gig-E run at hundreds of MHz and 
can cause serious signal integrity headaches. The protocol 
specifications cover how the signals travel from connector to 
connector in great detail, but the details of getting the signal 
from the IC to the connector over a PCB tend to be glossed 
over. This design step is often critical to the system success.
This session will reveal some practical “secrets” of executing 
these interfaces on PCB designs. We will review some PCB 
basics plus share many new design rules and best practice 
details that can greatly improve and simplify doing these multi-
GHz PCB circuits – even while using standard materials.

1.75 2 Attendees registering for 
this class should have an 
interest in designing or 
reviewing Printed Circuit 
Boards (PCBs) and the 
effects that PCB design 
details have on high 
speed signal integrity.

20108 SIG2 Electromagnetic 
Compatibility (EMC) 
Demystified!

This class unravels the mystery behind the discipline of EMC 
and its impact on embedded systems design, with particular 
emphasis on microcontroller based applications. Intuitive 
relationships, rules of thumb, and a minimum of math are used 
to guide the participant through the fundamentals of EMC 
from both an RF emission and immunity perspective. The 
effects of noise on microcontroller performance are presented 
and demonstrated through case studies and live demos. 
Various hardware and software techniques to help avoid and/
or resolve real world EMC problems are discussed. After this 
class, participants will be able to design new products with 
EMC in mind, reducing the likelihood of EMC related issues 
later in the process. They will also be able to better understand 
and mitigate EMC problems in existing product designs.

4 1

Manufacturing

20109 PLT Plant Tour Take a tour of the Microchip Tempe fab area and see first hand 
how chips are manufactured in high volume.  Learn some of 
the intricacies and fascinating facts that comprise an efficient 
wafer fab area to produce high volume microcontrollers, 
analog/interface, and memory products. Space is limited in 
this class and it fills up quickly.  Please note that attendees 
taking this tour will be entering a clean room environment 
and therefore no hairspray, make-up or cologne is allowed.  
Participants must also wear closed-toe shoes.

4 1 This tour requires you 
to wear 'bunny suits'; 
therefore, no make-up, 
cologne or hair spray.  You 
must also wear closed 
leather shoes with heels 
less than 2 inches (5cm) 
in height.

HANDS 
ON  
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Academic

20110 MAD Masters Academic Day This session will be an all-day event focused on meeting the 
needs of educators who are seeking solutions and forward-
looking ideas for teaching embedded system concepts and 
skills.  Whether in Electrical Engineering, teaching the basics 
of general design, in Software Engineering, teaching real-
time and connectivity concepts, or in related disciplines like 
Mechanical or Bioengineering teaching how to add intelligence 
to application-specific  solutions, the speakers and activities 
packed into this one day event will certainly stimulate the gray 
matter. Topics will include academic-focused presentations by 
Microchip experts and academic partners, as well as success 
stories and lessons learned from your peers.  A special 
lunch will be provided, and networking among attendees and 
speakers will be facilitated.

8 2 Attendees registering 
for this class should be 
affiliated with academic 
institutions or be 
associated or involved 
with teaching or adding 
embedded systems 
courses into post-
secondary curricula.

Atmel Products

20111 ATM1 Introduction to Atmel 8-bit 
AVR Microcontrollers

Introduction to the 8-bit AVR microcontroller architecture, HW 
& SW tools and product Linecard.  This session will provide 
you with sufficient  knowledge to start your first AVR based 
development and select the best fit AVR for the project.

1.75 1

20112 ATM2 Getting started with AVR 
Microcontrollers using 
Atmel Studio 7 and the 
QTouch Composer for 
the Peripheral Touch 
Controller

This class will teach you how to program and debug Atmel 
AVR Microcontrollers using Atmel Studio 7 Development 
Tools. You will understand the basics of the AVR architecture 
and know how to best use the hardware and software tools 
available. Attendees will also learn how to use the Power 
Debugger and Data Visualizer for measuring and optimizing 
the power consumption of a design (power profiling). Finally, 
we will create an application project from scratch and use the 
QTouch composer and library to setup code for implementing 
a capacitive Touch button.

4 2 Attendees registering 
for this class should be 
familiar with Atmel AVR 
8bit MCUs or have takent 
the class 20111 ATM1-
Introduction to Atmel 8-bit 
AVR Microcontrollers

20113 ATM3 Deployment Management 
& Logistics for the 
ECC508A Crypto 
Co-Processor in IoT 
Applications

Authentication of IoT nodes is a critical part of IoT security 
and involves deployment of secrets in a secure element 
or crypto co-processor in the IoT device. Programming, or 
provisioning, of these secure elements with private keys, 
certificates, signatures, and other secrets requires a carefully 
orchestrated process to maintain confidentiality of the 
secrets throughout the supply chain without burdening it with 
impractical restrictions that would interfere with high volume 
manufacturing. This session will cover process steps and 
flows of creating unique customer certificates, signatures, 
key generation, and secure provisioning, and will also provide 
a live demo of actual provisioning and operation of an ECC 
crypto co-processor in a secure IoT application.

1.75 1

20114 ATM4 Building an Ultra-Low 
Power Wearables 
application around 
Atmel Smart SAM L21 
Cortex-M0+ Flash 
microcontroller 

This class will teach you how to optimize power consumption 
of the SAM L21 microcontroller and benefits from its unique 
Sleepwalking with Dynamic Power Gating feature. Attendees 
will also learn how to build Ultra-Low Power Wearables 
application around SAM L21 microcontroller using Atmel 
Studio 7 Development Tools and Atmel Start code configurator 
to add Wireless Bluetooth Smart functionality with Atmel 
BTLC1000 Bluetooth Smart chip and Environmental Sensors.

4 1

HANDS 
ON  
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ON  
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20115 ATM5 [Tentative] Maximizing 
performance with the 
Atmel Smart SAM 
E70 Cortex-M7 Flash 
Microcontroller 

This class will teach you how to properly configure the SAM 
E70 in order to benefit from its architecture to maximize 
performance using a concrete example around FFT 
computation. You will understand how to configure the 
Memory Protection Unit (MPU) and use memory barrier 
to avoid potential memory access ordering issues or race 
conditions. You will compare the execution time and CPU 
load when running FFT computation from different internal 
memories to optimize usage of the Tightly Coupled Memory 
(TCM). Attendees will also learn how to deal with potential 
cache coherency issues when using DMA.

4 1

20116 ATM6 Introduction to Embedded 
Linux

This class targets engineers who want to discover Embedded 
Linux on a Microchip/Atmel ARM Cortex-A5-based MPU. By 
using the fully-featured Linux distribution for the SAMA5D2 
evaluation board, attendees will get familiar with the famous 
pre-installed and proven stacks, libraries and tools. Through 
practical labs you will discover how easy it is to play with the 
underlying hardware helped by scripting languages like bash 
or python. This out-of-the-box experience will explore the 
standard user interfaces of the Linux kernel and its device 
drivers (network, audio, i2c, gpio, sysfs, debugfs, clocks and 
Device Tree).In a second step, you will build your own C 
application taking advantage of the cross-compiler SDK and 
run it remotely.

4 1 Attendees should 
have a rudimentary 
understanding of Linux 
or have attended the 
class "20030 FRM10 - 
Introduction to Linux"

HANDS 
ON  

HANDS 
ON  


