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NOTICE

The contents of this manual are subject to change without notice. All efforts have been
made to ensure the accuracy of contents in this manual. However, should any errors be
detected, NEX Robotics welcomes your corrections. You can send us your queries /
suggestions at

info@nex-robotics.com

@050

Content of this manual is released under the Creative Commence cc by-nc-sa license.
For legal information refer to:
http://creativecommons.org/licenses/by-nc-sa/3.0/legalcode

ATTENTION

OBSERVE PRECAUTIONS
FOR HANDLING

ELECTROSTATIC
SENSITIVE DEVICES

* Product’s electronics is static sensitive. Use the product in static free
Environment.
* Read the user manual completely before start using this product

Y

Recycling:

Almost all the part of this product is recyclable. Please send this product to the recycling plant
after its operational life. By recycling we can contribute to cleaner and healthier environment
for the future generations.
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1.0 INTRODUCTION

1.1 Board Features

LPC2148 Pro Development Board is a powerful development platform based on LPC2148
ARM7TDMI microcontroller with 512K on-chip memory. This board is powered by USB
port and does not need external power supply. It is ideal for developing embedded
applications involving high speed wireless communication (Zigbee / Bluetooth / WiFi), USB
based data logging, real time data monitoring and control, interactive control panels etc. The
on-chip USB controller provides direct high speed interface to a PC/laptop with speeds up to
12Mb/s. The UART boot loader eliminates need of an additional programmer and allows you
to program using serial port. The on board peripherals include SD/MMC card interface,
USB2.0 interface, 4Kbit I2C EEPROM, Xbee wireless module interface, ULN2003 500mA
current sinking driver, L293D DC motor controller, 16X2 character LCD and many more.
The on-chip peripherals and the external hardware on the development board are
interconnected using pin headers and jumpers. The I/O pins on the microcontroller can be
accessed from a 50 pin male header. The board is made from double sided PTH PCB board to
provide extra strength to the connector joints for increased reliability.

Note:
1. Xbee / Bluetooth/ WiFi wireless module and SD/MMC card are not included with the
board and it can be bought separately from Nex Robotics website.
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Specifications:

Microcontroller: LPC2148 with
512K on chip memory

Crystal for LPC2148: 12Mhz
Crystal for RTC: 32.768KHz
50 pin Berg header for external
interfacing

Wireless module adapter for
2.4GHz ZigBee (Xbee) /
Bluetooth / WiFi connectivity
512 bytes of I12C external
EEPROM

USB Type B Connector

SD / MMC card holder
10pin(2X5) FRC JTAG connector
for flashing and debugging

50 Pin Expansion header

2x16 Character Alphanumeric
LCD

Kit Contains:

1-LPC2148 Pro Development Board
1-USB Cable

1-DB9 Serial Cable

A set of 10 1-1 cables
Documentation CD contains:

I. Schematic
II. Programming Software
II1. Example Codes

LPC2148 Features:

LPC2148 DEVELOPMENT BOARD

L293D 600mA Dual DC motor
Driver

ULN2003 500mA driver

Dual RS232 UARTS for external
communication

Real-Time Clock with Battery
Holder

2 Analog Potentiometers connected
to ADC

TSOP1738 IR receiver

4 USER Switches

4 USER LEDs

Reset and Boot loader switches
3V button cell for on chip RTC
ON/OFF switch

Buzzer

Schematics and Application
examples in KEIL provided in the
documentation CD

16-bit/32-bit ARM7TDMI-S microcontroller in a tiny LQFP64 package.
40 kB of on-chip static RAM and 512 kB of on-chip flash memory.
In-System Programming/In-Application Programming (ISP/IAP) via on-chip boot

loader software.

Embedded ICE RT and Embedded Trace interfaces offer real-time debugging with the
on-chip Real Monitor software and high-speed tracing of instruction execution.

USB 2.0 Full-speed compliant device controller with 2 kB of endpoint RAM.

Two 10-bit ADCs provide a total of 14 analog inputs

Single 10-bit DAC provides variable analog output

Two 32-bit timers/external event counters (with four capture and four compare
channels each), PWM unit (six outputs) and watchdog.

Low power Real-Time Clock (RTC) with independent power and 32 kHz clock input.

NEX Robotics Pvt. Ltd.
Wwww.nex-robotics.com
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*  Multiple serial interfaces including two UARTS, two Fast I°C-bus (400 kbit/s), SPI
and SSP with buffering and variable data length capabilities.

* Vectored Interrupt Controller (VIC) with configurable priorities and vector addresses.

* 60 MHz maximum CPU clock available from programmable on-chip PLL with
settling time of 100 us.

*  On-chip integrated oscillator operates with an external crystal from 1 MHz to 25 MHz

* Power saving modes include Idle and Power-down.

* Individual enable/disable of peripheral functions as well as peripheral clock scaling
for additional power optimization.

*  Processor wake-up from Power-down mode via external interrupt or BOD.

» Single power supply chip with POR and BOD circuit

* CPU operating voltage range of 3.0 V to 3.6 V (3.3 V +- 10 pct) with 5 V tolerant I/O
pads.

1.2 LPC2148 Pro Development Board Overview

= 28

1. LPC2148 Plug-in module 11. Jumpers for LCD interface
2. 3V cell holder for RTC 12. Jumpers for Switches
3. UARTI1 DB9Y connector 13. Jumpers for Trim pots
4. UARTO DB9 connector 14. Jumpers for Buzzer and IR
5. 50-pin expansion header Receiver
6. 2X5 JTAG header 15. Jumpers for LEDs
7. ON/OFF slide switch 16. Jumpers for selection between
8. Boot loader switch UART]1 and Xbee
9. Microcontroller reset switch 17. Jumpers for SPI - SD/MMC
10. USB connector B-type interface

NEX Robotics Pvt. Ltd. 6
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18. Jumpers for 2C EEPROM 21. Four user switches
19. SD/MMC card socket 22. Two trim pots connected to ADC
20. 16X2 character LCD 23. Four user LEDs

24.  Buzzer 27.  ULN2003 driver side header
25.  TSOP1738 IR Receiver 28.  L293D o/p header
26.  Xbee module interface 29.  Jumpers for ULN2003

1.3 Power Supply
POWER LED

usB
PORT

The USB powered version of LPC2148 development board is powered using USB port.

Slide the power switch to ON position to turn the board ON. The red LED will glow
indicating that the board is powered.

Warning: Please make sure that the USB port on your PC or any other device is capable to
source at least 400mA current.

NEX Robotics Pvt. Ltd. 7
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1.4 In System Programming via UARTO0

LPC2148 microcontroller incorporates a capability to self program itself using the on-chip
UART boot loader. This eliminates the need of an external programming hardware. The boot
loader code is dedicated to use UARTO on the microcontroller. Once the code is loaded on
the microcontroller UARTO is free to be used in the application. The host, in this case PC or
Laptop, requires software to transmit the hex file to the microcontroller over the serial link.
For demonstration purpose we will use Flash Magic programming utility. The installation
procedure is explained in section 2.2.1.

bo
mnTn

b

To enter in to the boot load mode follow the steps mentioned below:

1. Connect a DB9 cable between the selected COM port on your PC and the UARTO port on
LPC2148 development board.

2. Plug in an USB cable to the development board and slide power switch to ON position.

3. The board enters bootloader mode when BOOT switch is held down at the time of
RESET. To enter the bootloader mode, keep the BOOT switch pressed and then press and
release RESET switch. You can release the BOOT switch after reset.

NEX Robotics Pvt. Ltd. 8
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2.0 KEIL pVISION4 IDE

The LPC2148 microcontroller is supported by various commercially available IDEs for
compiling and debugging of the code. Keil being one of them is the widely used IDE for
LPC family of microcontrollers. The pVision4 IDE is Windows-based software
development platforms that combines a robust editor, project manager, and make facility.
uVision4 integrates all tools including the C compiler, macro assembler, linker/locator,
and HEX file generator. The evaluation version of Keil uVision4 IDE is used for
demonstrating the sample codes that are included in the CD.

The open source community has been doing a lot in the development of open source
tools for ARM architecture based microcontrollers. The open source tools are available at
zero cost and are being improved with time. Eclipse being one of them and is most
commonly used IDE due to its unique features like auto complete, project tree, etc. It
requires GCC tool chain for code compilation.

2.1 Installing Keil pVision4 IDE

To install Keil pVision4 IDE, Go to “Software” folder in the documentation CD and
locate “mdk412.exe” file. Click on “mdk412.exe” to start the installation process. Once
the installation process is started Keil pVision welcome screen will appear.

Please read the instructions on the welcome window and click Next>> to start the
installation.

Setup MDK-ARM V4,12 3
Welcome to Keill gVision D: KE I E

Release 6/2010 Tools by ARM

Thiz SETUP progran installs:
MDK-ARM ¥4.12

Thiz SETUP prograrn may be used to update a previous product installation.
However, vou should make a backup copy before proceeding.

It iz recommended that pou exit all Windows programs before continuing with SETUF.

Follows the instructions to complete the product installation.

' Mext 33 I Cancel |

Please read the license agreement carefully. If it is acceptable click the check box and
click Next>> to continue.

NEX Robotics Pvt. Ltd. 9
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Setup MDK-ARM V4.12 Iﬁl

License Agreement DZ KE I E

Pleaze read the following license agreement carefully, Tools by ARM

Ta continue with SETUPR, pou must accept the terms of the License Agreement. To accept the
agreement, click the check box below,

End-User License Agreement for ARM Keil Software 2
Development Tools

THIZ EMD USER LICENCE AGREEMEMT (“"LICEMCE") IZ & LEGAL AGREEMENT
BETWEEM vOU (EITHER & SINGLE INDIVIDUAL, OR SINGLE LEGAL ENTITY) AND
ARM LIMITED ("&4RM"} FOR THE UZE OF THE TOFTWARE ACCOMPANTING THIZ
LICEMCE. ARM IS OMLY WILLING ToO LICEMSE THE SOFTWARE TO Yol OMN
CONDITIOM THAT voOU ACCEPT ALL OF THE TERMS IM THIS LICENCE. BY
LT TR M AGDEE® D B TRISTALL TR M0 ATHEDWTSE [ISTRE GD oD TR -

" | agree to all the terms of the preceding License Agreement-]

| ¢ Back r Mext > > ] Cancel ‘

Select the destination folder where setup will install files. It is always recommended to

select the default location. To create backup of old installation select the backup option
and click Next>> to continue.

Setup MDK-ARM V4,12 IE]
Folder Selection KE I E
Select the folder where SETUP will install files. Tools by ARM

SETUR will inztall phiziand in the fallowing folder.

