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JX-2148
LPC2148 ARM7-32 hit Microcontroller Education board

1. Kit Contents

In standard package of JX-2148 board include :

1. JX-2148 Education board x1

2. CX-232 serial port cable x1
3. AWG#22 wire jumper, 7cm. length x 10

4. Documentation x1

5. CD-ROM x1

To run this education board you’ll need: DC adaptor +6vVdc 500mA
(maximum +9Vvdc)

2. JX-2148 board features

® | PC2148 microcontrollers are based on a 32-bit ARM7TDMI-S CPU with real-
time emulation and embedded trace support, that combine microcontroller with
embedded high-speed flash memory 512 kB. A 128-bit wide memory interface and
a unique accelerator architecture enable 32-bit code execution at the maximum
clock rate

® Standard JTAG connector

® USB 2.0 Full Speed Interface (USB connector type B). JX-2148 board provides
a USB interface connector that interfaces ot the on-chip USB peripheral of the
LPC2148 device. You may configure the board as self-powered or USB powered
device.

® Dual Serial Ports. JX-2148 provides standard DB9 connectors for both of the
LPC214x’s serial ports. UART-0 for communication and support In-System Programming
(ISP), UART-1 for serial communication and select to connect ESD-02 Bluetooth
module (optional) by jumpers.

® SD/MMC socket. The JX-2148 provides one SPI module to interface SD/
MMC memory socket.
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® A PS/2 jack for interface Keyboard or Mouse.
® 2 of push-button switches with resistor pull-up.
® 2 of LED indicator

® Analog Voltage Control for ADC Input. JX-2148 provides an adjustable
analog voltage source for testing the A/D converter feature of the LPC2148.

® A small buzzer for sound experiment

® Mini-breadboard 170 points contact.

® 32kHz crytal and +3V battery backup for real-time clock system within MCU.
® +3.3V on-board regulator for MCU and +5V for PS/2 circuit.

® Polarity voltage protection.

3. System requirements

To use the JX-2148 Education Board, the following item must be prepared :

® An IBM-compatible PC with port of the following:
- one unused USB ports to test USB experiment
- at least one unused RS-232 port for In-System Flash Programming via
Serial Interface. If have two better, because can download and test communication both.
® Install Windows XP Operating System

® Install LVision3 or Keil ARM tool kit evaluation version. Download at
www.keil.com

® |nstall LPC2000 In-system programming utility software from Philips.
Download at www.philips.com and search by keyword “Microcontroller ARM7”.

® USB to RS-232 serial port converter. In case the computer does not
provide RS-232 port. (Suggess UCON-232. See detail at www.inexglobal.com)

® DC adaptor +9V 500mA recommended.

® A serial cable, 9-pin male to 9-pin female, 1.8 m length, wired one-to-
one. In case using both UART in same time. CX-232 cable from INEX recommended

® ESD-02 Bluetooth module if need to make wireless communication.
® PS/2 Keyboard if need to make PS/2 keyboard interface experiment.
® PS/2 Mouse if need to make PS/2 mouse interface experiment.

® USB cable, AB type not over 3m. length for testing USB interface.

® ULINKUSB-JTAG adaptor. Direct contact to www.keil.com.
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4. JX-2148 board layout

The figure 1 illustration shows the important interface and hardware
components of the JX-2148 board.
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Figure 1 The JX-2148 board layout
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5. JX-2148 operation

The operation of JX-2148 board has 3 main sections following :
(1) LPC2148 microcontroller unit
(2) Power supply
(3) Input/Output circuit

Microcontroller unit consist of Philips’s LPC2148 and 2 of Clock oscillator circuit;
12MHz main clock oscillator and 32.768kHz for real-time clock. The full schematic
can see in the figure 2.

Power supply of JX-2148 has 2 regulator. One is +3.3V. It receives +6 to +16V
from external DC adaptor. The 3.3V regulated circuit supplies to the microccontroller
unit and many I/O devices. Another one is +5V for supply PS/2 circuit.

