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1 Document Revision History

Revision Date Description

PA1 20p-07-16 Work in progress

PA2 2080114 Work in progress.

PA3 201320125 First version to be released. All experiments are still not ¢

PA4 20130129 Minor corrections/clarifications

PA5 20130225 Completed section-7791L0

PAG6 20120319 Completed section 771#. Cleanup in variable declarations
code fragmensdded instructions about creating driver stry
source code.

PA7 20130408 Completed section 7Akanged all code fragments to use
predefined typedefs for variable decldatmrcorrections.

PA8 201306-13 Completed section 7728. Minor corrections/clarifications.
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2 Introduction

Thank you for buying EmbeddedRia{presso Experim&itdesigned to work Wt P 6 s
ARM CorteM0/M3_PXXpresso target boards

This document i s a IWP&presSoExp&imenth@t desdniles descri b
hardware as well as software related to the kit.

2.1 Features

Thekhas been created as a guided tour to | ear
microcontroller family with Cldi@éW3 cores from ARM. The experiments can be performed on a
breadboard for maximum flexibility and ease of use. It is also justitdecdmpgonents to a

printel circuit board (pcb) and learn soldering at the same time.

Components included in tlaeekit
{ 8x LEDs

1 2x Trimming potentiometers

1 7x pustbuttons

1 RGBLED

9 Light sensor (analog)

T Temperature sensor (analog)

i 7-segment LED, ddait

1 E2PROM with SPI interface

1 Temperature sensor with 12C interface (only for pcb mounting)

1 Piezo buzzer

1 Rotary quadrature encoder (only for pcb mounting)

1 Shift register

1 12C prts expander (PCA998% for pcb mounting)

1 USB Host connector (only fanpabting)

I USB Device connector (only for pcb mounting)

1 RJ45 connector for Ethernet (only for pcb mounting)

1 14pos serial expansion connector, for interface to for example graphical displays

1 3x servo connectors. Note that servos are not included.

1 X B e eobpatible sock@or ZigBee and WiFi modules). Note that RF module is not
included.

1 LPC1114 in DIL28 packagel@hfiizrystal and SWD connector (only for pcb mounting)

1 Local +3.3V voltage regulator

1 Miscellaneous resistors, capatitorsistorand conectors

1 Breadboard with cables

1 NakedCB

Copyright 2B© Embedded Artists AB
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2.2 ESD Precaution

Please note that tHeCXpresso Experimerddfitavithout gncase/box
and all componeate exposed for finger touches therefore extra
attention must be paid to E®btretaticdischarg) precaution.

Always work with the LPCXpresso Experiment Kit in a place with prc
ESD protection. ‘ E'E \

Avoiding electrostatic discharge is all about having the same electric

and to avoid building up charges between different areas wheraigou work.

is easily accomplished by having a conductive surface on your workbench and connecting yourself
with this surface via a wrist wrap.

Note that Embedded Artists does not replace boards that have been damaged by ESD.

2.3 General Handling Care

Handle thePC{presso Experimentafdid all included componeittscare. The boerdot
mounted in a protective case/bagraridiesigned for rough physical handling. Coemmebctors
componentsan war out after excessive uselLP@Xpresso Experimerns idieggned for
prototyping use, and not for integration intgpadectd

2.4 Code Read Protection

TheLPQ000 familgas a Code Read Protection function (specificalpe&R8sheet for
detailsthat, if enabled, will makentbecontrollenpossible teprogram (unless the use
program has implemented such functionality).

Note that Embedded Artists does not rel&&000 familghipwhere thehiphas CRP3
enabl ed. [ tds t he inwkethisrbosle by &siderdi.nsi bi |l ity to n

2.5 CEAssessment
TheLPCXpresso ExperimentKE@E marked. See sepa&t&declaration of Confodoityment.

TheLPCXpresso Experimens Kitlass A product. In a domestic environment this product may
cause radio interference in which case the user may be rkquadesht@ata measures.

EMC emission test has been performedB@XpEesso Experimenskinhdard interfaces like

Ethernet, USB, serial have been i@arseecting other devices to the priadilnet general

expansion connectmiay alter EMCemigsio |t is the userdés respons.
emission limits are not exceeded when connecting other deygoesaixfiansion connectors

of thd.PCXpresso Experiment Kit

Due to the nature oftRE€Xpresso Experimerit ditevaluation bdarot for integration into an
endproduct fasttransient immunity tests and conductddeguiacy immunity tests have not
been executeBxternallyonnected cables arsumsed to be less than 3 métkesgeneral
expansion connectors where irggynals are made available do not have aBgDginetection
than from the chip themse@®bserve ESD precaution.

2.6 Other Products from Embedded Artists

Embedded Artists have a broad range @dQR20020/3000/40@&ed boards that are very low

cost ad developed for prototyping / development as well as for OEM applications. Modifications for
OEM applications can be done easily, even for modest production volumes. Contact Embedded Art
for further information about design and production services.

2.6.1 Design and Production Services

Embedded Artists provide design services for custom designs, either completely new or modificatio
existing boards. Specific peripherals and 1/0 can be added easily to different designs, for example,

Copyright 2B© Embedded Artists AB
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communication interfaspgcific analog or digital I/0, and power supplies. Embedded Artists has a
broad, and |l ong, experience in designing ind
LPCD002000/3000/4000icrocontroller faasiin specific. Our competence also ineiueless

and wired communication for embedded systems
ZigBeekE, | SM RF, Et hhernet, CAN, RS485, and F

2.6.2 OEM / taluatiohQuickStart Boards and Kits

Visit Emb e d d e dvwvAEMbddsed Astidm for anfarenatipneaboert ,afHevy
EvaluatiohQuickStalioards / kits or contact your local distributor.