To inztall to this folder, press 'West' Toinstall to a different folder, press Browse' and select anather
folder.

Destination Falder

{C:\Keil Browse ...

- Update Installation; Create backup tool folder

(¥ Backup old fles to C:\Keil\Backup.007 )

<< Back Cancel

NEX Robotics Pvt. Ltd. 10
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In the next window enter your information and click Next>> to continue.

Setup MDK-ARM V4,12 ['E

Customer Information DZ KE I E

Flease enter your infarrmation. Tools by ARM

Pleaze enter your name, the name of the company for whom vow work and vour E-mail address,

First Mame: lEmbedded Systemz Group

Last Mame: ]NBH

Company Mame  [New Robotics

E-mail: ]info@nex-robotics.con‘l

aEEond S etan

<< Back Memt > || Cancel ‘

On clicking next the file copying process will begin. Wait till setup is complete.

Setup MDK-ARM V4.12 [g]
Setup Status DE KE I E

Tools by ARM

phizion Setup iz performing the requested operations.

Inztall Files ...

Inztalling Clock.ini.

Caricel

NEX Robotics Pvt. Ltd. 11
Wwww.nex-robotics.com


http://www.nex-robotics.com/

NE@ ROBOTICS= LPC2148 DEVELOPMENT BOARD

Click Finish to complete installation process.

Setup MDK-ARM V4,12 X
Keil p¥isiond Setup completed D: KE I E

Tools by ARM

igion S etup has performed all requested operations successfully.

[~ Show Releasze MNotes.

[ &dd example projects to the recently used projact list}

Preselect Exampls Projects for

| £

[ Finish ] Cancel

2.2 Using Flash Magic Tool

The LPC series of microcontrollers are preloaded with the boot loader firmware which
allows self programming of microcontrollers using serial port. Flash magic is a utility
which provides an interface for reading, writing and verifying the flash memory of the
microcontroller.

2.2.1 Installing Flash Magic Tool

To install Flash Magic, Go to “Software” folder in the documentation CD and locate
“FlashMagic.exe” file. Click on “FlashMagic.exe” to start the installation process. Once
the installation process is started Flash Magic welcome screen will appear.

il Setup - Flash Masgic E“E|@

Welcome to the Flash Magic Setup
Wizard
Thig will inztall Flash Magic 569 on pour computer.

It iz recommended that you cloze all other applications before
cantinuing.

Click Mest to continue, or Cancel to exit Setup.

[ Mest » ][ Cancel

NEX Robotics Pvt. Ltd. 12
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Please read the license agreement carefully. If it is acceptable click the radio button and

click Next>> to continue.

5 Setup - Flash Magic

License Agreement

Fleaze read the following important information before continuing. 'rh

Fleaze read the following Licenze Agreement. vou must accept the terms of this
agreement before continuing with the inzstallation.

FLASH MAGIC LICEMSE -
EMBEDDED SYSTEMS ACADEMY, IMC. 7

“rou should carefully read the following terms and conditions before uging this
zoftware. Unless vou have a different licenze agreement zsigned by Embedded
Syztems Acadermy, Inc. ["ESA"] your uze, distribution, ar installation of thiz copy of
Flash Magic indicates your acceptance of thisz license,

It you do not agree to any of the terms of thiz License, then do nat install, distribute
ar Lz thiz copy of Flazsh Magic,

(@) | accept the agreement -]

{2 | do not accept the agreement

l ¢ Back [ Mest > ][ Cancel

Select the destination folder and click Next> to continue.

5! Setup - Flash Magic

Select Destination Location

Where should Flazh Magic be inztalled? 'h

__J Setup will inztall Flash Magic into the folloving folder.

To continue, click Mest. If pou would fike to select a different folder, click Browse.

l [ Browse... U

Tagranm e:z:"-.FIa:s:I'u b aqgic

At least 11 6 MB of free dizk space iz required.

l < Back ]( Nest > ][ Carcel l

In the next window choose the appropriate folder and click Next> to continue.

NEX Robotics Pvt. Ltd.
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o, Setup - Flash Magic

Select Start Menu Folder
‘where should Setup place the program's shortcuts?
. Setup will create the program's shortcuts in the following Start Menu folder.

Ta continue, click Mext. IF you wiould like to zelect a different falder, click Browse.

! [ Browse... ]]

[! Flash M agic

[ < Back ][_ Mext = ][ Cancel

Select the desired option and click Next> to continue.

fig! Setup - Flash Magic

Select Additional Tasks "
Which additional tasks should be perfarmed?

Select the additional tazks you would like Setup to perform while installing Flash Magic,
then click Mext.

Additional icons:

Create a desktop icon ]
re

Create a Quick Launch ico

[ < Back [ Mext > ][ Cancel ]

Setup is now ready to begin installing flash magic. Click Install to continue.

NEX Robotics Pvt. Ltd. 14
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LPC2148 DEVELOPMENT BOARD

Ready to Install
Setup iz now ready to begin ingtaling Flash Magic on your computer,

change any settings.

Click Install to continue with the installation, or click Back if you want to review or

Destination location:
C:hProgram FilezFlazh Magic

Start Menu folder:
Flazh Magic

Additional tazks:
Additionial icons:
Create a desktop icon
Create a Quick Launch icon

Cancel

Wait till setup installs Flash Magic on your computer.

& Setup - Flash Magic

Installing
Fleaze wait while Setup installs Flash Magic on your computer.

Extracting files...
C:AProgram FileshFlazh MaaichDrivers\Pcandry. exe

Cancel

NEX Robotics Pvt. Ltd.
Wwww.nex-robotics.com
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Click Finish to complete the installation process

i‘g. Setup - Flash Magic EJ|E|® '

Completing the Flash Magic Setup
Wizard

Setup has finizhed instaling Flazh Magic on your computer. The
application may be launched by selecting the installed icons.

Click Finizh to exit Setup,

[ Launch Flazh Magic
[] #iew the Release Motes

NEX Robotics Pvt. Ltd. 16
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2.3  Overview of Keil pVision4 IDE

To start Keil IDE click Start>Programs>Keil pVision4. The initial screen will appear
followed by the main window.

File Edit View Projet Flash Debug Peripherals Tools SVCS Windew Help

ISdd h " EOEE | @ R Q &[@-] X

|
EDITOR
PROJECT
OuUTPUT

For Help, press F1 Lict NUM

The Keil IDE main window in basic configuration is mainly divided into three areas.

Editor - It is the area where .c and .h files of the project are edited.

Project Explorer- It shows the project tree.

Output Window- This window shows the messages related to compiling, project
building and debugging.

NEX Robotics Pvt. Ltd. 17
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2.3.1 Create a Project in Keil for LPC2148 development board

1. To create a new project, Select Project>New uVision Project from the main menu.

() pVision4

File Edit View |_Project!FIash Debug Peripherals Tools SVWCS  Window Help

DE | ﬂ( Mew p¥ision Project... mom W IE IE | B
':' By P g § i Mew Multi-Project Workspace... - Y i
RS sl R Open Project..,
Export ’
Manage r
Koo

2. Create a new directory and name it as First_Project. Click open to enter in to this
directory.

Create New Project

Savein: iw Local Disk [C:) _:J & =k B

] [CTiDocuments and Settings
3" (ki

My Recent [ZiProgram Files

Documents i
@ (l' {First_Froject
Desklop

My Documents
Fy Computer
by Metwork File name: | :_J ( \ﬂj

Places

Save ag type: IProiect Files [*.uvpraj) ﬂ Cancsl
=

NEX Robotics Pvt. Ltd. 18
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3. Inside this directory create a new project and name it as First Project and click Save

to continue.

LPC2148 DEVELOPMENT BOARD

Create New Project

Savejn{ IE’) First_Project _:J I = |‘=_°F v

&

My Recent
Documents

=

L)
i
“
=
[=]
=]

¥

My Dacuments

&

by Computer

M Metwork,
Flaces

(’&

File name:

Save az lype

=
|

‘ Save ||
Cancel

o

' 1First_F'r0iecli I

JF'roiec:t Files [*.uwproj)

4. In the next window locate NXP (founded by Philips) tree and expand it.

Select Device for Target “Target 1°...

CPU

Wendor  Actel
Device:

Toolzet:

Data base

D escription:

+ @ Energy Micro

& Fujtsu Microslectonics

& Generic

e Lurninary Micra
MHuwatan
=P [founded by Philips

@ Freescale Semiconductor

]

EM77IFHMN33
LH 75400
LH7540
LH75410
LH7E411
LH73520
LH73524

YERENEIERENEREY

Ea)

0K

i

Cancel 1

NEX Robotics Pvt. Ltd.
Wwww.nex-robotics.com

19


http://www.nex-robotics.com/

N E@ P — LPC2148 DEVELOPMENT BOARD

5. Now select target device as LPC2148 and click OK to continue.

Select Device for Target ‘Target 1°...

CFPU

Yendor  MEP [founded by Philips)
Device: LPC2148

Toolset:  ARM
[ata baze Description:

LE] LPC13z/m B ARMYTDMI-S bazed high-performance 32-bit RISC Microcontraller with Tk
£ LPC2134 = 512KB on-chip Flazh BOM with In-System Programming (15F) and n-4pplic
£ LPC21 34401 Two 10bit ADCs with 14 channels, USE 2.0 Full Speed Device Controller

Two U&RTz, one with full modem interface:

€3 Lrese Twa |20 serial interfaces. Two SP serial interfaces
£4 LPC2136/01 Twio 32-bit timers, ‘W atchdog Timer, Pk unit,
£3 LPC2133 Real Time Clack with optional battery backup,
£ LPC21 38401 Brown out detect cincuit
£ LPCo1at General purpoze [0 ping.

L= CPU clock up to B0 MHz, On-chip crystal ozcillator and On-chip PLL
£3 LPc2142
£] LPC2144

£ LPC2146
Ed LPCZ194
e vl e >

UT]] Earioel ] Help

6. Click Yes to copy Startup.s file to project folder. This file configures stack, PLL and
maps memory as per the configurations in the wizard. It is discussed in the later sections.

pVision

?") Copy Philips LPC2 100 Startup Code ko Project Folder and Add File ko Project ¢

i
Yes Mo |

NEX Robotics Pvt. Ltd. 20
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7. Observe the project explorer area in the main window.

