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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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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
appearancé&xactppearance can differ for the compiontbiekit that you have receilde.
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
DigikefMousenumber is just to get the key data of the corfiperaattial 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.

Copyright 2B© Embedded Artists AB
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Rod

Tantal capacitor
C1,C2,C12
22uF

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

This componenpglarized.
One of the two pins is lon
than the other. This is the
positive side. There is als
small plus sign printed or
components on the long |
side.

AVXTAP226K010SCS
Digikey4781874ND
Mouserb8%
TAP226K010SCS

Ceramic capacitor
C3,C4

The printed numbers on {
component i

| 18pF This is not a polarized
component.
http://en.wikipedia.org/ Murata:
wiki/Ceramic_capacito] RPE5C2A180J2P1Z03B
Digikey4903632ND
| Mouse8l-
| RPE5CA180J2P1Z03B
& Ceramic capacitor The printed numbers on {
[ (. C5,C6,C7,CHCI3|componein.t i
“m ‘ 100nF This is not a polarized
\ m‘@ component.
I | http://en.wikipedia.org/ Kemet: C320C104K5R5T
| | wiki/Ceramic_capacito| Digikey3994264ND
LA | Mouser: 86320C104K5R
Ceramic capacitor This is a surface mounte(
5t C10,C11 component and can only
= . 100nF SMT soldered to the pcb (i.e.,
- o used on the bread board
- htp://en. wikipedia.org/| 1S 1S Nt & polarized
wiki/Ceramic_capacito P '
Murata:
GRM21BR71E104KAOQ1L
Digikey49016731-ND
MouseB81-

GRM4R104K25L

Copyright 2B© Embedded Artists AB
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Schottky diode
D1, D2
1N5817

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

http://en.wikipedia.org
wiki/Schottky diode

This component is polariz
There is a ring on one pir|
side of the components
(upper side in the picture
This istte cathode of the
diode. The other side
(bottom side) is the anod

Diodes In&N581T
DigikeyIN5817DICND
Mouser6211N5817

Stanebffs These staroffs are
H1, H2, H3, H4 mounted in each corner ¢
the pcb.
AVC: B83S
Any standard stawid for
4mm holes will work.
Power jack This component and can
J1 only be soldered to the p

(i.e., not used on the breg
board).

CUI Inc: PI02A
DigikeyCR102AND

Connectors for
LPCXpresso board
J2

There is another pair of
headers that looks very
similarThis pair of
connectors hakorterpins.
The other pair has longer
pins.

This pair @onnectors shal
be soldered to the pcb as
socket to the LPCXpress
board.

Sullins: PPTC271LFRO!
Digikey37028ND

Debug connector
J3

This component and can
orly be soldered to the pg
(i.e., not used on the brea
board)Pin 1 is in the
top/upper left corner in th
picture.

There is no distributor

Copyright 2B© Embedded Artists AB
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equivalent for this
component.

4 =

r
\

RJ45, Ethernet conneq
J4

This component and can
only be soldered to the p
(ie., not used on the bres
board).

Stewart: H0176¢F
Digikey38G1103ND

Pin list, 1x3 SullinsPEC03SAAN
J5, J6, J8, J12 DigikeyS1012B3ND
Pin list, 2x3 This component and can

J7 and J11 combined

only be soldered to the p
(i.e., not used the bread
board).

SullinsPECO3DAAN
Digikey52012B3ND

USRBB connector
J9

This component and can
only be soldered to the p
(i.e., not used on the bred
board).

TE Connectivit292304
DigikeyA98573\D
Mouser571292304L

USBA connector
J10

This component and can
only be soldered to the p
(i.e., not used on the breg
board).

TE Connectivity: 292336
Digikey29233d-ND
Mouser571292334

Copyright 2B© Embedded Artists AB
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socket connector for
wireless module
J15

This component and can
only be soldered to the p(
(i.e., not used on the brea
board).

Sullins: NPPN101BH&BI
DigikeyS575110ND

Shrouded pin list, 2x7
J16

This component and can
only be soldered to the p
(i.e., not used on the brea
board)Pin 1 is in the
top/upper left corner in th
picture.

Sdlins: SBHIRBPEDO?

STBK
DigikeyS917eND

USB miB connector
J17

Thiscomponent and can

only be soldered to the p
(i.e., not used on the breg
board).

Hirose: UXa@@B5ST
DigikeyH2959CND
Mouser798UX66MB5ST

Pin list, 1x6 SullinsPEC06SAAN

J18 DigikeyS1012E06ND

LEDs This component is polariz

LEDAEDS One of the two pins is lon
than the other. This is the
positive side, the anode.

http://en.wikipedia.org/| There is also a small cut

wiki/Led the side dhe plastic

paclage. This is on the sh
pin side, which is the
negative side, the cathod

Any 5mm LED witlaMund
1.7V and 150mad20mA
current will work, for
example:
Digikeyl0801136ND

Copyright 2B© Embedded Artists AB
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RGBLED This component is pakd.
LED10 There is amall cut on one
side of the plastic packag
In the component picture
http://en.wikipedia.org/ the left, the cut is on the |
wiki/Led side of the package.

PV P A‘W
:‘.

"

From left to right the four
pins in the picture are:

RedLED cathode

All LEDs anode (positive
side)

Greed_EDcathode
BlueLED cathode

Harvatek: HI33RGBWX
Any RGRED witbommon
anode and a low value of
blue LED+Varound 3.2V)
will work.

-
B -
* 2,

7-sigment LED, dual di
LED9

http://en.wikipedia.org
wiki/#segment_display

This component is polariz
Pin 1 ixithe lower left
corner in the picture to th
left.

LiteOn IncLTD4608JF
Digikey16615365-ND
Mouser859LTD4608JF

LEDs
LED11 ED18, SMT

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

This is a surface mounte(
component and can only
soldered to the pcb.(inot
used on the bread board

This component is polariz
There are green marks o
the cathode side.

Harvatek: HT-P102SURC
Possible substitute is
KingbrighfPT2012SURC
Digikey75411331-ND
Mouser604
APT2012SURCK
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PNP transist@dC557B
Q1,Q2, Q3

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

This component is polariz
One side of the plastic
package is flat and the ot
side is rounded. When
mounting this component
make sure it is turned
correctly.