Copyright 2B© Embedded Artists AB
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3 LPXpresso Experiment Kit

TheLPCXpresso Experimeritaéitboeen created as a guided tour to learn embedded programming

wi t h N X P@isrocdantrollet fAntllyowith Clad@éM3 cores from ARM. The experiments can

be performed on a breadboard for maximum flexibility and ease of use. It is also possible to solder
components to a printed circuit board (pcb) and learn solderingiataRégsaehdlustrates

the two ways of working with the kit. To the left, all components have been soldered to the pcb and
LPCXpresso board is mounted in a socket on the pcb. To the right, a bread board is used and wire:
connect directly between the bread board and the LPCXpresso board. Note that the LPCXpresso
board is not included in the nbR@Xpresso Experiment Kit

Figurel o Breadboard Experiments and Working with PCB

The kit is based the LPC1000 LPCXpresso evaluation boards, which is a whole family of boards.
All experiments are based around the LPCXpresso [5AGMdoardunless otherwise noted.

The termaPC111will be used for the rest of the document to indicate both HRETINEL4n

Some of the experiments (Ethernet and USB related) are based on the LPCXpresso LPC1769 boa
is also possible to work with thellR@1DIL28 package, which is a breadboard friendly package.

The suggested wildk is as folloviisst sta with performing the experiméhts group of

component: the bread boangether with an LPCXpresso.Wghath done with the

experiments, solder the components to henpicile with the next group of compSoergs.
components only workhapeb, simply because they do not fit into the bread board. Perform the
experiments related to these components when they have been soldefdrtte Hrefpch.

course other ways of working, for esafdpling all componénte pcht the endf all

experiments work separately with the LPC1114 in DIL28 ipatdadjef an LPCXpresso board.

Note that in the latter case, ahliP@ K E i s needed t o ginkdisgieam t he
Afdebugger halfo of an LPCXpresso board.

The LPClxisbuiltaroundaCod® E core from ARM amwBE he LPC1
coreMost things addressed with the experiments are general to all microcontrollers and embedded
systems programming in general. The details are however slightly diffeflamebetween di
microcontrollers, for example the dfffantiainality anehistertn the owchip peripherals.

After having worked with.B@Xpresso Experimenaiat,completed the experiments, you will
have gained several competendesic level

1 emizdded programming
9 professional debugdexnniques

1 microcontrollers and how they interact with their environment

Copyright 2B© Embedded Artists AB
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1 electronic design in general
1 how to work with a breadboard

1 how to solder

It is assumed that you know how to progra@You do not have ® dn experienced user but
at least know about the bdsiastthe Internet is full of A 8itorials. A good start can be
https://en.wikibooks.org/wiki/C_Programming

The program development environment (also called Integrated DevelopméentEf\vioonment
short) used is thBCXpresso IDEvhich is Eclipséased IDE, a GNid@npiletinker, libraries
and an enhanced GdgBuggef~or more information[S¢e

3.1 Embedded Systems Programming

Embedded systems progiagis truly uitidisciplinary. An engineer must master many knowledge
areas in order to do a good job. There are at least five of these areas:

1) General programming knowledge
(C, algorithms and data structures, understanding the development ebuiggimgent, de
techniquesafe programming styWession handling, documentatimn,

2) Knowledge abgrbgramming close tohelwaréFirmware programming
(interrupts, memory mapped accesses for control registers, types of memories, etc.)

3) Knowledge alidhe specific hardware
(details abonticrocontroller used.all peripheralgdO, communication interfaces, etc.)

4) Application programming
(realtime operating systems, program frameworks, user interfaces, drivers, logging, field
updateshoot loadestructures, factory calibration/settings, configuration management,
communication protocols, graphical prograsuuiitggtc.)

5) Last but not least, the domain knoivigggeinctional that the product under development
shall implement.

When workinigrough the experiments in the LPCXpresso Experiment Kit you will increase your
knowledge in the first three areas.

Enpy working with the LPCXpresso Experiment Kit!

Copyright 2B© Embedded Artists AB
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4 Kit Content

Pagel3

In this chapter we will take a closertlokliffierent componémtfidd in thé.PCXpresso

Experiment Kit

The table below contains photos and a description of all components in order to simplify identificatic

Note that photos are only typical in the senseithiatriétgiecomponents typiceual
appearanc&xactppearance can differ for the compiontbiekit that you have receivée.
number of components shown in a picture can also differ from delivered quantity.

Most components are specified with a @i¢flkoexserquivalent. If a component gets dagraaged

new one can typically be ordered from, Mgikssor any preferred component distribiugor
DigikeMousenumber is just to get the key data of the corfiperastual components in the

component kit might very well be of different brands.

http://en.wikipedia.org
wiki/Breadboard

Conponent Description Note
Breadboard Digikey4381109ND
Mouse854BB400T

Cablesmalego-male

http://en.wikipedia.org
wiki/Jump_wire

Prototype cables can be
ordered from Embedded
Artists web shop in 58 pc
packagetEAACCO17).

Connectors for
LPCXpresso board

11lmmdng pins

There is another pair of
headers that looks very
similar. This pair of
connectors hémnge pins.
The other pair has shorte
pins.

Thispair of connectors sh
be soldered to an
LPCXpresso board to mag
itexperiment frientinake
it simple taanect cables {
the pins.

There is no distributor
equivalent for this
component.
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