(% First_Project - pVision4
File Edit Wiew Project Flash Debug Peripherals Tools SWCS  Winde

D EHP| %R o e (RERES

=2 3] B & ¥4 | Target1 R T

B4
=15 Source Group 1

b Startup.s

8. Now click Project>Manage>Components, Environments, Books from the main
menu to ensure compiler settings.

(W] First_Project - pVision4
File Edit View | Project | Flash Debug Peripherals Tools SVCS Window Help

— DS da| Mew pWision Project... ' = EE N B

Mew Multi-Project Workspace..,

. Qpen Project...
—— ] Close Project
I':'Iﬂ Target 1
[=+5 Source Gr, s *
Startd| =
| hanage 5 |£ Components, Environment, Books..
Select Device for Target Target1'... THISEE )

,fé Options for Target ‘Target1'... Alt=F7

Clean target
Build target F7

Rebuild all target files
Batch Build...

Translate.., Ctri=Fr

e
.

5top build

NEX Robotics Pvt. Ltd. 21
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9. In the Folders/Extensions tab ensure the compiler settings are as shown in the fig.
below. If you have installed keil software at a different location then change Tool Base
Folder location. Click OK to continue.

Components, Environment and Books

4 Folders/Ertensions ngksl

— Development T ool Folders — Default File Extensions:
p

C Source: ix-C
C++ Source: Ix-CDD

Froject Companent

[T Us=Settings from TOOLS N

Tool Base Folde | CAKeihARMY

Bt JEAKEhARMYBIY :‘I] A Soure: |58 e AT
INE: | = Obiect. [*obi
LIE: | _I Litran: |*lb

Fegfile: | _I Document; |t "h; “inc

-~ Select ARM Developrient Toolz

se Héaf\-fiew - der: |BINADY
(p Erreir ] (F!eaNlew Folder: I J _I

- Use GMLI GMU-Taal-Prefis [ moneeab
Carnpiler

GMU-Toal Folder: |Ii ©Program Filest CodelowreenysEourcen G4+ Lita' |

| ak, I | Cancel I

10. Now click File>New to create a new file.

|F'tie|Edit View Project Flash Debug Peripherals Tools 5SWCS  Window

ﬂ_ L New.. CtrI.+N] a9 poEoE s E g

"[EF Open Ctri=0 o
= ~ 4R dh
| A save Ctrf =5

Save 4

Device Database...

License Management...

Print Setup...
= Frint. Ctrl=P
Print Preview
Recent File
Exit
\
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11. Save the new file in to the same folder that was created earlier and name it as main.c
and click Save to continue.

Savein It‘} First_Project —vJ G l:j( E-

Ej Firsk_Project

5 @ First_Project
My Recent First_Project_Target 1.dep
Diocuments Startup.s

Deskiop

My Documents

My Computer

it S
My Mebwork. File name; Umain.cl J __:] \i] |
Places
Save a3 type: |f.1|| Files [*.7] ﬂ Cancel

12. Now add “main.c” to the source group by right clicking on the Source Group 1 from
the project explorer and select the highlighted option as shown in the fig. below.

(%) First_Project - pVisiond
File Edit View Projedt Flash Debug Peripherals Tools SVCS Window Help

\ = E G|
Target 1 v 5 AR
| [ mainc [x |
[T #include <lpozldx.h>
0z
“[#] Startu £% Options for Group 'Source Group 1., Alt=F7 [L<<18)
1<<17)
1<<18)
) l<<19)
1<<18)
1<<17)
Rebuild all target files 12218)
Build target F7 j1<<13)
N )
Add Group...
(- Add Files to Group 'Source Group 1'...
Remave Group 'Source Group 1" and its Files
t Manage Components...
NEX Robotics Pvt. Ltd. 23
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13. Select “main.c” file to be added and click ADD to continue.

Add Files to Group ‘Source Group 1°

Lioak, in: ik:_) First_Project _"_i - |:_°F -
e
(B
File name: Irnain Add ]
Files of type: |C Source file [“.c] _.:.] Closa

14. Observe
window.

File Edit View Project Flash

Debug Peripherals  Tools

EEN

SVCS  Window  Help

A Target 1 Hinelude
-5 Source Group 1

#defins LED

<lpo2ldx.

hx

#define LEDL1_OM({) IOL3ET=(1<<16)
2_CMi) IO13ET=(1<<17)
(il ] =

Loak in: i |5 First_Project

R Il = W e

E] main

NEX Robotics Pvt. Ltd.
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15. Right click Targetl in the project explorer window and select the highlighted option
as shown in the fig. below.

irst_Project - pVisiond

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

D H@| s a@ BB R EE |
$3 | Target1 v & A E
A main.c E
TR ETE T T D E T IO1ISET=1{1<<19)
Egdfé Options for Target ‘Target 1'... Alt+F7
.|

_ | IOLCLR=(1l<<18)
= =11 File {1 IOLCLR={1<<17)
{1 IOLCLR={1<<18)
{1 IOLCLR={1<<19)

Open N\First_Project. Map

gned char j)
Rebuild all target files

% Build target Fr g

00; i++):

Add Group...

16. In the appearing window select Target tab and set Xtal. frequency as 12MHz.

Options for Target “Target 1°

DevicDutput] Listing] |zer 1 E.n’l:++i Bzm ] Linker] Debugi LItiIities]

MeP [founded by Philips) LPCZ2148
Code Generation -

G«al (M) B ] [8RM Mode =]

Lj I Use Cross-Maodule Optimization
I~ Use MicraLIB I 'Bin Eridia

Dperating system; ] MHone

™ Use Link-Time Code Generation

—Read/Only Memory Areas - = —Readwiite Memomny Areas —

| default  aff-chip Start Size Startup | | default  off-chip Start Size Maolnit

~  ROMI: | ] » ™ RaMi: | | &

I~ ROMZ: | ] r ™ Ramz | ] u

™ ROM3 | ] r I Ram3 | | r
on-chip on-chip

¥ IROMI: ]Dxu ]stnuun & ¥ IRAMI: juxmnuunnu ]stnuu E

™ IROMZ | ] c ™ IR&M2: | | I

| ak I| Cancel || Defaults I

NEX Robotics Pvt. Ltd. 25
Wwww.nex-robotics.com



http://www.nex-robotics.com/

LPC2148 DEVELOPMENT BOARD

NE@ ROBOTICS=

17. In the Output tab ensure that Create HEX File option is selected.

Options for Target “Target 1°

Device] TargeListing} User ] E£C++1 Aszm ] Linker] Debug1 Utilities]

Select Folder for Objects... ‘ Name of Executable: JFilSLPlDiBCt

+ Create Executable; \First_Project
[ Create Batch Fil

¥ Diebug Informatian

I+ Browse Information

" Create Library: .MFirst_Project LIB

ak. | Cancel J Defaults ‘ Help

18. In the Linker tab ensure that the highlighted option is selected and click OK to
continue.

Options for Target ‘Target 1°

Device‘ Target] Dutput; Listingl Lser ] CHC++1 Asm Debug1 Utilities]

(-17 ze Memomy Layvout from T arget Dialog ]

[~ Make R Sections Pasition Independent Fi/0 Base:
I Make RO Sections Position [ndependent
[ Don't Search Standard Libraries

[¥ Repart might fail Conditions as Errors

RAw Base

dizable Warnings:

Sicatter Edit
File []_ e |

Misc
contrals

Linker |-cpu ARM7TOMI *.o --strict --scatter "'First_Project sct"'
control  {--autoat ~summarystderr -info summaryzizes --map --sref -callgraph --symbols

slring

Ok I | Cancel | | Defaults I
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19. Now since the project is almost setup we can start writing code in the “main.c” file
that was created earlier. For demonstration purpose you can copy the following code and
paste it in the “main.c” file. This code is written to blink LEDs on LPC2148
development board in the sequential order starting from LED1. Refer jumper settings for

LEDs from the hardware description section 3.2.

#include <lpc2l4x.h>

#define LED1 ON() IOlSET=(1<<16)
#define LED2 ON() IO1SET=(1<<17)
#define LED3 ON() IOlSET=(1<<18)
#define LED4 ON() IO1SET=(1<<19)
#define LED1 OFF () IOICLR=(1<<16)
#define LED2_OFF( TO1CLR=(1<<17)
#define LED3 OFF () IOICLR=(1<<18)
#define LED4_OFF( TO1CLR=(1<<19)

void Delay(unsigned char j)

{

}

unsigned int 1i;

for (;3>0;3--)
{

for (1i=0; 1i<60000;

}

int main (void)

{

}

PINSELO = 0x00000000;

i++);

PINSEL1 = 0x00000000;

IO1DIR = (1<<19)
pP1.18,

while (1)

{

LED1 ON() ;
Delay (25);
LED1 OFF ()
LED2_ON() ;
Delay (25);

LED2 OFF () ;
LED3 ON ()
Delay (25)
LED3_OFF (
LED4 ON ()
Delay (25);
LED4 OFF () ;

}

return (0) ;

)i
) .

’

NEX Robotics Pvt. Ltd.
Wwww.nex-robotics.com
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20. Now build the project by clicking on Rebuild button on the main toolbar.

(% First_Project - pVision4

File Edit “iew Project Flash Debug Peripherals Tools 5VC5  Windo

E%‘,‘ Target 1 ~ af\ ﬁ =

Rebuild main.c [
Rebuild all target files |#include <lpoZ2idx.hs
=5 Source Group 1 | D2

| #] Startup.s 03 #define LED1 OM{) IO13ET=(1<-
ain.C 04 #define LEDZ oON{} IOISET=(1<-
05 #define LED3 oNi} IOISET=(1<-
05 #define LED4 oN{} IOISET=(1<-
07
08 #define LED1 OFF () IOICLR=(1-
03 #define LEDZ OFF () IC1CLR={1-

21. You can alternatively build project by clicking on Project>Build Target from the
main menu.

(¥ First_Project - pVision4

File Edit ‘v’iew|Project_! Flash Debug Peripherals Tools SVCS  Window Help

|‘1| == - Mew pVision Project... /= ]
S e i Mew Multi-Project Workspace... 1 i
- Cpen Project...
—— . Close Praject
:E Target 1
[=1-E5 Source Gr Export 3
Manage » T=(1<<18)
T={ Tadq]
Select Device for Target ‘Target1'.., T=(1<<18)
T=(1<<19)
;& Options for Target ‘Target1'... Alt=F7 [LR=(1<<18)
LE=(1<<17)
Clean target LRE={1<<18)
| Build target F7 LE=(1<<13]
#5 Rebuild all target files ar ij
£ L
@ Translate C\First_Project\main.c ctrl=F7
|_|f7| 1 (\First ProiectiFirst Proiect.vnrai iy
NEX Robotics Pvt. Ltd. 28

Wwww.nex-robotics.com


http://www.nex-robotics.com/

NE@ ROBOTICS= LPC2148 DEVELOPMENT BOARD

22. You can observe the build process in the output window. If any errors, rectify it by
double clicking on it and you will be pointed to the erroneous line.

kri LEDZ_OFF () ;
a8 LED3 _CMN{j;
39 Delay(25):
40 LED3_OFF (] ;
41 LED4 ON():
42 Delay(Z5);
43 LED4_CFF () ;

Build Output 1

rassembling Startup.s...

compiling main.c...

linking...

