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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
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LPCXpresso ExperimentKits er 6 s

Gui de

Pagel7

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
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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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"TEEEREE RN

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.

Copyright 2B© Embedded Artists AB



LPCXpresso ExperimentKits er 6 s Gui de Page34

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
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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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U1
LPCXpresso board

Pin 28 .

PinS_SSEL +3'3V o:o.- :o-oo
PIOO 2 25 aaana il iiiis 155
2 Smms o et e
OIS 3554 BESSEINNBS:
Pinzo e o L) e o o e e o o o e o
PIO1_4 ey s B S|
Pin 54 it ierd Bioredlh
P|n21 GND ° CEEEEEED © e e 0 0 o e o
PIO1 5 b e i
L N ) .' e @ o o o e o

Made with [ Fritzing.org

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).

f Buzzer \

Figurel58Buzzer on Schematic Page 4
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LPCXpresso and mbed connector
(pin naming is generic)

LPCXpresso

J2 @
LPC1343/1114 LPCXpresso (dual 1X27 pos) 1;"3
GND GND il I Lk 28
VIM (4.5-5.5V) 2] Y T
not used =] »2e
Reset/ PIOO_O GPIO 0-BESFT 4 < )_ﬂ
PIO0_8/MOSI/ CT16B0_MAT1 / SWO GPIO _1-MOSI 5] MEE |
PIO0_B / MISO/CT168_MATO - Ele 3|33 ETH_BXP
PIO2_11/8CK = 71e Y 2
PIO0_2 / SSEL / CT16B0_CAPD GPIO_4-] FD-S5F 1] ¢ 3 35 ETH_TXP
PIO1_7 /TXD/ CT32B0_MAT1 GPIO 5-TXD ] 36 LISE 0Ok
ROl el R¥0 S CT32B0 MMATO RO e DyO wnl M E5 SR NP
PIO0 7/CTS(LEDY) GPIO 7-RUZFZ il Mz -
PIO2_0/DTH GPIO_8-LED-SSEL i 4 X -
PIO2_1/DSR GPIO_9-1 FO-S5FI 3] 4 T GPIO _2A-SDA
PIO2_2/DCD JMEMM—H{ 3 41 GPIO _27-5CI
TOI/PIOO_11/ ADD/ CT32B0_MAT2 GPIO_11-AIMD 151 ¢ e GPIO_28-PWM
TMS/ PIO1_0/ AD1 /S CT3281_CAPO GPIO_12-AlN1 18] » M Ek] GPIO 29-P'WM
TDO/FIO1_1fAD2 / CT32B1_MATO GPIO_13-AlM2 17 ¢ > A GPIO _30-PWM
TRST/PIO1_2/ AD3/ CT32B81_MAT1 _GELD,LL-AINS—“B_c ).45’_GELD=3L-LED;E
SWDIO fPIO1_3/ AD4 / CT3ZB1_MAT2 Js] . L GPIO 32-GPI0
PIO1_4 /ADS /CT3281_MATS /! WAKEUP = 204 . M EYi -
FIO1_5 /RTS/ CT32B0_CAFD GPIO_17-KEY 2], 5 148 GPIO 34
PIO1_8/CT16B1_CAPO GPIO 18-KEY 22) . 3 49 -
PIO0_B fUSB_CONNECT / SCK GPIO 19-USE COMNM 23 < 3> 50 GPIO 36
SWCLK / PIO0_10/ SCK/CT16B0_MAT2 241 . y} 51 GPIO 37
PIO3_0 GPIO 21-LED a5] ¢ 352 ¥
PIO3_1 GPIO 22-|ED 261 . 4
PIO3_2 GPIO _23-| FD 27 ¢ 3 54 GNDO

Add the buzzer to the breadboard. Some rearrangement mightNmtendeat the buzzer in the
component kit might look diffementhie one in the picture below. Also note that both the PNP
transistor and the buzzer are polarized components so it is important to turkisbamteorrect.

that the series resistoithe PNP base pin is 1.5 kohm (a different value than we have used so far).

Ul
LPCXpresso board o
Pin 8 - SSEL 3 >
PIO0_2 - C
Pin 11 3 p
PIO0_7 3 ..
Pin 20 Sl
PIO1_4 LN ) e e o o o L
Pin 21 ® . ..
PIO1_5 o 9 4
Made with [} Fritzing.org
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Modify thexisting code in this experiment so that the LED and the buzZkchitgecsatne
way (LED on = buzzer on).

As a fun extra experimepieat the Morse code experiment in Lab 1d with teeMuzasecode
output instead of the LED

Note that the buzzer will turn on during program @owtiRé2xpresso boardh)s ibecause

pin PIO0_7 is also connected to a LED on the LPCXpresso board. This will drive the signal low and
hence turn on the buzzer. The solution is to connect a 33@pyphesigial between signal

PIO0_7 and +3.3V.

7.3.4 Lab 2dToggling LED

In this expenent we will introdustate Pressing the ptsiitton shall turn the LED on. Pressing
again will turn the LED off. Another way of expressing it is that the LED is toggled every time the pu
button is pressed.

The structure of the program is obtiogd When the pbsititon first is pressed, the LED is

toggled. Check the current state of the LED and inverse it. The recommended structure for this is tc
store the LED state in a separate variable. After having toggled the LED, the progiiam must wait un
the pusibutton has been released. If this last step is omitted, the LED would constantly toggle at a
high rate as long as the jpuston is pressed. That would not be a desirable solution since the LED
can be in any state when thelpuitdn is fitig released.

/I declare variables
uin t8_t stateLED;

/I Initialize pins to be inputs and outputs,
/I set outputs to defined states

/lenter forever loop
while (1)

/I check if push - button is pressed

ifC .. )
{
/ltoggle LED

/lwai tuntil push - button is released
while(...);
}
}

You will probably notice that the LED will toggle a little more than expected. For example when
releasing the pdstitton, sometimes the LED will not change state. This is because of contact
bounce ide the pudbutton. The microcontroller is so fast so it will detect multiple presses/releases.
In the next experiment you will find one way of dealing with this problem.

7.3.5 Lab 2 Sampling of Inputs

In this experiment we will intrddec®ncept of saimg! In the previous experiments the outputs
have been controlled as quickly as possible and the inputs have been read as often as possible.
Although simple, it is often desirable to have more detailed control of the system behavior.

Sampling is a conospere the state of infsitsad at defined points in time, the sample period.

Outputs are also controlled/changed at these points in time. More advanced systems can have mar
different rates active at the same time. Some inputs are read atdmghhEel(@®0 Hz, once

each 1 ms) while others are read at lower date, say 10 Hz (i.e., once €helut6a ras.is a

tradeoff between workload for the microcontroller and how fast the input can change (or how fast th
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outputs must be controlkedst changing signal must for example bd afempie order not to
miss any important information.

In this experiment we shall sample tHeugoshwith different sample rates. Thelémewdithe
previous experiment (Lab 2d) is used. firdlan is introduced before checkirgutiosh

stateUse the delay function created in fattHislf the delay is for example 100 ms, the effect is
that the pudbutton is sampled at 10 Hz rate.

/l declare variables
uint8_t  stateLED;

/I Initia lize pins to be inputs and outputs,
/I set outputs to defined states
/lenter forever loop
while (1)
{
/ldelay a specified period of time (the sample period)
/I check if push - button is pressed
if( .. )
/ltoggle LED
/lwa it until push - button is released
while(...);

}
}

Experiment with different delay settings / sample rates and see how fast you need the sample to pu
button in order not to miss a quickyiish press.

About what sample rate is needed in btdeniss arbuttorpresse®

As an added bonus, the problem with contact bounce is also handled when the delay was added. T
is because the microcontroller is idling in theodeldyjle the contacts bounce.
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7.4 Control Multiple LBs

In this experiment you will learn how to control multiple I/O pins simultaneously. More specifically y«
will learn how to control eight LEDs. This experiment builds on the knowledge you have gained fron
the previous experiments.

7.4.1 Lab 3a: LEDs in Runithmg Pattern

As a start, create the circuit with 8 LEDs and-buttgnsshs illustrate8igurel8belowOnly
one pusbutton is used in this experiment but in the two next, two &favecedimok atgeasd

in the schematic to get al LED antbyitsin connectiohEDI ED8 and SWRV3 are mounted.
All resistors are 330 ohm.

U1
LPCXpresso board .

=Rl
=Rl

e

..m-00..00....-..0....-..00

© e 00000 0 00
© 0 000000 00
e 0 0 0000 0 0 0 0
© 0 000000 0 0

o =M PIT== o 0o 0 0 0 o

Made with [} Fritzing.org

Figurel8dBreadboard Connections for 8 LEDs andPtsb-buttons

In this experiment the 8 LEDdshatintrolled in a runiaing pattern. First let the running rate be

fixed. Use the delay function from previous experiments as the time base. The program structure is
suggested to be as below. 1) Wait a fixed time, 2) Update the state vasighidi@r ount

technically also a state) and ®ufputs according to state.

/I Declare variables

/lInitialize pins to be inputs and outputs,
/I set outputs to defined states

/I Enter forever loop
while (1)

/I Delay a specified period of time or wait for push - button to be pressed

/I Update state/counter
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/I Update LEDs according to state/counter

Since there are 8 LEDs is would be suitable to define 8 states or having a counterZount between 0
(or 18, ifthatmakesmere nse) . The fiset outputs according
detail. One method is to first reset all outputs to their inactive state. In our case, that means setting
8 LED outputs high (which will turn the LEDs off). After thatutiierstiatefcoines which output

to set low (turn on one LE®S3. structure will save code since the resetting to default state is done
only once.

Another method, also outlined below, is to set all outputs to correct levels, in each state. This will
duplicee much code but the program can possibly be easier to understand and maintain.

/IReset all outputs

/ISet only the active output

switch(...)

case ...: ... break; //Set only active output

case ...: ... break; //Set only active output

case .... . .. break; //Set only active output
default:

}

or

/ISet and reset the outputs

switch(...)

{

case ...: ... break; //Set only active output and reset all others

case ...: ... break; //Set only active output and reset all others

case .... ... break; //S et only active output and reset all others
default:

}

It is also possible to experiment with other patterns then-time riramiagample, having 3 LEDs
on simultaneous.

When the fixed running rate is working, adjust the program sdthtnarpastis advancing
the running LEDs instead of time. Simply replace the delay functicloaptthatwialies for a
pushbutton press.

A little twist on above is to add a timeout functionality -bithengestot pressed for 5 seconds,
the runing LEDs should be advanced one step. How to implement that?

Tip: sample the pimhiton at a fixed (known) rate. Count how many times sampling is done. If too
many samples without detecting a press, then a timeout has occurred. Define the timeout with a
constantdefine ... ).

7.4.2 Lab 3b: Control of Runfiing Pattern

The experiment can only be done partially on the breadboard. The goal is to generalize the progran
from Lab 3a. Use two pgusdltons for increasing and decreasing the LEfomarspegd. &s

two more pudduttons for controlling the direction of the LE®merpatigrn, and finally use one
pushkbutton for start/stopping the LED flashing

Allinall, five pudbuttons are needed for this. Only two are available for mounting ot. a breadboar
Develop the program in steps. First develop the variable speed solution. Then set the speed to a fix
value and continue developing the direction control. Then fix the direction and develop the start/stoj
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control. After these three steps all fuitgtimsabeen developed. Use the breadboard setup as
illustrated iRigurel8above.

There are five pelounted pudiuttons that can be uddtese pudbuttons are mounted in a
Aj oysti cko s thuttoestcanfoeexasnple cortra@ theuspefedd Thevnight/left buttons
can be used to control the direction and the middle button can control start/stop.

7.4.3 Lab 3cRotary Swit¢@ontrol of Runni@ge Pattern

Note that this experiment can only bie fidbathe pcb since the rotary switch cannot be
mounted on the breadbddodever, it is possible to simulate a rotary encoder withuttenpush
so the experiment can still be done on the breadboard, if wanted.

In this experiment, the rotation switchsatetl EDs runnone pattern. Turning the switch one
step to the left shall advance the LED state on step to the left. Turning the switch one step to the ric
shall advance the LED state on step to the right.

The rotarswitchused can also be callefliadrature rotary encdder.encoder is named SW6 in
the schematic and can be found on schematic pdggusekdaelow.

/~ Rotary switch - Quadrature signals N\

15K

SW6
EVE-GA1F1724B (ALT)

| CENTER SwWITCH
_— b &%
J: SHIELD
\ GND o /

The encoder puts two signals, A and B, accordhigyte20ObelowThe two signals vary over
four states (A,B): (0,0) (1,0) (1,1) (0,1). Depending on rotation direction the four states are traverset
from left to right ohtitp left.

Clackwise —————
+— Counterclockwise

One notch

B @

A rotation step can be detectsdnbpling the two inputs and determining what the new state is. If

this new state is same as the current one, no rotation has occurred. However if there is a difference
then a rotation has been detected. If for example the current state is (f8)w,G)atrds

(1,1) the rotation is in the right direction. If the new state is (0,0) the direction is instead to the left.

Another method to detect rotations is to detect negative edges on signal A. The level on signal B (h
or low) at this pointinme determines the direction. PA3ifiRigure20above represents the
counterclockwise directionl¢B)isnd 1) represents the clockwise directiohigB.is

How to detect a negative edge on signal A?

Tip: When sanmg input A, compare with previous sample. If old sample is high and new sample is
low then a negative edge has occurred.
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7.5 Print Messages

So far the microcontroller has had limited possibilities to communicate with the user. Technically it
would have bepassible to communicate information via the Morse code experiments (via a LED or ¢
buzzer) but it is not a very user friendly method and it would take time to communicate longer
messages.

In this experiment you will learn powttmessages from thgnaran the LPCXpresso IN&

breadboard work is needed for these experimeda®CXpresso IDE has support for something
calledsemihostingf is a term from ARM that indicates that part of the functionality is carried out by
the host. TH®stin thé case is the PC, i.e., the LPCXpresso IDE. It is a very useful debug tool for
small systems that do not have a dedicated communication channel for outputting debug informatio

It is very easy to enddenihostinig a projedtigure2lbelow indicates the project setting that is
needed to be carried out. Basically it is an instruction to use a special C runtime library. A library thz
directs printigutput to the LPCXpresso IDE.

= — == —

- Develop - xbee_oled/src/main.c - LPCXpresso

File Edit Source Refactor MNavigate Search Project Run  Window Help

. S~ Q- miE e o 3@ ERmE SO A ESEinEisR| ke 2w
] |

2Sel ect ﬁj”l“il .
- m&g

wttings 5)Sel ect fAReq

o s

|.r‘meJec 1) Rightclick on
» il project root and selef

o EL X .
=y AProperti

c
| P ML 4 B MCU C Compiler
> e L0031 (% Preprocessor
Brevitel=raTTables @Symbu\s N
Discovery Options @ Includes Thumb mode .
I ’ Includ Environment (# Optimization [¥] Manage linker scri
» B Includes Il i (2 Debugging = =
I FRER-1 Legging & w xbee\ f_Debug.ld
| biSkmasttings % Warnings
I > % cr_#artun_lpcll.c @ (2 Miscellaneous ¥ =
> main.c = /
U > (= Debu DotChain Editor (£ Target se Clibrary [Redllb(;emlho;ﬂ ™
9 C/C++ General 4 B MCU Assembler )
W readme.td

Project References @ General k offset 0 [ Select which libraries to use when buildin, ]

Run/Debug Settings (2 Target [] Enable Code ReaaProtees B

a 55 MCU Linker
2 General

(2 Libraries

3)8 e I e cC t (# Miscellaneous

TRy
6) Confirm selectiot

4 e - b

|=| xbee_oled Debug.la
|=| xbee_cled Releas,

Settings

HSel ect

Figure21d Selecting Semihosting C Library

7.5.1 Lab 4a: Semihosting and printf()

In this experiment you will learn how to print messages from the LPC111x microcontroller to the
console window in the LPCXpresso IDE. The code below outlines what is needed in order to use
printf()Figure2below illustrates how the console window looks like when executing this code.

/lInclude needed libraries
#include<stdio.h>

intmain  (void )
{

printf( A\ nThis is a first test... \nd) ;
p r i nt tfthét 8emihosting and printf() works - and it does! 0);

while(1)

return O;
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El Console &2 _'-il.:ggdl%l@”fa‘l:ﬁ':ﬁ
Lab-Test-Semihesting Debug [C/C++ MCU Application (D5F)] Lab-Test-Semihosting.axf

-
This is a first test...
that semihosting and printf() works - and it does!

Fl b

© NXP LPC1115/303 {Lab-Test-...ihosting)

Create a program that determinEsdlaness of the microcontroller and prints tiAesesust.
we have a 3it number: OXOACOFFEE in hexadecimal notation. The table beloowilthstrates
bytes are stored differently between a big and little Endian system.

Memory addres{ n n+1 n+2 n+3
Bigendian O0x0A 0xCO OxFF OXEE
Littleendian OXEE OxXFF 0xCO Ox0A

Now think of a solution how to test this.

Tip:Create an unsigneepiminter and an unsigned-gbiater. Let these pointers point to the same
unsigned ivariable. Write a valueemtisigned iveiriable with the unsignegboimter. Then
read out the four parts via the unsigngabictiar

WhagEndiardoes the LPC111x has (little or big endian)?

The pintf(functionvorks like normal. It is possible to output strings and general expressions. Verify
that thisvorks.

Note that Semihosting affects code execution pedeverahzeEvery time a data transfer takes

place, the executairthe prograstops during the trangfee microcontroller cannot do anything

useful whilst waiting on each transfer taeeohhgldlocking time depends on the LPCXpresso IDE

(and the PC it executes on). Do not use printf() and Semihosting in time critical loops| In the next la
performance test will be carried out to get a feeling for the transfer rate.

D

Adding printfQrctionality to a small embedded system isoé tbatleeen flexibility and code
size. The full implementation of printf() is very large, especially if floating point is supported. NXP he
created an application note that covers basic techniquethtosieduafede. Many things are
covered along with a reduced size-ipnpi#(hentation that is supported in the LPCXPresso IDE.
The application note is naAN#i0963: Reducing code size for LPC11XX with LPCXpresso
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7.5.2 Lab4h Semihosting Perfonoa Test

In this experiment we will investigate the performaBemifastrfgnctionality. Expand the

while(1Joop below to increment a loop counter and print the value if this counter every iteration in tf
loop. Also add a 500ms delay in tlenbboprify that the counter increments two times per second

(by observing the console window in the LPCXpresso IDE).

/I Include needed libraries
#include<stdio.h>

intmain  (void )

printf( A\ nThisis a performance test .. \nd) ;
while(1)
return  0;

}

Now emove the 500ms delay in the loop and check how fast loop counter increments now. It will no
be very fast. This shows the bottlenec8arhihestirfgnctionality. It takes time to transfer the
characters to the LPCXpresso IDE.

About how macharacters can be transferred each second?
Note that this value will differ from PC to PC.

7.5.3 Lab4c: Printing Events

In this experiment you shall create a program that writes in the console evbuoittmeéa push
pressed. For sititity, use the breadboard setup in Lab 3.

7.5.4 Lab4d Reading from the Console

In this experiment we will learn how the microcontroller can read input from the console in the
LPCXpresso IDEhe standard library function getchar() is demonstratedo$tiegSemih
implementation has limited functionality when it comes to reading from the console. The calls are
blocking, meaning that the microcontroller will stay in the library function call until the user (on the
LPCXpresso IDE side) has entered the charatter the enter key. Thigtistrictly following

the ANSC definition gétchar()where it should be alplocking call (i.e., return immediately even

if no character was pressed by the user)

Test theode below

/I Include needed libraries
#include<stdio.h>

intmain  (void )
printf( A\ nThisis a test of getchar() \no) ;
while(1)
int8_t  rxChar,;
rxChar = getchar();

printf (fA%cod6, rxChar);

return O;

}
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Run the program and enter five characters and then hit enppens®at ha

The reason for this is that there is a queue on the LPCXpresso side. Each time getchar() is called o
the microcontroller side, a character is removed from the queue.

Also notthat &xt written by the user is printed in green color and text from the target system (i.e., the
LPC111x) is printed in black color.

The blocking implementation of the read functions limits the usefulness. A final appligation would ne
use this funatialitylt would simply not be practical to always have the LPCXpresso IDE connected

to the systerti.can however be a very useful functionality when ddiriggpigration can for
example ask the user at startup if special settings shall beseyechrTtieen quickly test several
settings without having to recompile the application.

As an extra experiment, create a program that reads input from the console and converts it to a
number. Check that only digits are entered and that the finalitiimbiez range of #i82
number.
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7.6 Read an Analog Input

In this experiment you will learn somvigrt an analog signal to a digitaVedteeis a it

ADC Analog to Digital Convederthé PC111x microcontrollee ADC is describechiapter
25-LPC111x/LPC11Cxx ADE€ t he L P C1 1IThexADQ pedphetabneetsasomea |
initialization before it can be used. Alsontb@ipmneeds to set the analog input functionality to

the pins. There are 8 inputs to the ADC and herntb&tBcpim be initialized. The function outlined

below initialize the first four pins as analog inputs. The function also initializes the ADC to be ready
conversion commands. Chedk (h€ 1 1 1 x  u and makes surenyon undetstand the

different ggster initializations below.