Many I/0O devices are installed on the JX-2148 board. Includes LED, Push-
button switches, Variable resistor for A/D converter circuit, Two of RS-232 serial port
interface, PS/2 jack, MMC/SD socket, USB port interface, JTAG interface for many
debugger such as ULINK from Keil or Olimex JTAG adaptor or Wiggler from
Macraigor, ESD-02 Bluetooth connector, Free I/O microcontroller port and a Mini-
breadboard 180 points for construction the experimental circuit.

6. JX-2148 circuit description

The complete shcematic of the JX-2148 board shows in the figure 2. The main
device is Philips’s LPC2148 ARM7 microcontroller. LPC2148 is assigned to connect
many I/O devices as :

P0.00/TxD0 and P0.01/RxD0 are connected to RS-232 serial port inteface
at UARTO

P0.02/SCLO and P0.03/SDAO are connected with I1°C bus or Two wire
interface (TWI)

P0.04 to P0.07 are connected SPI bus

P0.08/TxD1, P0.09/RxD1, P0.10 and P0.11 are connected with serial port
interface circuit; UART1 and ESD-02 Bluetooth module connector. User can select by
jumpers. P0.10 pin is connected with CTS pin and P0.11 is connected with RTS pin.
See the figure 3.
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N -
BLUETOOTH ) BLUETOOTH Install ESD-02 module
ESD-02 ESD-02 on female connector
| -0 0000
>
O O _ ESD-02
g
STATUS STATUS
| 00 0000

]

Select jumpers to define UART1 Select jumpers to define UART1
module of LPC2148 connected module of LPC2148 connected
with RS-232 serial port with ESD-02 Bluetooth module

Figure 3 Shows the step of select UART1 to connect RS-232 port and ESD-02
Bluetooth module (ESD-02 is optional device)

P0.12 and P0.13 are connected to buzzer.

P0.15 and P0.16 are connected with PS/2 jack. P0.15 is data pin and
P0.16 is clock pin.

P0.17 to P0.20 are SSP module port. They are connected with MMC/

SD socket.

P0.21 and P0.22 are connected with LED in active low.

P0.25 is D/A output of D/A converter module in LPC2148.

P0.28 and P0.29 are connected push-button switches with pull-up
resistors.

P0.30is connected with 10kW variable resistor for testing A/D converter
module.

P0.31 is used to control USB port interfacing and connected with REDY
connection indicator circuit.

P1.16 to P1.23 are free port.
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P1.24 and P1.25 are connected MMC/SD socket to testing card
insertion.

P1.26 to P1.31 are assigned as JTAG interface.

In-system flash programming of JX-2148 will work via UARTO module. SW3 is
ISP mode switch. Must pess this switch to enter ISP mode.

LPC2148 has each of SPI (Serial Peripheral Interface) and SSP (Synchronous
Serial Port) module. THe SSP module can work in SPI mode.On JX-2148 board define
SSP to connect with MMC/SD card interface. The SPI module (SPI0) will reserve to
connect addition SPI peripheral.

In A/D converter demonstration, on JX-2148 board provides one POT or
variable resistor is connected at P0.30 ready to test with programming.

In testing simple I/0 port, the JX-2148 board provides 2 of LED that connected
with P0.21 and PO0.22. About input device, provides 2 of push-button switch to
connect with P0.28 and P0.29. Two port pins P0.12 and P0.13 are connected with
buzzer to sound generator.

PS/2 interface need +5V. LM2931-5.0 IC is regulator +5V IC. It receive input
voltage from main DC adaptor.

USB interface use USBD+ and USBD- pin. They are connected limited current
protection resistor. Port 0.23/VBUS is connected with +5V from USB port connector.
Interface controlling port is function of P0.31 port pin. In connection must control
this pin to logic “0”. Thus, user can control the USB connections via software.

REF jumper : use to select the reference voltage of A/D converter module.
Normally connected with +3.3V. If need to use external reference voltage, user
can do very easy step. Remove jumper out and connect the external reference
voltage with middle pin of REF jumper.