Program Size: Code=g72 RO-data=16 RW-data=0 II-data=1256

"First_ Project.axf" - 0 Error(s), 0 Warningis).
A,

2.3.2 CODE WALKTHROUGH

#include <1lpc214x.h>

The first line of code includes the header file for LPC2148 microcontroller. These file
contains the definitions of special function registers related to this device. This file can
be found in Keil uVision 4 install directory.

#define LED1 ON() IO1SET=(1<<16)
#define LED2_ON() IO1SET=(1<<17)
#define LED3 ON() IO1SET=(1<<18)
#define LED4 ON() IOLSET=(1<<19)

The above 4 lines define the macro functions for turning ON LEDs.

For e.g. when LED1_ON() ; is called, it will execute IO1SET=(1<<16) .
This will set 16 th bit on PORT1

#define LED1 OFF() IO1CLR=(1<<16)
#define LED2 OFF() IO1CLR=(1<<17)
#define LED3 OFF() IO1CLR=(1<<18)
#define LED4 OFF() IOLCLR=(1<<19)

The above 4 macro functions are used to turn OFF respective LED. Please refer
LPC2148 user manual for more information on GPIO.

void Delay (unsigned char 7j)
{

unsigned int 1i;

for (;3>0;3--)

{

for (1=0; i<60000; 1i++);

}

}

The Delay (unsigned char j) function is used to provide some finite delay between Led
ON and OFF events.

NEX Robotics Pvt. Ltd. 29
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int main (void)

{

PINSELO = 0x00000000; // Enable GPIO on all pins
PINSEL1 = 0x00000000;
TOIDIR = (1<<19) | (1<<18) | (1<<17) | (1<<16); // Set P1.16, P1.17,

P1.18, P1.19 as Output

while (1)
{
LED1 ON();
Delay (25);
LED1 OFF ()
LED2 ON() ;
Delay (25) ;
LED2 OFF ()
)

Iz

r

LED3_ON ()
Delay (25)
LED3 OFF (
LED4_ON ()
Delay (25);
LED4 OFF () ;
}

return(0) ;

}

’

It is the main function of the code. The first and second line will initialize GPIO function on
all PORTO pins.

IOIDIR = (1<<19) | (1<<18) | (1<<17) | (1<<16);
The above statement will make portl pins P1.16, P1.17, P1.18, P1.19 as output.

while (1) statement will continuously execute the code inside its loop.

The first line LED1_on () ; will turn on LEDI and it will remain ON till delay function is
executed. The third line will turn OFF LED1 and turn ON LED2 and it will remain ON
till delay function is executed. Similarly as the code progresses the LEDs will turn ON &
OFF and it will appear as if LEDs are chasing each other.

The next step is to load the hex file in to the microcontroller using Flash magic utility.

1. Click Start>Programs>Flash Magic>Flash Magic to start Flash Magic utility.

2 . Click Select Device to select LPC2148 microcontroller.

NEX Robotics Pvt. Ltd. 30
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s Flash Magic - NON PRODUCTION USE ONLY
Flle ISP Options Tools Help

BEH AQ@SVYE> 9 H OB

2 - Eraze
lSeIect Device. . _I! B3CH1RAZR: | Erase block 0 [0=0000-0x0FFF]
Eraze block 1 [0x1000-041FFF)
COM Port: | w |
Baud Rate: | 3500 v
Interface: | Nane [15P] v|

[ Erase all Flash+5 ecurity+Clks
| [ Eraze blocks used by Hex File

Ozcillator [MHz]):

Hex File: | ’ Browse... ]
Modified: Unknown more infig
Step 4 - Optiohs Step 5 - Startl
[ ¥erify after programming  [] Set Security Bit 1 Shart ]
[T Fill unused Flash [] Set Security Bit 2
[]Gen block checksums [ ] 5et Security Bit 3
[ Execute [ Prog Clocks Bit

Techhical ondine articles about 8051 and k4 programming

www. ezacademy. com/dtag/docs [

é || ——

3. Expand the ARM?7 tree and select LPC2148 from the displayed list of microcontrollers.

Device Database

; 1@ LPC2131 A |USRT bootloader
; 1@ LPC2 32 | |BO0KE [0x0007CFFF) an-chip Flash
Rt blocks: Ox40000000 ->

@ LPC2134 Ox40007FFF
@ LPC2136 = | |Signature: 67305253 (040402FF25)
b LPC2138 || |Flash erased value: D«FF
; 1& LPC2141 Code Fead Pratection location:
@ LPC2142 T e .

@ LPC2 44 High speed communcations supported
- LPC2157
- LPC2158
-~ LPC2134
-y LPC212
- LPC2214 =

N B Tt o = M — -

Caricel ] [ ak
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4. After selecting the microcontroller, select the COM port that you are going to use and
ensure that other settings are as shown in the figure below.

lash Magic - NON PRODUCTION USE ONLY
File' ISP Options Tools Help
BE ARGVEY> © H OB

Step 2 - Erase

Step 1 - Communications

Select Device... | LPC2143

COM Port:{[COM 1 -

Baud Rate: [SBUU—V |

Interface: || None (ISP) b

Dscillator [MHz) ] 12

l: Erase blocks used by Hex File I

HexFiIe:i H Browse... J

Muodified: Unknowe mare info

Step 4 - Dptions Step 5 - Startl

i Verify after programming ) Start ]

LI Fill unsed Flash

igit the "'Flazh Magic' home page for info on the latest revision

wiawy. esacademny. com/sofbware/flazhmagic [

| —

5. To select the hex file click Browse and point to the folder that was created earlier and
select the hex file.

Flash Magic - NOM PRODUCTION USE ONLY
File ISP Options Tools Help

BH A#vES> @ B OB

Step 1 - Comim Step 2 - Erase

[ Select Device... || LPC2148 ~
COM Port [COM 1 =
Baud Rate: | 9600
| -

] —————————————— [ ]Erase all Flash+Cods Rd Prot
Ozeillatar [MHz]: [12 Erase blocks used by Hex Fil

| E:WFirst_Project'First_Project hex
Modified: Saturday, August 14, 2010, 12:14:13 Pk more info

Step 5 - Start!

Step 4 - Optionz

Werify after pragranmming Start
[ Fill unused Flash

CRELIME

Yizit the ""Flash Magic' home page for info on the latest revision

wii ezacademy. comdsofbwareflashmagic [
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6. Before loading the hex file prepare LPC2148 development board by doing the following
hardware setup.

1. Connect a DB9 cable between the selected COMXx port on your PC and the UARTO port on
LPC2148 development board.

ii. Plug in USB cable to the development board and slide ON/OFF switch to ON position.

iii. Enter in to boot load mode by keeping the BOOT switch pressed and then press RESET
switch, release RESET switch and then release BOOT switch.

7. After ensuring the hardware setup in step 6 click start to begin programming the hex file.

B4 Flash Magic - NON PRODUCTIOM USE ONLY
File ISP Options Tools Help

Select Device..

COM Part: EL"CDM 1 |

Interface:; !None ISP B

o= []Erase all Flash+Cade Rd Prat
Dscillator (MHz) |12

| Erase blocks used by Hex Filz

Step 3 - Hex File
Hex File: ;_E-:;Girs_t_?oiect\F}ra__F-'r_oi;ctjh_ex _.| [ Browse... ]
Modihed: Saturday, August 14, 20U 12474714 FM More nto

Step 4 - Optiohs

Start TI

__

“Werify after programming
[T Fill unused Flash
Genblack checkstm

Wigit the "Flash Magic" home page for info on the latest revizion

v ezacaderny. comdsoftware/flazhmagic [

o | ——

8. Observe the status bar at the bottom of the Flash Magic tool. Wait for the “Finished”
status and press “Reset” on the LPC2148 development board and observe the LEDs.
PR S e

“erify after programming l
[IFill unuzed Flash

Start J

OreLine training clazses for micracontrallers and embedded netwarking and
Internetworking

v, ezacademy. com/fag/classes
) 3

If not successful then repeat again from step 6.
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2.3.3 Configuring Startup.s File using Configuration wizard

The “startup.s” is the collection of assembly instructions that is supposed to be executed
at the start-up of the application code. The start up file contains information about the
PLL settings, peripheral clock divider, stack configuration, etc. This file can be found in
the Keil installation directory. On creating a new project keil allows you to copy this file
to the project source folder so that you can modify the settings as per your application
requirements without modifying the original file. To execute the start up code on reset
please ensure that following setting is done. To do this setting refer step 18 in section
2.3.1.

Options for Target ‘Target 1°

Device{ Targel] Dutput1 Listing] User ] D’E++] Azm Debug1 Utilities]

(f? Ltse Memary Layout from T arget Dialog ]

I~ Make Bw Sections Pasition Independent R/0 Base: |0=000000C

I Make RO Sections Position Ind dent
ake ections Pasition Independenl FiAW Base [Cranumonm:
™ Don't Search Standard Libraries

v Repart ‘might fail' Conditions as Ermars disable W arnings: |

Scaltftifé D Edit...