ON Semiconductor:
BC557BRL1G

Digikey:
BC557BRL1GOSOD
Mousel863BC557BRL1G

Resistor, 15 Kohimpcs
R1, R3, R35, R36, R4]
R42, R59

Color: Brown, Green, Bla
Red

This is not a polarized
component.

8 55 R gﬁﬁ http://en.wikipedia.org/| Yageo: MFBSFBFG2
wiki/Resistor 15K0
Digikeyl5.0KXBKID
% Resistor, 0 ohih pcs Color: Black
R2 This is not a polarized
component.
- ﬁﬂ http://en.wikipedia.org/ Yageo: ZOR5B-520R
ﬁﬁa is wiki/Resistor Digikey0.0QBKND
% Resistor, 330 ohg&® Color: Orange, Orange,
pcs Black, Black
EélllnglzReR?g 534 R This is not a polarized
| 488 R15, R16, R17, R18, | SomPonent.
888 8 R19, R?, R22, R23, Yageo: CFR5JB52-330R

R25, R29, R30, R31,
R32, R33, R34, R37,
R38, R62, R63, R64

http://en.wikipedia.org

wiki/Resistor

Digikey: 330QB{D

Copyright 2B© Embedded Artists AB




LPCXpresso ExperimentKits er 6 s

Gui de

Page20

Trimming potentiomete

22Kohm2 pcs
R7, R20

http://en.wikipedia.org

wiki/Potentiometer

10Kohm equivalgmm
Bourns Inc.: 3352803LF
Digikey3352ELO3LMND

Photo resistor, 1 pcs

R24

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

This is not a polarized
component.

Advaged Photonix; PDV
P9002L
DigikeyPDVP90021-ND

Resisto2200hm 2 pcs

Color: Red, Red, Black,

L R27, R28 Black
This is not a polarized
3F http://en.wikipedia.org component.
WB ﬁ ﬁ wiki/Resistor Yageo: FMP10063R220R
Digikey220WCND
e e S
— Resistorl.5Kohm8 pcs| Color: Brown, Green, Bla
i R26, R39, R40, R60, | Brown
R61, R65, R66, R67 This is not a polarized
component.
8 § E ﬁ a EP http://en.wikipedia.org/ Yageo: FMP1003R1K5
wiki/Resistor Digikey: 1.5KW®GID
e e e
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Resisto2 Kohm 16 pcs
R43, R44, R45, R46,
R47, R4&R49, R50,
R51, R52, R53, R54,
R55, R58R57, R58

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

This is a surface mounte(
component and can only
soldered to the pcb (i.e.,
used on the bread board

This is not a polarized
component.

Panasonic: ERENF20DV
DigikeyP2.00KCCND

Piezo buzzer, 1 pcs
SP1

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

This component is polariz
One pin is longer than thg
other. The longer pin is th
positive side. The top lab
also indicates this side w
small plus sign.

CU Inc.: CER242
Digikey1021115ND

Pushbuttons, 5 pcs
SW1SW5

This component and can
only be soldered to the p
(i.e., not used on the breg
board). The reason for th
that the pins are too shor
get reliable connection or
the bread boardefé are
two other special switche
the component kit that ar
suitabléor bread board
usage.

Omron: B3EO00
DigikeySW40ND
Mouser853B3F1000

Pushbuttons for
breadboard, 2 pcs

These switches are for
breathoard usagblote that
the pins must bet to

suitable length before
mounted in the breadboal

PanasoniEVQ11L0O5R
DigikeyP8079SCMND
MouseB6 7EVQ1L1L05R
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Rotary encoder, 1 pcs
SW6

This component and can
only be soldered to the p(
(i.e., not used on the brea
board).

Below is withiocenter
switch.

Panasonic: EVE
GA1F1724B
DigikeyP1085ND
Mousel66 7EVE
GA1F1724B

Voltage regulator,
M@P170e830, 1 pcs
Ul

http://en.wikipedia.org
wiki/Low
dropout_regulator

This component is polariZ
One side of the plastic
package is flat athe other
side is rounded. When
mounting this component
makesure it is turned
correctly.

Microchip: MCP1700
3302E/TO
DigikeyMCP1700
3302E/T®ID
Mouse579MCP1700
3302E/TO

Microcontroller,
LPC1114FN28, 1 pcs
u2

This component is polariz
Thered a cut in one end @
the plastic package, on th
short side. This indicates
where pin 1 is located. W|
mounting this component
make sure it is turned
correctly.

NXP: LPC1114FN28/102
Digikey:
LPC1114FN28/102\2
Mouser77%
LPC1114FN28/1021
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Headesforu2

This pair @onnectdreades
can (optionally® soldered t
the pcb as a sockat U2By
adding these
connectors/headdrs
possible to either mount th
LPCXpresso board (in J2
headers) or mount U2 in th
headers. If J2 headers are
mourgd but these headers
are not, then it is not possi
to mount U2.

Sullins: PPTELLFBNRC
Digikey: ST@ND

Shift register, 74HC5¢
1 pcs
U3

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

This component is polarize
There is a cutin one end g
the phstic package, on the
short side. This indicates
where pin 1 is locatddwer
left side in the picture to th
left. When mounting this
component make sure it is
turned correctly.

NXP: 74HC595N
Digikey56814845-ND
Mouser77274HC595N

Temperature rssor,
MCP9701, 1 pcs
U4

This component is polarizg
One side of the plastic
package is flat and the oth
side is rounded. When
mounting this component
make sure it is turned
correctly.

Microchip: MCP97TO
DigikeyMCP970E/TGND
Mouser579MCP970E/TO

SPI flash, 25LC080, 1
pcs
us

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

This component is polarizg
There is a cutin one end @
the plastic package, on the
short side. This indicates
where pin 1 is locht&/hen
mounting this component,
make serit is turned
correctly.

Microchip: 25LC080®
Digikey25LCO80IRND
Mouser57925LC080DP
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Temperature sensor,
LM75, 1 pcs
U6

This is a surface mounted
component and can only b
soldered to the pcb (i.e., n
used on the bread board).

This comgment is polarized
When rotating the compon
so that the printed text on 1
package can be read, pin ]
in the lower left side on the
package. When mounting

component make sure it is
turned correctly.

NXP: LM75BD
Digikey56846881-ND
Mouser77:LM75BD118

I2C port expander,
PCA9532, 1 pcs
u7

This is a surface mounted
component and can only b
soldered to the pcb (i.e., n
used on the bread board).