/

** Function name: ADClInit

*%

** Descriptions: initialize ADC channel
*%

** parameters: ADC clock rate

** Returned value: None

*%

void ADCInit( uint32_t ADC_CIk))

{
/* Disable Power down bit to the ADC block. */
LPC_SYSCON>PDRUNCFG &= ~(0x1<<4);

/* Enable AHB clock to the ADC. */
LPC_SYSCON>SYSAHBCLKCTRL= (1<<13);

/* Setpin - mux correct for ADC -INO, -IN1, -IN2and TIN3*
LPC_IOCON >JTAG_TDI_PIO0_11 &= ~0x8F;
LPC_IOCON>JTAG_TDI_PIOO0_11 |= 0x02; /* ADC INO */
LPC_IOCON >JTAG_TMS_PIO1 0 &= ~Ox8F;
LPC_IOCON >JTAG_TMS_PIO1 0 |= 0x02; /¥ ADC IN1 */
LPC_IOCON >JTAG_TDO_PIO1_1 &= ~0x8F;
LPC_IOCON>JTAG_TDO_PIO1_1 |= Ox02; * ADC IN2 */
LPC_IOCON >JTAG_NnTRST_PIO1_2 &= ~Ox8F;
LPC_IOCON >JTAG_NnTRST_PIO1_2 |= 0x02; * ADC IN3 */
LPC_ADG>CR =

( 0x01<<0)] /*SEL=1, select channel 0~7 on ADCO */

/* CLKDIV = Fpclk / 1000000 -1

(((SystemCoreClock/LPC_SYSCON - >SYSAHBCLKDIV)/ADC_CIk - 1)<<8) |

( 0x0<<16)]| / * BURST =0, no BURST, software controlled */

( 0x0<<17) | /* CLKS =0, 11 clocks/10 bits */

( 0x0<<24)| /* START = 0 A/D conversion stops */

( 0x0<<27); /* EDGE = 0 (CAP/MAT singal falling,trigger A/D conversion) */

7.6.1 Lab 5aRead Trimming Potentiometer

In this experiment we shall read the valuegahpoal0. There are two trimming potergjometer

R7 and R20, on page 4 isthematic. One of them, R7, is connected to-BMGntlthe

other one, R20, is connected to GRADN1LZThese signals correspond to AINO and AIN1 on the
ADC.The trimmg potentiometers are connected to ground and +3.3V in each end. By rotating the
trimming potentiometers it is possible to adjust the analog voltage to any value between 0V and +3.
This corresponds exactly to the input range of @heididCgiveset converted value 0 and

+3.3V input gives the converted value 1023.

Figure3below shows the schematics around R7. The series r38minnys just for
protection in case GPIQAIND (by mistake) becomes an dtitpu?4shows the breadboard
setup for connecting the trimming potentiometer to the LPCXpresso board, pin 15.
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2 Analog Inputs

/

©
=
(o]
+
w
GPIO_11-AINO T8 s H" v
1 ars
330R < A

Beginwith building the breadboesditbelow.
u1

LPCXpresso board Bt Orhoe

Pin 28 et R e

+3.3V val asviyl i A

Pin 15 el svaselaiises |54
GPIO_‘]’]_AINO ) e e e 0 o e o 0 0 o ° o
PIO0_11/ADO et el B e e
CGEEEENNED ¢ ¢ © e e @ o o e o

SRS EEETINCEREY < LYEEMNEE

GND INEREEE ::E:: .

Made with [ Fritzing.org

Create a function for reading the analog value of a specified andleg chagtagits to defin
the possible channels to convert.

Tip #1: Readtinhe ADC chapter in the LPC111x Userés
24 and the channel to convert (if)at @bnversion is started.

Tip #2: A conversion takes som&tmmek the DONE bit in register ADOGDR or ADODRx (where x
is the cannel to convert).
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Tip #3: After a conversion, the ADC is stopped by resetting bit 24 in the CR register.

Tip #4: When reading the converted value, note that the register value must be shifted in order to b
the interval ofl®23 (bit-9 valid).

Belows the program structure to use to read the trimming potentiometer value once every 250 ms.

/linclude needed libraries
#include<stdio.h>

/IDefine constants
#define AINO 0

/IAdd ADC functions for initializing and reading values

int32_t man(void)
{
pr i nt \fnThis program reads AINO repeatedly .. \no);

/Nnitialize ADC peripheral and pin - mixing
ADCInit(4500000); /14.5MHz ADC clock

while(1)
uintlé_t  analogValue;

analogValue = getADC(AINO);
print\¥n(Adl NO=%do,gVaue)al o

/[Delay 250ms

}

return O;

You will notice some noise in the converted values. It is not always a stable value. This is quite norr
to expect in a Aaliseoptimized setup that we have with the breadboard and the be&dpresso
Besides proper hardware design, a method to handle nojzsasss fitidothe converted values.

Below are two examples of how this can be done. It is amidaepléltfinstThe closer to 1 ALFA

is, the more filter effect is appliedwihethe cuiff frequency will be in the filter). Floating point
calculations are not to recommend in smaller embedded systems. The execution time will be long ft
these calculations but the biggest problem is typically thsizthe/itiddereasensamlerable

when the-@intime floating point libraries are linked to the program. An integer solution is to
recommend instead. One example (where ALFA is 0.875) is outlined below.

/I Floating point calculations
#define ALFA 0.95
newValue = ALFA*newValue + (1 - ALFA)*newSample;

OR

/lInteger calculations
newValue = ((7*newValue) + newSample) >> 3;

Test to filter the samples and observe that they will be more smooth and stable.
Place the ADC read functionsaddile .
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7.6.2 Lab5h Event Threshold

Another wag handle noise (varying values from an analog signal) is to introduce threshold handling
In this exercise yghalimplement a program that reports when the value of an analog signal has
changed more than a set Gnaate a program that printsatbe of AINO in the console whenever

the change in value s large than 2% of the full scale.

Tip #1: 2% of 1024 steps equals 20,48, which can be rounded down to 20.

Tip#2 Remember the last reported value and compare the new sample againgithis value. If y
compare against the previous samples value then it is theoretically possible to slowly, slowly turn th
trimming potentiometer without getting any change report event.

As an extra experiment, create a program that reports changes as alreadiaweteangcifited.
no changes are detected, report the current value once every 5 seconds.

7.6.3 Lab 5cRead Light Sensor

In this experimeriigint sensavill provide the analog input value (instead of a trimming

potentiometer). The sensor, R24, can be falmeinatic page 4, as illustratéidun25below.

The more light the sensor is exposed to, the lower the resistance becomes. Adjust the program cod
Lab 5a to read from AIN2 (instead of AINO) and chevkevtbdtwaues to expect in different light
conditions.

What is the range of values between absolute dark and full sunlight?

Light Sensor

oo
RS
Eﬁs@
G

ND

+3V3

R24
PHOTOCELLPTH

GPIO _13-AIN2

Figure258 Light Sensor on Schematic Page 4

Copyright 2B© Embedded Artists AB



LPCXpresso ExperimentKits er 6 s Gui de Pages7
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Made with [} Fritzing.org

7.6.4 Lab 5dADC Noise Test

As seen and experimenting with in Lab 5a and 5b, here is noise in converted analog values. In this
experiment we shall investigate the ADC noise in more detail. We distitghithierstation
about the noise distribution.

Create an application that gat&®000 samples from A#NEA sort these values according to

frequency in occurrence. One solution is to create an arraypibivhBi2BI&82 and let each of
thesevariables be a counter representing the number of times that particular value has been
observed. This solution would require 4kByte of RAM, which is not a problem. It the resolution woul
have been higher, for example 12 bits then the memory coitgurbptioo mgh. An alternative

solution would be to have a smaller array. Take one sample to determine in which range the vales
seems to be. Then set a range of for exd@pl®und this value. Also have two specia counter

that represent valuedanior above the edge values. Thiswaydtbe simple to check if the

range accidentally is bad.

The result shall also be printed in the consolefiieadigeray, so that the result is easy to
understand for the user.

What can the possible sodmeise be?
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7.7 Pulse Width Modulation

In this experiment you will learn geweiate a pulse width modyRWMsignalThe PWM
signals will be generated purely in softwareh@amaee orientiesplemetation with the help of
timers will be investigatéatémrexperimentbigur7below outline the breadboard design that
allows performing all experiments around PWM signals. Start withAtiuigiistptisisire 330
ohm.

u1
LPCXpresso board

Made with [ Fritzing.org

7.7.1 Lab6a PWM Control of a LED

In this experiment you shall investigate how to generate a signal with a given duty cycle and how th
LED intensity varies with duty Eigilee?8illustrates the PWM signal structure. Hiadigh

defines the duty cycle. It this signals directly drives a LED, the LED will beufultyyole wehen d

and fully off when the duty cycle is 1 (100%).

| Duty = d/D
Frequency = 1/D
d
<>

Below is a code structure that can be used to generate a signal with a specified duty cycle. The loo
should be repeated as often as possible in order to keep generating the signal. As seen the loop be
will perion 100 iterations so the resolution of the duty cycle control is 1%. Higher resolution is
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possible by increasing the number of iterations bubthes tiader frequency of the duty cycle.
This may, or may not, be a problem as we will invegtgateigriments.

/ISet wanted duty cycle
wantedDutyCycle = ...

/ISet output high
/[Enter duty cycle generating loop
fo r (loopCounter=0; loopCounter<100 ; loopCounter++ )

if (loopCounter == wantedDutyCycle)
//Set output low

Create agrogram that generate a fixed duty cycle and controls a LED. Define the duty cycle with a
constant in the program.

About what frequency does the PWM signal have?
(measure with an oscilloscope of logic analyzer, if possible)

Drawa diagram of the perceived LED intensity with different duty cycles:

A
Intensity Full

None

0 20 & 60 80100 Dutycycle

7.7.2 Lab 6bPWM Control of a LED, cont. 1

In this experiment let the value from the trimming potentiometer control the duty cycle. Build on the
code that was developed in Lae@d.the AINO value and set duty cycle bet@@¥n O
accordingly.

As an extra experiment, let the light sensor control the duty cycle. If the room is dark have full inten:
on the LED and vice versa.

7.7.3 Lab 6¢cPWM Control of a LED, cont. 2

In Lab 6a, éduty cycle frequency wastbxadelatively high valoghis experiment you shall
investigate how this frequency affects the LED intensity. A{\wbere Ipaiating the frequency)
you will notice a flickering on the LED.

Create a program wiaere trimming potentiometer controls the duty cycle and another trimming
potentiometer controller the frequency.

Tip: Add a variable delay in the loop. Let the delay be 1 us, or multiples of it. At 1 us delay, a total o
100us delay will be added per €hidesquals 10 kHz. Measure and verify that you get about this
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frequency. It will be slightly lower since more than just delays are performed in the loop. If the delay
2 us the frequency will be 5 kHz, if 3 us it will be 3.3 kHz, etc.

At what frequerdhyes the LED flickering become apparent?

7.7.4 Lab 6d: PWM ContralvamlEDs

In this experiment you shall create a program tisdheontenisity of two LEDs with the help of

two trimming potentiometers. One loop shaltnebtwoadifferent PWM sigAalseen it

becomes more and more complicated to control multiple signals, especially if the signals have diffel
frequencie$he microcontroller is also fully occupied with generating the signals. If other work is
perforrad, the PWM signals will be affected (not correct duty cycle off freguehgyi).is

typically simpler to let a timer generate the PWM signal, without software intervention (other than
setup)You will investigate this in more detail later on.
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7.8 Control an RGBED

In this experiment you will learn how to controLE&fDRSBe the package of the component

there aréhree LEDSs, one red, one green and ofdéélcemmon anode is connected to the +3.3V
supply and series resistors for eachlLligfitavihe current to suitable (eetlisritating)ith

matching lamination from each LED. Note that the series resistor for the red LED is 1.5 kohm and 2
ohm for the blue and green LEDs. Also note that the current levels are quite lvatampared to
normal RGBED would have.

RGB-LED

SN SJ2
Q/T\ CLOSED OPEN
e | o
|
LED10
¥ ¥ I
x§z xéz o
o o
gl gllg gl
GPIO_28-PWM
GPIO 29-PWM K
GPIO 30-PWM T

Figure299 RGBLED, LED10n Schematic Page 4

The anode is connected to +3.3V as skayuné?® The pcb has shorted jumper SJ1, while SJ2

is open. There is@stion to connect it to +5V instead but the currently-UEEIVREBE well

with +3.3V supply. Normally the problem is the blue LED, which has high forward voltage drop.
Typically in the region 6fA3Y¥. The used RGBD has¥ (about) 3.2V. Thals a reason

why the current levels are quite low.

The RGRED component is also shokigume2Q From left to right the four pins in the picture are:
1 RedLED cathode (connected to R26)
1 All LEDs anode (connected to +33¥1ymhich is closed)
1 GreerLED cathode (connectéRiXp)
1 BlueLED cathodeonnected to R28)

7.8.1 Lab7aTest RGBED

In this first experiment with arLIEGBhe microcontroller will not be used. We will only use the
LPCXpresso board to get the +3.3Y. SMijihlthree LEDs there are eight combinations. Verify that
you can create all seven colors (besides black/dark). Insert thesegsistoiféerent

combinatioras shown FRigure80below

Which colors dowget?
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u1
LPCXpresso board P91 9.9.3 Y 9999

b nphba = il B
pe — addda m’ 120N B

Made with [ Fritzing.org

7.8.2 Lab7k Control RGBED

In this experiment you shall create a program that can control theahtéosityeafheee) LED.
Select tch color to adjust with a fugton (rotate around the three main colors, red, blue, green,
at each press) and set intensity level with the trimming potentiometer.

Base the program on the knowledge developed iPWéedated experime(its example
Lab 6d)Below is the breadboard design that can be used.

ul

LPCXpresso board BN Lad Ealas.

Il

oouounnw-ooooocoooono

ST

e 0o 0 0 0
e 0o 0 0 o

ul
.
.
L)
.
.
.
.
.
.
e
L]
.
.
.
.
s

® 00 000 0600000000

©n o 0 0 0 W n

-
0

é

Made with [} Fritzing.org
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7.9 Control a egment Display

In this experiment you will learn howobd &@ségment LED displayhe component included in

the kit actually hastwwo&@ g ment di gi t s. More about -this fur
segment display works. The A@@gmentefers to the seven main segments, labele®aeto G.

picture beloBometimes there is also an eighth LED, a dot that is typiq&pRabelsdtill

called a-8egment LED even though there are actually 8 LEDs.

DIG.1 DIG.2

55

Common Anode

Y ¥ ¥ ¥ ¥ ¥ ¥ V¥ Yy ¥ ¥V ¥V ¥V ¢¥v ¢" Y
Al B <¢ ©Dp| E| F| G| RDP al Bl ¢ 1D E| F| G| RDP
o o o o o o o 0
io & 1 5 3 6 7T 2

The dual digitségmenLED that is used in this kit has common anodes and are multiplexed as
outlined iRigure82 With the 7 LEDs it is possible to create@laiis the six first characters in

the alphabet. This makes it possible to diguagihet numbers. With the two digit display
included in the kit it is possible to display a byte value in hexadecinigdxX&i). (0x00

0 123456 1

E’C'FH: aEF

There are other types of LED displays. See the picture bstymdittediSplay is the simplest.

There are also-Bhd 1&egment displays. With these #sibjmoto display all letters in the

alphabet. There are also matrix displays in different sizes. The 5x7 formation is the smallest to get
reasonable readable digits. The benefit with LED matrixes is that graphics can also be displayed.
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1.Segment T4-Segment 16-Segment
plus DP phus 0P plus D@

Figure340 Different LED Displays

7.9.1 Lab8a Test segment Display

In this first experiment wtkegment displthe microcontroller will not be used. We will only use

the LPCXpresso board to get the +3.3V supply. Verify thatnyon each segment of the

display, by moving cables on the bread@begritture below illustrates the firstdanebsktup

with the display. Note that the picture of the disalgigeh¥display we have is not correct in the

picture below. In reality, the digits are turned 90 degrees and have two digits. There are however 1(
pirs on the component, just as shelomw.

U1
LPCXpresso board gegment gp 3l B il Bt ® SegmentA - connect to ground to turn on
egment b é. .é . C—— S€gMment B - connect to ground to turn on
= <s é s .é F===77==== Segment G - connect to ground to turmn on
Segment E P e e——  Anode digit #1 - connect to +3.3V to control
Anode digjt #2 ee——— . :’
SegisnED 3 :%: :%: $¥519:9 Segment F - connect to ground to turn on
th [ Frit org

Figure358 Breadboard Connections #esegment Display Testing

Also vefiy that you can select with digit, of the two, to control. When working with digit #1, pin 9 shall
be connected to +3.3V and when working ¥&hpdig#t shall be connected to +3.3V. Both pin 4

and 9 shall never be connected to +3.3V at the same time. When working with both digits they mus
time multiplexed. Half of the time, digit #1 is on and the other half, Migie b @b Hhis i

later experiments.

7.9.2  Lab8hk Control-segment Display

In thissxperiment you slealhtrol one digit of tre@ment LED display with the microcontroller. We

will use eight outputs to directly control each segment of the display. The aniideeof digit #1 w
connected directly to +3.3V while the anode for the second digit is leftAsaenn@otedone

before, the breadboard setup is prepared for the next experiments also. We will for example not use
the trimming potentiometer in this experiment.
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U1
LPCXpresso board

/

I I N N A N N A 1T BT
.oo-c-—“wunn—m_r

..o.o.o..-u—w
.ooooo-oo—wo

..........._M:.
ooo-W—Wooo

!
—

Made with [} Fritzing.org

Figure360 Breadboard Connections #esegment Display

The same eight outputs are used as in the experiments with the 8,rexceépg loEDED4 and

LEDS:

= =4 4 -4 A A -

)l

LED1 (GPIO-LEDSSEL) corresponds to segment A
LED2 (GPI@LEDSSEL )corresponds to segnignt
LED3 (GPIO-LEDSSEL) corresponds to segment C
GPIO_36 controls segment D

GPIO_37 controls segment E

LED6 (GPIO_-2ED) corresponds to segment F
LED7 (GPIO_-2ED) corresponds to segment G
LEDS8 (GPIO_-2ED) corresponds tonsegt DP

Create a program that increment a-@igach second. It shalbral to O when 9 is reacbed.
the dot LED light for 100 ms after an increment.

A suitable program structure is to create a subroutine that takes9 asimpet éiseéts the
appropriate segment outputs for each input value.

As a variation to abawedify the code so that every time you pressiinéqusie number is
incremented.

Another wvariation is to creat e iralargtructuger a m

(segment-AB>C>D>E>F>A, etc.).
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7.9.3  Lab8c: Control-8egment Display, cont.

In thisexperiment you shall present the value on ADC input #0 on one digit\iihtée display.

turning the trimming potentiomegtdue between 0 and 1@2®e read (10 bit resolution). This

value shall be converted to a number between 0 and 9. One obvious conversion is (ADC value / 10
* 10. In theory this conversion is correct but since we are working with integer values the term (ADC
value / 1024)Imglways be 0. By rewriting it as (ADC value * 10) / 1024 the precision will be kept.
Assuming that the calculations are donkitovati@bles, the calculation of (ADC value * 10) is still
within 1®its of precision so no overflow will occur.

The traslation (ADC value * 10) / @2Ks perfect for presenting the val@odsider however
how a function to present the valigvOuld have looked Figure87present the proposed
conversion function (in black) andiarfuhat would work well for the rdfig@Ored).

OutDl‘J‘t value

9 i
(ADC value * 10) / 1024
((ADC value + offset) *
1024), where
offset = 0.5*1024/10

1 L _ _

0 L= >

0 1023  ADC input value

It would be a good program structure to place the conversion function in a separate subroutine.

7.9.4  Lab8d: Control Dual DiggeégmenDisplay

In thissxperimenou will create a time multiplexed control of the o tiigischematic there

are two PNfPansistors to control the anodes of the two digits. A microcontroller output cannot supply
enough current to directly drivadides Therefore the PNP transistors are needed. Pulling the
respective GRfiins connected to the base (via series resistors) low will open the transistors and
hence supply current to the anodes.

In this experiment we ignore the shift register tansetjpfents. Instead we continue using the
direct GPIO control of each segment from the previous experiments. In the following experiment the
shift register will be used.
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Figure390 Breadboard Connections fual Digit segment Display
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The suggested program structure is presented in the code block below.

/I Time multiplexed loop for controlling two 7 - segment digits
while (1)
{

/ICalc ulate v alue to present on display , €.9. read ADC input #0

/IDisconnect anode of digit #2 and reset segment outputs
/IConnect anode of digit #1 to +3.3V

/[Output value on digit #1 (control segment outputs)
/IWait5 ms

/I Disconnect anode of digit #1 and reset segment outputs
/IConnect anode of digit #2 to +3.3V

/[Output value on digit #2 (control segment outputs)

/IWait5 ms

Implement the time multiplexed control aboeataral grograjust like on the previous
experiment that presents the value of analod inptib#®ne digitqPbut on two digitDd).
Adjust the conversion funatioardingly.

7.9.5 Lab8e Control-8egment Display via Shift Register

In thissxperimente shll use a shift register to control the LED segments. This is the circuit that is
drawn in the schematic and designed on the pcb. The idea is to use a serial bus (called SPI) but in
experiment we will not use this bus. That is for a later drnperademiu shall emulate the serial

bus with GPIO operations. Three signals shall be controlled, called SSEL, SCK and MOSI. These a
connected to GPIO_4, GPIO_3 and GPIO_1, redpigatigdlitlustrates the timing of the

signals. It is the signal MOSI that outputs the different segment values. The SCK signal clocks in the
value of the MOSI signal on its rising edge. Signal SSEL shall be low duripgpdesslock

When SSEL goes high, the value on the shift tegistfaried to the outputs of the shift register.

Check the datasheet of the shift register, 74HC595 for details about the shift register operation. Not
the order of the bits on the MOSI signals. First the DP bit shall be output, and themAssegment G, etc.
zero will turn the segment on and a one will turn it off.

SSEL

MOSI ‘ DP G [ F E D dq B A
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Figure41d 7-segment Display, LED9, with Shift Regist&chematic Page 4
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Made with [J Fritzing.org

Figure42d Breadboard Connections unal Digit segment Display with Shift Register
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Create a subroutine for updating the shift register. Let the subroutitestalabbne® input,
where bit 0 represents segment A, bit 1tdgégetenThe suggested struattive subroutine is
presented in the code block below.

void updateShiftReg( u int8_t  segments)

{
uint8_t  hitCnt;

/[Pull SCK and MOSI low, pull SSEL low
[lwait 1us
//Loop through all eight bits
for (bitCnt = 0; bitCnt < 8; bitCnt++)
/' / out put MOSI valwue (bit 7 of fisegmentso)
[lwait 1us
/lpull SCK high
[lwait 1us

/lpull SCK low

/' /' shift fAsegmentso
segments = segments << 1,

}
/[Pull SSEL high

}

The suggestalelay values are quite small (1us). They can be smaller according to the 74HC595
datasheet, but for simplicity you can use 1us. The previous delay function created had a resolution
1ms. Update this functiohabit is possible to also have smaller values in the microsecond region.

Finallyreate a loalp table for getting the segment values given a number between 0 and 9.
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7.10 Work with a Timer
In this experiment you will learn how to wohlassitagser.