Mizc
controls

Linker |-cpu ARM7TOMI .0 --strict --scatter "First_Project. sct"
control  |--autoat --surmary_stderr ~-info summarysizes --map --wref -callgiaph --symbols
string

| ok || Cancel l| Diefaults I

1. In the Project explorer double click on “startup.s” file.

(@) First_Project - pVisiond

File Edit WView Project Flash Debug Peripherals Tools SV

& Ha R & o
ceE B e | B Targett v i o
A mainc
| _—;ETargeU e
- erSOMee-E 02 | #define LED1 OFF () IO1

03 | #define LEDZ OFF () IC1
10 | #define LED3 OFF ()] I01
11 | #define LED4 OFF () IO1

13 wveoid Delay(unsigned c

2. The startup.s file will open up as assembly file. To open the wizard click
Configuration Wizard as shown in figure below.
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(W First_Project - pVision4

File Edit View Project Flash Debug Peripherals Tools SUCS Window Help

DEdad| s =2 " EEE G| @ Fae Qeco e B
& [E & $5 | Targetl oy
Project c) T Sertups 0 ~
= 5 Target 1 w [/ 7 =
=63 Source Group 1 002 :/* STARTUP.S: Startup file for Philips LPC2000 -
Startup.s 0 s/ /
=1 ] main.c 004 /% <<< Use Configuration Wizara in Context Memn >> -
w5 s /
005 ;/+ Tnis file is part of the uVision/ARM development tocls. L
007 :/* Copyright (o) 2008-2007 Keil Software. All rights reserved. -
Q8 ;/# This software may caly he used under the temms of 2 valid, cuczent, 7
003 /% ema user licence from KEIL for a compatible version of KEIL software B
010 /% development toels. Nothing else gives yom the right to use this software. */
o 2
m2
013
o1 e
015 ; * The STARTUP.S code is executed arter GPU Reset. This file may be
016+ * tramslated witk the following SET symbols. In uVision these SET
017 ; # symbols are emtered under Options - ASM - Define.
s s
019 ; * REMAP: whem set the startup code initislizes the segistes MEMMAP
020 ; ¢ which overwrites the settings of the CPU configuration pims. The
021 ; % startup and imterzupt vectors are remapped from:
02 s 0x00000000 Qefault setting (mot remapped)
023 e 0x£0000000 when EXTMEM NODE is used
04 ;- 0240000000 when RAM_MODE is usea
05 e
026 ; # EXTMEM MODE: when seb the device is configured for code execution
027 ;% Trom external memory Starting at address 0x80000000.
028
029 : + RAM MODE: whenm set the device is configured Tor code execution
030 * from on-chip RAM starting at address 0x40000000.
ool - <
032 ; * EXTERNAL MODE: when Set the PINZSEL values are weitten that enable
033 : * tre external BUS at startup.
i
035
fic
037 ; Standazd definitions of Mede bits andl Interrupt (I & F) flags in PSRs
038
039 Mode_USE Eau 010
040 Mode_FIQ EQu 0x11

041 Mode 1RQ £Qu ox12 o
[« - ~ »

Ee.[@s.[ OF. 0,1 Tewt Editor ﬁ Configuration Wizard 1
:

&

For Help, press FL Simulation Lict NUM

3. Expand the PLL Setup tree to observe the default the PLL settings.

i E‘] main.c Startup.s ﬂ
Expand All Collapse &ll Help

Option Walug

=+ Stack Configuration (Stack Sizes in Bytes)
#- Heap Configuration

-

r PLL Setup

I+ MaM Setup

- Exkerny

i R |

To include the PLL code in the startup file select the checkbox next to PLL setup
heading. Here MSEL setting indicates that the onboard crystal frequency (12MHz) will
be multiplied by 5. This indicates that the CPU core frequency will be 60MHz and this is
the maximum operating frequency for LPC2148 microcontroller. Care should be taken
while selecting the multiplier value to ensure that the CPU core frequency is not beyond
the maximum value. When using the PLL setup the minimum on board crystal frequency
should be at least 10 MHz.

The PLL divider selection maintains the frequency of internal current controlled
oscillator in the range of 150-320MHz. For more information please refer LPC2148 user
manual. The default setting for MSEL is 5 and for PSEL it is 2. So the core frequency
(FCLK) is 60MHz.

To change any setting just click on it and make use of the up/down arrows.
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B main.c B Startup.s a
Expand Al | Collapseal | Help

COption Yalue

+- Stack Configuration {Stack Sizes in Bykes)
+- Heap Configuration

- YPEDTY Sekup 1
—-PLL Setup

++MSEL: PLL Multiplier Selection

‘- PSEL: PLL Divider Selection

[ MAM Setup v
*.'5 Extarmal Memory Contraller {EM I

4. Now expand VPBDIV Setup tree and observe its settings. It is used to prescale the
peripheral clock (PCLK).
{_,"' main.¢ rﬂ Startup.s* ﬂ\

Erpand 4l | Collapseal | Help

Option Walue

+- Stack Configuration (Stack Sizes in Bytes)
|+l Heap Configuration

= WPEDIV Setup IS
WPEDIV: YPE Clock WPE Clock = CPU Clock | 4
| ECLKDIY: XCLK Pin %CLK Pin = CPU Clack | 4
= 3
& MAM Setup v
- External Memary Controller (EMC [

Observe that in the default mode it is not included but at reset the VPBDIV loads the
default value that is ¥4 of the CPU clock. Using the configuration wizard you can set the
peripheral clock as:

Y4 of CPU clock or

¥ of CPU clock or

equal to CPU clock.

For other settings please refer LPC2148 microcontroller user manual.
After you have done using configuration wizard rebuild the project.
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2.4 Using uVision Debugger in simulator mode

To use Debugger in simulator mode first we need to setup the debugger so as to use
simulator.

1. Right click Target 1 and select the highlighted option as shown in the figure below.

(%) First_Project - pVision4
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help

BT 3 K-

Lon

PgR B B @ B | %S| Target1 R )
('n ".' main.c ﬂ

et tE—rEreMN  I0LSET= (1<<19)
‘,f\ Options for Target ‘Target1'.. Alt=F7
|

Project

TO1CLR={1<<16)
{) IOLCLR=(1<<17)
{) IOLCLR={1<<18)
{) IOLCLR=(1<<19)

Open \First_Project.Map

el yned char Jj)
% Rebuild all target files

ILI Build target F7

003 i+ ;

Add Group...

2. In the debug tab make sure that the highlighted settings are done. Click OK to
continue.

Options for Target “Target 1°

Device] Target] Dutputi Listing] User ] C.-'C++] Azm ] LinkeUtiIities]

Settings

™ Use: [ULINK &RM Debuager v|  Settings

(% Use Sirulator
I Limit Speed to Real-Time

v Load Application at Startup v Bur to main{] v Load &pplication at Startup ™ Bun to main]
Initialization File: Initialization File:

I e B Bl

- Restore Debug Seszion Settings 1| 1~ Restore Debug Seszion Settings
V¥ Breakpaints V¥ Toolbox V¥ Breakpaints W Toolbox
v Wwatch ‘wWindows & Perfarmance Snalyzer v W atch Windows
v Memary Display Iv Memary Display
CPU DLL: Paramneter: Drivver DLL: Parameter:
[seRMDLL  |-cLFCZ100 [s4RMDLL |
Dialog DLL: Parameter: Dialog DLL: Farameter:
[DARMP.DLL  |-pLPC2148 |TARMP.DLL  |-pLPC2143

(il 4 | Cancel ‘ Defaults ‘ Help
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3. Start Debug session by clicking on Debug>Start/Stop Debug Session from the main
menu. Alternatively you can press Ctrl+F5 to toggle between starting and stopping of
debug session.

File Edit View Project Flash behug|PeripheraIs Tools  SWVCS  Window Help
= ~

!_‘:I Lj’ H ﬂ - Iz Y (@ Start/Stop Debug Session Ctrl=F5 = /= F_ﬂg

Project
| = ﬁ Target 1
[=1-£5 Source Group 1

¥ Startup.s
main.c

Targe ﬁ'g;-r Reset CPU

1 @ Insert/Remove Breakpoint Fa 2]
i

4. Click OK to continue.

r EYALUATION MODE
. Running with Code Size Limit: 32K

5. Go to Peripherals>System Control Block>Phase Locked Loop 0 to observe the
PLL settings on the microcontroller.

(%I First_Project - pVision4

File Edit View Project Flash Debugl| Peripherals | Tools SVC5  Window Help
!._‘1I Lj' lg ﬁ N et ( System Control Block q Memoary Accelerator Maodule

. _,—.J ; = Vectored Interrupt Controller | Memory Mapping Control
S Ee BT n @ ||E -

= Pin Connect Block ( Phase Locked Loop 0
1 [ |
- GPIO Slow Interface 4

Registers f (‘
= R — ; Phase Locked Loop 1
: 252 =5
| Hakclla | vale | Noxnooopz  GPIO Fastinterace ¥ VPB Divider
1=l Curmrent
RN T OxCoooo0z UART 4 Power Contral
R 0e00... UKDDSE?Z 12C Interface 4 External Interrupts
PRz 0x00... : SPIInterface v Reset
pg 0400 Ox000002 ese
] o 1R SSP Interface 5
R e0d. | - ystem Control & Status
~RB 0x00... ; i Timer 3
E, E? g"gg'" o7 Pulse Width Modulator
= WU
RS 000 08 | A= wp Converter rpo
Mg S 09 | #def a7
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6. In the Crystal Oscillator & Processor Clock section observe that XTAL is 12MHz
and CCLK is 60MHz. This is because the debugger has already executed the start up
code when we started the debug session. It also ensures that PLL settings that we had
done in the configuration wizard of the startup code are properly working.

Phase Locked Loop O (PLLO)

— Control Register

pLLOCON: [BiE ¥ PLLE W PLLC

- Canfiguration Fegister —
PLLOCFG: |0x24 MSEL:|5 «| PSEL: |2 |

i Statuz Reaister

PLLOSTAT: {0724 msEL [ -] PseL[ -]

[# FLLE [¥ PLLC [# PLOCK

i~ Feed Register- —
PLLOFEELD: ]EI:-:EE
Cryztal Ozcillator & Proceszsor Clock, =
><T.-'-‘-.L:] 12000000 MHz Crpstal Ozcillatar [Fozc]
CLOCK: BO.000000 MHz  Proceszor Clock [CCLE]

7. Now click Peripherals>Pin Connect Block to include pin connect block,

(W First_Project - pVisiond4

File Edit View Project Flash Debug SVWCS  Window Help

[ EH [ A, System Control Block e
T ES B0 R N -

Disassembly

Pin Connect Block

Registers

T GO Slow Interface 13 -.,r'.

Fieqister Enasble [
| EErE E{}DKDDDDDZ GPIO Fast Interface ] . #0x0000000
T ey 0. Ox000002 LART v |, [PC,#Ox008
R 000 DKDDSEDZ I2¢ Interface y s [BL]

R2 0x00... .
o D:DD_“ 0x000002 SFHintedace Ml re1.#0x00C
R4 P ' _ sSPlnterface |
RS 0:00... i main Timer 3
R& U0 ||| ey —— BTN e
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8. Similarly select Port 1 window.