This component is polarize
When rotating the compon
so that the printed text on 1
package can be read, pin 1
in the lower left side on the
package. When mounting
component make sure it is
turned correctly.

NXP: PCA9532D

Digikey56810395-ND
Mouser772PCA9532D
12MHz HCA49 crystal,| This is not a polarized
pcs component.
Y1 CTSFreq. Cortls ATS120H
DigikeyCTX904AD
http://en.wikipedia.org

wiki/Crstal_oscillator
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5 Powering Options

There are a couple of different options how to power the egmowentsshort list,
summarizing the options:

Controller R2 Powepption #1 Power via external +
supply (J1 or J17)
LPCXpresso board | Do not mount R2 Power via USB Yes, can also be do

connector on
LPCXpresso board

LPC1114 in DIL28 | Mount R2 - Yes

mbed Do not mount R2 Power via mbed US| Yes, can also be dor
connector

If theservo interfacdJSB Hosinterface and/®F modulare used the bodMt)SThe powered

via an external +5V supply. Powering via the USB connectors of the LPCXpresso/mbed module is

typically not enough.

Below is a more details descriggaathrough all different options to determine which powering
option fits your needs.

T Thesimplest andost common way is to let the LPCXjpass@nerate the +3.3V
supply that is needed. This voltage is avapab@9oon the LPCXpresso expansion
conmector (see schematic for deREs9hould not be mounted in this case.

- The LPCXpresso board can supplghguttd0 mA on the +3.3V supply.

Note that by turning on all LEDs and activating all features on the board it is possible

to consume more tAg@BmMA.

- Note that the voltage is not exactly 3.3V, but a Schottky dieokafpeivapd
less, so around 3.15V.

1 In case the LPCXpresso board is not powered via its USB connector an external +5V DC

supply is needed. Connect the external supply1@ satescribed below).

- If the internal +3.3V voltage regulator on the LPCXpresso board is used, R2 shall no

be mounted. Else R2 shatitnented (and U1 is the +3.3V regulator in use).

9 If current consumptiorthe +3.3V supply is higher that thereB&&oard can provide
an external +5V DC supply is needed. This is typically wdangheithawireless/RF
moduleandorwiththeUSB Hoshterface (JX@nnect@rWhen working with servo
motors an external +5V supply is absolutely needed.

- An eternal +5V DC supply can conrEctthich is 21mm power jagkh
positiveenter pirNote that there isawervoltage protection in the dbade.
sure that the connegqiedesupply does not supply more than +3%eDC.
current capabilitytlué external +5V DC supply should be in the région of 1
Ampere.

- Connector J17 (/BnUSB connector on the baclkftble pdbcan also be used

to supply an external +5V DC supply via the USB Host port on a PC/laptop/USB hub

T When using the LPC11D11i28 packa@g® external +5V DC supply is needethé&eed
+5Wia J1 or J17 (as described above) and mauotrd2 to let Ul be the +3.3V
regulator in use)
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When using an mbed mothike module cgenerate the needed +3.3V supply (supply
comes &m its own USB connector). R2 should not be mounted in this case.

- The mbed module can supply much more current on the HB&V aupply
LPCXpresso board can.

- In case the mbed module is not powered via its USB tanpessi)é to

poweitwith a externat5V DC supply via connector J1 or J17 (as described
above).
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6 Soldering

This chapter describes how to solder the components to the naked pcb. Note that when a compone
has been soldered it can no longer be used for breadboard experiment.

THs clapter will not present a full beginneranswldering, but rather point out how to get started.
There are maggodsoldering tutorials on the Intevhiet) can easily be found via a Google
searchSparkfun has a good starting gticlei\www.sparkfun.com/tutorial¥teéytalso have a

series of guides for soldering SMD (Surface Mounted Device) components:
http://www.sparkfun.com/tut8fials

The following material is requires before you start soldering
Temperature regulageldiering irgim the 380 Wattegion)
Thin(0.50.75mm/ 20-:30mil)soldemithrosircore andoncorrosive flux
Damp sponge or brass sponge

Wire cutter

= =4 4 -—a -

Safetyglasses

It is also recommended to have a soldering fume extractor (or work in a well ventilated space and h
a fan that simply blows away the soldering fumes). In either case, be aware of the health issues wit
soldering fumes.

6.1 Component Placement

The rture below illustrates the component placement on the pcb. The picture is also available as a
PDF where it is possible to search for the component designators.
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7 Experiments

This chapter contdims experiments. It is recommended to follow the order of the. éxipasiments
been compiled to give you the best learninbheuevare multiple small steps in the experiments
and they builgion each otheéilhereappropriatepme theoretical discussions have been added.

All experimentarebased around the LPCXpred96C114 boardunless otherwise not&ath
LPCXpresso LPC1115 and LPC1114 boards are Sareusehe experimériEshernet and

USB- attheend of the chapter will use the LPCXpresso LPC1769 board. There is also a separate
section describing the differences between using the LPCXprédseCPO#hdl the

LPC1114 in DIL28 package.

It is recommendeditavnload the LPCMW s e r 0 s fraMdXP arad lhave it haftlys

document is also calldédil 0398 anyeferences intdddocument will be done and this is also
partofthelearningpow t o find the r el eWisgaldrecomhendedtat i on
have the schematic alable

It is further recommendestiati working with the breadboaad opposed to start soldering all
components to be pch. A better time to solder the components is after having completed all the initi
basic experiments.

7.1 Preparation

One preparatienneeded before it is possible to start with the experiments. The LPCXpresso
LPC111x board must be readeriment friendlg header with female and make connectors shall

be soldered to the LPCXpresso board. See picture below for detailgeNotetthatstits (of

two) of similar 27 position headers in the component kit. It is the headers with long pins that shall be
soldered to the LPCXpresso board.