DEBUG EN. jumper : Select to enable degugging via JTAG connector.
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7. Software Developmet tools :

7.1 Keil pVision3 evaluation version

The JX-2148 board can develope with any software development such as
WinARM with Eclipse IDE or Keil WVision3. However in this documentation will suggess
Keil nVision3 evaluation version. Developers can purchase the full version from
www.keil.com.

The limitation of Keil mVision3 evaluatiuon version is

® Programs that generate more than 16K Bytes of object code wiill not
compile, assemble, or link.

® The evaluation tools create Symbolic Output Format when the
RealView compiler is selected. Fully licensed tools generate standard ELF/DWARF
files.

® The debugger supports programs that are 16K Bytes or smaller.

® The RealView Linker does not accept scatter-loading description
files for sophisticated memory layouts.

® The RealView Linker restricts the base address for code/constants
to to OxXX000000, 0xXX800000, or 0x00080000 where XX is 00, 01, ..., FF. This allows
memory start address like 0x00000000 and 0x12800000.

® |t is not possible to generate position independent code or data.
The RealView C/C++ Compiler does not generate a listing file.

® The CARM compiler, assembler, and linker are limited to 16K Bytes
of object code. Source code may be of any size.

® The GNU ARM tools (compiler, assembler, and so on) that are
provided are not limited or restricted in any way.

7.1.1 Download

All steps are introduced in this document can change anytime depend on
the owmer website.

(1) Enter to Keil webpage by type URL as www.keil.com following the figure
4. See Software header and select Evaluation Software
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il Embedded Development Tools for ARMT/ARM! icrosoft Inte;

File Edit Wiew Favorites Tools Help

\_) Back = O - |£| |EL| _:\J | /-\‘Sear[h ‘\‘_Tj\'.;’ Favorites {‘\Q ‘ - .I_”, E - ‘f‘
Address |g“| btk f e, kil comy
GDLngEvI d| |C,| Search - @ | @ @29 blocked | ‘:vc Check

91,684 Tasking e Hitex » ATMEL e HI-TECH Software « HP InfoTech srl ¢ Cosmic Soft

autelink ~ | Autofil [ options ¢

OAlexa |- Qgeanch |-
Embedded Development Tools DZ'KE't

An ARM® Company

Home | Products | Events | Support

Product Information Monday, May 08, 2006

Product Overview
Keil, an ARM® Company, makes C compilers, macro assemblers,
real-time kernels, debuggers, simulators, integrated
environments, evaluation boards, and emulators for
ARM7/ARMO/Cortex-M3, ¥C1ex/C1lex/ST10, 251, and 8051
microcontroller families,

Workshops, Shows, and Seminars

Technical Support

Support Knowledgebase
Application Notes

Szt B . o .
[=EUE=Inn Farum This web site provides information about the embedded development

Software Downloads tools, evaluation software, product updates, application notes, example
code, and technical support available from Keil,

| Evaluation Software i
Product Updates

File Download Area ARM Development Tools

News
= Development Tools for ARM7, ARMS, and Caortex-M3

Technologies based microcontrollers from &nalog Devices, Atmel, New! Keil Announces

CaN Freescale, Luminary, OKI, Philips, Samsung, Sharp, C251 Yersion 4
STMicroelectronics, and TI.

FLASH New! Realview MOK
1=C 8051 Development Tools Supperts STRY Dev ces
TCPAP Ermbedded developrent tools from Keil Software RealView MDK Supports
UsE support all §051-compatible devices, Mew Lurninary Micrg

Devices

Figure 4 Keil's homepage

(2) After that Evaluation Software page will appear following the figure 5.
Select ARM Evaluation Software.