(% First_Project - pVision4

File Edit View Project Flash Debugl| Peripherals |Too|s SWCS  Window Help
DS % R System Control Block

. = g Vectored Interrupt Controller
i ES® BT U 9 ||E
o |u"| Pin Connect Black

Registers

e GFIO Slow Interface

[ Regster [ | |, GPIO Fast Interface

=
00 .:DXDDDDDZ UART
fk0o, | 0*000002 12C Interface
DO | R o 208 — .
A Ox000002 RLErace . TR1, #0x00047

File Edit View Project Flash Debug Perpherals Tools SVCS Window Help

DS % a8 ]

Pin Connect Block

sar@leco @@

IR PiName | Functon &
B EHO 6o PO.O GPIO Port 0.0
POl GPIOPonOd
= | e
25: PINSELD - 0x00000000; _ // Enable GPIO om all pins | 8.7 |
E3400000 1OV R0, #0x00000000 Rhase Locked Loop.0 (PLLO) X SR H
oo, || oxooomozsc zssriosn LR R1, [PC, #0x0090] PConolRegie——— | |pys Zhoponns o Nome [ Ad.[Tie
25 oy || oxo0000260 Essi0000 sTR R0, [R1] PLOCON:[B03 [ PLLE W PLLC P06 GPIOPot0s
il e 26: PINSELL = 0x00000000; P07 GROPoAD7
i | Ot |ee G e
s I - - o
Eom e -
P e 0] [ sorpr | et ||| eroron
o bl B puostar o7z weel5 < poec[T =] | f [0 grorenors
(6 | #efine LEDI OFF() TO1CLR=(1<<16) s POTE  GRIOPatO4
ne 20| 09 #aesine LEDZ OFF () IO1CLR=(1<c17) (PSP 2 ARG POIS  GRIOPat01S @
B M| e meorr ) foictn (acio) -
nln B | 1| peesine smoCorr ) soncia i ‘mnpmyﬁ ‘ ‘ it OIS =
R12 0x00. -
R13(5P) 0x00. I void Délavimsigned char:s) G Pracessor Ch
T R o T e e || || o e
unsigned tnt i
IR = H st CLOCK: [ B000008D MHe Prosesser Cock (CCLK) | || PINSEL: Gr15400000
i x 7] 1
sosrR o
for(1-0; 1<60000; 1+ =
el ! General Purpose Input/Output 1 (GPIO 1) - Slow Interface
o @5 i 3 B M@ B 15 Bk 87 B O
1 e s s s s
< ] oo BT P B B e
2
- Abon o e JOSET: [B00000000 (=T~~~ T (T FT T
e 2B o1 T P OO T
b5 prvszLo = oxoooononos /7 Enable GBTO on a11 pins
e e * FITTTTTT FTTT
S‘Z‘:S D“DE 27| TOIDIR = (1<<18) | (1<<18] | (1<<17) | (1<<16); // Set p1.| Pins: [WFFFFO000  GRRRRRR RRMRRERR
2 _
sec v (8
| wnitery
3| ||
2| evi_own:
3| velayies):
S
w| vz own:
3| velayizesi:
3| uepsorr():
| Levaown: c
Eproject | S Registers [« | i
Comnand x|
| ome Ve
#++ Restricted Version with 32768 Byve Code Size Limic
*%+ Currencly used: 576 Bytes (2%)
>
ASSIGN BreakDiseble BreakEnable BreakKill BreakList BreskSet Breakiccess COVERAGE DEFINE DIR | Gcanstack uocats [Evremon |

Real-Time Agent: Target Stopped. Simulation t1:0.00001868 sec i UM S

10. Now use Step function to step through the code. Alternatively you can press
Ctrl+F11. Observe the changes in the Pin connect block and Portl block as you step
through the code.

File Edit View Praject Flash Debug Peripherals Toaols 5VWCS  Window Help
DSdd|s @~ m
e

e |
{43 Step (F11)
| Step oneline| Z5: PINSELO = Ox00000000; £LEx
; FI}DXDCIDCIDZ'SEF EZL00000 MOV RO, #0xC
w00 .-:DXDUDUDZSC E59F1050 LDER R1,[PC,

0vill 0x00000260 ESS10000 STR RO, [R1]
o 1B 26: PINSEL1 = Ox00000000;
Dxnum . 0x00000264 ESS10004 STR RO, [E1,

0w00... e
0400, mainc [£]
000 | |7

0001 v | 5

Startup.s I
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11. When you encounter the delay function you can simply use Step Out function. It will
execute the delay function and take execution to the next line immediately after the delay
function.

(% First_Project - pVision4

File Edit WView Project Flash Debug Peripherals Tools 5SVCS  Window Help
DS Ha| & BB
% B

Registers

--’ Mizaccamhbhe
{'¥ Step Out (Ctrl=FL11)

Register ! Yalue | step out of the currentfunctionFEDDDD: i++):
i T I9T T
= Current
Y 00 cy0x0000022C  E3A01000 MOV F1, #0x00C
B annm 0x00000230 EADOODOO B 0x00000% =
Rz U:-:4Dm 0x00000234 E2811001  ADD FE1,R1,#0:
" || oOxooOOOZ3E ESSFZOED  LDR B2, [PC, #i
R3 040, &l
- R4 0«00, |
R& Dx40... / s nr T I
~RE 000, ey

12. Now press the Reset button to Reset the CPU and observe the PLL window.

File Edit View Project Flash Debug Peripherals Tools SYCS  Win

iDEdd| @) - PRBER =
HlEo wro o » 066 s

o 4 _ Disassembly

ReTReset 239: Vectors LDE
‘ELETQ Rmtthecpu:@ HOx00000000 ES9FFO18  LDE
Current %
A moo. || 240 LDE
A1 000, || Ox00000004  ESSFFOLE  LDR
Rz msoo.. || =L LDR
A1 oo [, DTDDDDDDDS ES9FFO13 LDR
R4 0u00.. |1 —
~RB 0:00... | y main.c nr Startup.s I
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13. Observe that CCLK is also reset and now it is equal to XTAL frequency. Similarly
the GPIO and pin connect block vales are also reset.

=5 e Pin Connect
@ecoseldE] -
Pin Mame l Function | A
FO.0O GFIO Port 0.0 |
PO.1 GPIO Port 0.1 |
: =i | P02 GPID Part 0.2 = F
Phase Locked Lopp O (PLLO) PO GFIO Port 0.3
= Chitfol Fiagister — | PO.4 GFIO Port 0.4 |
FO.5 GPIO Port 0.5 =
PLLOCON: [0 [ PLLE [~ PLLE POG GPIO Port 0.6
PO.7 GPIO Port 0.7
— Configuration Register FO.8 GPIO Port 0.8
: = = F0.9 GPIO Port 0.9
PLLOCFG: {000 MSEL: |1 PSEL: {1 POAD GFIO Port 040
_ Status Register FO.11 GFIO Port 0,11
o PO.12 GPID Part 0.12 L
PLLOSTAT: [0x0000  MSEL:[1 -] PSEL:[7 -] P03 GPIO Port 013
FO.14 GPIO Port 0.14
R e R FO1S  GPIOPot015 ¥
-~ Feed Register - Selected Fin
PLLOFEED: [0x55 PO.0: [GPIO Port 0.0 |
£ Crystal Oscillator & Processor Clock———————— -~ Pin Select
XTAL:; 12000000 MHz Crystal Oscillator [Fosc) PIMNSELD: liDDDDDDDD PINSELZ: ;DRDDDDDDSD
CLDEK:I 12000000 MHz Processor Clock [CCLE) PIMNSELT: {0=15400000

General Purpose Input/Output 1 (GPIO 1) - Slow Interface

s 3l Bit 2423 Bts 1615 Ris & 7 Bit: 0

I01DIR: (000000000 T P T CT T T

1 RET = TN e e

I01CLR: [0:00000000 T T FT T T FTT T

|D1P|N:!URFFFFUUUU FRFFFFFFF FFFFFFFE TTTTIT I T TTITITIT
Fins [IFFFFI00 v vwmi i i v v vy

14. Now let us setup a break point at line no. 25 i.e. at the beginning of the main
function. It will halt the execution when the debugger encounters this line.

e e 11 | #define LED4 OFF () IOLCLR={1<<13)

1
- R12 0w00.. 1§_ ‘roid Delay(unsigned char j)
~R13(5P) 000, JaE
“RI4[LR) 000, b samaean o
~R15(PC) 0:00... ||| L 1
- CPSR 0x00... '1-? > G ‘
e BO0. |lyg | forti=0: i<s0000; it4):
UsersSystern
Fast Interrupt 1 b
Interrupt '20_ =)
Supervisor 21 %
Abart 22 ’ E
Undefined 2. iny Esinivord)
= Irternal ST .
RO g e, 25 | | PINSELD = 0x00000000; /4 Enable GPI0 on 211 pins ]
- Mode e 75 FINSELT = URO00OO00TS
ST A 0 2?_ IOIDIR = (1<<19) | (1<£<18) [ (1<£<17?) [ (1l<<16): J// Set P1
- Ses 0.00.. -
29
30| while(1)
i
2 LEDL ON{]:
i Delay(25):
34| LED1_OFF();
3| LEDZ_ON{):
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15. Now click Run to start the execution.

LPC2148 DEVELOPMENT BOARD

Edit

View Project Flash

Debug Peripherals Tools SV

D =™ A< A e W

Start code exacution |

tisassembly

L

LTt

0=00...
0=00...
0=00...
0=00...
0x00...

25: PINSELO = oOx0000C
.D}:DDDDDZSS EZAQOOOO MOV
- Ox00000Z5¢C ES9F1090 LDR

0x00000260 ESS10000 STR

ZA: PINSEL1 = Ox0000C

0x00000Z 64 ESS10004 STER

0=00...

16. After clicking on RUN observe the change in the CCLK field. The execution has also
halted at the breakpoint that was setup earlier. Now again if you click Run the code will

continue to execute.