7.10.1 Lab9a Create Exact Delay Function

In earlier experiments a delay loop has been used to create delays. This is not a good solution for t
reasons. First, the processor will be fully occupied looping and cannot do any other useful work anc
resultsn unnecessary power consumption. SefmrdBthing interrupts the processialdye

length will no longer be correct.

In this experiment a more accurate delay function shall be created. The prbeddtingwill still
waiting for the delaylépseLater on, when we explore interrupts, we will create a timer functionality
that is more universal and power efficient.

Have a look @hapteR0-32bit counter/timer32B0/1in the LPTL1xus e mahsal for a
description of the how3tkeit times works. Note that chagftetescribes the same timer for the
LPC1115 (the XL device family) but for our purposes the timers are identical in the LPC111x family

A timer can be quite complicated since it can be used for creating PWM signatéxmdatapturing
events (with time stamps) and other, more or less advanced functions.

The principle to use a timer as delay function is as follows:

1. Setumnd start tht@mer to counp from zero to a set valie set value is calculated as
iti me fooudmeti aglbotinkr courdsrup/incceidents.

2. Wait untilmer reachdlse match val(e bit is then typically set in a status register).

The subroutine below implements the principl
manualo understand how the code works and in what way the timer is used.

/

: Function name: delayMS

** Descriptions: Start the timer delay in mi lli seconds until elapsed
: 32- bit timer #0 is used

**  Parameters: Delay value in mi i second

*%

** Returned value: None

*%

void delayM  S(uint 32_t delaylnMs)

/I setup timer #0 for delay
LPC_SYSCON>SYSAHBCLKCTRL |= (1<< 9); /* Enable 32-bit timer #0 clock */

LPC_TMR2BO0- >TCR = 0x02; [* reset timer */

LPC_TMR2BO0- >PR = 0x00; /* set prescaler to zero */

/I( SystemCoreClock/LPC_SYSCON - >SYSAHBCLKDIY = 4800000 0 => Timer clock is 48MHz
LPC_TMR2BO0- >MRO0 = delaylnMs * ((SystemCoreClock/LPC_SYSCON - >SYSAHBCLKDIV)/ 1000);
LPC_TMR2BO0- >IR = 0Oxff; /* reset all interrupts (not needed) */
LPC_TMR3B0- >MCR = 0x04; [* stop timer on match */

LPC_TMR3B0- >TCR = 0x01; [* start timer */

/* wait until delay time has elapsed */
while (LPC_TMR 32BO0- >TCR & 0x01);

For how long can the function above delay?

Create a function for micoosgdelaysei, delayUWpLet the function check so that there is no
overflow in time resolution. The MRO regi3g#itha@solutioV/erify that the functions work
correctlyith a previous experiment, for example Lab 7b.

Place the timer related functialedieldy .c . This file alreadysluielay functions.
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7.11 PWM via a Timer

In previous experiment PWM signals have been generated wiatisfsygreriinent you will
learn how to work with a timer to generate P\WMasigaawaré will free up thécnocontroller
for other tasks since the hardware operates without continuous software control once initialized.

In sectioid.7- Pulse Width Modulattbe principles for a PWM signal were pr@$ensighal
has a cycle period (D, frequency anti/B)duty cycle (d/D), which is the fraction of the cycle the
signals is hight103100%).

Have a look in chafdi®16bit counter/timer CT16BOML t he LPC111x wuser 6s m
description of thew the 1bit timers works. Note that chapter 19 describes the same timer for the
LPC1115 (the XL device family) but for our purposes the timers are identical in the LPC111x family

From earlier experiments we knowithat aan be quite complicated & can be usednfamy
different functiofifie principle to use a timgenerate a PWM signasifollows:

1. Setuphetimer to counpfromzero to a match valliisvalue ishe cycle period (D). The
valueig al c ulcwle pedad @a/gs ufiit cl ock peri odo.

2. The counter counfsto this match valugle period valundhenrestarts from zero.
This repeats for as long as the timer is enabled.

Setup a match value, which represents the duty cycle (d/D).

When the cycle period covedarts fromero the PWM output signal isve&vhen the
cycle period counter match the match register, the PWM outpuhgjgnal is set

As seen, there are two separate steps for creating a PWM signal. The first is to create a cycle perio
and the sead is to create the duty cycle. The cycle period is typically fixed throughout the applicatio
execution time and is a design parameter. The duty cycle is, on the other hand, something that
typically changes during the application execution time.

If the ogle period is notasitical j ushodbhgh then a suitable val
be 100. The resolution on the duty cycle is then 1% (100 steps). The match register is set to a value
between 0 and 100. If higher resolution on thgrR\Wd/hsieded the cycle period can for example

be set to 1000. Then the resolution is 0.1%.

In general it is no problem to have any value in the period register. The value in the match register i
calculatetikethis (assumingl00% duty cycle as imauameter):

Match register = (Cycle register valué vdit@d duty cycle)) / 100

Note the ter(m00 wanted duty cycl&his is because the PWM signal starts each period as low and
is set when a match occurs.

We will work withdiBtimer #1 to geate two PWM signals. The MATO and MAT1 signals are

pinned out and will be our PWM sigmalst he LPC111x userds manual,
following important senteshiden PWM mode, three match registe
registers on CT16&ih be used to provide a s@uge controlled PWM output on the match output

pins. It is recommended to use the match registers that are not pinned out to control the PWM cycle
| e n §imcd MAT0 and MAT1 difitliimer #1 is pinned out and usedawmeWM signals we

select match register 2 as the cycle period register.

The subroutieb el ow i mpl ements the principles outlin
manual to understand how the code works and in what way the tngevasatiselde two PWM

signals

/

** Function name: initPWM

*%

** Descriptions: Initialize 16 - bit timer #1 for PWM generation
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*%

**  Parameters: cycleLength: set PWM cycle len gth in microseconds
*%

** Returned value: None

*%

void initPWM (uintl6_t  cycleLengthinUs )

{
LPC_SYSCON>SYSAHBCLKCTRL |= (1<< 8); /* Enable timer # 1 (enable clock to block ) */
/Isetup 1/O pins to be MAT - outputs
LPC_IOCON>PIO1_9 &=~0x07;
LPC_IOCON>PIO1_9 |= 0x01; /*16 - bit timer#1 MATO */
LPC_IOCON >PIO1_10 &= ~0x07;
LPC_IOCON>PIO1_10 |= 0x02; /*16 - bit timer#l MAT1 ¥/
LPC_TMR16RB- >TCR = 0x02; /* reset timer */
/* Set prescaler so that timer counts in us- steps */
*( SystemCoreClock/LPC_SYSCON - >SYSAHBCLKDIY = 48000000 => Timer clock is 48MHz */
LPC_TMR16B1>PR = ( (SystemCoreClock/LPC_SYSCON ->SYSAHBCLKDIV) /1000 000) - 1,
LPC_TMR16B1* >MR = cycleLength InUs ;
/ISetup match registers to generate a PWM signal with 0% duty = constant low
LPC_TMR16B1>MR0O = LPC_TMR16B1>MR2;
LPC_TMR16B1>MR1 = LPC_TMR16B1>MR2;
LPC_TMR16B1>IR = Oxff; /* reset all inter rupts  (not needed) */
LPC_TMR16B1>MCR = (1<<7) ; [* reset timer on MR2 match */
LPC_TMR16B1 >PWMC = (1<<0) | (1<<1) ;' [* Enable PWM mode for MATO and MAT1 */
}
/
** Funct  ion name: startPWMm
*%
** Descriptions: Start  16- bit timer #1
**  Parameters: None
*%
** Returned value: None

*%

void startPWM ( void )

LPC_TMR16B1 >TCR = 0x01; [*sta rttimer (16B1) = start generating PWM signal(s) */
}
/
** Function name: stopPWM
*k
** Descriptions: Stop 16- bit timer #1
*%
**  Parameters: None
*k
** Returned value: None

*%

void stopPWM( void )
{

LPC_TMR16B1 >TCR = 0x00; /*st op timer (16B1) = stop generating PWM signal(s) */
}
/ Khkkkkkkkkkkkk
** Function name: updatePWM
*k
** Descriptions: Update the PWM output setting
*%
**  Parameters: channel:  selects with PWM signals to update (0 or 1)
ki value: set duty cycle (a value between 0 and 100)

*%

** Returned value: None
*%

void updatePWM( uint8_t channel,u int8_t value )
{
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uint 32_t matchValue;

matchValue = (LPC_TMR16B1 ->MR2* (100 i value))/100;
if (channel == 0)
LPC_TMR16B1- >MRO = matchValue;
else if (channel == 1)
LPC_TMR16B1 >MR1 = matchValue;
}

Place the PWM related functionginrfile..

7.11.1 Labl0aControl RGBED

In this experiment we will repeat the experiment T8¢€otitnol an RGEED, specifically
sectiorLab7la Control RGBED Start by recreating the breadboard hardhiganes8a (see page
62. The red LED is controlled by signal GPWM2&greerLED is controlled by signal
GPIO_2PWM and th#uelED is controlled by signal GPRVBO

Signal GPIO_-BP8VM can carry signal CT16B1_kigstinfng that pii01_9 is configufed

thig and signal GPIO-RA®M can carry sigf@al6B1 MATdssuming that (01 16

configured for thilote that sigrialP10_3@WMpinP1O1_1}lis not connected to any timer

match output. It was not plest design the pcb to allow this. For breadboard experiments, it is
however possible to for example seledB8ifhaISQpin PO_8) that can carry signal
CT18B0_MATD. Note that this is timer #0 (and not timer #1 as the code above configures).

Eithe you generate the third PWM signal in software (as we have done before) or you create functic
for generating PWM signals from timer #0 also. In the latter case the breadboard connections must
updated (connect signal GPRWAA to pin GPIGMESO).

Repeat the exact functionalitghiili Control RGBED i.e.create a program that can control the
intensity of each (of the three) LED. Select with color to adjusbuiitbra(pmiake around the
three ma colors, red, blue, green, at each press) and set intensity level with the trimming
potentiometer.

Test to blend the three colors and see whichisplossible toeate.

7.11.2 Labl0ObBuzzer and Melodies

In this experimentstall use the buzzerutpat tones and in the end a melody. The buzzer self
resonates with a tone of (about) 2.3kHz. What you will do is to modulate the buzzer (turn it on/off) w
the frequency of the tone to produce. This tone will be audible as wek@satectert

The code segment below illustrates how to generate a tone. Note the table with constants for
producing two octaves of notes. Study the code below.

uintl6_t notes InUs [] = {
2272, I A - 440 Hz
2024, // B - 494 Hz
3816, // C - 262Hz
3401, // D - 294 Hz
3030, // E - 330Hz
2865, /I F - 349 Hz
2551, /1 G - 392 Hz
1136, // a - 880 Hz
1012, //b - 988 Hz
1912,/ c - 523 Hz
1703, //d - 587 Hz
1517,/ e - 659 Hz
1432, // - 698 Hz
1275,/ g - 784 Hz

I

/
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** Function name: playNote

*%

** Descriptions: Initialize 16 - bit timer #1 for PWM generation

*%

**  Parameters: note InUs: Period time (in microseconds) for tone

ki duration Ms: Length of tone (in milliseconds)

*%

** Returned value: None

*%

/

void playNote(uint 16_tnote InUs, uint 16_t duration Ms)
stopPWM();
initPWM(notelnUs);  /* Setup to generate a PWM signal with cycle time = note */
updatePWM(0, 50);  /* Update MATO to generate a 50% duty cycle */
startPWM();
delayM S(durationMs); /* Wait for the duratio n of the tone */
updatePWM(0, 100);  /* Turn the signal off = signal constant high */

}

We start with a duty cycle of 50%. Half time the buffer is on and the other half it is off. It is actually
possible to adjust the volume by varying theadtthegtiorter time the buzzer is on, the lower
the volume is. It is not the duty cycle that controls the tone. It is the cycle time that controls this.

Recreate the breadboard setuf-igonel 7with one change. Connect theebaantrol to signal
GPIO_2PWM, instead of to signal GRBBOZZ. That way you can create a PWM signal with the
functions that we created in the previous experiments.

Create an application that can play a song. In a song, notes can havedafiferdhdreatan
be pauses between notes. Design a system where you can specify songs in a string. Then let the
application decode this string and play the song.

7.11.3 Lab 16: Control a Servo Motor

In order to complete this experiment yon arald@ contreervg sometimes just called an RC
servpand also an external power supigldDC (about 1 ampé@iese two parts aret
included in the LPCXpresso Expekitnbat can easily be bought from elexiropanents
distributorsnd RC (Radi@rol) hobby suppliers

Servos are used in many diffenahticts. The smaller ones we focus on in this experiment are found

in toys. For example in small robcaiss rcairplanes, etthere is no unified color scheme for all

servos for the thrdee you connect to: power (+5V), ground and control signal (PWM signal). Check
the datasheet of the servo that you will be using so you connect to the correct wires.

Figure43d Typical Servo

There are many different types and models but in this experiment we will only focus on how to cont
the position of the servo, which is darlWisl signal. The cycle period can vary over a range, but

20 ms israaveragealue that will work on most servos. The position of the servo is controlled by the
orttime of the PWM signal. 1.5 ms will place the servo in the middle/neutral pogitln. Increas
ortime to 2 ms will move the position to thesighosition. Decreasing thienerto 1 ms will

move the position to therefit position. Note that the corner values can differ between servos.
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Some have 1.23.75 ms as the range. Otteve 0.75 to 2.25 iNste that it is not the actual

duty cycle that controls the position. It isitie &ior a given/constant cycle period, there is of

course a direct relation between-timeoand the duty cycle. If the cycle period ofck@ses js

the duty cycle shall be varied betvi®86 &nd 7.5% represents the middle/neutralTesition.
updatePWM() function must be updated to support 0.1% or even 0.01% resolution. 1% will be too
coarseAlso, the PWM block clock prescaler musb d® gdivide by 20) to handle the 20 ms

period.

Center

L Right

eft
%

1-2 ms
20 ms

Seebreadboarsktup belaviNote that an external power supply is needed to power-the servo. 4

volt is a typical suitable levaldervo, but always check the datasheet for the specific servo that you
will be using. If you have soldered the components to the pchb, then there are three servo motor
connectors, J5, J6 and J8 (see page 5 on the schematic).

u1
LPCXpresso board

:i . . Connectservo motor

. cable assemblyto 3 pin
vail rrraa S a5 male connector (pin list)
9| E90d 4y 9 3949 99 on breadboard

4-6V external
= z power supply

AYA
AYA

Viade with [} Fritzing.org
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Figure456 Breadboard with Servo Motor

Copyright 2B© Embedded Artists AB



LPCXpresso ExperimentKits er 6 s

7.12 Work with a Serial B&SPI

In this experiment you will learn how to worlSerialtReripheral Interface @S| bugor
short. It is a synchronous bus meaning that there is an explicit clock gligoal tisPirtaster

slave concept where one unit is a araktentrols the communication. The other end is the slave.
Four signals are needed for communication in both directions:

Gui de

1 SCLKserial clock, driven from the master

1 MOSI: data signal, Master Q&lawe Input, driven from the master

1 MISO: data signal, Master Input, Slave Output, driven from the slave

I SSEL or SS: Slave Select, driven from the master

Pager8

Many slaves caaexist if there are many slave select (SSEL) signals, see picture below.

SPI
Master

The protocol defines fdterdint modes-8), vinichhaveto do with which SCLK edge the data is

J l‘r ¥ Tl ¥ | vy

SCLE

MOSI SPI
MISO Slave
g5

SCLE

MOSI SPI
MISD Slave
S5

SCLE

MOSI SPI
MISO Slave
55

clocked on (rising or falling) and the SCLK inactive state (IhgldeQavil).work fine foGtPle
experimenta this section

The master and slave connects the shift registers in a ring,tssdewicithe shift registers are 8

bits long in the picture but in principle they can be other lendiharalsbditdengtharealso

commonly us€the most significant bit (MSB) is typically sent first on the MOSI/MISO data lines.

Note thahts structure results in that the master receives one byte from thersawaenisen

sent
Master Slave
I Mernory I sCLK I Mernory
S
HHAHBHAEEE e JEFAEEOBEE
* M50 |
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There is no specific upper frequency for the SCLK frequency. It depends on the SPI peripheral bloc
the microcontroller, the external SPI slave chip(s) and howefarestexyand slaves(s) is/are.

For breadboard experiments, the SCLK frequency should typically not exceed 1MHz. With proper p
layout a frequency up t8@MHz should not be a problem (assuming the chips involved support this
frequency).

For more infoation about SPI, &éig://en.wikipedia.org/wiki/Serial_Peripheral_Interface_Bus

There are some so callmbdpling capacittirat are not shown on the breadboard setups.
Decoupling capacitors are added to reduce voltage dips on the supptggmeitadeicuits.| In

the LPCXpresso Experiment Kit, decoupling capacitors are used on five different locations in the
schemati¢j3/C7, U4/C8, U5/08/C10, U7/CIA standard value of 100nF has been selec¢ted for

the capacitor.

When working on breadt@ignal frequencies cannot be too high. A good rule of thumb is to keep
signal frequencies below 1MHz. A breadboard is simply not a good place for high frgquency

electronics. The decoupling capacitors can tyficaligden the breadboard. Whinriag the
components to the pcb it is however recommended to also solder the decoupling capacitors.

Have a look in chaftér LPC111x/LPC11Cxx SPIO/1 with ®SPt he LPC111x wuser 6
description of how 8&P blockorksSSP (Synchrondbi®e r i a | Port) is NXP6s
is capable of SPI communicalisngome other forntlags will not lievestigatkin this

experiment}.is SSP#0 thaewill work with, with the following pinning:

1 GPIO_MOSIPIO0_p
1 GPIO_MISQPIOO_B
1 GPIO_BCKPIO2_ 11

Furthenve will use GPIO signals for SSEL. More sp=gifiasi(s PIO-LEDSSELPIO0_Pfor

the shift register experiments and ABEBSSEL (P102_0) for the e2prom experiment. It is

possible to use the SSP#0 SSEL sigeidy,divhich is available on PIO0_2, but in order to make the
code general and supporting multiple SPI slaves we will control the SSEL signals with GPIO signals

The code below initializes the SPI intetfaigethe code belvd readtHePC1 11 x user &8s
manualo understand the different register initializatiGsefly note that in order to receive

one byte, one byte has to be transmitted (i
time).

#define FIFOSIZE 8

/*SSP S tatus register */

#define SSPSR_TFE (1<<0)
#define SSPSR_TNF (1<<1)
#define SSPSR_RNE (1<<2)
#define SSPSR_RFF  (1<<3)
#define SSPSR_BSY (1<<4)
/* SSP CRO register */

#define SSPCRO_DSS (1<<0)
#define SSPCRO_FRF (1<< &)
#define SSPCRO_SPO (1<<6)
#define SSPCRO_SPH (1<<7)
#define SSPCRO_SCR (1<<8)
/* SSP CR1 register */

#define SSPCR1_LBM (1<<0)
#define SSPCR1_SSE (1<<1)
#define SSPCR1_MS (1<<2)
#define SSPCR1_SOD (1<<3)
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** Function name: SSROInit
*%
** Descriptions: SSP port  #0 initialization routine
ki Note that GPIO control of SSEL signal is not done, must
ki b e done separately.
*%
** parameters: None
** Returned value: None
*%
/
void SSP  Olnit( void )
{
uint8_ti, dummy = dummy;
LPC_SYSCON>PRESETCTRL  |= (0x1<<0); /* R eset SSPO block */
LPC_SYSCON>SYSAHBCLKCTRL |= (1<<11); /* Enable SSPO block */
LPC_SYSCON>SSROCLKDIV =0x02; /* Clock to SSPO block is d ivided by 2 */
/* which will equal 24MHz clock rate */
/* SSP 1/0 config */
LPC_IOCON >PIO0_8 &= ~0x07,;
LPC_IOCON >PIO0_8 |= 0x01; /*SSP 0 MISO */
LPC_IOCON >PIO0_9 &= ~0x07;
LPC_IOCON >PIO0_9 |=0x01; /*SSP 0 MOSI*/
LPC_IOCON >SCK_LOC =0 x01; /* Needed to conf. PIO2_11 as SCLK */
LPC_IOCON>PIO2_11 &= ~0x07,;
LPC_IOCON>PIO2 11 |= 0x01; /*SSP 0 SCLK */
/* SSPCPSR clock prescale register, master mode, minimum divisor is 0x02 */
LPC_SSP- >CPSR = 0x2;
/* Set DSS datato 8 - bit, Frame format SPI, mode #0 ( CPOL=0,CPHA=0 )
and SCR is 7, which equals 24MHz / (CPRS*(SCR+1)) = 1500 kHz SCLK frequency

LPC_SSR- >CRO0 = 0x0707,

/* clear the RXFIFO */
for (i=0;i<FIFOSIZE; i++)
dummy = LPC _SSFO- >DR,;

/* Master mode */
LPC_SSP- >CR1 = SSPCR1_SSE;

LPC_SSR->DR =* pBuf;
pBuf ++;

while ((LPC_SSP  0- >SR & (SSPSR_BSY|SSPSR_RNE)) != SSPSR_RNE )

/* Whenever a byte is written, MISO FIFO counter increments, Clear FIFO
on MISO. Otherwise, when SSPOReceive () is called, previous data byte
is left in the FIFO. */
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}
/
** Function name: SSR0Send
*%
** Descriptions: Send a block of data to the SSP port, the
hid first parameter is the buffer pointer, the 2nd
b parameter is the block length.
*%
** parameters: buffer pointer, and the block length
** Returned value: None
*****************/
void SSP 0Send( uint8_t *pBuf, uint32_t | ength)
{
uint32_ti;
uint8_t dummy =d ummy;
for(i=0;i<I ength; i++)
{
/* Move on only if NOT busy and TX FIFO not full. */
while ((LPC_SSP  0- >SR & (SSPSR_TNF|SSPSR_BSY))!=  SSPSR_TNF)

Pages0

*
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dummy = LPC_SSPO0- >DR,;
}
}

/

** Function name: SSPOReceive
** Descriptions: the module will receive a block of data from
ki the SSP, the 2nd parameter is the block length.
** parameters: buffer pointer, and block length
** Returned value: None
*%
/

void SSPFOReceive( uint8_t *pBuf, uint32_t | ength)

uint32_ti;

for(i=0;i<lI ength; i++)

{

/¥ Write dummy output byte (OxFF)  to shift in new byte */

LPC_SSP- >DR = OxFF;
/* Wait until the Busy bit is cleared */
while ((LPC_SSP  0- >SR & (SSPSR_BSY|SSPSR_RNE)) = SSPSR_RNE )

*pBuf = LPC_SSP 0- >DR;
pBuf++;

Place the SPI related functionsspifile .