; Evaluation Software from Keil - Microsoft Internet Explorer

File Edit “iew Favorites Tools Help

O Back - J - |£| |§| ;_\J | /‘7 ) Search \j\;z Favorites {
Address I@ hittp: ffwnes kil comfdemoy
GDLJg].EvI j| |Clsearch ~ @ ‘ 52 B z9 blocked | M Chedk -
DAlexa || [@search[-] [7] 2604 Readssl Free 6051 Ide'ith C Co__ + Files For Dowrioad + PBOS2 + Tasking +

Evaluation Software DZlKE'E

An ARMZ Company

< Autolink v | Autoril B options

Home | Products | Events | Support

Evaluation Software Overview
Overview
Requirements You may download evaluation software and use the on-line documentation to
Limitations learn about the Keil tools.
Downloads
ARM Evaluation Software
C166 Evaluation Software ARM €51
Cre Buelnetion Samae Evalustion Software Evaluation Software
©51 Evaluation Software
CD-ROM Request C166 C251
ProdGeniorTIation Ewvaluation Software Evaluation Software
Software & Hardware Products
Wihy Buy Tools From Keil? Evaluation Software from Keil has very few limitations. Each evaluation tool
Contact set includes the assembler, compiler, linker, debugger, and IDE. These tools

allow you to evaluate the quality of the generated code, the speed and
flexibility of the debugger, and the sease-of-use provided by the pvision IDE.

Crdering Instructions

Product Information Request

Figure 5 Evaluation Software webpage for download. Select ARM Evaluation
Software.
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(3) Developers must register before download following the figure 6. After

complete, click Submit button to confirmation.

Home | Products | Events

| Support

Evaluation Software
Owverview
Requirements
Limitations
Downloads
ARM Evaluation Software
C166 Evaluation Software
C251 Evaluation Software
C51 Evaluation Software
CD-ROM Request

¥ersion 3.00

Product Information
Software & Hardware Products
Why Buy Tools From Keil?
Contact

Ordering Instructions
Product Information Request

Pricing Information Request

Enter Your Contact Informat

First Name:

Last Name:
Professional Title:
E-mail:

Company:
Company Web Site:
Address:

ARM Evaluation Software

Real¥iew Microcontroller Development Kit

Complete the following form to download the evaluation software.

(bold fields are required)

ion Below
bl

|Hakh0n

|phagdeechat

|nakh0n22@h0tmai|.com

|inex

Ihttp:ﬂv\rwv\r.inex.co.th

|3130 sukhurrvit 101/2 sukhurnvit Rd.

Product Brochures I
Newsletters

City: Ibangna
State/Province: Ihangkgk

Zip/Postal Code: (1257

Country: |Thailand =l
Phone: (7477001

Figure 6 Evaluation Software Registration form.

(4) Download webpage will appear following the figure 7. Click at
RVMDK300A.EXE file. Its size is 50MB approximation.

Evaluation Software I>z ﬁ&lk

Home | Products | Events | Support E: c ar IGo I

ARM Evaluation Software

Real¥iew Microcontroller Development Kit
Yersion 3.00

Evaluation Software
Overview
Requirements

Limitations . . .
The Keil 4RM Evaluation Kit allows you to create programs for ARM7 and

Banmiloads ARMO derivatives,

ARM Evaluation Software

C166 Evaluation Soft . ; ) ' .
valuation Software = Review the hardware requirements befare installing this software.

= MNote the limitations of the ewvaluation tools.

C251 Evaluation Software
C51 Evaluation Software
CD-ROM Reguest

Product Information
Software & Hardware Products
why Buy Tools From Keil?
Contact

Ordering Instructions

To install the Keil evaluation tools...

s Download and run RYMDK300A.EXE. This file is a self-extracting SETUP
prograrm.

n Follow the instructions displayed by the SETUP program.

Product Infermation Request

Pricing Infarmation Request
RYMDK300A.EXE (49,403K)
Thursday, March 30, 2006
Estimated File Download Time:
< 3.6 Hours: 56Kb Madem
< 1.6 Hours: 128Kb ISDN
< 8 Minutes; T1/Broadband

Product Brochures

Mewsletters

Figure 7 ARM Evaluation Software Download webpage
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File Download - Security Warning il File Download _ |D|i|
Do you want to run or save this file? .45?