Figure30 LPCXpresso Board with Prototype Headers

7.2 Control a LED

In tis first experiment you will learn how to control the 1/O pins ok thiedde@xittdller. More
specifically you will learn how to controlThisEidst experiment will have a very detailed
description since it is the first one and thereddrthiadist to learn about how to create, compile,
download and debug a program in the LPCXprasmol¢Dél. of details in the descriptions will
gradually decrease in later experiments.
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7.2.1

left corner. LEDB

Lab 1a: Control LED

We will start with comdglllED1 in the sehatic, which is found irstiemationpage 4, upper
¢ & tohneated to signal GRIEDBSSELL ED1 6 s
+3.3V via a (current limiting) series reskigun&illustrates were LED1 can be found in the

schemati©n schematic page 2, we can see that this signal is connected to PIO0_2 on the

Gui de

Page30

anode

LPCXpresddPC1l11boardFigureillustrates where to find the signal and aéstoviindrthe

+3.3V supply.
T
8 RED LEDs
o
% 2 Analog Inputs
GPK 44 ED-SaEL S R4 |
LED1 330R
RED e
= RS ?
LEDZ 330R GO 11 RE s T
RED FIO_11-AIND — qﬂ:‘ﬁg
. R8 |
1 o
= R12 .
LED4 330R s
RED +

Figure4d0 LED1 on Schematic Page 4

LPCXpresso
LPC1343/1114

GND

VIM (4.5-5.5V)

not used

Reset / PIO0_0
PIC0_9/MOSI/CT16B0_MAT1 / SWO
FIO0_8 / MISO/CT16B_MATO

POz 11 SCK

LPCXpresso and mbed connector

(pin naming is generic)

J2
LPCXpresso (dual 1X27 pos)

3
I+
+3V3

PIO1_6 { RXD / CT32B0_MATO

PIO0_7 { CTS (LED)

PIO2_0/DTR

FIO2_1/DSR

PIO2_2/DCD

TDI/PIOD_11/ ADO/ CT32B0_MAT3
TMS / PIOT_0/ AD1/CT32B1_CAPD
TDO/ PIO1_1/ AD2 { CT32B1_MATO
TRST/PIOT_2/ AD3/ CT32B1_MAT1
SWDIO / PIOT_3/ AD4 / CT32B1_MAT2
FIO1_ 4/ AD5 /CT32B1_MATS/ WAKEUP

LPIO0_2 / SSEL / CT16B0_CAFD —GPIO 4| FO:
[ Pl ETWh

PIO1_5 /ATS/ CT32B0_CAPO
PIO1_B/CT16B1_CAPO

PIO0_E { USB_CONNECT / SCK

SWCLK / PIO0_10/ SCK / CT16B0_MAT2
PIO3_0

FIO3_1

PIO3 2

GND il I Lk
2 ¢ 5
3 30
GPIO 0-RESFT at ;ﬂ
= t
1 Sie S KB _
¥ 6l 323 ETH RXP
GPIO_A-50CK . 4 ]
N -S5F| | M ES ETH _TXP
SPI0 5o < M EH LISA DM
GPIO_6-RXD 1wl b b LISR DP
- 1 38 -
LED- 12 j i EE] 5
GPIO 91 FD-55F| 13 40 GPIO 26-SDA
_ - 4] b I 7.
GPIO_11-AIND 15 . 3|42 GPIO 2B-PWM
GPIO_12-AIN1 16] ¢ |42 GPIO_29-PWM
GPIO_13-AlM2 7] . )_ a4 GPIO_30-PWM
= i1 yHE  GeIO a1l FD-GA2
il M ET GPIO_32-GPIO
20] ¢ 4 i ¥
GPIO_17-KEY 2], 3 148 GPFIO 34
aaf . M EE) X
GPIO _19-USE COMN 23 ¢ 3 50 GPIO_36
241 . >} &1 GPIO 37
_GPIO 21-LED 25} 3|52 GPIO_38-0#
_GPIO 22 |FD 26}, =22 GPIO 30-0B
GPIO 231 FD Exd M GMND

Figure5 0 Signal GPIO-I4EDSSEL on Schematic Page 2

As a first step, get a Lipr¢senting LEDA)330 ohm resistor (represeRéihgvo mako-male

prototype cables and the breadio@rthe components bag. Mount these on the breadboard and
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connect to the LPCXpresso LRGta&dd, as illustrateérigures. Note that only the target
processor partthé LPCXpresso board is shalmblack box labeldtICXpresso boardhe
photo to the left illustrates which part of the real LPCXpresso his black box represents.

% LPGLink side

>
LPC111x targéds

g

P N Y
LR N A
PR Y
s 00

-’ LPCXpresso board R
Pin 28 _m_..l_z.i e

P|n8-SSEL +3‘3V e s 0 “ e e s
PIO0_2 20| o049+l 33333 |45

Made with [ Fritzing.org

Figure6 0 Breadboard Connections for LED®adboard/iew)

Figurer below illustrates how it can look like in reality. Note that the connections on the breadboard
are slightly different than outliféglires above. It demonstrates that issfiyp®to make the
connections in many different, yet compatible, ways.
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The current through the Light Emitting Diode (LED) is limited and controlled by thé series resistor.
has to be limited since the voltage drop across the LED is fairly constant. The voltage difference
bet ween the LEDO6s forward voltage drop and d
The current through the LED (and series resiséocpatranated as | = (Vsupglgddrop) / R.

Different LEDs have different typical current levels. It can be 1, 2, 10, 20 mA for smaller LEDs. Bigg
LEDs can have much higher ratings.

The LED forward drop voltagpically 1.5V for a red LED. Gitwes have different forward

voltagedrops Ther e are also variations betwegen dif
details about forward voltage drop and curré@nhlevel.r ed LEDOGs i ncl uded i n
a forward voltage drop.8¥ and designed for 10mA current. With a 330 ohm series regjistor the
current is limited to about 5mA, which is OK also. The light intensity at 5mA is acceptable for our
(experimenpurposes.

The current level determines the driving method. Fotaweldgtgfgcally below 4 mA) most
microcontrollers and logic gates can drive the LED directly. This is the method used ip our
experiments. Some microcontrollers hasgrt@ighcapacity outputs. The LPC1110 family
microcontrollers have a 20 mA omtEt@0_7, see datasheet for details).

Almost all output pins have higher current capabilities sinking current than driving current. It is
therefore common to connect LEDSigar@d, with the cathode connected to theaniooter,

pin. When driving, current is flowing into the micro controller pin (i.e., sinking current)

Anotler reasnfor letting the microcontroller drive the LED by sinking current is that most
microcontrollers powewith all pins as inputs withpraisistors enabled. This basically means

that the pin will be driven high weakly. The LED will not turn on shortly -dpritignalldoevar a

known (off) state until the application program controls the LED actively.