7.12.1 LabllaAccess Shift Register

In this experiment a shift register, the 74HCS88&IchgconnectedheSPI bus. A byte will be
transmitted to the shift register and then re@tidagternal shift register can be seen as a one
byte memory. Not very cost effective or high performance but in this experiment focus is on the
principles and getting to kr@®FRt buand the SSP peripheral block

As a firgbart in thisxercise, update the SSPOInit() function to take an input parameter to control the
SCLK frequenchhis can be done more, or less, compliodtedp it simple, just calculate the
SCR bitsiithe CRO register. It will not give full coverage, but at least some range.

Create an application the send one byte (8 bits) and thbaaidéeisfy that the relaalck byte

is correctyse GPIO-MEDSSEL (P1O0_2) as SSEL signal and do nat finitgeize this GPIO

signal as an output and to also control the signal levels during SPI cdinsmalhatidgh

when no communication takes place. Pull the signal low before transmitting the byte and then pull i
high after the transmission.

Reuild the breadboard circLitirBe: Contres&@gment Display via Shift Register (@#8page
The %egment display is not needed but as preparation for the next experiment it is simplest to rebu
it all. The breadbosetup isepeated below with one extra thieeMISO signal
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U1
LPCXpresso board

Made with [ Fritzing.org

Figure48d Breadboard with Shift Retgrand Zsegment Displawith MISO

7.12.2 Labllb Control-8egment Display

In his experiment silall reviditab 8e: Contrésegment Display via Shift Re@istpagé8

again. In that experimensfiebus was simulated in software. Now the SSP peripheral block shall
be used for the SPI communidagémesh your memory of the schemnlatikihy afiguretl

again. Rebuild the breadboard cifégittiel2 (which you should have done already in Lab 11a).
The MISO signal is no longer need since the content of the shift ragistersis of no

Use GPIO-MEDSSEL (PIO0_2) as SSEL sigmubtio not forget to initialize this GPIO signal as an
output and to also control the signal levels dennm&Ricatigast like in the previous Lab.

7.12.3 LabllcAccess SPlI E2PROM

In this experimewe will interface the 25LC080 chip, which is a 1024 byte serial E2PROM that directl
interface the SPI blasthis experiment signal GRIBBSSEL (P102_0) is used as SSEL signal.

Have a look at the datasheet for the 25LC080 chip, for example here:
http://ww1.microchip.com/downloads/en/DeviceDoc/22t51bsp@far ch Mi cr ochi pds
link does not work.

The 25LC080 chip hagtoinstructian All SPI transmissions begin with the instruction to execute.
The needed parameters (for thectiest) are then transmitted. The set of instructions are shown in
the picture below (the picture comes from the 25LC080 datasheet).
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TABLE 2-1: INSTRUCTION SET
Instruction Name Instruction Format Description

READ 0000 0011 Read data from memory array beginning at selected address
WRITE 0000 0010 Write data to memory array beginning at selected address
WRDI 0000 0100 Reset the write enable latch (disable write operations)

WREN 0000 0110 Set the write enable latch (enable write operations)

RDSR 0000 0101 Read STATUS Register

WRSR 0000 0001 Write STATUS Register

Toread in the memory regiatart address (b addre3ss transmitted after the READ

instruction. In total, three bytes are transmitted from the microcontroller to the 25LC080 chip before
bytes can be read from the memory. As many bytes that are of interest can be read out in the read

operation. An interaddiress counter is incremented after each transmittbd highest
address is reached (0xO3FF for this chip), the addressls@weteto address 0x0000. Note that
the SSEL signal (or CS that it is called in the picture below) ikdéoeohlieig bperation.

FIGURE 2-1:

READ SEQUENCE

cs \

7

0
SCK

-<— |nstruction
SI j\ n] 0 () 0 0

1 2 3 4 5 6 7 8 910 1

0 0 n] )

High-lImpedance

21 22 23 24 25 26 27 28 29 30 31

SO

<+—— Data Out———»
OB DHEBEN0

To write in the memory region, the WRITE instruction is used. Similar to the reatbibperation, a 16
address is transmitted to set the start address of the writ®ogeoatioany bytes can be written

at the same time, see the pictures below.

FIGURE 2-2: BYTE WRITE SEQUENCE
cs '\
Twe
0 1 2 3 4 5 6 7 8 910 M1 21 22 23 24 25 26 27 28 29 30 31
<——— |Instruction ———|=+—— 16-bit Address——— | <+——— Data Byte
ajacaooaLa@M@@ fffff (2 oy Ty eX s 43N 2) 1))
High-Impedance
SO -

Depending on chip version (C or D, check chip package marking for details), the maximum number
bytes to write 16 or 32. Note that all bytes must be in the same page. Physical page boundaries sta
at addresses that are integer multiples of the page buffer size (16 or 32 bytes). It is for example
allowed to write 7 bytes from address 4 to 10. It is notwiitavédbytes from address 27 to 33

since a page boundary will then be crossed (true for both 16 and 32 byte page versions).
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FIGURE 2-3:

cs \

0 1

PAGE WRITE SEQUENCE

2 3 4 5 6 7 8 9 10N 21 22 23 24 25 26 27 28 29 30 31

SCK

<—— |nstruction ——— | =+——16-bit Address Data Byte 1
joaoaaa;a@ﬁ@@ ----- O NEEEEDEEL

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

SCK. _ _

. L

<—— Data Byte 2 <— DataByte 3 —— =—Data Byte n (16/32 max)—=
SRR €405 £ €) E) 6 S 1) 2 9.6 36 £ 60 1 38 $ O B € B 6 § )

Figure523825L.C080 Page Write Sequence

The 25LC0&hip contains a write enable latch. This labehsaulsefore any write operations are
allowed. The WREN instruction sets the latch, i.e., enable a write operation. The WRDI operation
resets the latch, i.e., block write operations. Note that the writaushtidesbitbefore every

write operatie. It is automatically reset after a successful write operation.

The WREN and WRDI instructions have no parameters. Theylgte jostrocdons send to the
25L.C080 chip. Note that the SSEL/CS signal must be brought high after the tedenfiigsions in
the instructions to be actually exeCiged/REN instruction is shown in the picture below. The
WRDI instruction is similar and not shown.

FIGURE

2-4:

WRITE ENABLE SEQUENCE (WREN)

High-lmpedance

=10]

Figure53825LC080 Write Enable Sequence

There is also a status registan lecread at any time, even during a write operation. It is possible

to check the status of a write operation and detect when it is ready. It is also possible to read the wi
enable latch state as well as controlling write protection of blooksrpfrédgeomeRead the

datasheet for details.

Study the code beltiwontains an initial framework for reading and writing to the 25LC080 chip.

/* SPlI E2PROM command set */
#define  INST_WREN 0x06 /* MSB A8 is set to 0, simplifying test */
#define  INST_WRDI 0x04
#define  INST_RDSR 0x05
#define  INST_WRSR 0x01
#define  INST_READ 0x03
#define  INST_WRITE 0x02
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/ * RDSR status bit definition */
#define RDSR_RDY 0x01
#define RDSR_WEN 0x02

#define SSEL_GPIO_8_PORT PORT2
#define SSEL_GPIO_8_PIN 0

#define SSEL_HIGH 1
#define SSEL_LOW 0
/
** Function name: spiE2PROMread
** Descriptions: This function will  read bytes from the SP | E2PROM
** parameters: address in memory region, buffer pointer and block length
** Returned value: None
*%
/
void spiE2PROMread( uintl6_t address, uint8_t *pBuf, uint32_ tl ength)
{

uint8_t buf[3];

/pull SSEL/CS low
GPIOSetValue( SSEL_GPIO_8_PORT, SSEL_GPIO_8 PIN, SSEL LOW

/loutput read command and address
buf[0]=  INST_READ;

buf[1] = (address >> 8) & Oxff;

buf[2] = address & Oxff;

SSR0Send( &buf[0],3 )

/Iread bytes from E2PROM
SSPOReceive(pBuf, length);

/ipull SSEL/CS high
GPIOSetValue( SSEL_GPIO_8_PORT, SSEL_GPIO_8 PIN, SSEL HIGH):

}
/
** Function name: SpiE2PR OMwrite
** Descriptions: This function will  write bytes to the SPI E2PROM
** parameters: address in memory region, buffer pointer and block length
** Returned value: None
*%
*******/
void spiE2PROMwrite( uintl6_t address, uint8_t *pBuf, uint32_t | ength)
{

uint8_t buf[3];

/Il nsert code here to break up large write operation into several
/lpage write operations
/IDo not forget to add a 5ms delay after each page writ e operation!

/ipull SSEL/CS low
GPIOSetValue( SSEL_GPIO_8 PORT, SSEL GPIO_8 PIN, SSEL LOW

/loutput write command and address
buf[0] = INST_WRITE;

buf[1] = (address >> 8) & 0xff;

buf[2] = address & Oxff;
SSP0Send(&buf[0], 3 )

/lsend byt  es to write E2PROM
SSPO0Send(pBuf, length);

/pull SSEL/CS high
GPIOSetValue( SSEL_GPIO_8 PORT, SSEL _GPIO_8 PIN, SSEL HIGH);

Add functionality in the write operation to check so that no page boundaries are crossed. Even bette
add functionalitybi@ak up a large write block to smaller, correctly addressed pagotvrites.
forget to add functionality in the write function to set the write enable latch before every write operat

Copyright 2B© Embedded Artists AB



LPCXpresso ExperimentKits er 6 s Gui de Page36

Create arogram that wsitestringnd reads it back to yehiét the write operation was

successful. Also let the program priohthiet ©f the memory locations directly afteipdyver

doing sd is also possible to verify that the SPI E2ZPROMatasilaonemory that keeps the

content over a powal&yBuild the breadboard setup below and verify that it is possible to write and
read in the memory region on the 25LCO80tehtipat the 330 ohm series resistor on the MISO

pin (pin 2 of the 25LC080) is not strictly needed. It is a safetyn masaati@ulty or wrong

program executes on the LPC111x, making the MISO pin an output in the LPC111x. If this happens
then the signal will have two drivers. This can cause damage to the respective pin drivers on the ch

U1
LPCXpresso board
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Made with [ Fritzing.org
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7.13 Work with Interrupts

In this experiment you will learn how to incorporate interrupts in ylaterpiptgame a

powerful concept in embedded programming. It is a way to interrupt the normal program execution
to service somethétgeq ui c kI y . @ld® si sfi stoynpeitchailnlgy a beperi phe
servicdor it is an external event that needs dtestotion

There is a functional bilocke LPC111x thatdfied thdlested Vectoredelmupt Controller
(NVIC)It is amtegral part of the CoMé@core The NVIC can be regarded as a peripheral block
but a special areis programmed/setup via registers, just like any other seqjpoetal3R
interrupt sources and theréoarprogrammable priority lelredsviduahierrupts can be masked
(i.e., disabled) in the NWIi€.alspossible to generate asrmpt via softwareriting in a special
register will triggkespecified interrupt

An indication that theQ\igla special function block is that all information can be found in chapter
28.6.2 Nested/ectored Interrupt Contrioller t he LPC111x user6s manua
contains Cort®40 core informatiohafite6- LPC111x/LPC11Cxx Nestediéecinterrupt

Controller (NVIggsically only contains a tablelé SAthalists the different interrupt sources in

the LPC111x. Almost all of the 32 sources are used.

Have a look in tileC11xx.h . It is found in the CMSIS library,iirc wsdirectoryAmongst
other things, thgedef declaration below is found in this file. It lists the names and numbers of
the different interrupt sources.

); Interrupt Number Definition */
typedef enum IRQn
{

/****** Cortex - MO Processor Exceptlons Number S *kkkkkkkkkkkkk K*kkkkkkkkkkkk *kkkk * **/
NonMaskablelnt_IRQn = -14, [*2 Non Maskable Interrupt */
HardFault_IRQn = -13, /*3 Cortex - MO Hard Fault Interrupt */
SVCall_IRQn = -5, [*11 Corte x- MO SV Call Interrupt */
PendSV_IRQn = -2, [*14 Cortex - MO Pend SV Interrupt */
SysTick_IRQnN = -1, /*15 Cortex - MO System Tick Interrupt */

[Fx | PCL 1xx Specific Interrupt Numbers *** k|
WAKEUPO_IRQn =0, /*AllI/O pins can be used as wakeup source. */

WAKEUP1_IRQn =1, /[*There are 13 pins in total for LPC11xx */

WAKEUP2_IRQn =2,

WAKEUP3_IRQn =3,

WAKEB4_IRQn =4,

WAKEUP5_IR)N =5,

WAKEUP6_IRN =6,

WAKEUP7_IR)N =7,

WAKEUPS8_IR)Nn =8,

WAKEUP9_IR)N =9,

WAKEUP10_RQn =10,

WAKEUP11_IRQn = 11,

WAKEUP12_RQn =12,

SSP1_IRQn =14, /*SSP1 Interrupt *

12C_IRQn =15, /*12C Interrupt */

TIMER_16_0_IRQn =16, /*16 - bit Timer0 Interrupt */

TIMER_16_1_IRQn =17, /*16 - bit Timer1 Interrupt */

TIMER_32_0_IRQn =18, /*32 - bit TimerO Interrupt */

TIMER_32_1_IRQn =19, /*32 - bit Timerl Interrupt */

SSPO_IRQN =20, /*SSPO Interrupt */
UART_IRQn =21, /*UART Interrupt */
ADC_IRQn =24, |/ * A/D Converter Interrupt */
WDT_IRQn =25, [*Watchdog timer Interrupt */
BOD_IRQn =26, /*Brown Out Detect(BOD) Interrupt */
EINT3_IRQn =28, [* External Interrupt 3 Interrupt */
EINT2_IRQn =29, [*External Interrupt 2 Interrupt */
EINT1_IRQn =30, /*External Interrupt 1 Interrupt */
EINTO_IRQn =31, /* External Interrupt O Interrupt */

} IRQN_Type;
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An interrupts source is eddlyl¢he call below. The example enablebithendd #0 interrupt.

/* enable 16 - bit timer #0 interrupt */
NVIC_EnablelRQ (TIMER_16_0_IRQn);

It is also posde to disable an interrupt source.

[* disable 16 - bit timer #0 interrupt */
NVIC_Disa blelRQ ( TIMER_16_0_IRQn);

Normally it is good system design practice to keep the execution time in the interrupts as short as
possibleThe actions that are needed intelgdiee done in the interrupt service routine (ISR).

Actions that can wait should be scheduled for later execution in the normdf pisgraim flow.
possibléo keep execution time in an ISRredsidd interrupts can be.Iested interrupts

means that an interrupt can interrupt another interrupt if it has higher priority. Fq@3)riority levels
are supported in the NVIC harditeréower the number is, the higher the pliddtyuipts with

the same priority cannot intexaghtdter It is possible to set the priority of an ititerrinis:

[* set priority of specified interrupt
IRQn_Type , priority (0..3) */
void NVIC_SetPriority( TIMER_16_0_IRQn, (prio<< 1)|0x01 ;

Creating an ISR is very simp&SR can be written entirely aoatibeHave a look file
cr_startup_lIpcll.c dt i s f o u rsdsulidinectdrydneonggt otbey thirgs tihiss
file contains declarations of the ISR:s, as seérhbdlavetions are calfefd handlerbutthat is
just another name for the samé thinimterrupt service routine, ISR.

Il
I

/I Forward declaration of the specific IRQ handlers. These are aliased

/ to the IntDe faultHandler, which is a ‘forever' loop. When the application
// defines a handler (with the same name), this will automatically take

/I precedence over these weak definitions

I

// *%
void CAN_IRQHandler (void) ALIAS(IntDefaultHandler);
void SSP1_IRQHandler (void) ALIAS(IntDefaultHandler);
void 12C_IRQHandler (void) ALIAS(IntDefaultHandler);

void TIMER16_0_IRQHandler (void) ALIAS(IntDefaultHandler);
void TIMER16_1_IR QHandler (void) ALIAS(IntDefaultHandler);
void TIMER32_0_IRQHandler (void) ALIAS(IntDefaultHandler);
void TIMER32_1_IRQHandler (void) ALIAS(IntDefaultHandler);

void SSPO_IRQHandler (void) ALIAS(IntDefaultHandler);

void UART_IRQHandler (void) ALIA  S(IntDefaultHandler);

void ADC_IRQHandler (void) ALIAS(IntDefaultHandler);

void WDT_IRQHandler (void) ALIAS(IntDefaultHandler);

void BOD_IRQHandler (void) ALIAS(IntDefaultHandler);

void PIOINT3_IRQHandler (void) ALIAS(IntDefaultHandler) ;
void PIOINT2_IRQHandler (void) ALIAS(IntDefaultHandler);

void PIOINT1_IRQHandler (void) ALIAS(IntDefaultHandler);

void PIOINTO_IRQHandler (void) ALIAS(IntDefaultHandler);

void WAKEUP_IRQHandler (void) ALIAS(IntDefaultHandler);

If the usemrpgram does not contain declarations of these routines/handlers, then they will default to
the default interrupt hanti#DéfaultHandler ). The exact same name of the routines must
be usedelow is an example of a custom IShifatirhér #0.

*Myo wnISRfor16 - bittimer #0*/
void TIMER16_0_IRQHandler (void)

/I Service the interrupt and finish with clearing interrupt
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7.13.1 Labl2aGenerate IRQ via GPIO

In this experiment an interrupt will be generated from a GEbDiidphe basicduboard

setup ifrigurel3(on pag89. One LED, controlled by PIO0_2 and chatfrsbonnected to
P1O1_S_ et the pudbutton input generate an interrupt on a falling edge (= pushiraptie key). T
the LED every time the {mugton is pressed.

Studychaptefl2i LPC111x/LPC11Cxx General Purpose /G (@PIQ)he LPC111x wuse
Especially note the GPIO featureg libstedl ow i s an exicerpt from use

1 Each individual port jim serve as an edge or-esmetitive interrupt request.
1 Interrupts can be configured on single falling or rising edges and on both edges.
1 Levekensitive interrupt pins can be HIGH -@achi@®V

Register GPIOnIE (where n is the port number) agtrglenkrates an interrupt, or not. If not, it

is said that the interrupt is masked. Default is that all pin interrupts are masked (inactive). For active
interrupts (nemasked pins), register GPIONIS controls if a pin generates edge or level sensitive
interrupts. Register GPIONIEV controls if each individual pin interrupt is falling/rising edge active or
low/high level active. For edge sensitive interrupts, register GPIOnIBE controls if a pin is sensitive t
one edge (rising or falling) or both.

Whetheto select an edge or level sensitive interrupt depends on the appdicetien and

hardware interface wolfs the pudiutton, edge sensitive triggering is suitable since the key press
occupation is what should be detected. How long the keyissoprassencern (in this

experiment). If the interrupt would have been level sensitive the interrupts routine (ISR) would have
been activated over and over until the button is no longer pressed. Level sensitive interrupts are
suitable when the ISR eastrthe interrupt condition (by some Bctierthat the ISR must clear

the interrupt condition for edge sensitive interrupts (check the GPIOXIC register).

Study the code beltivis a framework for the experiment. Note that the main loop dpest nothing
looping in a forever loop. If power consumption is a concern, it is suitable to place the microcontrolle
a low power state. Whenever the interrupt condition occurs the microcontroller will wake up and
execute the ISR and then go back to plosviEmode.

/* Define Interrupt Service Routine for Port #1 */
void PIOINT1_IRQHandler (void) /Iname of function is predefined

/* toggle LED on PIO0_2 */

/ * ¢ lear PIO1_5 falling edge interrupt */
LPC_GPIOI- >IC = (1<<5); //write with b it 5 set to clear interrupt from PIO1_5

}
void main (void)
/* initialize so that PIO1_5 generate an interrupt (falling edge sensitive) */
/* enable port #1 interrupt */
NVIC_EnablelRQ (EINT1_IRQn);
/* enter forever loop i letinterrupt ha ndle processing */

while(1)
; /Ihere is a potential to go into a low power mode

Note that due to contact bouncing (inside the pushbutton) sometimes several edges will be detecte
when the pushbutton is pressed. In this experimentshigneffedtbut to in a real system contact
bounce must be handled properly.
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7.13.2 Labl2bTimer IRQ

In this experiment an interrupt will be generated fromLakirbeDdtay Functioh ED

Flashiga simple féoop was used to create exact a delay function. Recreate the experiment and
flash with a LED. Start with a fixegdttetmsay 5 HZeep the breadboard setup from the

previous experiment (Sigeirel3 page39. This experiment is also an extensiabot Create

Exact Delay Functiatmere 82bit timer was user to create exact delay functions.

The code below illustrated a suitable framewfkdim sta

[* Define Interrupt Service Routine for 32- hit timer # 1%
void TIMER32_1_IRQHandler(void) /Iname of function is predefined
/* toggle LED on PIO0_2 and clear timer interrupt before exiting ISR */
}
/
** Function name: main
** Descriptions: The main function
**  Parameters: None
** Returned value: None

*%

void main (vo id)

{

/* initialize GPIO as needed */

* setup 32- bit timer # 1 to generate contin uous interrupts every 200 ms =5 Hz */
/* enable 32 - bit timer #1 interrupt */

NVIC_EnablelRQ (TIMER_32_1_IRQn);

/* enter forever loop i letinterrupt h andle processing */

while(1)

Now, expand the functionality of the progdasigmd program that flash with theSDBELS

(milli seconds) onQi3s off, Bms on and finally aB@ms offContinuously repeat this 1000 ms
cycleThe suggded program structure is to set the timer interrupt rate high, for example 1000 Hz.
That is 1 ms between every interrupt. Check which state the LED should have inside the timer ISR.

* Define Interrupt Service Routine for 32- bit timer # 1%
void TIMER32_1_IRQHandler (void) /Iname of function is predefined
{

* increment millisecond counter */

msCnt++;

[* keep counter at one second resolution */
if (msCnt >= 1000)
msCnt = 0;

/* set LED st ate based on millisecond counter */

if (...)
{

/* set LED */

elseif (...)