Mame: rvmdk300a.exe G
Type: Application, 48.2 ME Saving:
e il e ryrndk300a. exe From v, keil.com

[]
Estimated time left 34 min 10 sec (145 KB of 48,2 MB copied)
Fun Save P bancel Download ko; E:\&RM7_project\rymdk300a. exe
TransFer rate: 24,3 KBfSec

v Close this dialog bos when download completes

‘While files from the Internet can be useful, thiz file type can
o potentially harm your computer. [f you do not toust the zource, do not

run or zave this software. What's the risk? HEen | Hpem Eofder | Cancel I

Figure 8 Saving file dialog box. Figure 9 Download software status

(5) Saving file dialog box will appear following the figure 8. Click Save button
and define path and folder for saving file. After that downloading will begin and
shows status following the figure 9.

7.1.2 Installation Keil pVision3 and Preparation

(1) After download complete, double-click at the installation file. THe first
installation window will appear following the figure 10. Click Next button.

Setup Real¥iew Microcontroller Development Kit ¥2.50a x|

Welcome to Keill MVizion3 DE KE I E

Release 2/2006 An ARM® Company

Thig SETUP program installs:
RealView Microcontroller Development Kit W2 50a

Thiz SETUP progran may be used to update a previous product installation.
Howewer, you should make a backup copy before proceeding.

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

Fallow the instructions to complete the product inztallation.

— Rl Pisiand Setum

<< Back | et 33 Caricel |

Figure 10 The First Keil pVision3 installationwindow
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(2) Enter to License Agreement window following the figure 11. Click at box

of message “I agree to all the terms of the preceding License Agreement”.
Click Next button.

Setup Real¥iew Microcontroller Development Kit ¥2.50a x|
- ™
License Agreement DZ KE I I
Fleaze read the following licenze agreement carefully. An ARM® Company

To continue with SETUP, you must accept the terms of the License Sgreement. To accept the
agreement, click the check box below.

End-User License Agreement for Keil Software fl
Development Tools

IMPORTANT-READ THIS AGREEMENT CAREFULLY

THIS EMD USER LICEMCE AGREEMENT (“LICEMCE™) IS A LEGAL AGREEMENT
BETWEEN vOU (EITHER A SIMNGLE INDIMIDUAL, OR SINGLE LEGAL ENTITY) AND
KEIL {(MEANIMNG KEIL ELEKTRONIK GmbH AND KEIL SOFTWARE, INC.) FOR THE ;I

LI e T IE A AT AR A S RAR A R TRL = TLIT, LT ERLm T LA ETE Tr SRS WAATL L TR~

v | agree ta &l the terms of the preceding License Sareemnent

— Kl ¥isiond Setup

¢ Back I Mext »» | Cancel |

Figure 11 License Agreement window of Keil pVision3

(3) Folder Selection window will appear. Suggess to install into Keil folder
following the figure 12.

Setup Real¥iew Microcontroller Development Kit ¥2.50a x|
Folder Selection DZ KE I ITM
Select the folder where SETUP will install files. An ARM® Company

SETUP will inztall % izion3 in the fallowing falder.

Toinztall to thiz folder, prezs Medt'. Toinstall to a different folder, prezs Browse' and select another
falder.

MKl Browse .. |

" Destination Falder

— Kl ¥isiond Setup

<< Back | Wewtss

Cancel |

Figure 12 Folder Selection window of Keil pVision3
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(4) The Customer Information window will appear following the figure 13.
Must to put the user information in the blank box. Click Next button.

Setup Real¥iew Microcontroller Development Kit ¥2.50a x|

Customer Information D: KE I E

Fleaze enter your information. An ARM® Comparny

Fleaze enter your name, the name of the compary for whaom you work. and your E-mail address.

First Marne: Inakhon

Lazt Mame: Iphagdeechaﬂ

Company Mame: Iine:.:

E-mail: Inakhon??@hotmail.cnm
— Keil ¥¥izion3 Setup

<< Back I Mest > > I Cahcel

Figure 13 Customer Information window.

(5) Installation software will start and shows status following the figure 14.

Setup Real¥iew Microcontroller Development Kit ¥2.50a x|
Setup Status I:Z I< E I I "
An ARM® Company

M izion Setup iz perfarming the requested operationz.

Install Files ...

Inztalling Blinky.