25: PINEELD = 000000000
e
xo00D025c  ESSFinen LR
fx00000260  ESaionon STR
26: PINSTLI = mxao00o000;
0x00000264 ESS10004 STR

=l

/7 Ensble GPIO on all pins
RO, #0%00000000

R1, [PC, #0x0090]

RO, [R1]

RO, [R1, #0x%0004]

08 | #define LED1 OFF () IOLCLR=(1<<16]
03 | #define LED2 OFF () IOLCLR=(1<<17]
10 | #define LED3_OFF{) IOLCLR=(1<<18)
11 | #define LED4_OFF{) IOICLR=(1<<18}

2t

13 wvoid Delay(unsigned char j)
HEL

15 unsigned int i:

16| for(:3»0:3--)

t

18| for(i=0; i<60000: i++):
i

Ly

»t
23 int main(veid)

-
@25 PINSELO = 0x00000000;

// Enaple GPIO on 21l p.ms]

F P INSELT =

27| IOIDIR = (1<<19) [ (1<<18)
2

2

30 | while(1)

kil

¢

@ LEDL ON(}:
33 Delay(25);
34| LEDI_OFF(};

NEX Robotics Pvt. Ltd.
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| (1<<1?) | (1<<i6):

/7 Set 1|

pmgl | PO.2 GPIO Port 0.2 |
Phase Locked Loop 0 (PLLO) 3] MIE GPIO Port 0.3
ey || GPI0 Port 0.4
| | POS GPIO Port 0.5
PLLOCON: 003 ¥ PLLE W PLLC ‘ POE GFIO Port 0.6
L | P07 GPIO Port 0.7
1~ Configuration Register ———————————————————————— POB GPIO Port 0.8
[0t | = F03 GFIO Port 0.3 5
PLLOCFG: |0x24 MSEL: |5 PSEL: |2 ‘ POAD GPIO Port 0.10 ]
T ——— PO GPIO Port 0.11
[ F012 GPIO Port 0.12 S
| PLLOSTAT: |0x0724 MSEL:|5 ~| PSEL:|Z? ~ P03 GPIO Port 013 1
P014 GPIO Port 0.14
If e PLLrE’ ¥ PUC [ PLOCK | P0G GPIO Port 0.15 .
1 Feed Regis - Selected
1 PLLOFEED: {055 ‘ PO.0: |GPIO Port 0.0 =
‘-T:vysta\ Dscillator & Processor Clock. ~ Pin Select 1
KTAL: 12.000000 MHz Crstal Dscillator [Fosc] PINSELD: |0x00000000 PINSEL2: |0x00000030
CLock: £0.000000 MHz Processor Clock [CCLK] PINSEL1: |0415400000
General Purpose InputiOutput 1 (GPIO 1) - Slow Interface [x]

| GO
| 101DIR: [0x00000000

N Bls 2423  Bis 1615 Bits 8 7 Bite 0 |
| T R I

| IOSET: [0,00000000 =TT T P

| 0CLR [GE000000 T T T T T T T T CT T

101FIN:[OFFFFO000  PRRRRRRR FRRFPRERRR CTTTTTTT
Pins: [FFFF0000  URRRVVVIY MWWV

FTTrTroT
FTITTTITT
|2t

43
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3.0 HARDWARE DESCRIPTION

POLER 9 2 ¢ QON —
[|:|13@ 3 [+ ¥ [ g
7,64 oj ® ® ® ® %
O 000000 i "
- ! I & 060660 " LM1117-303
(L] ( 00 oo o]
— g ° 20 d -
=t o o0 n =
p— cof® 00 un — 0990
E— [y 0 m | s /m o
— ] 00 00 g = 0O00|m
] ——=) 500 o0 +~ O
] f 58« e D@L
P ;00 00 o5 8= 3seE 18K
l—1 = 5 -OL
Sk Moo 6o BT A BCS5
: % . 00000000 & X £
00000000 ] o == % -
El'l_"; X‘:' [o] gg 5] 000|[;
. TurG. Tu ity 2 owo[o][olun x| Y@|o
3 < Z|000|Y
LPC2148 Z 3 m &
00
® ~oonoI2BN2SRR RanegRRNRs,  |[ooll ggg
E 99959590999 gSusdiias A da02 oo |¥x =
& [ e o o o o I I = I = -y = T o N o M = A M = Ny = B N T ) 48995
=1 YOO NN CNCICIOCXOEEENE CIBIEEE) 00 f
©.0.0.000.600.0.60600060680600600600608 Oobggg
o o SNEYESN  ERVOSNTOESD o
sddodedseddsduns —_
a0ofan AafafaZZO

.......

® @
® @,

N (@ @,
®)8.19
® @
®® 1
® @, P
® @, p!
w]op
SWITCH
® @

SU2(@ ®)8.13

SW3(@ @)8.12

SH4(@ @)8. 38
ADC

DBS
Bs
B
/|

SHL

" :
L293D i

10@ur /254

L] ¢l fm) C )
(OB B o §sesesd
e W RWESTEEYYY 0
EF IR ERSELTTIERS

SD/MMC SOCKET

BBuF / 25V
- N

=]
=y =]

[l
L E ) =
[ ]

L2830

3

[Cuo
Crdo
Ch]o4

3.1 Main Expansion Header

- MION O
SO0
[ W N Y T
[OMONCNMONO)

0606066

® @) pp. 11
PR.12@ ®)pp, 13
PR.14 @ ®)pp, 15
PR.16 @ ®)pp, 17
Pp.18® ®)pp, 19
Po. 28(@® ®)ppg, 21
PR.22@ ®)pg, 23
N ® ®)pg, 25

® ®)Ne
Po. 28(@ @) pp, 29
Po.30@ ®)pg, 31
P1.16 @ ®)p1.17
P1.18® ®)p1.19
P1.20\@ @)p1, 21
p1.22(@ ®)p1, 23

® ®)p1,25
P1.26 @ ®)p1, 27
P1.28® ®)p1, 29
P1.30\@ ®)p1, 31
3U3(® ®) GND

c

NC
Pl.24

PBa.1a

All port pins on LPC2148 microcontroller are accessible on the 50 pin main expansion
header. 50 pin FRC wire can also be connected to this connector. The expansion header
allows user to interface external peripherals to LPC2148 microcontroller. Apart from port
pins, it also includes 3.3V supply which can be utilised to power external devices. When
using the expansion header, it is necessary to disconnect the on-board peripherals
connected to these pins by removing the jumpers which links these pins to the on-board
peripherals. Refer following sections for jumper settings.
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Note: 1. Total current drawn by all external peripherals must not be more than
150mA.
2. Do not connect any external supply to the 3V3 pin on the expansion header

3.2 LEDs

1.16

LED

© &

® @1.17

® ©)1.18

CXO)

K_]D1

kD2

K ]p3
[k ]D4

D1
D2(
D3(
D4(
C
L
L
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LPC2148 development board has 4 user programmable LEDs. The port pins for LEDs
are as shown in the above figure. Jumper D1 is associated with Led D1 and so on.
Jumper positions are as shown in the above figure. Alternatively you can make
connection between any port pin and LED directly using 1tol cables. All LEDs are
common ground with series resistor of 1K.

Note: 1. Port pins P1.16, P1.17, P1.18 and P1.19 are also used for L.293D direction
inputs.

3.3 USER SWITCHES
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LPC2148 development board has 4 user programmable switches. The ports pins and
jumper settings are as shown in the above figure. When a switch is pressed it will pull the
associated pin to logic ‘0’. Port pins P0.15 and P0.30 features alternate function of
external interrupts. Jumper SW1 is associated with switch SW1 and so on.
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34 LCD INTERFACE
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The LPC2148 development board is included with 4-bit HD44780 based LCD interface.
It can be used to interface 16x1, 16x2, 20x4 characters LCD display. The board is
shipped with 16x2 character LCD display. The jumper positions and port pins are as
shown in the above figure. The B/L jumper setting is used to control LCD backlight. On
removing this jumper LCD backlight will turn OFF.

3.5 BUZZER

BUZ([@ @)@.11

Buzzer is connected to P0.11 of LPC2148 microcontroller. Logic ‘0’ on P0.11 will turn
ON buzzer. P0.11 is open drain type and it requires external pull-up for proper operation.
The LPC2148 development board have a pull-up on buzzer side. If using this pin for

some other purpose then it is recommended to use a pull-up of 10Kohms on the external
board.

3.6 IR RECEIVER
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There is a TSOP1738 IR receiver on LPC2148 development board. The jumper position
is as shown in the above figure. Alternatively IR receiver can be connected to any port
pin using 1-1 cable.
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3.7 TRIMPOTS
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LPC2148 development board has two trimpots connected to AD0.1 and ADO0.2 on the
LPC2148 microcontroller. The jumper positions are as shown in the above figure.
Jumper AN represents trimpot AN1 and AN2 represents trimpot AN2. The trimpot
voltage range lies between 0-3.3V.

3.8 UART1/XBEE/BLUETOOTH/WIFI

XBEE

Fig.3.1

The LPC2148 development board has a provision for interfacing XBee / Bluetooth /
WiFi wireless modules. The wireless modules use UART for the communication with
microcontroller. The UART1 on LPC2148 microcontroller can be used for this purpose.
The jumper positions for the desired operation are shown in above figures. If jumper
positions are as per fig.3.1 then UART]1 is selected for Xbee wireless communication. If

jumper positions are as per fig.3.2 then UARTI is selected for RS-232 serial
communication.

3.9 SPIINTERFACE
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The LPC2148 microcontroller features 2 SPI interfaces i.e. SPI0 and SPI1. On LPC2148

development board SPIO is used for interfacing SD/MMC card. The SPI expansion
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header contains 4 signals related to SPI0O. The jumper positions and associated pins for
SPI-SD/MMC interface are shown in the above figure. To use SPIO for the external
interfacing, remove these jumpers. The SPI0 pin conventions on the expansion header are
with respect to master i.e. LPC2148 microcontroller.

3.10 I2C INTERFACE

The 12CO peripheral on LPC2148 development board is used for interfacing 24LCxxx
EEPROM memories from microchip. The above figure describes the jumper positions
and pins used for [2C interface.

3.11 ULN2003
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Fig.3.3 Logic Header Fig.3.4 Driver header

The LPC2148 development board features a high current ULN2003 driver. It has 7
darlington transistor array. Each transistor can sink current up to 500mA. This device is
useful for driving a wide range of loads including solenoids, relays, DC motors, LED
displays filament lamps, thermal print heads and high power buffers etc. For more
information on ULN2003 refer to data sheet included in the CD. Fig.3.3 describes the
jumper positions for logic inputs to the ULN2003 driver. To use any channel insert a
jumper in its respective position. Fig.3.4 describes the expansion header for connecting
relays, stepper motors, LEDs or any inductive load. Logic ‘1’ on input channel will drive
the load connected to the corresponding channel. The application circuit used in the
experiment is shown in the figure below.
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The cathode of LED is connected to the pin named as ‘1’ on Driver header and I/O pin
connected is connected to pin named as ‘1’ on Logic header by placing a jumper in its
position.
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3.12 1.293D 600mA Dual DC MOTOR DRIVER

V1=536V

Cl=470uF/S0V

Fig.3.5 Supply and motor connections

The LPC2148 development board has one L293D motor driver IC. L293D is designed to
provide bidirectional drive currents of up to 600mA at voltages from 5V to 36V. For more
information on L293D motor driver IC refer device data sheet included in the CD.

Each motor driver channel requires two I/O pins for direction control and 1 I/O pin for
velocity control of a DC motor. The motor power supply is separated from the logic supply.
The logic supply is provided from the on board power supply. The motor supply should be
provided externally as shown in fig.3.5.
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The L293D direction control port and LED port uses same pins on LPC2148 microcontroller.
So in order to use L293D driver all the jumpers on the LED header should be inserted as

shown in the fig.3.6.
The velocity of the DC motor can be varied using the PWM port on the LPC2148

microcontroller or it can be fixed to maximum velocity by connecting velocity pins to 5V.
For this purpose, LPC2148 development board has a header for selecting the source of
velocity signal.