/* set LED */

}
Iletc

/[clear timer interrupt
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7.13.3 LablZ: Timer IR@ith Callback

Pagedl

In his experimetfite timeinterrupdvill call a registered function, called a callbackfismetion.

commonly used program structure that can be very powerful and flexible.

Create a program that uses a timer callback ftastimgrof & ED Keep the breadboard setup

from the previous experiment$igeel3 page39).

Study the code framework below. It outlines how a timer callback functionality can be implemented:

1 A function pointer to the callback function is stored.

9 Atimer is setup to generate an interrupt after a spedified tiiiggering the interrupt the

timer stops.

1 When the timer interrupts occurs, the callback function is called.

volatile void (*pCB)(void);

/* check if function pointer is value (not equal to NULL) */
if( pCB!= NULL )

/* call function pointer = call callback function */
pCHB(); /lalso valid syntax: (*pCB)();

/* invalidate funct ion pointer */

pCB = NULL;
}

/Istop timer

/Iclear timer interrupt

}

/

** Function name: register  CbAndDelay

** Descriptions: This function setup 32- bit timer #
ki an interrupt after specified time and then call a

b registered callback function.

** parameters: delay in ms and callback function

** Returned value: None

*%

/
void register CbAndDelay (uintl6_t delaylnMS, void (*pF)(void)

{
/* register callback function */
pCB = pF;
[* setup timer to fire i n 6del ayl nMS6 ms
/* enable 32- bit timer #1 interrupt */
NVIC_EnablelRQ (TIMER_32_1 IRQn);
}
/
** Function name: toggleLED
** Descriptions: This function toggl es output PIO0_2
**  Parameters: None
** Returned value: None

*%

void toggleLED  (void)
/* toggle LED on PIO0_2 */

}
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[* Declare function pointer (to a void - void function) for the callback function */

/* Define Interrupt Service R outine for 32- hit timer # 1%
void TIMER32_1_IRQHandler (void) /Iname of function is predefined
{

1 to generate

pointer
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/
** Function name:
** Descriptions:

main
The main function

/* enter forever loop
while(1)

**  Parameters: None
** Returned value: None
*%k
/
void main (void)
/ * initialize GPIO as needed */

i letinterrupt handle processing */

I* register callback (to toggle LED) in 200ms
registerCbAndDelay( 200, &toggleLED);

/* wait until callback has been called

*

*

Page92

while (pCB I= NULL)

}
}

Place the callback related functiongnmefieB .c .

The structure above is not perfect since the caller must wait until the callback has been executed
before theext callback can be registered and started. iT morakeser friendktead the

callback timer functionality to also support repeated calls. When registering a new callback one
parameter/flag tells if it is diomeecallback or a repeated callbaekv function is then also

needed to stop a repéacallback.would be good programming practice to let the function return
an error if there is already an active callback in the system.

A much more flexible and robust framework wouldlkosaltbaktks to be registered and
handled accordin@uch a framework is however a lot more work and out of the scope for this
experiment.

7.13.4 Labl: Nestd Interrupts

In this experiment the effect of nested interrupts will be inv@steygiedment is a little
combination b&b 12a and Lab 1@bethe sime breadbahsetup as in these experiments, one
LED and one pdsitton.

Setup a repeated timer interrupt to toggle the LED witiberaade the plslitton is pressed
enter a 2 second delay loop (of the old thpdhterrupt serviceimeu First observe the LED
flashing.

Press the pusiutton. Whaappers

Yes, e LED will stop toggle for 2 seconds whenevethilgopushpressed. It is exactly what can

be expected since the guton (port #LJRwill block the timer interfitips is an excellent

illustration that time spent in an ISR should be kept to a minimum in order not to block other ISR:s f
being executed.

Now explicitly set the priority of both ISR:s. Setytlué hréotimer ISR higher than for the GPIO
ISR. Remember that a lower number (raBgemeadhkigher priority.

Verify that the LED now continues flashing whenevdrutierpisspressed.

What is the default priority for all interrupts?

There is a function call for reading the priority also. SearclomethenfiGe h after this
function.
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7.13.5 LablZ: Control Dual Diggégment Display

This experimamrtvisitd. ab8d: Control Dual DiggagmenDisplagndLabll1lb Control-8egment
DisplayBy combining the knowledge from all previous experiments it is now possible to create a
system that is quite close to a how this would hadtedskbinasreal system.

Setup a repetitive timer interrupt, say 500 Hz (2 ms between each interrupt). Let the timer ISR upde
the dual-8egment display. The ISR alternates which digit that is updated.

The main program just set up the timer ISR athe watgsent outputs in a global variable (that
the timer ISR can read when updating the digits).

The suggested program struotubes timer ISR presented in the code block below.

/* Declare variable to store digit outputs */
volatile uint8_t  digitSe gments[2]

/* Define Interrupt Service Routine for 32- bit timer # 1%
void TIMER32_1_IRQHandler (void) /Iname of function is predefined

{

/lcounter that indicate active digit (numbered O and 1)
static uint8_t  activeDigit;

if (activeDigit == 0)
{

/IDisconnect anode of digit #0 (pull control signal high)
/ISend segment outputs (via SPI) for digit 1

/IConnect anode of digit #1 (pull control signal low)
activeDigit = 1;

}

else

{
/IDisconnect anode of digit #1 (pull control signal high)

//Send segment outputs (via SPI) for digit 0
/IConnect anode of digit #0 (pull control signal low)
activeDigit = 0;

}

/[clear interrupt
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7.14 Work with a&ial Bud12C

Note that the breadboard cannot be used in these experiments. The chips used are surface
mounted and these mustdmderd to the pcb before starting

In this experiment you will learn how to workvéthriegrated CircBits, oPCbus for short. It
is a mulinaster bus for (relativelyspmed peripheralbe basic clock frequency is 100uUtHz
there are newer specifications that support highgiospaeasplOOkHzthatis often
supported, called Fastde (Fm). Haghfrequencies of 1 MHz (F3wIHz(Highspeed mode,
Hs) and 5 MHz (Ultra fraste, UFna)so exist but are less widespread.

The 4C bus is a synchronous bus meaning that there is an explicit clock signal. It builds on the mast
slave concept whene ainit is a master and controls the communication. One slave is addressed on
the bus and is the other end of the-st@astecommunication. There can be many masters on the

bus, but only one active at a time.

The4C bus usesvo bidirectional ofizainines pulled up by resistors:
1 SCK: serial clock, the master always generates the clock

1 SDA: serial data, the master generates the data when transmitting to the slave. The slave
generates the data when transmitting to the master

The picture below illusgritow many masters and slaves can sh&tebose |

MICRO - LCD STATIC
GONTROLLER DRIVER RAM OR
A EEPROM
SDA ] ]
SCL ] ]
MICRO -
GATE CONTROLLER
ARRAY ADG b

For more information al3Guséehttp://en.wikipedia.org/wiki/1%C2%B2C

There is a lot of details abolidbes that have not been covered inattisvarview, like how
addressing works, how bus arbitration works, how read and write oplkoatiackneeriedge
of data workstc.

Have a look in chafdferLPC111x/LPC11d2&bus controllern t he LPC111x user
description oftihow th€Cblock workét is more complicated interface than for the timers and SSP
peripherals. The basic principle is to send commadpéoiperal block. These commands are
carried out in the (exteff@bus and a status is presentegsatt. Based on the statuB@he

driver gives the next command.

It is not recommended to start from scratch and égedtevainktead the driver supplied from

NXP will be usezke filec.c/i2c.h . Letds investi geafaee(APhe appl
for this driver. Theiffleh containgamongst other declaratiiesfollowing function

declarations:

1 12CIni¢)7 thisfunction must be called before the 12C driver is used and any 12C
communication can take place. The functiors ithiggdins (PIO0_4, PIOO0_5) to be 12C
pins and other necessary initialization. The function has two parameters. The first paramete
tells if the 12C interface shall be a master or slave interface. In this case it is a master
interface and no further pasargeneeded. In case it is a slave interface, the second
parameter is the slave address of this interface.
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1 I2CReadj)this function perform a read operation. The function has three parameters. The
first is the slave address to communicate with.nthis sdwaffer pointer to where the
read data is copied. The third parameter is the number of bytes to read.

1 12CNritd)1 this functigmerform a write operation. The function has three parameters. The
first is the slave address to communicate wittorithés sebuffer pointer from where to

get the data to transfer to the slave. The third parameter is the number of bytes to
write/transfer.

7.14.1 Labl3aSolder Surface Mounted Components

In this Lab the surface mounted components shall be solderechtoaimedpagation for the

following 12C related experiments. Besides the surface mounted components a few connectors are
also needed to be soldered for powering and connection to the LPCXpresso LPC111x board. The
following components shall be solderebd&stst for pictures of all different components):

1 J1, 2.2mnpower jack. This is for allowing an etddakupply to power the board.
1 J2 dual 1x27 pos headersdonection to thBCXpresdd®PC111x board.
T J17 miniBUSB connector on bottom side as alternative power source
1 Components snhematipage 6
0 Temperature sensor: U6 (LM75), C10 (100158 REK)
0 12C GPIO expandéd¥: (PCA9532), C11 (100nF)RBE32K LED11.EM8

Figureéseillustrates where on the PCB the components shall bérsaldetemptéifor
information about soldering. In general there are many good tutorials onhibe ltttesolder

througthole components as well as suréasged components. Just search with your favorite
search engine.
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7.14.2 Labl3x: Read LM75 Temperature Sensor

In thissxperimerat temperature sensor, 3,Miall be sampled and the temperature presented. It is
essential to study the LM75 datasheet before writing any code. The LM75 has a simple interface ar
luckily no register initialization is needed before it is possible to read the tensperatatterlt is ju

of reading from the correct register.

The cde below presents two functions. One for reading the temperature and one for writing in

Pageo6

configuration registers. Complete the last statementlm78actieadTem p() to calculate

the correct tempture. Create a semihosting application that samples the temperature every third
second and prints the result on the console.

#include #Ai 2c. ho

#define LM75B_[2C_ADDR  0x90
#define LM75B_REG_TEMP  0x00
#define LM75B_REG_CMD  0x01

/****************‘k****
*

* Description:

* Read temperature register of LM75B
*

* Params: None

* Returns: Temperature * 100 in integer format

*

int32_tIlm75  b_readTemp(void)

{
uint8_t  cmd, temp[2];
int 32_tt=0;

cmd = LM75B_REG TEMP
I2CWrite(LM75 B_I12C_ADDR, &cmd, 1);
I2CRead( LM75B |12C_ADDR, &temp[0] , 2);

t = ((temp[0] << 8) | (temp[1]));

return e

/* 11 MSB bits used. Cel sius is calculated as Temp data * 1/8

/* Return temperature times 100, e.g., in 0.01 degrees */

*

* Description:

*  Write to config register of LM75B
*

* Params: Config byte

* Returns: None

*

void |  m75b_config(int8_t config)

{
uint8_t cmd[2];
cmd[0] = LM75B_REG_CMD;
cmd[1] = config;
I2CWrite(  LM75B_I2C_ADDR, & cmd[0], 2);
}
/
** Function name: main
** Descriptions: The main function
**  Parameters: None
** Returned value: None

*%
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void main (void)

/* initialize 12C as needed */
12ClInit( I2CMASTER 0 );

* enter forever loop */
while(1)

/* read temperature and print result */

/* wait 3 seconds */

Pla@ the LM75 related code iimfiB.c .

7.14.3 Labl3: Control LEDs vieA®532

In this experiment a GPIO expansion chip, PCA9532, shall be used. The chip can Bso generate PV
waveforms to for example dim LEDs. It is essential t®SegIdatasheet bare writing any

code. ThBCA9532 chip has a more complex interfaceltkid® ttere registers must be

controlled’here are 16 I/O pins and 10 registers in the chip:

T Two registers are used for reading the 16 inputs (two bytes).

T There are two PWM gatoes in the chip. Two registers are needed to control each
generator, so four registers in total for this.

1 Four registers are used to control the 16 pins if they are outputs. 2 bits per pin, which mean:
that one byte can control 4 psulting in forggisters to control 16 @ngn can have
one of the following four states:

o0 Actively driven low.

0 High impedance where the pin is typically driven high by an external pullup resistor.
The pin can also be an input in this state.

o Driven by PWM generddpakternating between actively driven low-and high
impedance.

o Driven by PWM generator #1.

TheexterndlEDs are connected via the cathode to the PCA9532 chip. This is because the chip can
only sink current.

Below is a code framework for controlli@@titeuts via funcipma9532_setLed s(...)

#define PCA9532_|2C_ADDR 0xCOo

#define PCA9532_INPUTO 0x00
#define PCA9532_INPUT1 0x01
#define PCA9532_PSCO0 0x02
#define PCA9532_PWMO0 0x03
#define PCA9532_PSC1 0x04
#define PCA9532_PWM1 0x05
#define  PCA9532_LSO 0x06
#define PCA9532_LS1 0x07
#define PCA9532_LS2 0x08
#define PCA9532_LS3 0x09

#define PCA9532_AUTO_INC 0x10

/
* Defines and typedefs
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#define LS_MODE_ON  0x01
#define LS_MODE_BLINKO 0x02
#define LS_MODE_BLINK1 0x03

/
* Local variables

static uint16_t blinkOShadow = 0;
static uint16_t blink1Shadow = 0;
static uint16_t ledStateShadow = 0;

/
* Local Functions

static void setLsStates(uint16_t states, uint8_t* Is, uint8_t mode)

{

#define IS_LED_SET(bit, x) ( (((x) & (bit))I=0)?1:0)
inti=0;

for(i=0;i<4;it+){

states >>= 4,

}

static void setLeds(void)
{
uint8_t buf[5];
uint8_t Is[4] = {0,0,0,0};
uintl16_t states = ledStateShadow;

/* LEDs in On/Off state */
setLsStates(states, Is, LS_MODE_ON);

/* set the LEDs that should blink */
setLsStates(blinkOShadow, Is, LS_MODE_BLINKO);
setLsStates(blink1Shadow, Is, LS_MODE_BLINK1);

buf[0] = PCA9532_LS0 | PCA9532_AUTO_INC;
buf{1] = Is[0];
buf[2] = Is[1];
buf[3] = Is[2];
buf[4] = Is[3];
[2CWrite(PCA95  32_12C_ADDR, buf, 5);
}

Is[i] |= ((IS_LED_SET( 0x0001 , states)*mode << 0)
| IS_LED_SET(0x0002 , states)*mode << 2)
| IS_LED_SET(0x0004 , states)*mode << 4)
| IS _LED_SET(0x0008 , states)*mode << 6) );

/
* Public Functions

/
*
* Description:
* Set LED states (on or off).

*

* Params:

* [in] ledOnMask - The LEDs that should be turned on. This mask has
* priority over ledOffMask

* [in] ledOffMask - The LEDst hat should be turned off.

*

void pca9532_setlLeds (uintl6_t ledOnMask, uint16_t ledOffMask)
{

* turn off leds */

ledStateShadow &= (~(ledOffMask) & 0xffff);

/*le  dOnMask has priority over ledOffMask */
ledStateShadow |= ledOnMask;

[* turn off blinking */
blink0OShadow &= (~(ledOffMask) & Oxffff);

Copyright 2B© Embedded Artists AB

/

Pageo8




LPCXpresso ExperimentKits er 6 s Gui de Page99

blink1Shadow &= (~(ledOffMask) & Oxffff);

setLeds();

Add functionality to control the PWMtgesnana functions to direct the PWM signals to specific
pins. Place the PCA9532 related codecadfa?2 .c .

Create an application that performs a running one pattern on the eight connect LEDs.

Also create a program that can demonstrate dimenkgswiith the help of the PWM
generators on the PCA9532 chip.
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7.15 Work with a Serial Ba$JART

In this experiment you will learn how to worlidrithethal A&achronous Receiver/Transmitter, or
UARTor shorfThe termsynchronousfers tthe facthat no explicit clock signal is transmitted.

The transmitter and recenest gree beforehand on the bit rate, i.e., how long time a transmitted bit
shall takeT'he idle state (no transmission) is a high signal. Transmission begins witbha start bit, whi
is low. The negative edge is detected by the receiver and 1.5 bit periods after this, bit sampling beg
Eight data bits are sampled. The least significant bit (LSB) is typically transmitted first. An optional
parity bit is then transmitted (focleesking of the data bits). Often this bit is omitted if the
transmission channel is assumed to be noise free or if there are error checking higher up in the
protocol layers. The transmission is ended by a stop bit. Typically one bit, butél.5 and 2 bits a
sometimes also used. Most common {ovantecommunication is 8N1, meaning 8 data bits, no

parity and one stop bit.

XD A g
5 Stat D0 iD1I D2 D3 D4 D5 DBaritpStop
its bit  (Isb) bimshit
Sampling i_ PN

1.5 bit; 1.0 bit etc.
Duration of one byte £1Q bit periods)
N

On a side note, there are methods to determine the bit ratedbmnatdut that is out of scope
for this experiment.

An UART channel consists of two signals (besides ground):
T TXD: trasmit datalirection from transmitter to receiver. This is an output.
1 RXDreceive data, direction from transmitter to rdggilgeanTinput.

TXD and RXD are crossed between transmitter and receiver, i.e., TXD is connected to RXD and vic
versa. For more information about asynchronous serial communication, see
http://en.wikipedia.org/wiki/Universal_asynchronous_receigeafichnsmit
http://en.wikipedia.org/wiki/Asynchronous_serial_communication

Note and understand the difference between the signaling method (asynchronous serial
communication) and standards of voltage sidreatilgnal drawrFigurésllustrates the signal
to/from the UART peripheral inside the LPC111x. It is a 3.3VTbgdssapramon for
communication between units on the same board, or closely molRE3Ddmcdsnmon
signaling standard with large voltags(Sw3-15Vthat is used between units that are physically
apartRS422and R885are other commonly used signaling standards

Communication is normallyjogiotnt, meaning that a transmitter sends data to one receiver. There
are signaling standatftht also supports network topofogiesample RS422 and RS485). Higher
protocol layers must then be involved in implementing addressing schemes between the nodes.

Note thathis experimentquires a UART0-USB cablérom FTD(TTL232R3V3, Digdy: 768

1015NDor MouseB95TTL-232R3V3. This cable is a bridge between a UART ahdnld&B
communication. Via USB it creates a virtual COM port on a PC. The UART communication is tunne
over USB to the PC. When plugging in the USB connector on a PC a driver 8#kbe installed.
FTDI 6s install at i o thedyiverifar differerit operatidgesystemnsl s how t
http://www.ftdichip.com/Support/Documents/InstallGuides.htm
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TheUART signals from the LPC111x are made available on connector J18, see schematic below.
Signhal GPIO-TXD carries the transmitted UART signal@n@R3® is the received UART

signal. The experiments can take place on the pcb or on a breadboard. Resistor R62 has been add
for protection in case GPIXB is programmed (by mistake) as an output. If that would happen,

R62 limits the currents toleaéds so no output gets damaged.

/ FTDI UART-to-USB Connector\

D2

45V NS J18
=~ 1lo] 1:GND
RE2 _2_0 2:CTS
330R 3lo| 3:VCC
GPIO_6-BXD 0 4J5| 4:TXD
GPIO_5-TXD 5lo]| s:RXD
_8l5] e:RTS

k éﬁD 1X06 /

Figure588J18 D2 and R&& Schematic Page 7

Note orientation of the 6 pos connector of the cable. The black cable is positioned on pin 1 and is
groundFigureb9illustrates correct orientation when mounting the cable on the pcb.

Also note thdiet cable can actually powesyitem since the FTDI cable can supply a +5V voltage.
Diode D2 is included in case supply comes from multiple sources (for exameiga2klim po
or USB connector J17).

Lilt
LA

Figure598 LPCXpesso Experiment Kit PCB withRJA0-USB Cable
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On the PC sideganhinal applicatismeeded terminal application connects to a COM port and
displays everything receanetalso allows sending data from the application (via keyboard and
sending a file). There are a few good terminal applications:

1 TeraTerm (which is recommeridgd),sourceforge.jp/projects/ttssh2/files
1 PuTTYhttp:/ivww.chiark.greenend.org.uk/~sgtpthty/

1 Terminal by Bréyip://sites.google.com/site/braypp/terminal

1 RealTermhttp://sourceforge.net/projects/realterm/files/

Download and install the selected terminal application. The next step is to configure the application
Typical configuratiettings are selecting COM port, setting bit rate (for example 9600 bps), set if
parity is used and number of stop bits. Flow control is another setting that is domgmn. Select

this setting. Other settings require either additional hardwamree supgufity

For TeraTerm, seldetwv Connectionthe~ilemenu. Select the COM port that appears when the
FTDI UARIB-USB cable is connected to the PC. ClidkeQisreenshot below illustrates the
dialog window for setting up a new serial connection.

1 Tera Term - [disconnected] VT = | B &

File Edit Setup Control Window Help

|

Tera Term: New connectio I x Il

) TCPAIP myhost.example.com
History
Telnet

3] S5H S5H2
Other

23

UNSPEC

Port: [COM3: YScom COM Port (COM3)

COM3: ¥Scom COM Port [COM3)
ECOME: Y¥5com COM Port [COMb
COM3: USB Serial Port [COMY

To set the bit ratad other relevant settings for the serial, g@mtBetupnenu and sele&¢rial
Port A dialog, like illustrated in the screenshot below, opens.RAldakeosinas set to none.
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. Tera Term - [disconnected] VT

File Edit Setup Control Window Help

Baud rate:

Data: ‘ Cancel ‘

Parity:

Stop: Help

Flow control:

Transmit delay

0 msecjchar msecfline

There are many different settings for how the terminahphdggaave (i.e., interpret received

Pagel03

characters). Some adjustments might be needed, faviexanopdtart displaying received

characters on a new line. UnderSe@uqusubmenturerminal setifgs possible to control these

things. The screenshot below illustrates the settings possible fotindnehall tewperformed
on received chaerst A common settinighsbut it also dependsadiich charactiie LPC111x

application outputs.