If the driving currésihigher(> 5 mAd higkcurrent driver chip can be used, or discrete
transistors/mosfets.

A LED is a polarized component, meariingaktats how the two ends are connected. The two

ends are called anode and cathode, respectively. Current flowsdficathadedbut blocks jin

the reverse direction. Sometimes the anode is called the positive side and cathode the negative sid
The cathode is typically marked somehow on a LED (shorter pin, cut in plastic package, etc).
Mounting a LED the wrong wayoheegastrophic result. The result is that the LED will nat light

(since current through the LED will be blocked). Failing to add the series resistor will have more se\
effects, thougbBepending on high strong (how much current it can delivesuthaypsythe

current level through the LED can become high enough to destroy the LED. Thereforg, be careful tc
always connect a series resistor with correct resistance value.

The LPCT1Xis a relatively low pin count processor wi@pordylhidgs true for the package
used on the LPCXpresso board. There are other packages with different number of p

ins for this

processor alsbhe external pios the chip package not enough for connecting all internal
peripheral units to unique pins. lestelad/O pin has up to four alternative connections. Read the

LPAlXus er 6 s manual

f owill haneotead a lot m this dosuanént so you betteo u

get started immediatdpve a look @apter - LPC1100/LPC1100C/LPC1100L series: I/O
configuratian the LPClXkus e madwgl for a description of the how the alternative pin functions

can be controlled.

Pin P100_2 is controllectgister IOCON_PIOO0_2. In the description for this register we
there are three alternativiupitions:

P1O0_Ra general purpose input/output, port #0, pin #2
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- SSELa control signal for peripheral block SSP
- CT16B0_CAPé&n input signal tedittimer #0

Note that only one functional signal can be connected to the pin at any givénipoint in time
however possible to change during program eRgadfanlt, after reset, the register is initialized
to PIO0_2, have a-pllresistor enabled, input hystdiesidedndtobe a standardgdpull

GPIO outpyf defined as an outpAmpther register controls the direction of the general purpose
digital input/output and this register initialize PIO0_2 to be an input after reset.

Hence, after a reset, PIO0_2 is an input-ujthgsigitor enabled. The pin is pulled high weakly but
canmt source any larger current. That means that LED1 will be off after reset (because the LED will
turn on when PIOQ_2 is pulled low and if enough current can sink into the pin).

All LPC1Xregisters are defined inlfd€11xx.h . It is part of the framébweeeded to program
the LPC1Xk1Have a look in firC11xx.h . It is founah the CMSIS library, irirtbeub
directory.

Whatddresssregister IOCON_PIOO0_2 defirfed as
(you will have to derive the address al sty tip: start searching foltR€ IOCON register
atthe end of thdPC11lxx.h file.The register will be accessddP43: IOCON >PIO0_2)

Isthe derived addréke same asinthe LPQiI1l§ er 6 s manual ?

Now, hve a look mhapter 12:PC111x/LPC11Cxx General Purpose |/Qn@iel OpLTL X

us e madgl for a description of hogetieral purpose I/0O functionadptiolledhere is a
GPIO data direction regiktgrcontrols the direction of each pin in a port. PIOS8 t@ pelb#g.
Bit #2 in register GPIOODIR controls the direction of tieguire3 8eeadletails.

12.3.2 GPIO data direction register

Table 174. GPIOnDIR register (GPIOODIR, address 0x5000 8000 to GPIO3DIR, address
0x5003 8000) bit description

Bit Symbol  Description Resetvalue  Access

1m0 10 Selects pin x as input or output (x = 0to 11). 0x00 RW
0 =Pin PIOn_x is configured as input.
1=Pin PIOn_x is configured as output.

312 - Reserved - -

Figure8 0 GPIO Data Direction Register

Register GPIOODATA holds the current state of thetgifis Bitfbin this register reflects the
state of pin PIO0_2. This is regardless if the pin is an input or output. If a pin is an output the value
GPIOXDATA is driven to the pin.

Table 173. GPIOnDATA register (GPIO0DATA, address 0x5000 0000 to 0x5000 3FFC;
GPIO1DATA, address 0x5001 0000 to 0x5001 3FFC; GPIO2DATA, address 0x5002
0000 to 0x5002 3FFC; GPIOJDATA, address 0x5003 0000 to 0x5003 3FFC) bit

description
Bit Symbol Description Reset Access
value
11:0 DATA Logic levels for pins P1On_0 to PIOn_11. HIGH =1, LOW = n/a RW
0.
312 - Reserved - -

Figure9 6 GPIO Data Register

There are alseveral registers related to interrupt functionality. We will not work with lithat right now
later experiments will return to this.
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Note that registers GPIOODIR and GPIOODATA are accessed as LBOIRGRA0
LPC_GPIGBDATA, respectively.

Below idhe two statements needed to first set PIO0_2 to an output and then pull the output low. Thit
will turn the LED on.

/I Set PIO0_2 as an output
LPC_GPIOO- >DIR = LPC_GPIOO0- >DIR | (0x1<<2);

/I TurnLEDlon=s etPIOO0_2 pin low, i.e., clear bit
LPC_GPIOO- >DATA = LPC_GPIOO0- >DATA & ~(0x1<<2);

As seen, each of the registers is first read and then bit #2 is fmathip diletestatement, bit #2
is set which makes PIO0_2 an output. In the second statement, bit #2 is set to zero. This pulls PIO(
low.

Note tht all bits in the registers must be read and only the bit of interest shall be manipulated. The
shift operation, (0x1<<2), is a good way of
that is manipulated. It is simpler for a releendk to quickly see this than to write the constant
value Ox04.

Below is an alternative, more compact way of writing the statements. This is a common way to write
this kind of statements.

/I Set PIO0_2 as an output
LPC GPIO0- >DIR | = (0x1<<2);

/I Turn LED1 on = set PIO0_2 pin low, i.e., clear bit
LPC_GPIOO0- >DATA &= ~(0x1<<2);

In real, professional programs, it is common to use defines to hide details about hardware
manipulation. Below is an example of how this can be done.

