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1   Document Revision History 
  

Revision Date Description 

PA1 2012-07-16 Work in progress. 

PA2 2013-01-14 Work in progress. 

PA3 2013-01-25 First version to be released. All experiments are still not complete. 

PA4 2013-01-29 Minor corrections/clarifications. 

PA5 2013-02-25 Completed section 7.9 - 7.10. 

PA6 2013-03-19 Completed section 7.11-7.14. Cleanup in variable declarations in 
code fragments. Added instructions about creating driver structured 
source code. 

PA7 2013-04-08 Completed section 7.15. Changed all code fragments to use 
predefined typedefs for variable declaration. Minor corrections. 

PA8 2013-06-13 Completed section 7.16-7.20. Minor corrections/clarifications. 
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2  Introduction 
Thank you for buying Embedded Artistsô LPCXpresso Experiment Kit designed to work with NXPôs 
ARM Cortex-M0/M3 LPCXpresso target boards. 

This document is a Userôs Guide that describes the LPCXpresso Experiment Kit that describes 
hardware as well as software related to the kit. 

2.1  Features 

The kit has been created as a guided tour to learn embedded programming with NXPôs LPC1000 
microcontroller family with Cortex-M0/M3 cores from ARM. The experiments can be performed on a 
breadboard for maximum flexibility and ease of use. It is also possible to solder the components to a 
printed circuit board (pcb) and learn soldering at the same time. 

Components included in the kit are: 

¶ 8x LEDs 

¶ 2x Trimming potentiometers 

¶ 7x push-buttons 

¶ RGB-LED 

¶ Light sensor (analog) 

¶ Temperature sensor (analog) 

¶ 7-segment LED, dual digit 

¶ E2PROM with SPI interface 

¶ Temperature sensor with I2C interface (only for pcb mounting) 

¶ Piezo buzzer 

¶ Rotary quadrature encoder (only for pcb mounting) 

¶ Shift register 

¶ I2C ports expander (PCA9532, only for pcb mounting) 

¶ USB Host connector (only for pcb mounting) 

¶ USB Device connector (only for pcb mounting) 

¶ RJ45 connector for Ethernet (only for pcb mounting) 

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

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

¶ XBeeÊ compatible socket (for ZigBee and WiFi modules). Note that RF module is not 
included. 

¶ LPC1114 in DIL28 package, with 12MHz crystal and SWD connector (only for pcb mounting) 

¶ Local +3.3V voltage regulator 

¶ Miscellaneous resistors, capacitors, transistors and connectors  

¶ Breadboard with cables 

¶ Naked PCB 
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2.2  ESD Precaution 

Please note that the LPCXpresso Experiment Kit come without any case/box 
and all components are exposed for finger touches ï and therefore extra 
attention must be paid to ESD (electrostatic discharge) precaution.  

Always work with the LPCXpresso Experiment Kit in a place with proper 
ESD protection. 

Avoiding electrostatic discharge is all about having the same electric potential 
and to avoid building up charges between different areas where you work. This 
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 the LPCXpresso Experiment Kit and all included components with care. The board is not 
mounted in a protective case/box and is not designed for rough physical handling. Connectors and 
components can wear out after excessive use. The LPCXpresso Experiment Kit is designed for 
prototyping use, and not for integration into an end-product. 

2.4  Code Read Protection 

The LPC1000 family has a Code Read Protection function (specifically CRP3, see datasheet for 
details) that, if enabled, will make the microcontroller impossible to reprogram (unless the user 
program has implemented such functionality). 

Note that Embedded Artists does not replace LPC1000 family chip where the chip has CRP3 
enabled. Itôs the userôs responsibility to not invoke this mode by accident. 

2.5  CE Assessment 

The LPCXpresso Experiment Kit is CE marked. See separate CE Declaration of Conformity document. 

The LPCXpresso Experiment Kit is a class A product. In a domestic environment this product may 
cause radio interference in which case the user may be required to take adequate measures. 

EMC emission test has been performed on the LPCXpresso Experiment Kit. Standard interfaces like 
Ethernet, USB, serial have been in use. Connecting other devices to the product via the general 
expansion connectors may alter EMC emission. It is the userôs responsibility to make sure EMC 
emission limits are not exceeded when connecting other devices to the general expansion connectors 
of the LPCXpresso Experiment Kit. 

Due to the nature of the LPCXpresso Experiment Kit ï an evaluation board not for integration into an 
end-product ï fast transient immunity tests and conducted radio-frequency immunity tests have not 
been executed. Externally connected cables are assumed to be less than 3 meters. The general 
expansion connectors where internal signals are made available do not have any other ESD protection 
than from the chip themselves. Observe ESD precaution. 

2.6  Other Products from Embedded Artists 

Embedded Artists have a broad range of LPC1000/2000/3000/4000 based boards that are very low 
cost and 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 Artists 
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 modification to 
existing boards. Specific peripherals and I/O can be added easily to different designs, for example, 
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communication interfaces, specific analog or digital I/O, and power supplies. Embedded Artists has a 
broad, and long, experience in designing industrial electronics in general and with NXPôs 
LPC1000/2000/3000/4000 microcontroller families in specific. Our competence also includes wireless 
and wired communication for embedded systems. For example IEEE802.11b/g (WLAN), BluetoothÊ, 
ZigBeeÊ, ISM RF, Ethernet, CAN, RS485, and Fieldbuses. 