Y Tera Term - [disconnected] VT

File Edit Setup Control Window Help

Terminal size

50

21

X

¥| Term size = win size

Auto window resize

Terminal ID: |VT100 -

Answerback: Auto switch [WVT<->TE

K]
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Have @ook in chapt#8- LPC111x/LPC11@G&RT n t he L PC11 1 gesanpienr 6 s ma
of the how th#ARTblock work3he basic principles are the same as for the $Rlibladerial

shift register for transmitting and receiving. The difference is that for the UART block it is more com
with for exameparatshiftregisters for transmitting and receiving and more flexibility in setting the
bit rates. Some featuresalilteflow contrautebaud, modem signaling anrdg%Sunctionality

will not be covered by these experiments.

The transidignal (TXD) is avaliéaon pin P107(signaGPIO_83XDin the schematic) and the
receive signal (RXD) is available BIOdingsignaGPIO_&RXDin the schematic).

Below arsome functions to get the UART functionalityr beddfedTInit()  function will
initialize th@nmuxing, enable the UART peripheral, setup the bit rate and empty the FIFO:s.

#include" LPCl1llxx.h"
#include "uart.h"

#define LSR_RDR 0x01
#define LSR_OE 0x02
#define LSR_PE 0x04
#define LSR_FE 0x08
#define LSR_BI 0x10

#define LSR_TH RE  0x20
#define LSR_TEMT 0x40
#define LSR_RXFE 0x80

/

** Function name: UARTInit

*%

** Descriptions: Initialize UARTO port, setup pin select,
ki clock, p arity, stop bits, FIFO, etc.
*%

** parameters: UART baudrate

** Returned value: None

*%

void UARTInit(uint32_t baudrate)

uint32_t Fdiv;

uint32_t regVal;

LPC_IOCON >PIO1_6 &= ~0x07; /* UART I/O config */
LPC_IOCON >PIO1_6 |= 0x01; /* UART RXD */
LPC_IOCON >PIO1_7 &= ~0x07;

LPC_IOCON>PIO1_7 |= 0x01; /* UART TXD */

/* Enable UART clock */
LPC_SYSCON>SYSAHBCLKCTRL |= (1<<12);

LPC_SYSCON>UARTCLKDIV = 0x1; /* divided by 1 */

LPC_UART>LCR = 0x83; /* 8 bits, no Parity, 1 Stop bit */

regVal = LPC_SYSCON - >UARTCLKDIV;

Fdiv = (((SystemCoreClock/LPC_SYSCON - >SYSAHBCLKDIV)/regVal)/16)/baudrate ;

LPC_UART >DLM = Fd iv / 256;

LPC_UART >DLL = Fdiv % 256;

LPC_UART >LCR = 0x03; /*DLAB =0 */

LPC_UART >FCR = 0x07; /* Enable and reset TX and RX FIFO. */

/* Read to clear the line status. */
regVal = LPC_UART ->LSR;

/* Ensure a clean start, no data in either TX or RX FIFO. */
while ((LPC_UART  ->LSR & (LSR_THRE|LSR_TEMT)) != (LSR_THRE|LSR_TEMT) );

while (LPC_UART ->LSR & LSR_RDR)
{

}

return;

regVal = LPC_UART - >RBR; /* Dump data from RX FIFO */

Copyright 2B© Embedded Artists AB



LPCXpresso ExperimentKits er 6 s Gui de Pagel05

** Function name: UARTSendChar
*%
** Descriptions: Send a byte/char of data to the UART 0 port
*%
** parameters: byte to send
** Returned value: None
*%
Khkhkkkkkkkkkkkx /
void UARTSend Char (uint8_t toSend )
{
/* THRE status, contain valid data */
while ((LPC_UART  ->LSR & LSR_THRE))
LPC_UART >THR = toSend
}
/ *
** Function name: UARTReceive
*%
** Descriptions: Receive a block of data from the UART 0 port based
ki on the data length
*%
** parameters: buffer pointer, data length
** Returned value: Number of received bytes

*%

/
uint32_t UARTReceive(uint8_t *buffer, uint32_t length, uint32_t blocking)

{
uint32_trecvd = 0;
uint32_t toRecv = length;
if (blocking) {
while (toRecv) {
/* wait for data */
while ((LPC_UART - >LSR & LSR_RDR));
*puffer++ = LPC_UART ->RBR;
recvd++;
toRecv -- ;
}
else {
while (toRecv) {
/* break if no data */
i f ((LPC_UART ->LSR &LSR_RDR)){
break;
}
*puffer++ = LPC_UART - >RBR;
recvd++;
toRecv -- ;
}
return recvd;
}

Functio ARTSendChar() transmits one byte/char of U&RTReceive () is a function

that can receive data either blockingbdociang. Blocking meangthiegirocessor spends all

time idle waiting (in the function call) for the wanted number of characters to Heloekriged. Non
means that the function retuthghe number of available characters that was/were received. It will
be somewhere between zero (Bragti  number of charactésother name for #xocking
isasynchronous function Bédicking calls can also be sfitexthronous functiorscall

Place the UART related codeuarfilec , and place the function prototype declarations in file
uart.h
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7.15.1 Labl4aTransmitting and Receiving VidARE

Expand thdARTSendChar() function tdARTSendString(  uint8_t *pStr )
functiorftransmits a zebwminated striiighe terminating zero is not transraitted)
UARTSendBuffer(  uint8_t *pBuf, uintl6_t length ) functions

Createa small program that makes use of these transmission functions. Also letltte program
every received character.

Connect tHeTDI cable and verify that the program works as intended.

Testteechod o n g e Recsited: Xk n @wherdix is the received ¢taar) the LPC111x.
Type characters on the PC terminal program and observe the echoed response from the LPC111x.

Now test tgend a seried 100 characters back to tbackthe PC. This is for example done by
sending a 100 byte long file. Seadtfilen thd-ilemenuWhat will happen?

Every received character results in several characters echoed back to the PC. These echoed
characterwill take longer time thanitie of the (originally) receivadchcteCharaters are

received at full speed (Bablack) and soon both transmit and received FIFOs will be full. Received
characters will start to be missed.

The solution is flow control. A receistbe able to inform a transmitter that it must wait for a while
before transmitting more charadmecommonly used software solution for this is called Xon/Xoff
flow control, sedtp://en.wikipedia.org/wiki/Software_flowforanor@ information. A commonly
used hardware solution is called RTS/CTS flopwemntro
http://en.wikipedia.org/wiki/Flow_control_%?28data%29#Hardware_flow_control

7.15.2 Labl4b Direct printf() to UART

In exercise Lab-4d, semihosting was expltmeatiis experiment the printf() output will be sent to
the UART communication ch&emmber that the C runtime library had to be of the correct type
for semihosting to work. Have a Bigkia21and make sure the project settingsRusiiibt

(nohostas the C runtime library for this exercise. There ardRledtiksor directing the printf()
output to any wanted communication ¢hthengART in this case.

The two simple functions below is all that is needed to direaiutmuptontfi UART and also to
let scanf{pput come from the UART.

#incl ude "stdio.h"
#include "uarth "

/luse UART for printf
int __sys_write(int iFileHandle, char *pcBuffer, int iLength)

UARTSenduffer ( (uint8_t*) pcBuffer,iLength); //send data buffer to UART

return iLength;
}
int  _ sys readc( void )
{
charc;
UARTReceive( (uint8_t*) &c, 1, TRUE);
return (int)c;

Place the two functions above in a fileetaliget .c .
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Create a program that outputs a message, with tharif)p of , on the UART channel and
receive the message on a terminal progre@.Alsa let the program verifystizaf()
works.

Remember that tHART must still be initialized before printf()/scanf() are used.

7.15.3 Labl4cInterrupt driven UART handtidging buffers

Blocking function calls can be problematic since itataerdatkities in a system. A way to

handle this is to create circular buffers, both for received characters and transmission. An interrupt
handler place received characters in the receive buffer. The program can then peek into the circula
buffer to clok if there are any received characters. If not, execution can continue with other tasks.

Below is code the implements UART receive functionality with the help of interrupts and circular
buffers. The interrupt routine (ISR) handle both receive antktrapsniGtudy the code to
understand how it works.

#include"  Ipcllxx .h"
#include "uart.h"

/Isize of transmit buffer - size MUST be power of two
#define TX_BUFFER_SIZE 256
#define TX_BUFFER_MASK (TX_BUFFER_SIZE -1)

/Isize of receive buffer - size MUST be power of two
#define RX_BUFFER_SIZE 256
#define RX_BUFFER_MASK (RX_BUFFER_SIZE -1)

#define LSR_RDR 0x01
#define LSR_OE  0x02
#define LSR_PE  0x04
#define LSR_FE  0x08
#define LSR_BI  0x10
#define LSR_THRE 0x20
#define LSR_TEMT 0x40
#define LSR_RXFE 0x80

#define IER_RBR 0x01
#define IER_THRE 0x02
#define IER_RLS 0x04

#define IR_PEND 0x01
#define IIR_RLS 0x03
#define IIR_RDA 0x02
#define IIR_CTI 0x06
#define IR_THRE 0x01

static volatile uint8_t txBuf[TX_BUF FER_SIZE];
static volatile uint32_t txHead = 0;

static volatile uint32_t txTail = 0;

static volatile uint8_t txRunning = FALSE;

static volatile uint8_t rxBuf[RX_BUFFER_SIZE];
static volatile uint32_t rxHead = 0;
static volatile uint32_t rxTail = O;

/**
** Function name: UARTInit

*%

* Descriptions: Initialize UARTO port, setup pin select,
* clock, parity, stop bits, FIFO, etc.

*%

** parameters: UART baudra te

** Returned value: None
*%

*:
*:

void UARTInit(uint32_t baudrate)
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uint32_t Fdiv;
uint32_t regVal;

NVIC_DisablelRQ(UART_IRQn);

LPC_IOCON >PIO1_6 &= ~0x07; * UAR T I/O config */
LPC_IOCON >PIO1_6 |= 0x01,; /* UART RXD */

LPC_IOCON >PIO1_7 &= ~0x07,

LPC_IOCON >PIO1_7 |= 0x01, /* UART TXD */

/* Enable UART clock */
LPC_SYSCON>SYSAHBCLKCTRL |= (1<<12);
LPC_SYSCON>UARTCLKDIV = 0x1; I* divided by 1 */

LPC_UART>LCR = 0x83; /* 8 bits, no Parity, 1 Stop bit */
regVal = LPC_SYSCON - >UARTCLKDIV;
Fdiv = (((SystemCoreClock/LPC_SYSCON - >SYSAHBCLKDIV)/regVal)/16)/baudrate;

LPC_UART >DLM = Fdiv / 256;

LPC_UART >DLL = Fdiv % 256;

LPC_UART>LCR = 0x03; /* DLAB =0*

LPC_UART>FCR = 0x07; /* Enable and reset TX and RX FIFO. */

/* Read to clear the line status. */
regVal = LPC_UART ->LSR;

/* Ensure a clean start, no data in either TX or RX FIFO. */
while ( (LP C_UART>LSR & (LSR_THRE|LSR_TEMT)) != (LSR_THRE|LSR_TEMT) );
while (LPC_UART ->LSR & LSR_RDR)

regVal = LPC_UART - >RBR; /* Dump data from RX FIFO */
}

/linitialize the transmit data queue
txHead =0;

txTail =0;

txRunning = FALSE;

/linitialize the receive data queue
rxHead =0;
rxTail =0;

/* Enable the UART Interrupt */
NVIC_EnableIRQ(UART_IRQn);

LPC_UART>IER = IER_RBR | IER_THRE | IER_RLS; /* Enable UART interrupt */
}

/
** Function name: UART_IRQHandler

*%

** Descriptions: UART interrupt handler
*%

** parameters: None

** Returned value: None

*%

void UART_IRQHandler(void)
{
volatile uint8_t IIRValue, LSRValue, statusReg;
uint8_t Dummy = Dummy;
volatile uint32_t tmpHead;
volatile uint32_t tmpTail;

statusReg = IIRValue = LPC_UART ->lIR;
IIRValue >>=1; /* skip pending bitin IR */
IIRValue &= 0x07; /* check bit 1~3, interrupt identification */
if (IIRValue == IIR_RLS) /* Receive Line Status */
{
LSRValue = LPC_UART - >LSR,;
/* Receive Line Status */
if (LSRValue & (LSR_OE | LSR_PE | LSR_FE | LSR_RXFE | LSR_B 1))

[* There are errors or break interrupt */
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/* Read LSR will clear the interrupt */
Dummy = LPC_UART- >RBR; //Dummy read on RX to clear interrupt, then bail out
return;

}

if (LSRValue & LSR_RDR) /* Receive Data Ready *

{
* If no error on RLS, normal ready, save into the data buffer. */
/* Note: read RBR will clear the interrupt */
tmpHead = (rxHead + 1) & RX_BUFFER_MASK;
rxHead = tmpHead;

if(tmpHead == rxTail)

tmpHead = LP C_UART >RBR; /[dummy read to reset IRQ flag
else

rxBuf[tmpHead] = LPC_UART - >RBR; //will reset IRQ flag

}
else if (IIRValue == IIR_RDA) /* Receive Data Available */
{
* Receive Data Available */
tmpHead = (rxHead + 1) & RX_BUFFER_MASK;
rxHead = tmpHead;

if(tmpHead == rxTail)

tmpHead = LPC_UART - >RBR; /[dummy read to reset IRQ flag
else

rxBufftmpHead] = LPC_UART - >RBR; //will reset IRQ flag

else if (IIRValue == IIR_CTI) /* Char acter timeout indicator */

/* Character Tim e- out indicator */
; /ffunctionality not implemented

}
else if (IIRValue == IIR_THRE) /* THRE, transmit holding register empty */

/lcheck if all data is transmitted
if (xHead != txTa il)
{

uint32_t bytesToSend;

if (statusReg & 0xc0)

bytesToSend = 16; //FIFO enabled
else

bytesToSend =1; //no FIFO enabled

do
{
/lcalculate buffer index
tmpTail = (txTail + 1) & TX_ BUFFER_MASK;
txTail = tmpTail;
LPC_UART >THR = txBuf[tmpTail];
} while((txHead != txTail) && -- bytesToSend);

//all data has been transmitted
else

txRunning = FALSE;
LPC_UART>IER &= ~IER_THRE; //d isable TX IRQ
}
}
}

/
** Function name: UARTSendChar

*%

** Descriptions: Send a byte/char of data to the UART 0 port
** parameters:  byte to send
** Returned value: None

*%

void UARTSendChar(uint8_t toSend)
{
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uint32_t tmpHead,

/lcalculate head index
tmpHead = (txHead + 1) & TX_BUFFER_MASK;

/lwait for free space in buffer
while(tmpHead == txTail)

/ldisable TX IRQ
LPC_UART >IER &= ~IER_THRE;

if(txRunning == TRUE)

txBuf[tmpHead] = toSend;
txHead = tmpHead;

}

else

{
txRunning = TRUE;

while ((LPC_UART - >LSR & LSR_THRE))

LPC_UART>THR =toSend;
}

/lenable TX IRQ
LPC_UART>IER |= IER_THRE;

** Functio n name: UARTGetCharBlock

*%

** Descriptions: Receive a char from UART 0
*%

** parameters:  None

** Returned value: Received char

*%

uint8_t UARTGetCharBlock(void)

/lexercise to implement this function...

}

/
** Function name: UARTGetChar

*%

** Descriptions: Receive a char from UART 0

*%

** parameters:  pointer to where to st ore received char
** Returned value: TRUE if char received, else FALSE

*%

uint8_t UARTGetChar(uint8_t *pRxChar)

{
uint32_t tmpTail;

[* check if buffer is empty */
if(r xHead == rxTail)
return FALSE;

tmpTail = (rxTail + 1) & RX_BUFFER_MASK;
rxTail = tmpTail;

*pRxChar = rxBuf{tmpTail];
return TRUE;

[* Extra check - should not be needed: THR E status, contain valid data */

Pagel10
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Place the UART related codeunffile , and place the function prototype declarations in file
uart.h . Donot forget to removerttarget.c file and change back C runtime library to
Redlib (semihast)

The code is quite complex and builds on two circular buffers. The receive and transmit buffers can
have different sizes, but they must be a power oféasof far this is the special mask
operationbitwiseANDwith size minus 1). Characters to be transmitted should be placed in a circular
buffer. If transmission is not active, start transmission again with the first character in the buffer. As
soon as aharacter has been transmitted the interrupt handler checks if there are more characters tc
be transmitted in the buffer. If no more, disable the transmission interrupt.

Extend the code above to also implenm@st A8UARTGetCharBlock(void) function
tha blocks until a char has been received and returns the received character. Let the new function
make use of thkARTGetChar() function.

Also update thkeARTSendString() andUARTSendBuffer()  functions from Labl4a. The
suggested function prototypes aedoas Bhese functions are needed on future experiments (with
RF modules).

/
** Function name: UARTSendString

*%

** Descriptions: Send a null - terminated string to UART O port
*%
** parameters:  byte to send and if call should wait for transfer to complete

** Returned value: None
*%k

void UARTSendString(uint8_t *pStr, uint8_t blocking);

/****

** Function name: UARTSendBuffer

*%

** Descriptions: Send a number of bytes/chars of data to UART 0 port

*%

** parameters:  data to send, number of bytes and if call is bl ocking
** Returned value: None

*%

/
void UARTSendBuffer(uint8_t *pBuf, uint16_t length, uint8_t blocking);

Create an application that demonstrates receive and tramdmitfeiscihe receive overflow
problem in the previous experiment can for example be handled to some extent if the buffers are la
enough.
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7.16 Extra: Work with RRodule
In this experiment you will learn how to work with raslio module

Note that the bredoard cannot be used in these experimé&hts RF module connectors
have 2.0 mm pitch as opposed to the 2.54 mm pitch found on breadtsmrase that the
radio module used in these experiments aot included and must be purchased separately.

TheRF module interface is found on schematic page 7, also replicated in the picture below. All
components liguré63must be soldered. J2, the LPCXpresso board connector on schematic page
2, must also be soldered.

/ Digi XBee(R) RF-module\

o
2T .
¢ 1 EL-LINK | J12
2 . 43V3 EXT .
LaVa 1OCA 3 | ="
= L ciz c13
22U/10V 100N § = J15
- XBee
GND GND
_ J14
1 1 20 i0
3 3 18 8
DINCFGE AD2
4 4 ! cp COORD.S |—L 7
g g RESET# ATS# }g g
PWMORSS!  ASSO/ADS
7 i vRee |18 ]
8 LI OMSLEEPE |13 3
et e
GND RF_TWAD4
o W il —
GPIO_G-RXD —1 GND
GPIO_5-TXD —
g

1

RGO
(=] 1K5
AG1

L/

Many RF modulemmdn the XBee® physical form factor. An UART interface is connected for
communication with the RF module. All 20 pins are however available via connectors J13/J14 in ca
sone other pins must be connected for more advanced experiments where more functionality in the
modules is utiliz&dgures4illustrates how an XBee module is mounted in J15. Note that J12 should
normally have a shorting jumpesiiion-2, the right position as illustrated in the picture below.

\_

Figure638 RF Module Interface on Schematic Page 7

J Sy - &
X avww .-lnc‘lc:.'-vl 9 E
] "/' “ w9 I 9" -

Figure646 XBee® Module Mounted in J15
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A shorting jumper in positbofl)12 means that the RF module is powered from the 3.3V supply
from the LPCXpressanbed board. This supply is somewhat current limited{a0out )10

will be sufficient for most RF modules. However, some modules have higher current requirements ¢
then the shorting jumper should be pla8gulositibn of JIthis is theft position for the jumper,

when viewed likd-igures4 In this case, an external power supply can power the RF module (via

U1 voltage regulator).

The RFnodulexperimentre based on the interduien UART code from 4@afihe
UARTSendString() andUARTSendBuffer() functionare needed.

7161 Lab 15a:-ModlBe e E RF

This exercise requires at least two XBee modules and the same number of experiment boards to be
able to test XBee communication. One of the boards will acsetigll@sand the other as
node(s).

There are many different XBee modules with different functionality and programming interfaces. Th
XBee module used in this experinéB4#W1I001 It can be bought from for ex@ipley:
XB24AWJ00INDorMouser888XB24AWI001

Prepare the boards by plugging in the XBee module in the J15 socket and inserting a jumper in J12
position-2 to get power from the LPCXgdreast

The XBee driver is quite large and is fountbée the andxbee.h filesm thecode framework
that is provided. Copy all drivers createdtsthiapioject, including the interrupt driven UART
code from Lab 14c.

Below is the template fonthim() program.

#include "stdio.h"
#include "LPC11xx.h"
#include "type.h"
#include  "board.h"
#include "gpio.h"
#include "delay.h"
#include "xbee.h"

/*
* Application configuration
*

* CFG_ACT_AS_COORDINATOR (1) - Configure the XBee module to act as a coordinator.
* 0) - Configure the XBee module to act as an end - device
*/

#define CFG_ACT_AS_COORDINATOR (0)

/*
* RF message IDs, add your own here but make sure that the coordinator
* and the nodes have the same numbering.
*

#define RFPT_SET_LED (1)

/I Forward declarations

static void xbeeUp(uint8_t up );

static void xbeeNode(uint32_t addrHi, uint32_t addrLo, uint8_t rssi);

static void xbeeTxStatus(uint8_t frameld, xbeeTxStatus_t error);

static void xbeeData(uint32_t addrHi, uint32_t addrLo, uint8_t rssi,
uint8_t* buf, uint8_t len);

static xbee_call b_t callbacks = {
xbeeUp,
xbeeNode,
xbeeTxStatus,
xbeeData

J

static uint8_t devisReady = 0;
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volatile uint32_t ms_ticks = 0;

** Function name: SysTick_Handl er

*%

** Descriptions: Interrupt handler. Updates the ms_ticks variable to hold

ki the number of milliseconds since start. This will be
** reasonably accurate and is used by the Xbee driver to
ki handl e timeouts.

*%

** parameters:  None

** Returned value: The time in milliseconds
*k

void SysTick_Handler(void) {
ms_ticks += 10;
}

** Function name: xbeeUp

*%

** Descriptions: XBee node up/down callback.

*%k

** parameters:  up will be 1 if the node is up, 0 if it is down
** Returned value: None

*%

static void xbeeUp(uint8_t up)

printf("RF: Xbee Up (%d) \r\n", up);
devisReady = up;
}

** Function name: xbeeNode
*%k

** Descriptions: XBee node discover callback. Will be called as a response

ki to a Xbee node discovery request. All found nodes are

ki reported back one - by - one through this callback.