I Create defines for simple r access of LED1

#define DIR_REG_LED1 LPC_GPIOO- >DIR

#define DATA_REG_LED1 LPC_GPIOO- >DATA

#define PIO_PIN_LED1 2

#define LED1_ON DATA REG_LED1 &= ~(1<<PIO_PIN_LED1)

#define LED1_OFF  DATA REG_LED1|= (1<<PIO_PIN_LED1)

/I Set PIO0_2 asan output
DIR_REG_LED1 |= (0x1<<PIO_PIN_LED1);

/[ Turn LED1 on
LED1_ON;

It is possible to take the principles further and create general macros forrteadf{iiggsall
This was just an example of how to crestieigtalied, maintainalblé professionally looking
code.

Chapte® contains a description how to get started with the LPCXpresso IDE. Read this chapter and
follow the guide how to import thleasedoroj ect s.
this first experiment.

After compiling and linking without errors, follow the guide how to download and run the project.

In embedded programming it is important to have full control over the variables, more specifically th
number range they bald. The original C standard was a little vague on the number of|bits different
variable types have. It i s specified das dnat
different types. However in embedded programming the exabitatsnbgrafant to keep frack

of. Therefore it is common to have an include file that have created/specified new variable types wi
the number of bits exactly specified. We will use this setup in all experiments.
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Include a file caltgge.h in all prgram files. The main content of the file is presented helow:

#if defined ( __GNUC__ )

#include <stdint.h>

telse

/* exact - width signed integer types */
typedef signed char int8_t;

typedef signed short intintl6_t;

typedef signed int int32_t;
typedef signed __int64 int64_t;

/*exact - width unsigned integer types */

typedef unsigned char uint8_t;

typedef unsigned short int uint16_t;

typedef unsigned int uint32_t;

typedef unsigned __int64 uin t64_t;
#endif // __GNUC__

#ifndef NULL
#define NULL ((void *)0)
#endif

#ifndef FALSE
#define FALSE (0)
#endif

#ifndef TRUE
#define TRUE (1)
#endif

As seen, there are four signed and four unsigned variable types of length 1, 2, @, @28 |bytes (8, 1
or 64 bits). The file also declares the commonly used constants: NULL, FALSE and TRUE.

Code becomes much more portable (between differentf@ogsitenshiinclude file like this is
used. It also becomes more readable.

7.2.2 Lab 1b: GPIO and Bitkitas

There is hardware support iIBRHM® peripheral block for accessing selected bits, as opposed to
accessing all of them. This is described inthe UPC&11 6 s ma n u aWrite/remdh a pt er
data operations. In short, the GPIOXDATA registaccassed on many different addresses. The
address used to access the register determines which bit(s) that is/are accessed.

Belowisacopyf a function from MNAPSken itdsmpenaat | i br ar
function for manipulating &i@p®@utput (any port, any i array named
MASKED_ ACCESS[é] is used to get the correct

which bit(s) to accesete that the function below only allows one bit at a time to be accessed.
(1<<bitPosi)iswed t o i ndex i nt o ItépassbietolrtanBrdgere@ICE S S|
access functions where several pins can be controlled sjrfardtexeanpie
MASKED_ACCESS[(1<<bitPosil) | (1<<bitPosi2) | (1<<bitPosi3)]

/

** Function name: GPIOSetValue
*%
** Descriptions: Set/clear a bitvalue in a specific bit position
ki in GPIO portX(X is the port number.)
*%
** parameters: port num, bit position, bit value
** Returned v alue: None
*%
/
void

GPIOSetValue( uint32_t portNum, uint32_t bitPosi, uint32_t bitval )

/[ Check  that bitval is a binary value - Oorl
if (bitval <2)
{

/* The MASKED_ACCESS registers give the ability to write to a specific bit
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* (or bits) within the GPIO data register. See the LPC11/13 user manual
* for more details.
*

* (1<<bitPosi) gives us the MASKED_ACCESS register specific to the bit
* that is being requested to be set or cleared.
*
* (bitVal<<bitPosi) will be either be 0 or will contain a 1 in the
* appropriate bit position that matches the MASKED_ACCESS register
*being  written to.
*
switch ( portNum )

case PORTO:
LPC_GPIO0 >MASKED_ACCESS|(1<<bitPosi)] = (bitVal<<bitPosi);
break;

case PORTL1:
LPC_GPIOI1- > MASKED_ACCESS|(1<<bitPosi)] = (bitVal<<bitPosi);
break;

case PORT2:
LPC_GPIO2 >MASKED_ACCESS[(1<<bitPosi)] = (bitVal<<bitPosi);
break;

case PORTS3:
LPC_GPIO3 >MASKED_ACCESS|(1<<bhitPosi)] = (bitVal<<bitPosi);
break;

default:
break;

Create a similar, general function for setting the direction of any GPIO pin (input or output). Call this
new functicd@PIOSetDir . T h e f upa@meters shalkbe port muonkier, bit number and
direction.

After that, recreate the program from the previous experiment using these two new functions.

It is good programming practice to place functions that are related in separate filedelt will enhance
source code structure and make it easier to maintain and understand in general. An accompanying
include file {hie) declares the functions that are exposed to other source code files.

Place the GPIO related functions in a separate @jfgacallednd create an include file,
gpio. h, that declares the exposed functions.

Also, in order to keep thenfii@ .c reasonable short move all defines that are related tg the board
toa separate includelib@ard.h

7.2.3 Lab t: Delay FunctiohED Flashin

Next, design a program that flash with thBOrE®(milli seconds) or@ rbS off, Bms on and
finally and50 ms offContinuoustgpeat thisDhOmscycle.

In is a common task in embedded systems to operate on exact time and contred external devi
exactly. In this case a LED.

One obvious solution is to create a delay function. An example is listed below that forced the CPU t
execute NOP (no operation) instructions in a loop. Use this function and test different values in orde
establish alegionship between the number of NOPs and the actual delay in time.
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/*
* Delay by executing a given number of NOPs.
*

void

delayNops( uint32_t  nops)

{

volatile uint32_t i;

for (i = 0; i < nops; i++)
asm volatile ("nop");

About how mg NOPs are needed for a 1 second delay?
What does this tells you aboek#weitiospeed of thePC114?

Note that delay loops like this should never be used in real programs. All prod#esaisexecution
Alosto in the |l oop and no other wuseful work
parts of the system do (for example how much time is spent in intersit rouilirtss

introduced later)dmater on we will exploneomethod of creating exact delay functions, so for

now, the loop method will have to do.