2.6.2  OEM / Evaluation / QuickStart Boards and Kits 

Visit Embedded Artistsô home page, www.EmbeddedArtists.com, for information about other OEM / 
Evaluation / QuickStart boards / kits or contact your local distributor. 
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3  LPCXpresso Experiment Kit 
The LPCXpresso Experiment Kit has been created as a guided tour to learn embedded programming 
with NXPôs LPC1000 microcontroller family with Cortex-M0/M3 cores from ARM. The experiments can 
be performed on a breadboard for maximum flexibility and ease of use. It is also possible to solder the 
components to a printed circuit board (pcb) and learn soldering at the same time. Figure 1 illustrates 
the two ways of working with the kit. To the left, all components have been soldered to the pcb and the 
LPCXpresso board is mounted in a socket on the pcb. To the right, a bread board is used and wires 
connect directly between the bread board and the LPCXpresso board. Note that the LPCXpresso 
board is not included in the normal LPCXpresso Experiment Kit. 

 

Figure 1 ð Breadboard Experiments and Working with PCB 

The kit is based on the LPC1000 LPCXpresso evaluation boards, which is a whole family of boards. 
All experiments are based around the LPCXpresso LPC1115/1114 board unless otherwise noted. 
The term LPC111x will be used for the rest of the document to indicate both LPC1115 and LPC1114. 
Some of the experiments (Ethernet and USB related) are based on the LPCXpresso LPC1769 board. It 
is also possible to work with the LPC1114 in DIL28 package, which is a breadboard friendly package. 

The suggested work flow is as follows: first start with performing the experiments with a group of 
components on the bread board together with an LPCXpresso board. When done with the 
experiments, solder the components to the pcb. Continue with the next group of components. Some 
components only work on the pcb, simply because they do not fit into the bread board. Perform the 
experiments related to these components when they have been soldered to the pcb. There are of 
course other ways of working, for example soldering all components to the pcb at the end of all 
experiments or work separately with the LPC1114 in DIL28 package instead of an LPCXpresso board. 
Note that in the latter case, an LPC-LinkÊ is needed to program the LPC1114. The LPC-Link is the 
ñdebugger halfò of an LPCXpresso board. 

The LPC111x is built around a Cortex-M0Ê core from ARM and the LPC1769 has a Cortex-M3Ê 
core. Most things addressed with the experiments are general to all microcontrollers and embedded 
systems programming in general. The details are however slightly different between different 
microcontrollers, for example the different functionality and registers tin the on-chip peripherals. 

After having worked with the LPCXpresso Experiment Kit, and completed the experiments, you will 
have gained several competences at basic level: 

¶ embedded programming 

¶ professional debugging techniques 

¶ microcontrollers and how they interact with their environment 
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¶ electronic design in general 

¶ how to work with a breadboard 

¶ how to solder 

It is assumed that you know how to program in C. You do not have to be an experienced user but 
at least know about the basics. If not, the Internet is full of ANSI-C tutorials. A good start can be 
https://en.wikibooks.org/wiki/C_Programming. 

The program development environment (also called Integrated Development Environment ï IDE, for 
short) used is the LPCXpresso IDE, which is a Eclipse-based IDE, a GNU C-compiler, linker, libraries 
and an enhanced GDB debugger. For more information see [5]. 

3.1  Embedded Systems Programming 

Embedded systems programming is truly multi-disciplinary. 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 environment, debugging 
techniques, safe programming styles, version handling, documentation, etc.) 

2) Knowledge about programming close to the hardware / Firmware programming 
(interrupts, memory mapped accesses for control registers, types of memories, etc.)  

3) Knowledge about the specific hardware 
(details about microcontroller used incl. all peripherals, I/O, communication interfaces, etc.) 

4) Application programming 
(real-time operating systems, program frameworks, user interfaces, drivers, logging, field 
updates, boot loader structures, factory calibration/settings, configuration management, 
communication protocols, graphical programming, security, etc.) 

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

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

Enjoy working with the LPCXpresso Experiment Kit! 
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4  Kit Content 
In this chapter we will take a closer look at the different components included in the LPCXpresso 
Experiment Kit. 

The table below contains photos and a description of all components in order to simplify identification. 
Note that photos are only typical in the sense that they illustrate the components typical visual 
appearance. Exact appearance can differ for the components in the kit that you have received. The 
number of components shown in a picture can also differ from delivered quantity. 

Most components are specified with a Digikey or Mouser equivalent. If a component gets damaged, a 
new one can typically be ordered from Digikey, Mouser or any preferred component distributor. The 
Digikey/Mouser number is just to get the key data of the component. The actual components in the 
component kit might very well be of different brands. 

Component Description Note 

 

Breadboard 

 

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

Digikey: 438-1109-ND 
Mouser: 854-BB400T 

 

Cables, male-to-male 

 

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

Prototype cables can be 
ordered from Embedded 
Artists web shop in 50 pcs 
packages (EA-ACC-017). 

 

Connectors for 
LPCXpresso board 

11mm long pins 

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

This pair of connectors shall 
be soldered to an 
LPCXpresso board to make 
it experiment friendly ï make 
it simple to connect cables to 
the pins. 

There is no distributor 
equivalent for this 
component. 


























































































































































































































































