*%

** parameters:  addrHi - upper 32 bits of the 64 - bit node address,
ki addrLo - lower 32 bits of the 64 - bit node address,
ki rssi - signal strength

** Returned value: None

*%

Fhkdkk [

static void xbeeNode(uint32_t addrHi, uint32_t addrLo, uint8_t rssi)

printf("RF: Node %x:%Xx rssi=%d \ r\ n", addrHi, addrLo, rssi);

/
** Function name: xbeeTxStatus

*%

** Descriptions: Transmit status callback. Called as a result of a packet

ki being sent from the Xbee node.

*k

** parameters:  frameld - ID of the frame that was sent,

ki status - status of the transmit reques t

** Returned value: None

*%

static void xbeeTxStatus(uint8_t frameld, xbeeTxStatus_t status)

if (status = XBEE_TX_STAT_OK) {
printf("RF: [%d] TX failed %d \r\n" fra meld, status);
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** Function name: xbeeTxStatus

*%

** Descriptions: Received data callback. Called when data has been received

ki by the Xbee node.

*k

** parameters:  addrHi - upper 32 bits of the 64 - bit node address,
ki addrLo - lower 32 bits of the 64 - bit node address,
ki rssi - signal strength,

xx buf - buffer containing the data,

** len - number of received bytes,

** Returned value: None

*%

static void xbeeData(uint32_t addrHi, uint32_t addrLo, uint8_t rssi,
uint8_t* buf, uint8_t len)
{

inti=0;
printf("xbeeData %x:%X, rssi=%d, len=%d \ r\ n", addrHi, addrLo, rssi, len);

if (len < 1) {
return;

}

switch (buf[0]) {
/I Set LED request. This is a two byte request where the data
/l indicates if the LED should be turned on or off.
case RFPT_SET_LED:
if (len > 1) {
if (buf[1] == 1) {
GPIOSetValue(LED1_PORT, LED1_PIN, LED_ON);
}else {
GPIOSetValue(LED1_PORT, LED1_PIN, LED_OFF);
}

}

break;

default:
for (i=0;i<len;i++){
if (>0 && (1%8) == 0) {
printf(" \r\n";

}

printf("%x ", buf[i]);
}
printf(" \r\n";

break;

}

/
** Function name: sendSetLedRequest

*%

** Descriptions: Broadcasts a request over Xbee to set the status of the LED
*%

** parameters: ledOn - should the LED be lit or not

** Returned value: ERR_OK or an error code

*%

Fkkdkdkdk kA xK

static error_t sendSetLedRequest(uint8_t ledOn)

{
uint8_t data[2];
uint8_t id = 0;

data[0] = RFPT_SET_LED;
data[1] = ledOn;

return xbee_send(XBEE_ADDRHI_BROADCAST, XBEE_ADDRLO_BROADCAST, data, 2, &id);

int main (void)

error_t err;
uint8_t state = 0;
uint8_t oldState = |SW_PRESSED;
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/ISet LED1 pin as output
/ISet SW2 button pin as inputs

/lUse systick to get an interrupt every 10ms
SysTick_Config(SystemCoreClock / 100);

#if (CFG_ACT_AS_COORDI NATOR == 1)

printf("XBee demo - COORDINATOR \ n");
err = xbee_init(XBEE_COORDINATOR, &callbacks);
telse
printf("XBee demo - NODETr\ n");
err = xbee_init(XBEE_END_DEVICE, &callbacks);
#endif
if (err I= ERR_OK) {
printf("Failed to initialize Xbee. Error code %d. Aborting... \ n", err);
while (1) {

[/l wait forever

}
}

while (1) {
xbee_task();

if (devisReady !=0) {
/I check button state
state = GPIOGetValue(SW2_PORT, SW2_PIN);

if (oldState != state) {
oldSt ate = state;
printf("Button: %u \r\n" state);

sendSetLedRequest(state);

}
}
}

return O;

}

The XBee driver is provided four callbacks during initialization. The callbacks will be called when the
driver has completed iiziitdbn of the XBee module (xbeeUp), when a new node is discovered
(xbeeNode), a transfer is completed (xbeeTxStatus) and when data is received (xbeeData). The
driverbs xbee_ task() function must recdy. repeat

The CFG_ACT_AS_COORDINATOR define should be set to 1 for the controller and 0 for the node:
Look at the implementation of the xbee_init() function to see how they are treated differently.

The last thing to note about the program is the RFED &HTmiand that is sent when a button
is pressed. The command is received by another node and is processed in the xbeeData() function

Run the program on both boards and note that pressing the SW2 button on one board lights the LE
on the other board.

Sugyested improvements:
I Extend the protocol to retrieve the temperature reading from the other board
T Use one boardébés quadrat umsegmentdisppag er t o cor

1 Read analog values remotely
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1 If you have access to more than two XBee testdulest happens when they are all

powered.
I Change the protocol from broadcast modeaagpimincommunication by adding the
target nodeds address in the xbee_send()

7.16.2 Labl5b GPS Receiver

The Global Positioning System (GPS jds sheatellite navigation system that provides time and
location information as long as there is a direct line of sight to at least fourisatedidén.a&GPS
wide range applicatioimcluding cell phones and car navigation systems.

In thiexpeimena GPS module from Embedded Artists (with the GPS chip from GlobalTop
Technology Inc) will be used. It is simple to use as there is no initialization of the module and it
continuously sends the received information on the UART channel et4daréchim thaald

rate is specified by the module to 9600bps.

Note that the GPS module in not included in the component kit. It must be bought separately.

FiguresSillustrates the GPS module mounted in RF module interfac&l&oriimectanrent
consumption is lfmwthe module (in the region of a couple of mA) so the shorting jumper can be
placed in positio2 bn J1Zright position in picture below)

113_ €’ Sfhanin s

LRl
. - e M
\ -
wl 1™ l e
s 'y ~ -
14 :

b 1]
m Embedded
Artists

Figure656 GPS Module Mounted in J15

The moda outputs a number of different messages in the NMEA 0183 format
(http://en.wikipedia.org/wiki/NMEA. B&BB message starts with a dollar sign $ and ends with a
checksum. These are some exampdesth f r om t he manufacturer 6s d

$GPGGA,064951.000,2307.1256,N,12016.4438,E,1,8,0.95,39.9,M,17.8,M,,*65

$GPGSA,A,3,29,21,26,15,18,09,06,10,,,,,2.32,0.95,2.11*00
$GPGSV,3,1,09,29,36,029,42,21,46,314,43,26,44,020,43,15,21,321,39*7D

$GPRMC,064951.0 00,A,2307.1256,N,12016.4438,E,0.03,165.48,260406,3.05,W,A*2C

The exact meaning of each ofisfieamd in the data sheet but here we will focus on the one starting
with $GPGGA as it contains the time and location information.
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$GPGGA,064951.000,2307.1256,N,12016.4438,E,1,8,0.95,39.9,M,17.8,M,,*65

Table-2: GGA Data Format

Name Example Units Description
Message 1D SGPGGA GGA protocol header
UTC Time 064951.000 hhmmss.sss
Latitude 2307.1256 ddmm.mmmm
N/S Indicator N MN=north or S=south
Longitude 12016.4438 dddmm.mmmm
E/W Indicator E E=east or W=west
Position Fix | 1 See Table-3
Indicator
Satellites Used 8 Range 0 to 14
HDOP 0.95 Horizontal Dilution of Precision
MSL Altitude 39.9 meters | Antenna Altitude above/below mean-sea-level
Units M meters | Units of antenna altitude
Geoidal Separation | 17.8 meters
Units M meters | Units of geoids separation
| Age of Diff. Corr. second | Null fields when DGPS is not used
Checksum *65
<CR> <LF> End of message termination

Table-3: Position Fix Indicator

Description
0 Fix not available
1 GPS fix
2 Differential GPS fix

Figure668 GPS Module Data Format

The code below will read one message at a time from the GPS anthéhemedrigtitude
pats into the gpsData structure.

#include "LPC11xx.h"
#include "uart.h"
#include "gps.h" /Iput typedef declaration below (gpsData) in gps.h file

/**
* Data structure for the GPS values
*
typedef struct gpsData {
uint8_t satellitesUsed[20];
uint8_t utcTime[20];
uint8_t altitude[20];
uint8_t bufLatitude[20];
uint8_t bufLongitude[20];
int positionFixed,;
intn orthSouthindicator;
int eastWestIndicator;
int latitude;
int longitude;
} gpsData;

static uint8_t END_OF_MESSAGE ="' \ 04
static uint8_t DIVIDER ='};

/I The parsed data
static gpsData data;
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/

** Function name: hasPattern

*%

** Descriptions: Tests if pBuf starts with pPattern.

*%

** parameters: Buffer to search and pattern to match

** Returned value: 1if pBuf starts with pPattern, O otherwise

*%

/
static uint8_t hasPattern(uint8_t *pBuf, uint8_t *pPattern)

while(*pBuf = END_OF_MESSAGE && *pPattern = END_OF_MESSAGE){
i f(*pBuf = *pPattern){

return O;
pPattern++;
pBuf++;
}
return 1;
}
/
** Function name: pointToNextValue
*%
** Descriptions: Moves past the next divider
*%
** parameters: Pointer to the string to search
** Returned value: None
*%
/
static void pointToNextValue(uint8_ t *ppBuf)
while(**ppBuf = END_OF_MESSAGE) {
if (**ppBuf == DIVIDER) {
(*ppBuf)++; // point to the start of next value
break;
}
(*ppBuf)++;
}
/
** Function name: convertCordinateToDegree
** Descriptions: Converts the pBuf string which is in the
ki "ddmm.mmmm" format into an integer representation
*%
** parameters: T he buffer, the resulting integer and the
hid length of the buffer
** Returned value: None
*%

/
static void convertCordinateToDegree(ui nt8_t *pBuf, int* pDegree, int len)
{

intindex = 0;
int sum = 0;
int deg = 0;
int min = 0;
int div = 0;
int pow = 1;
for (index = len; index >=0; index -){
if (pBuffindex] ==".") {
div =1,
continue;
}
sum += pow * (pBuf[index] & OxOF);
if (index > 0) {
pow *= 10;
div *=10;
}

}

Copyright 2B© Embedded Artists AB

Pagel19




LPCXpresso ExperimentKits er 6 s Gui de

div = pow / div;
deg = sum / (div*100);
min=sum - (deg*div*100);

/I convert to decimal minutes
min = (min * 100) / 60;
*pDegree = (deg*div*100) + min;

if (div > 10000) {
/I normalize minutes to 6 decimal places
*pDegree /= (div / 10000);

}
/ *
** Function name: parseUTC
*%
** Descriptions: Extracts the UTC time string in hhmmss.sss,
ki ignoring the .sss part and stores the result
ki as a string in data.utcTime.
*%
** parameters: The buffer
** Returned val ue: None

*%

static void parseUTC(uint8_t **ppBuf)
{

intindex = 0;

Il parse utc hhmmss.sss
while(*ppBuf 1= END_OF_MESSAGE) {
if*ppBuf ==") {
pointToNextValue(ppBuf);
break; //reached end of the value

}
data.utcTime[index++] = **ppBuf;

if(index == 2 || index == 5) {
/IAdd divider
data.utcTime[index++] = "";

}

(*ppBuf)++;

data.utcTime[index] ="' \0';

}

/
** Function name: parselLatitude
*k
** Descriptions: Extracts the latitude information and stores
ki the result as an integer in data.latitude.
*%k
** parameters: The buffer

** Returned value: None
*%

static void parseLatitude(uint8_t **ppBuf)

{
intin  dex=0;
while(**ppBuf != END_OF_MESSAGE) {
if (**ppBuf == DIVIDER) {
(*ppBuf)++; /Ireached end of the value
break;
data.bufLatitude[index++] = *ppBuf;
(*ppBuf)++;
convertCordinateToDegree((uint8_t *) &data.buflLatit ude, &data.latitude, 8);
}
/
** Function name: GPSRetreiveData
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*%

** Descriptions: Reads and parses the next set of GPS data.
*%
** parameters: None
** Returned value: The parsed information
*%
* * /

const gpsData* GPSRetreiveData(void)
uint8_t * pattern = (uint8_t*)"GPGGA";

while (1) {
uint8_t buf[100];
uint8_tch =0;
uint8_t *ptr = 0;
intindex = 0;

/I Retrieve the first byte
if (lUARTGetChar(&ch))
continue;

/I look for "$GPGGA," header
if (ch 1="$") {

continue;
}

/I Retrieve th e next six bytes
for (index=0; index<6; index++) {
buffindex] = UARTGetCharBlock();

/ICheck if its Global Positioning System fixed Data

if  (hasPattern((uint8_t*)&buf, pattern) == 0) {
continue;

}

/IRetrieve the data from the GPS module
for (index=0; index<100; index++) {
buf[index] = UARTGetCharBlock();

if (buffindex] ==" \r){
buflindex] = END_OF_MESSAGE;
break;

}

}
ptr = &buf[0];

/Iparse UTC time
parseUTC(&pt r);

/Iparse Latitude
parseLatitude(&ptr);

break;
return &data;
}
int main (void)

/ISet LED1 - LEDS8 pins as outputs
/ISet SW2/SW3 pins as inputs

/linitialize the UART to 9600bps 8N1
UARTINit(9600);

printf(( uint8_t*)" \ nWaiting for GPS data...");
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/lenter forever loop
while(1)

const gpsData* pData = GPSRetreiveData();
displayGpsData(pData);
delayMS(1000);

}

return O;

Basehe program on the UART functionality devélapgdamdplace th&PS related code into
gps.candgps.h

Run the program to see the current titatitateThdatitudeettings requires at least four
satellites, so if la¢itudeemains O after a minute then move closer to a window or perhaps take the
board outside.

Extend the programrbglementing the functions to at leastlengiastiand number of
satellites.

Verify your result by entering the coordinates in for example Google Maps or
http://www.findlatitudeandlongitude.caddfiesfromlatitudeandlongitude/
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7.17 Extra: Work with Serial Expansion Connector

In this experiment you will learn how to work with the Serial Expansitits @obpéctor.
connector with SPI, UARAI2Ccommunication interfaares a couple of GPIUwe purposs
the connecti to provide a simple expansion connector fapgraa@modulesSuch
modules are typically sensors of different kindsvandeadion modulas, can also be smaller
displaygrigureés7illustrates the interface in the schematics.

/ Serial Expansion Connector \

1: GND 2: VCC (3.3V, max 250mA)
3: SPI-SCK (output) 4. SPI-MOSI (output)
5: SPI-MISO (input) 6: SPI-SSEL (output)
7: UART-RX (input) 8: UART-TX (output)
9: 12C-SCL (output) 10: 12C-SDA (bidirectional)
11: GPIO (bidirectional) 12: GPIO (bidirectional)
13: AINO/GPIO (input) 14: AIN3/AOUT/GPIO (input
J16
1 2 +3V3 FXT
GPIO_3-SCK 3 4 GPIO_1-MOS|
GPIO_2-MISO 5 & L ED-SSEL
GPIO_6-RXD i L] GPIO_5-TXD
GPIO_27-SCI [ 10 GPIO_26-SDA
—GPIO_32-GPIO 11 12 GPIO 33-GPIO
GPIO_11-AING 13 14 GPIO_14-AIN3
\_ -

Figure670 Serial Expansion Connector on Schematic Page 7

In preparation for éxercisegjefine all the pins inSleeial Expansion Connector (&B@gctor
likebelownfileboard.h

#define SEC14_PIN3_PORT PORT2
#define SEC14_PIN3_PIN 11

#define SEC14_PIN4_PORT PORTO
#define SEC14_PIN4A_PIN 9

/Icontinue with the rest of th e pins

7.17.1 Labl6ax 128428 OLED Graphical Display

In this exercise the serial expansion connector will be used tb.bhiedaddGB OL&dh a
resolution of 128x128 pixels, see produbtipageww.embeddedartists.com/products/displays/
15 rgb_oled.pffhe display can be bought directly from Embedded ArtidEs}OIgREE: or
Mouser924EALCDOO0S.

The display contains a-ioudontrolle6SD1351 fro8olomon Systgdhat is interfaced via a 4

pin SPI chanr(er an &it parallel interface but in this exercise the SPI interface will be used). Pin 3,
4, 6 and 11 are used for the SPI interface. Pin 11 is the fourth signal that is used to differentiate
between command and pixel data information transfers. Further, pin 12 is used for reset of the disp

The display module fieeDIP switas. All switchegcept fdi p @3shall be ifi O poaition
See thelisplayno dul ed s +detalsemati cs f or
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Figures8illustrates how the display is connected to the LPCXpresso Experimentmard via a 14
cable.

Figure6891.5 inch RGB OLED Connected via Serial Expansion Connector

In the prepation a number of defiBé&(14 PlNtvere defined. Each module that is connected via
the serial expansion connectaetap its own list of pins depending onFuee¢te. OLED
module it will be:

#define OLED_SSEL_PORT SEC14_PIN6_PORT
#define OLED_ SSEL_PIN SEC14_PIN6_PIN
#define OLED_RESET_PORT SEC14_PIN12_PORT
#define OLED_RESET_PIN SEC14 PIN12_PIN
#define OLED_DC_PORT SEC14 PIN11_PORT
#define OLED_DC_PIN  SEC14_PIN11_PIN
#define OLED_SD_PORT SEC14_PIN14_PORT
#define OLED_SD_PIN SEC14_PIN14_PIN

The advantage of this approachiistiieat PXpress€PC111koard is replaced with a different
one then the pin/port information only has to be chan§é&fCit ithefine$ the connected
modules will remain unchanged.

The SSIB15 controller chip is complex and creating a driver from sofataipes fontthis
exercise. Insteachumber of ready drivers are give, see list below. These files must be
copied/imported into the project.

1 draw.c/hi basigraphicadrawingrimiives
1 oled.c/h OLED initialization function
1 ssd1315.c/h OLEDcontrolledriver
Below a code segment is given that sdvase &sthe program in this experiment.

static void rainbow(draw_Icd_t *lcd)

/I White => 0~15
draw_fillRectangle(lcd, O, 0, 15, 127, 0xffff);

/I Yellow => 16~31

Copyright 2B© Embedded Artists AB



LPCXpresso ExperimentKits er 6 s Gui de

/I Purple => 32~47

/I Cyan => 48~63

// Red => 64~79

/I Green => 80~95
/l Blue => 96~111

I Black => 112~127

int main (void)

{

draw_lcd_tlcd;

/I outputs
GPIOSetDir(OLED_SSEL_PORT,
GPIOSetDir(OLED_DC_PORT,
GPIOSetDir(OLED_RESET_PORT,

GPIOSetValue(OLED_SSEL_PORT,
GPIOSetValue(OLED_DC_PORT,
GPIOSetValue(OLED_RESET_PORT,
SSPOINit();

printf(" \ ninitializing oled driver...");
oled_init(&lcd);

rainbow(&Icd);
/lenter forever loop -

while (1)

return O;

OLED_SSEL_PIN, GPIO_OUTPUT);
OLED DC_PIN,  GPIO_OUTPUT):
OLED_RESET_PIN, GPIO_OUTPUT);

OLED_SSEL_PIN, 1);
OLED_DC_PIN,  1);
OLED_RESET _PIN, 1);

Pagel25

Runthe program and verify that a white bar is shown on the display. Now complete the rainbow

function to show 8 differently colored bars on the display.

Explore the other drawing primitivesiiavihel/Hile.

Some possiblaprovementd the code base:

1 Increase the speed of the SPI bus to 6MHz (originally 1.5MHz)

1 Testthesdl1351 fadelngpsd1351 fadeOuytgsd1351 verticalScrall()
ssd1351 horizontalScrof3d1351_deactivateScrdilf)ctions. Examples of usage can
be found in the software packaggatha with the OLED display module
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7.18 Extra: Work with USB Device

In this experiment you will learn how to work with an USB devilieisnégfadeent requires
anLPCXpresso board with USB device interfafCXpeesso Experimergdithas been

designed for the LPCXpresso LPC1769 board, but it is also possible to use the LPC1347 and
LPC11U14 boards.

7.18.1 Labl7a: USB DevidgeHID

The experiment will configure the LPC1769 as a USB Device with the HID (Human Interface Device
class. The HID drivelvwsags present in Windows and does not require any additional device drivers.

When using the USB Device interface a USB B¢allk&Bnaeded (not included in the Kkit).
Connect it to the J9 connector on the experiment board and to the PC.

This experimeis based on the code examples that are delivered with the LPCXpresso IDE. The cod
is structured very differently (none of the code from the previous exercises is used). You have to cr
a new workspace in LPCXpresso and then import the pilogedigarnm

Run the USBHID project on the LPCXpresso and let the PC discover it. Run the HIDClient.exe
program (found in the USBHID folder of Lab17a.zip) and select LPC17xx USB. HID from the list

[ & HID Client [

Hurman Interfface Device

Cutputs [LEDs)

BB 4 3 2110
T ol el el il il il il

Figure690HID Client Screenshot

Press the buttons on the experiment board and note what happens in the PC application. Click the
different output checkboxes or change the value in the text field.

The reading/writing of values are done in these two fovaitians in

/*
* Get HID Inp ut Report - > InReport
*/
void GetInReport (void) {
InReport = 0x00;

if (LPC_GPIOO - >FIOPIN & (1<<4)) ==0) InReport |= 0x01;/ [ up pressed means 0
if (LPC_GPIOO - >FIOPIN & (1<<2)) ==0) InReport |= 0x02; / / left pressed means 0
if (LPC_GP 101->FIOPIN & (1UL<<31)) == 0)InReport |= 0x04; / /select pressed means 0
if (LPC_GPIOO - >FIOPIN & (1<<3)) == 0) InReport |= 0x08; / / right pressed means 0
if (LPC_GPIO2 ->FIOPIN & (1<<7)) ==0) InReport |= 0x10; / / down pressed means 0

}

/*

* S et HID Output Report < - OutReport

*
void SetOutReport (void) {
static unsigned long led_mask(] ={1<<6, 1<<17, 1<<15, 1<<16,
1<<3, 1<<13, 1<<28, 1<<27 };
inti;

for (i=0; i < LED_NUM,; i++) {
if (OutRepo  rt & (1<<i)){
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if i==4]|i==5) LPC_GPIO2 - >FIOPIN &= ~led_mask][i];

else LPC_GPIOO - >FIOPIN &= ~led_maskK([i];
}else {

if i==4]|i==5) LPC_GPIO2 - >FIOPIN |= led_masK([i];

else LPC_GPIOO - >FIOPIN |= led_maskK([i];

}
}
}

Modify the program to use-flagihent display to show the hexadecimal value from the PC
application. Modify the program to read the state of the quadrature encoder to change the value sel
the PC instead of usintphat

7.18.2 Labl7b: USB DevideMouse HID

This experiment uses the USB HID class but this time the USB device will act as a computer mouse
The buttons on the experiment board will control the mouse pointer on the PC.