Create a function that delays execution a specified number of milliseconds (as iRfageparameter).
the function in a separatddiky.c . After thatreatehte program that dotfldeh the LED
according to the specificatione

Now can be a good time to get acquainted a bit more with the debugger, specifically single steppinc
This means that the debugger let the microcontroller execute one diatenaet stops after

every line. Note that for this to work the compiler optimization most not be turneddsh too heavily.
andi O1 is typically what work. More optimization will rearrange the code so there are no clear
boundaries between the sourcestaidments (= rows in the source code).

Instead of pressing $tart/Resumbutton it is possible to presStéeOveor Step Into

buttons. Both fistepd buttons will stop execu
statementvolves a function catep Ovewill not single step through all statements in the function

that is calle®tep Intwiill do just this.

The current experiment exemplified just perfect where tise \differehitting the delay function it
is best t&tep Oveinstead of into it. Single stepping through all the loop iterations would take
forever.

Add a loop counter in the forever loop. Set a breakgoirt/gtdbpin main@o that execution
haltseveryioopiteration. Verify that it is ptest get the value of the loop variable by hovering over
the variabl®&emove the breakpointtastsingle stepping, with 8teh OveandStep Into

Step over| | Step into Pause

e

15 || = s

7.2.4 Lab 8: Mose Cod

Create a function that @a#ie LED according to the Morse code alphablkethe Wiki for
detailshttp://en.wikipedia.org/wiki/Morse Tdwelfunction shall take an arbitrary string as input and
send the string by flashing the LED.
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In this experiment you will learn how to control the 1/O pins okdmibp@i1More specifically
you will learn how to read a digital input that reflects that statettdra push

7.3.1

Lab 2a: Read Pdslitton

We will start wittading thetate of pudbutton SW#2 the schematic, which is found in the
schematic on pagdodveteft corne6BW24s connected to signal GPIBEY Figurel 1

illustrates wegWW2can be found in the schematic. On schematic page 8eevthat this signal
is connected to RIGon the LPCXpresso LPgbbardFigurel 2illustrates where to find the
signal and also where to fin@ 2 pin

5 push-buttons in joystick configuration

sSwi
RZ9 1;!_'3
_GPID 2a-KEY T
RN 16.KEY R30 Ressat
330R SW3
A31 g
GPIO 17-KFY —1 4
g sEghom
Resst
TR T Ees
330R SWE
m
_GPio askey R 1 i3
330R = 1.
Resst
cho

Figurel1d SW2on Schematic Page 4

LPCXpresso

LPCXpresso and mbed connector

(pin naming is generic)

LPCXpresso (dual 1X27 pos)
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LPC1343/1114 2
| GND GND 1]
VIN (4.5-5.5\) 2],
not used 2le
Reset/ PIO0_O GPIO 0-BESFT ale
PIO0_8 /MOSI / CT18B0_MAT1 / SWO GPIO_1-MOS1 5 ¢
PIO0_B / MISO/CT16B_MATOD | B_c
PIOZ2_11/SCK GPIO_3-SCK il P
PIO0_2 / SSEL / CT16B0_CAPD GPIO 4. FD-SSFI ]
PIO1_7 / TXD/ CT32B0_MAT1 GPIO_5-TX0D 9 ¢
PIO1_6/RXD /CT32B0_MATO GPIO A-BXD 10 c
PIOOQ_7 /CTS (LED) GPIO 7-BUFE 11 | ¢
PIO2_0/DTR GPIO 8-l ED-SSEL 12 ¢
PIO2_1/DSR —GPIO ol FO-55F1 13f e
PIO2_2/DCD GPIO 101 F0-CAY 14 ¢
TOI/PIOO_11/ ADOD/ CT32B0_MAT2 GPIO 11-AIND 15 P
TMS/ FIO1_0 fAD1/ CT32B1_CAPD GPIO _12-AlN1 18 <
TDO/PIO1_1/AD2 / CT32B1_MATOD GPIO 13-AINZ 7] e
TRST/PIO1_2/ AD3/ CT32B1_MAT1 GPIO 14-AIM3 i8 <
SWDIO /PIO1_3/ AD4 / CT3Z2B1_MATZ E_c
P01 4/ A05 GT3281 FLIF GPIO 16-KEY 20
PIO1 5E/RTS/CT32B0 CAPO GPIO 17-KEY M |
_B G TeB1_CAFOD O 18-KEY == .
PIO0D_6/USB_CONNECT / SCK _EELD,LH;LLEBMNi_c
SWCLK /PIO0_10/ SCK/CT16B0_MAT2 ﬁ_c
PIO3_0 GPIO 21-|lED 26,
PIO3_1 - 26] ¢
PIO3 2 GPIO 231 FD a7l .

Figurel26 Signal GPIAL7Z-KEYon Schematic Page 2

+3V3

28
28 +5W

30
E

32 FTH_RXN
33
34 ETH_TXN

35 FTH TP

36 LISA D

37 LSAE DP

a5

39 GPIO_25-VBUS
|40 GPIO _26-S0A

41 GFIO 27-S0
42 -

43 GPIO_29-PWM
44

45 GPIO_31-1 F0-CA2
46 o

47 GPIO_33-GPIO
|48  GPIO 34

49 ¥
50 GPIO 36

51 GPIO a7

52 -
53 GPIO _39-08

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YYYYYY

54 (GGM0
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Keep the previously mounted L Rp@hbuttor(representirgW2 and a 330 ohm resistor
(representing@® from the components bage that there are two types cbpiishs; for pcb
mounting and for breadboard mounting. It is the latter that shall Mousétenawetbutton
and resistan the breadboard and connect to the LPCXpresscobB@1 4% illustrated in

Figurel3
LPCXpresso board I @

Pin 28 Nt

Pin 8 - SSEL +33V AEiciisd BeEERE
PIO0_2 se| ssssslossss |33
Pin 21 SIN33534 B3I NES.
PIO1_5 Pin 54 L ) e o o o o e @ o o o e o
GND se| o .Z 39999 |9

— Zé.:. 33999 |94

Made with [[) Fritzing.org

It is common that microcontroller input pins Fayauluplresistord.the input is not driven the
input is high. Sometimes the behavior of the pins is very prograramgibéeif foulp or pull
down resistors and input hysteresis shall be enabled. In this expepmesistopulust be
enabled on the input pin. When pressing hetjousit will actively pull the input pin to grqund.
Else the internal sudlesistor will pull the input high.