+oU
Fig. 3.7a Fig. 3.7b
If jumper positions are as shown in fig. 3.7a, PWM channels 4 & 6 are selected as source of

velocity signal. If jumper position are as shown in fig. 3.7b, +5V is selected.
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Note: PWM channels 4 & 6 are multiplexed with UART1 RX and TX signals on
LPC2148 microcontroller. When PWM function is enabled on these pins do not insert
any jumper in the XBEE/UART header.

3.13 JTAG PORT
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The LPC2148 development board has a 10pin (2X5) JTAG box header for on chip
debugging. JTAG debugging requires pulling P1.26 low on reset in order to enter into debug
mode. To achieve this there is a 2 pin jumper on the development board as shown in the
figure above.

3.14 RTC

UART

The LPC2148 microcontroller features an in-built RTC and it provides Seconds, Minutes,
Hours, Day of Month, Month, Year, Day of Week, and Day of Year. It has a dedicated 32.768
kHz oscillator or programmable prescaler from VPB clock. It also has a dedicated power
supply pin that can be connected to a battery or to the board supply of 3.3V. LPC2148
development board has battery holder for providing battery back up to the internal RTC.
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4.0 SAMPLE PROGRAMS

The following sample programs are included in the CD. The sample programs are written in
keil uVision IDE version 4 by using the Real View complier.

The hex file can be loaded on the microcontroller flash memory using Flash Magic utility.
Detailed instructions for loading a hex file using Flash magic utility are provided in section
2.3.2.

The default clock settings for all sample programs:

Clock Settings |
FOSC 12MHz
PLL M=5, P=2
CCLK 60MHz
PCLK 15MHz

4.1 LED CHASER

Hardware Setup: Insert LED jumpers D1-D4.

Load the LED CHASER.hex file from LPC2148>codes>LED CHASER folder using flash
magic on the microcontroller flash memory.

Description: After loading the hex file, press reset switch. This application code will blink
DI1-D4 LEDs sequentially. The code explains how to use GPIO registers of LPC2148
microcontroller.

4.2 10 INTERFACING

Hardware Setup: Insert LED jumpers D1-D4.
Insert Switch jumpers SW1-SW4

Load the IO INTERFACING.hex file from LPC2148>codes> 10 INTERFACING folder
using flash magic on the microcontroller flash memory.

Description: After loading the hex file, press reset switch. This application demonstrates
simple 10 interfacing on LPC2148 development board. The program basically explains how
to read a pin and control the output. To see the result, press any switch and observe the
corresponding LED glow.

4.3 BUZZER

Hardware Setup: Insert SW4 Jumper.
Insert Buzzer Jumper

Load the BUZZER .hex file from LPC2148>codes>BUZZER folder using flash magic on the
microcontroller flash memory.
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Description: After loading the hex file, press reset switch. This application code explains
how to use external hardware interrupts. Switch SW4 is used to trigger Ext interrupt EINT3.
When switch SW4 is pressed buzzer beeps at different speeds.

4.4 LCD INTERFACING

Hardware Setup: Insert all LCD jumpers.

Load the LCD INTERFACING.hex file from LPC2148>codes>LCD INTERFACING folder
using flash magic on the microcontroller flash memory.

Description: After loading the hex file, press reset switch. This application code demonstrates

LCD interface on LPC2148 development board. LCD will display “Nex Robotics ARM
LPC2148”.

4.5 UARTO COMM (9600 bps)

Hardware Setup: Connect a DB9 cable between PC and UARTO. Setup the terminal
software with following settings:

Baudrate 9600

Databits 8
Parity None

Stopbits 1

Enable terminal to receive data in string format.

Load the UARTO COMM _9600.hex file from LPC2148>codes>UART0 COMM 9600
folder using flash magic on the microcontroller flash memory.

Description: This application code demonstrates UARTO peripheral on LPC2148. On reset,
it sends a string of characters to the terminal software running on the PC. It then asks for a
character to be sent from the PC to complete the communication test.

4.6 UART1 COMM (9600 bps)

Hardware Setup: Refer jumper settings for using UART1 from section 3.8.
Connect a DBY cable between PC and UART]1. Setup the terminal software with following
settings:

Baudrate 9600

Databits 8
Parity None

Stopbits 1

Enable terminal to receive data in string format.

Load the UART1 COMM 9600.hex file from LPC2148>codes>UARTI COMM 9600
folder using flash magic on the microcontroller flash memory.
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Description: This application code demonstrates UART1 peripheral on LPC2148. On reset,
it sends a string of characters to the terminal software running on the PC. It then asks for a
character to be sent from the PC to complete the communication test.

4.7 ADC

Hardware Setup: Insert trimpot jumpers AN1 & AN2.
Connect a DBY cable between PC and UART]1. Setup the terminal software with following
settings:

Baudrate 9600

Databits 8
Parity None

Stopbits 1

Enable terminal to receive data in string format.

Load the ADC.hex file from LPC2148>codes>ADC folder using flash magic on the
microcontroller flash memory.

Description: After loading the hex file, press reset switch. This application code
demonstrates ADC interfacing on LPC2148. The two trimpots are connected to ADO0.1 and
ADO.2 analog input channels of the microcontroller. The digital data is used to represent the
measured voltage and it is sent to the terminal software running on the PC. AN1 is connected
to ADO.1 and AN2 is connected to AD(.2. By varying the potentiometer you can observe the
change in values on serial terminal software running on the PC.

4.8 12C EEPROM

Hardware Setup: Insert LED jumpers D1-D4. Insert 12C jumpers SDA & SCL
Connect a DB9 cable between PC and UARTO. Setup the terminal software with following
settings:

Baudrate 9600

Databits 8
Parity None

Stopbits 1

Load the I2C_EEPROM.hex file from LPC2148>codes> I12C EEPROM folder using flash
magic on the microcontroller flash memory.

Description: This application code explains reading and writing on 12C EEPROM 24L.C04.
On reset, microcontroller will write 16 bytes of DATA on the EEPROM 24L.C04 and read
back the same data. The read data is then sent to UARTO, which can be observed on the
receive window of terminal software.
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4.9 SD MMC INTERFACE

Hardware Setup: Insert SPI jumpers SCK, SDO, SDI and /CS.
Insert SD/MMC card into the socket. Connect a DB9 cable between PC and UARTI. Setup
the terminal software with following settings:

Baudrate 9600

Databits 8
Parity None

Stopbits 1

Enable terminal to receive data in string format.

Load the SD MMC INTERFACE.hex file from LPC2148>codes> SD MMC INTERFACE
folder using flash magic on the microcontroller flash memory.

Description: This application code demonstrates SD/MMC interface on SPI bus. On reset
microcontroller writes a string of data as “ NEX ROBOTICS” on the memory card and reads
back the same data. This data is sent to UARTO, which can be observed on receive window
of terminal software.

4.10 DC MOTOR CONTROL

Hardware Setup: Insert LED jumpers D1-D4.
Insert Switch jumpers SW1-SW4
Insert PWM jumpers for +5V
Connect Motor i/p supply (12V) to the V pin on L293D header

Load the DC_ MOTOR_CONTROL.hex file from ,
LPC2148 > codes >DC MOTOR CONTROL folder using flash magic on the microcontroller
flash memory.

Description: This application demonstrates, how to use L293D for controlling DC motor.
SW1 is used to Start/Stop Motorl connected across terminals A & B on the L293D o/p
header. SW2 is used to control direction of Motorl. SW3 is used to Start/Stop Motor2
connected across terminals C & D on the L293D o/p header. SW4 is used to control direction
of Motor2.

4.11 STEPPER MOTOR CONTROL

Hardware Setup: Insert ULN2003 jumpers 1-4. Connect common wire on the stepper motor
to external supply as per the motor's rating. Connect the other 4 wires i.e. Coil 1 to coil 4 to
the inputs 1 to 4 on the ULN header. If stepping sequence is inappropriate then alter the
connection sequence.

Load the STEPPER. MOTOR CONTROL.hex file from LPC2148>codes>STEPPER
MOTOR CONTROL folder using flash magic on the microcontroller flash memory.
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Description: This application code drives unipolar stepper motor using ULN2003 driver on
the LPC2148 development board

4.12 RTC UARTO0

Hardware Setup: Connect a DB9 cable between PC and UARTO. Setup the terminal
software with following settings:

Baudrate 9600

Databits 8
Parity None

Stopbits 1

Load the RTC UARTO.hex file from LPC2148>codes>RTC UARTO folder using flash
magic on the microcontroller flash memory.

Description: This application code demonstrates RTC peripheral on LPC2148. It transmits
current time in 24h format on UARTO. Enable terminal to receive data in string format. By
pressing reset switch, the current time of RTC can be displayed on receive window of
terminal software.

4.13 XBEE/BLUETOOTH/WIFI WIRELESS COMMUNICATION

Hardware Setup: Refer jumper settings for using Xbee from section 3.8. Connect Xbee
USB adapter module to PC and install drivers. To install drivers refer Xbee USB adapter
module documentation available in the CD. Setup the terminal software with following
settings:

Baudrate 9600

Databits 8
Parity None

Stopbits 1

Enable terminal to receive data in string format.

Load the XBEE WIRELESS COMM.hex file from LPC2148 > codes > XBEE WIRELESS
COMM folder using flash magic on the microcontroller flash memory.

Description: This application code uses Xbee wireless module for communication over
UARTT1 peripheral on LPC2148. The jumpers settings are required to be changed in order to
select Xbee for UARTI on LPC2148 development board(see section 3.8). We will also
require a Xbee USB adapter module for receiving and transmitting data on the PC side.
Enable terminal to receive data in string format. After loading the hex file, press reset switch.
on microcontroller board, The microcontroller board will send the below message, which can
be observed on the receive window of terminal software on PC, where the Xbee USB module
1S connected,
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“Nex Robotics PVT LTD
ARMT7LPC214x Development Board
Communication Test
Send any character to continue”

As instructed in the last line of the above message, please type any character in transmit
window of terminal software. This character is received by the development board via Xbee
module present on board. The development board will reply by sending the message as “Test
Passed” to the terminal software running on PC. This message can be observed in receive
window of terminal software.

4.14 BOARD DEMO

Hardware Setup:
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1. Insert jumpers as highlighted in fig. 4.1
2. Insert any SD/MMC card of size up to 2GB in the SD/MMC slot.
3. Load hex file using flash magic and follow the instructions on LCD display.

Load the BOARD DEMO.hex file from LPC2148>codes>BOARD DEMO folder using flash
magic on the microcontroller flash memory.

Description: The Demo program is used to test all the peripherals on the development board.
After loading the hex file refer instructions on the LCD display.
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