This experiment is based on the coddesxtmat are delivered with the LPCXpresso IDE. The code
is structured very differently (none of the code from the previous exercises is used). You have to cr
a new workspace in LPCXpresso and then import the projects.fipm Lab17b

When using thiSB Device interface a USB B to tERiBHA needed (not included in the kit).
Connect it to the J9 connector on the experiment board and to the PC.

Compile and run the program. Your board should appeapagpatil® mouse on the PC when
the driveinstallation has completed.

Use the buttons on the experiment board to move the mouse pointer. The middle button (SW3) act:
a leficlick on the mouse.

As seen it is not possible to select text or to move the mouse pointer diagonally. Ehis is because th
following code in main_mouse.c only allows one button at a time.

The reading/writing of values are done in these two forestiansuisec:

if(i_JoystickState & JOYSTICK_UP) {
MouselnputReport.bY = - 10;
MouselnputReport.bX = 0;
Mouselnp utReport.bomButtons = 0;

}

else if((i_JoystickState & JOYSTICK_DOWN)) {
MouselnputReport.bY = 10;
MouselnputReport.bX = 0;
MouselnputReport.omButtons = 0;

}

else if((i_JoystickState & JOYSTICK_LEFT)) {
MouselnputReport.bX = - 10;
MouselnputReport.bY = 0;
MouselnputReport.obmButtons = 0;

}

else if((i_JoystickState & JOYSTICK_RIGHT)) {
MouselnputReport.bX = 10;
MouselnputReport.bY = 0;
MouselnputReport.bmButtons = 0;

}
else if((i_JoystickState & JOYSTICK_CLICK) ) {
MouselnputReport.bX = 0;
MouselnputReport.bY = 0;
MouselnputReport.bmButtons = 1;
}
else {
MouselnputReport.bX = 0;
MouselnputReport.bY = 0;
MouselnputReport.omButtons = 0;

}

Fix the code and verify that the mousecamiritermoved diagonally and that text selection works.
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7.19 Extra: Work with USB Host

In this experiment you will learn how to work with an USB hastisefecinent requires the
LPCXpresso LPC1769 board, which has an USB Host interface.

7.19.1 Labl8a U3 Host
Using the USB Host interface of the LPC1769 it is possible to read/write from a USB Memory Stick.
This has a wide range of uses, including
1 Providing files for a web server
1 Data logging
9 Storing of initialization data
The data on the memory stieksssten allowing states and data to be kept between power cycles.

This experiment is based on the USBHostLite project that is part of the software package distributes
with the LPCXpresso IDE. It expauotread.txfile (content not important) togsent in the

root of the memory stick's file system. The file will be copied into (possibhgwvigevxiting)

The memory stick should be formatted as FAT.

Note that an external +5V supply is nedterdsia J1 or JAFso note that two jumpkedl be
inserteéh J11, posZ and 3.

This experiment is based on the code exhat@eas delivered with theXpp€sso IDE. The code
is structured very differently (none of the code from the previous exercises is used). You have to cr
a new wrkspace in LPCXpresso and then import the projects from Lab18a.zip.

Insert a USB memory stick in the J10 connector and then start the program. The program uses
semihosting so all printouts will be available in the LPCXpresso IDE. If the mentoaygtick is f
the file is copied the printouts should look like this:

Initializing Host Stack

Host Initialized

Connect a Mass Storage device

Mass Storage device connected

Copying from MSREAD.TXT to MSWRITE.TXT...
Copy completed

If the memory stick was nettat before the program started it will look like this:

Initializing Host Stack

Host Initialized

Connect a Mass Storage device

ERROR: In Host_EnumbDev at Line 407 - rc= -1

This is not very user friendly. Improve the implememaatigio @fait fahe memory stick to be
inserted, copy the file, wait for the memory stick to be removed and then start over.
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7.20 Extra: Work with Ethernet Interface

In this experiment you will learn how to work with the Ethernet interfacEhismdxpeRient
requireshe LPCXpresso LPC1769 board, which has an Ethernet interface.

7.20.1 Labl%: easyWeb Web Server

This experiment will demonstrate a very basic web server that is a part of the software package
distributed with the LPCXpresso IDE. The web server retwneeth@agenregardless of which

URL is requested. For exahtipg/192.168.5.2@€urns the same page as
http://192.168.5.200/test/a_page.html

This experiméaatbased on the code exantipésare delivered with theXpp€sso IDE. The code
is structured very differently (none of the code from the previous exercises is usehad¥ou have t
a new workspace in Kpf@sso and then import the projects fi®@azi@mb

Connect an Ethernet cable between the J4 connector on the experiment board and a network
hub/switch/router depending on the ryetwark connected to.

The project needs a couple of small changes to work. Start by creating a unigass=thernet add
(MAC address) by opening ethmac.h and modifying these lines:

#define MYMAC_1 1 Il our ethernet (MAC) address
#define MYMAC_2 2 /I (MUST be unique in LAN!)
#define MYMAC_3 3

#define MYMAC_4 4

#define MYMAC_5 5

#define MYMAC_6 8

The address must be unigue on the network. If you are doing these labs with other students/colleac
then you must all agree on which addresses to use to avoid name conflicts.

AfterselectingreEthernet address it is time to select a fixed IP address. This is set in tcpip.h like this:

#define MYIP_1 192 // our internet protocol (IP) address
#define MYIP_2 168

#define MYIP_3 5

#define MYIP_4 200

This address also has to be unique within your network.

Compile and run the code. To see if everything works, open a command prompt and run ping to se«
your board responds (make sure to use the ip address you entered in tcpip.h):

.
BN C\Windows\system32iemd.exe E‘E‘éj

c:\>ping 192.168.5.200

m| »

Pinging 192_.168.5.200 with 32 hytes of data:c

Heply from 172.168.5.2808: hytesz=32 time<ims TTL=64
Heply from 192.168.5_2808: bhytes=32 time<ins TIL=64
Reply from 192.168.5_288: hytes=32 time<imsz TTL=64
Heply from 172.168.5.280: hytes=32 time<ims TTL=64

Ping statistics for 192_.168.5._.208:
Packetz: Sent = 4. Received = 4, Lost = B (Bx loss),
Approximate round trip times in milli—seconds:

Minimum = BAms,. Maximum = Ams,. Average = Hms

C =N
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If you get replies as shown above everything is working. If not then go back to ethmac.h and tcpip.f
and verify that the addresses you have selected are correct.

Now open a web browser and enter yoiedsitenumber in the address field. You should get a
page similar to this.

Hello from your Experiment Board!
This is a dvnamic website hosted by the embedded Webserver easyWEB.
Hardware:

* LPCXpresso Experiment Kit from Embedded Artists
* Embedded EMAC Ethernet Controller

Variable value: 0512 (decimal value from 'val')

0 256 512 768 1024

Figure716Web Page Screenshot

The page is continuously updptage count is increasing and the colored bar is changing value.
This is accomplishgdhlaving a static web page with a couple of fields that are updated before the
page is sent to the browser. The static page is declared in webside.h:

const unsigned char WebSide[] = {

"<html> \r\n"

"<head> \r\n"

"<meta http - equiv= \"refresh \"content=" \"1\">\r\n"
"<title>easyWEB - dynamic Webside</title> \r\n"
"</head> \r\n"

"\r\n"

The dynamic content comes frdms#reDynamicValQdsnction in easyweb.c. It locates and
replaces the markers in the WebSide[] data.

Suggested changes:
1 Change colors on flage
T Make the colored bar decrease instead of increase

1 Add a second bar and let the two bars represent the values on the two trimming
potentiometers.

1 Read and present the current temperature

7.20.2 Labl9blwIP TCP/IP Stack, Web Server and FreeRTOS
1) Go tdFreeRTOS+I0 and FreeRTOS+CLI demo?2

2) Download the projec2C1769 FreeRTOS Plus Featured Demo 002.zip
3) Create a new workspace and import the contents of the downloaded zip file
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4) Remove the call to vStartSPIlInterfaceToSDQdrdmeasiain() ineeRTOBlusDeme
2Sourcknain.c. This is needed to prevent the demo from crashing as a result of a missing
SD card.

5) Modify the FreeRFRIBsDemeASourcé-reeRTOS@GHg.h to get unique addresses:

/* MAC address configuration. */

#defin e configMAC_ADDRO 0x00
#define configMAC_ADDR1 0x12
#define configMAC_ADDR2 0x13
#define configMAC_ADDRS3 0x10
#define configMAC_ADDR4 0x15
#define configMAC_ADDRS 0x12
/* IP address configuration. */

#define configlP_ADDRO 192
#define configlP_ADDR1 168
#define configlP_ADDR2 5
#define configlP_ADDR3 201

Run the ping test as described in <insert ref here> and then point the web browser to
http://<your_selected_ip_numibbe page will look like this:

Task Stats | Run Time Stats | FreeRTOS Homepage | 37K jpg

Task statistics

Page will refresh every 2 seconds.

Task State Priority Stack #
A A A A A A AN A A A AN A A A A A A A A A A A A A A AN A A A A AN AN A AN AT AANN
tepip E 2 222 ]
IDLE R 0 70 1
Tmr Svc B 3 58 2
CmdInt s 3 280 3

Refresh count 4

Figure72d Task Statitics Screenshot

The FreeRTOS allows multiple threads to run in (seemingly) parallelhaségitogramb
server and arnek server. The telnet server can be accessed by e.g. Putty on port 22.
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2P 192.168.5.201 - PuTTY (o] -

Test the three available comniagldgaskstatsandruntimestats
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7.21 Differences between LPCXpresso LPCAid LPC1114 in DIL28

The experiments are based on the LPCXpresso LPC111x boards that can be based on the LPC111
or the LPC1115. Fbipeactical purposes, these two chips are interchangeable. The LPC1115 has
the dohile amount of FLASH (64kBsteaihof 32kByte for the LPCAtlthe time of writing the
LPCXpresso LPC1114 board has been discontinued in favor for the LP€4 116 majsioty,

of users will likely work with the LPCXpresso LPC1115 board.

One of the included components is the LPC1114FN28/102 chip, which comes in a DIP28 package.
That is a package that can easily be used on a brEgglbesdd.e | ow (from t he L P(
manual) lists the differences.

Type number Series Flash  Total Power UART I2C/ SPlI ADC GPIO Package
SRAM profiles RS-485 Fast+ channels

LPC1113FHN33/203 LPC1100XL 24 kB 4 kB yes 1 1 2 8 28 HVQFN33
LPC1113FHN33/301 LPC1100 24kB B8kB no 1 1 1 8 28 HWVQFN33
LPC1113FHN33/302 LPC1100L 24kB 8kB yes 1 1 1 8 28 HWVQFN33
LPC1113FHN33/303 LPC1100XL 24 kB 8kB yes 1 1 2 8 28 HVQFN33
LPC1113FBD48/301 LPC1100 24kB 8kB no 1 1 2 8 42 LQFP43
LPC1113FBD48/302 LPC1100L 24kB 68kB yes 1 1 2 8 42 LQFP48
LPC1113FBD48/303 LPC1100XL 24kB 8kB yes 1 1 2 8 42 LQFP48
LPC1114
LPC1114FDH28/102 LPC1100L 32kB 4kB yes 1 1 1 5] 22 TSSOP28

( LPC1114FN28/102 LPC1100L 32kB 4kB yes 1 1 1 6 22 DIP28 )
LPC1114FHN33/201 LPC1100 32kB 4kB no 1 1 1 8 28 HVQFN33
LPC1114FHN33/202 LPC1100L 32kB 4kB yes 1 1 1 8 28 HWVQFN33
LPC1114FHN33/203 LPC1100XL 32kB 4kB yes 1 1 2 8 28 HVQFN33
LPC1114FHN33/301 LPC1100 32kB 8kB no 1 1 1 8 28 HVQFN33
LPC1114FHN33/302 LPC1100L 32kB 68kB yes 1 1 1 8 28 HVQFN33
LPC1114FHN33/303 LPC1100XL 32kB 8kB yes 1 1 2 8 28 HVQFN33
LPC1114FHN33/333 LPC1100XL 56 kB 8kB yes 1 1 2 8 28 HVQFN33
LPC1114FHI33/302 LPC1100L 32kB 8kB yes 1 1 1 8 28 HVQFN33
LPC1114FHI33/303 LPC1100XL 32kB 8kB yes 1 1 2 8 28 HWVQFN33
LPC1114FBD48/301 LPC1100 32kB 8kB no 1 1 2 8 42 LQFP48

( LPC1114FBD48/302 LPC1100L 32kB 8kB yes 1 1 2 8 42 LQFP48 ]
LPC1114FBD48/303 LPC1100XL 32kB 8kB yes 1 1 2 8 42 LQFP48
LPC1114FBD48/323 LPC1100XL 48kB 8kB yes 1 1 2 8 42 LQFP48
LPC1114FBD48/333 LPC1100XL 56 kB 8kB yes 1 1 2 8 42 LQFP48
LPC1115

( LPC1115FBD48/303 LPC1100XL 64kB 8kB yes 1 1 2 8 42 LQFP48 ]

Figure746LPC111x Variant Comparison

There are some differences when working with the LPC1114FN28/102:dh&.tiemory

difference is small. Thip blas half the amount of SRAM (4kByte) when compared to the
LPC1115/1114 on an LPCXpresso board. The big difference is less available pins. When working
the breadboard the solutisimiglyto switch which pins to use (since all are not useeaig)ultan

so no problem there. When having soldered all components to the PCB, the setiost more fixed.

of he pins that are lacking on the DIP28 gek@adeen routedtd (PCA9532he 12€5PIO

expander. That way it is possible to access thaésig) via 12C instead. The experiments

affected with pcb mounted components are the following:

1 8 LEDs, sighd&10_ 9 EDSSEI|.GPIO_21EDGPIO_2L EDandGPIO_2LEDare
not connected to the LPC1114E%28. 4 EDSSELs however connected to U7
(PCA9532).
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1 5 pushuttons, signals GPIGKEY, GPIO_IEY and GPIO-RRY are only

connected to U7 (PCA9593®).signals can be manually bridged to any other free pin in the
specific experiment.

9 Buzzer, signal GPIBWZZ is not connected at all. gited sen be manually bridged to
any other free pirihie specific experiment.

1 RGBLED, signal GPIO-BB¥M is only connected to U7 (PCA9532). This is the signal
controlling the green LED. Note that signals G0 @8 GPIO-R29/M are both
connected the LPC1114FN28 and U7. This is because UdArmambtidnality for
PWM control so there is a possibility to experiment with this specifically.

9 Quadrature encoder, signals GR{@A 38d GPIO @B are only connected to U7

(PCA9532T.he signals cae manually bridged to any other free pin in the specific
experiment.
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8 Projects

This chapter contaansst of projeidiea that build on the knowledge gained from the exjmeriments
the previous chaptéitse projects involve a bigger programming effort than beforevaoddare real
in the sense thart of aeal produepplication can very likely contain one of the proj€oeideas
idea is to deepen your understandinigeofdeh systems and enhance your programming skills.

The projects are not described in detail like the experimentsdasstaptiahe are quite short

and are mainly supposed to give you some ideas and get you started. Solve the détails on your ow!
that is what programming is all about anyways! Alternatively create your own project based on thes
ideas.

8.1 InterfaceaColor Sensor
Select a color sensor, for example one of these:
- http://lwww.sparkfun.com/products(®itf0a digital interface)
- http://ww.sparkfun.com/products/1(MitH an analog interface)

Create the hardware and software interface to the sensor. Output can be on the eonsole, the RGB
LED or on a display.

8.2 InterfaceaReailtime Clock (RTC)

Select an RTC chip and inteifaxst.commonlged interfaces to these chid2@oeSPI.For
example NXP PCRE8%ith 12C interface or BI2Bwith SPI interface.

Create an applicat that displays the-tisaé on a display or via the console. It shall be possible to
set the current tirtfea dsplay is used, creatall menu system controlled by the mystick
buttons or the rotary switch.

Implementarmfunctionality.

Implement lgpower operation where the procéssprasnd only wake up once a secondtéo upd
the timgor even oneeminuterhe processor shall also wakealgrns.

Several enhancements are possible to this project:
- Implement automatic adjustment of the clock once a day.
- Implement automatic adjustment for summer and winter time.
- If the RTC chip does not supppiydea add support for leap year compensation.

8.3 Interfacea GPSModule

Interface a GPS module. Most modules have a UART interface and communicate with the standarc
NMEAprotocaluse google to find more information about this protocol specification)

A simler project just output the results fronStmo@Me on a display withcEbYdinates. A
more advanced project visualizes the location on a graphical display.

8.4 InterfacanSD/MMC Memory Card

Interfaceresd/mmc memory cardhéspibus There argpplication notes from ¥R gives a
good starAdd FAT i | e sy st e nof tiedodedel intenface diivens. t op 0

8.5 InterfaceanAccelerometer and Gyro

Interface an accelerometar (2axis) or a gyro. There are several chips with assakatatd br
boards for simpler interfacing on the market. Select a chip with digital interface (I12C or SPI).

Copyright 2B© Embedded Artists AB



LPCXpresso ExperimentKits er 6 s Gui de Pagel36

8.6 Control a LED Matrix

Interface an 8x8 LED matrix. There are both single coldtEDdrRGiRes. Create an
application that can control each iadiEduin the matrix.

To control the matrix it is suggested to have a timer intgrdapeshttae LED matrix in a

multiplexed way, i.e., one columns or one row at a time. The frequency must typically be at least 10
Hz in order to avoid flickeFimgtimer interrupt function can get information about which LEDs to

turn on/off from a 64 bit array, i.e., a vector of 8 bytes. In casmafran fR&B such bit arrays

are needed, one for each color.

As a start, create an application that upel&es BEDs so that messages can be streamed. A
simple solution is to just store the bit pattern of the message. A more advanced solution can store tl
messages as ASCII strings. In the latter case, a bit map defining all characters must also be definec

Formore advanced, and fun, ueatea game for theEDmatrix. See for example these projects
for some ideas

- http://www.evilmadscientist.com/2008frnglghy
- http://hackaday.com/2010/02/19/uposieterestingamen64pixels/
- http://interactimeatter.eu/blog/2010/05/08/bimkéondorbeginnera-smtbeginnetkit/

8.7 Create a Game with Display + Accelerometer or Gyro

Create a game with a graphical display and an acceleromé&vigatiyeorolling ball in a
labyrintlor recreate thassical snake ganfer example.

8.8 CreateGeneral Menu Systdar a Display

Create a general menu systesm#dl character based LED, for example a 2x20 character display.
Use the joystibkittons or the rotary switch as user input.

To get some ideas alvdhith functions that are needed in a menu system have a look at older (non
smart phone) cell phones. These phones had small displays andifeveouttorcsin find many
typical functions that are needed.

Character based LCDs typically hadstgar8llel interface. Many of them also hhbite a 4
interface mode (to save interface pins). Write code that works for both modes.

Alternatively us e a graphical display for more flexibility and nicer looking interfaces.

8.9 Retrieve Information from Web Servers

A web browser used the HTTP communication protocol (on top of TCP/IP) to retrieve information fr
web servs . More specifically, i1itbés the GET reque

Create an application that connects to a web server (typically port 80) andE&ndquEiStTP G
and displays the information in a suitable way, for exaropiesole thiea displslyhen the data
is received it must be interpreted in order to extract the usable information.

A typical setup can be a system with a web server thhé r@salutg values of the two analog
inputs on a HTMAge. If another embedded system shall also retrieve this information, it must
interpret the HTMd&ta and extract the correct information, i.e., the analog values.

8.10 USB Mouse Emulation

Create a USB devapplication that emulates a USB mouse. You need to implement a USB HID
device. HID stands for Human Interface Device, which is exactly what a mouseliatestudy USB
documentation to find out more about this.

The joystick swigsitan be used to mele mousposition, and in the end move the poirger
on aPC screen.
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8.11 Registry irE2PROM

Create a so called registry, which issalaiie storage that can store values connected to so called
keys. Nowmolatile storage is easily aldgteisinghe E2PROM, which is accessible over the 12C

bus. The keys can be short strings, for example strings with lengths between 1 and 16. To make it
simple, a value connected to a key is alwdytsiat&ger.

If you want to make it more advanced, a valge bara string.
Typical operations for a registry are:

1 Create entry for a new key

1 Delete key

1 Getvalue of key

1 Update key

1 Listall keys

A registry is always usable to have when creatorprapplications. There is often a need to
store settings franuser. Also in the case of Internet communication the following settings must be
stored in the system:

1 IP address

1  Subnet mask

1 Default gateway

1 If an Ethernet interface is present, the MAC address is also needed

8.12 RealTime Dynamic Data with JAVA Applet
Thisis a project thaequires a TCP/IP stack, web server and RTOS.

By using SSI and CGI/EGI technologies (in a web server) you can create dynamic information in a\
server. However, the information is created at the download moment. Anythinfighttdtappens a
point in time will not be reflected on the client sidetimeeatalvisualization is hence not

possible with SSI or CGI/EGI.

To create true réiahe data on the client side (= the web browser) a JAVA applet must be used. The
JAVA applebnnects back to the embedded system, opens a communication channel, and then
received retime data. The communication channel can be either a TCP or a UDP connection.

There must of course be a TCP/UDP server on the system that protineesi#@dtresathis
server that the JAVA appletaxis to. Create such a system!

Let the server produce a stream of data, for examplalaesiraignal stream. Alternatively, the
server can stream the values from both analog inputs of the boavd\ appléiedigplay this
data stream in a suitable way.

8.13 Multiplayer Game via Rfodule
Create a multiplayer game with the helmodREs. For example-porgg on a graphical display.

8.14 Home Alarm System

Create a home alarm system with remove sercsorsrthaicate wirelessly with a central. It can
even communicate with a GSM/3G phone modem and make a call/send an SMS in case of an alar
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