It is important to check the datasheet how stroAgpthesisitirs are so that the external signal
can pull the pin low and vice versa that-thgbllifi resistor can pull an inactive signal high.

The series sistor is for protection if the (supposedly) input pin is an output. If that output is pulled hig
by the microcontroller and thelquitn is pressed, the output could be damaged due to [excessive
current flowing to ground if a series resistor dogsh@turrent. The situatioot ian imaginary

situation. Suppose there already is an application running on the microcontroller from a previous
experiment. That application might very well use the pin as an output. Before the corfect applicatior
hasbeen downloaded the damaged can happen. Therefore it is a good practice to add series resistt
to all signals that can drive a microcontroiler kay in this case, which can drive the signal low.

Pin PIO1_5 is controllecgtbigter IOCON_RIS checlchapter -
LPC1100/LPC1100C/LPC1100L series: 1/O corifigheati®l Xus e mabis). In the
description for this register we can see that there are three alternative pin functions:

- PIAL 5, a general purpose input/output, port #1, pin #5
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- RTS a control output signal for peripheral block UART
- CT32B0_CAP#&n input signal tetBtimer #0

By default, after reset, the register is initializ&dbidh 8O a pulip resistor enabkaidisabld

input hysterasAs we know from the prevagpsriment, there is another register that controls the
direction of the general purpose digital input/output and this register initialize PIO1_5 to be an input
after reset.

Hence, after a reset, PIO1_5 is an input-withigzigitor enabled. Thesganlled high weakly
which is exactly what we n&&en pressing the plbstion the pin will be pulledlosvinput will
be read high when no gugton is pressed and low when it is pressed.

In Experiment 1b, a function GH&ASetDir was create&ven thought the direction of

PIO1_5 is correct from reset it is good programming practice to initialize the pin according to need.
simpler for other programmers to read and understand an applicatinnhfddere are

assumptions.

Registet PC GPIOZDATA holds the current state of the pins in port #1. Bit 5 in this register reflects
the state of pin PIOISiice the register reflects all pins in the port the bit of interest must be masked
out.Use the same principle as presented in LabANDiIwith (1 << bitNumber).

Create a program that reads the state of the pin (and henbattbe)parsth copy the result to a
LEDTurn on the LEiDen the pudbutton is presséklow is the skeleton of the program that you
shall create.

/I Create defines for simpler access of LED1
#define LED 1_PORT PORTO

#define LED 1_PIN 2

#define LED_ON 0 //Low output turn LED on

#define LED_OFF 1 //High output turn LED off

/I Create define for simpler access of push - button
#define SW2 _PIN 5

/I Initialize pins to be inputs and outputs,

/I set outputs to defined states

uint8_t  ledState;

/lenter forever loop
while (1)
{

/I Check if push - button is pressed (input is low)

if( (LPC_GPIO1- >DATA & (1 << SW2_PIN)) == 0 )
ledState = LED_ON

else
ledState = LED_OFF

/I Control LED
GPIOSetValue ( LED1_PORT, LED1_PIN, ledState );

There are many things that can be done tmace@tefines to get a better abstraction structure of
the program above. First, thelpugin tates (pressed, not pressed) can have constants defined.
TheLPC GPIOZDATA register can be defined as #define SW2_DAPARERODATAIL

is also possible to create a general SW2_VALUE macro where the pin state is returned.

Update the code aboveriing to these principles (more general and better structured code).

It is also possible to create a general function GPIOGetValue(), just like GPIOSetValue(). This will k
an exercisa the next experiment.
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7.3.2 Lab 2b: GPIO and Bit Masking

As presented iall1bliere is hardware support in the GPIO peripheral block for accessing selected
bits, as opposed to accessing all of them. This is described ixthesl&€14ls manual , ct
12.4.1 Write/read data operations. In shaRGlePIO»>DATA regist can be accessed on

many different addresses. The address used to access the register determines which bit(s) that is/e
accessed.

The function prototype is presented below. Create a version of theufilinetbertizsked
read functionalitys@dcreate a version of the function that utilizes the bit masking we have used in
previous labs.

/

** Function name: GPIOGetValue
*%

** Descriptions: Read (bit)value in a specific bit position

ki in GPIO portX(X is the port number.)

*%

** parameters: port num, bit position

** Returned value: O if bit is not set, else a non - zero value (if bit is set)

*%

/
uint8_t GP1OGetValue( uint32_t portNum, uint32_t bitPosi)

/' /'i mpl emented either with fimasked reado functionality in
... Il or via direct bit masking with GPIOXDATA & (1 << bit)

}

Compare which functions is fastest. A simple method is to create a loop and call the function a milli
times. Turn on a LED before starting the loop and turn it off after the loop. Manually clock the time t
LED is on. To get the execution time dall odigide this LBBtime with one million.

Place the function ingig®.c

7.3.3 Lab 2: Logic between inputs and output

In this experiment we will introduce logic between the{mitbrfpuaind the output (a LED and
abuzzerl. et 6 s bmeciing twavaughttonscSW2 (which we already have) and SWa3.
According teigurellandFigurel2, SW3 is connected to signal GRKEY,6vhich in turn is

connected to PIO1Fiyurel 3below illustrates how the connection can be done on the breadboard.

Create a program that reads the twbyttsis and turn on the LED only when both are pressed
simultaneous. Then change the logic so that the LED is on if only bibeitbdtiseppeessed,
but not both.

The program structure will be the same as in Lab 2a and 2b, a forever loop. Read both inputs and t
calculate the output value and output it.
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Figurel4dBreadboard Connections for SW2, SW3.&D

Another output device, besides a LED, is @Admzzeer outputs a single frequency tone when

driving current through RNRransistor is controlling the current through the buzzer. Pulling the

base of the transistor low will enable ¢n¢ ttmaugh the transistor (and hence the Dhezer).
series resistor on the tr ansgnasPlOrBUAZwilbes e con
close to ground, 0V, when pulldyy line LPC111x and a PNP bipolar junct@m s i tert or 6 s e |
base voltagefiged t@round 0.7V).

4 )

- J

Figurel58Buzzer on Schematic Page 4
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