— Keil ¥¥izion3 Setup

<< Back I fEwt =5 I Cahcel |

Figure 14 Setup status window shows the installation status.
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(6) After installation complete, the window in figure 15 will appear. Click
Finish button to ending installation.

Setup Real¥iew Microcontroller Development Kit ¥2.50a =
Keil ?ision3 Setup completed Dz KE I Im
An ARM® Company

Migion Setup has performed all requested operations successully.

¥ Show Release Mates.
¥ Add example projects to the recently used project list.

[V Retain curment ?Vision configuration.

— Keil #Wisiond Setup
Cancel |

<< Back

Figure 15 Completed installation window

(7) Run Keil WWVision3 program. The main program window will be show

following the figure 16.

=151

= File Edit Wiew Project Debug Flash Peripherals Tools SYCS Window Help
EH@ 2R ([EE 6% %% W Jé |« (& [EE o @®m
T TTIETY Cla =

Project Wiorkspace - X
[Pra P |

BlE(@%[®|

o

Cutput Window -~ %

M FPI, euild 4 Command } Findin Files 7 1N
Figure 16 The main window of Keil |LVision3




JX-2148 : LPC2148 ARM7-32 bit Microcontroller Education board ® 15

(8) Enter Project 2 Component,Enviroment,Book... menu following the figure
17.

File Edit Yiew Ero]ectigebug Flash Peripherals Tools SWC5 Window Help
é = n [ews Project. ., {ﬂ .

Import #ision1 Project. ..
Open Project...

Project Warkspace

m Components, Environment, Books, ..

Figure 17 Shows the selection Project > Component,Enviroment,Book...

(9) Component,Enviroment,Book window will appear. At Select ARM
Development Tools menu, select Use Keil CARM Compiler to select compiler as
Keil CARM following the figure 18. After that developers can develop their own
softwares.

Components, Environment and Books x|

Folders/E stensions |
— Development Tool Folders — Default File Estensions:
I™ Use Settings fram TOOLS. INI: £ cource: o
Tool Base Folder: I _I C++ Source: |*cop
BIN: I _I Aem Source: |*-asm
INC: | ] Object: [*.cbi
LIE: I _I Library: |"lib
Eeafile: I _I Document: | bt

— Select ARM Development Toolz

ze Realiew . T
r Campiler Realfiew Falder:

L5 Keil CARM
Compiler :

r Lze GHL GMU-T ool-Prefis:
Compiler Cuvgnus Folder: |C:5Cyanus' |

(1] 4 I Cancel | [efauls | Help |

Figure 18 Shows the selection Keil CARM compiler to program development
preparation.
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7.2 Philips LPC2000 Flash utility

The Philips LPC2000 Flash utility provides In-System Flash Programming (ISP)
support for Intel HEX files. The Philips LPC2000 Flash Utility connects the PC’s COM
port to the serial port UARTO of the JX-2148 Education board. The installation program
for this utility is included on the INEX JX-2148 CD-ROM or may be downloaded from
the Philips Web Site. The LPC2000 Flash Utility may be run as a stand-alone utility or
as an external tool from within the mVision IDE. The version of LPC2000 Flah utility
can support LPC2148 is V2.2.3 or higher.

The normal installation file name of Philips LPC2000 Flash utility is Philips Flash
Utility Installation.exe. Double-click that file. Accept all confirmation until installation
complete.

8. Develop programs

This sections introduce you to the Keil development tools, and take you
through the process using them with the JX-2148 board. You’ll learn how to use
mVision to create, compile, download, and run a program on this board.

Developing programs for the JX-2148 board is easy. The process is:

(1) Creating Application Programs using the UVision IDE and the Keil,
GNU or ARM ADS C Compiler.

(2) Download the program to the on-chip Flash of the JX-2148 Board.
8.1 Building C project file

(1) Run Keil lWision3. The main window will appear following the figure 19. If
have any project opened, can close by select menu Project - Close Project

(2) Build new project. Enter menu Project - New Project..following the figure
20.

(3) The Create New Project window will appear. Set path of project file, from
example set to c:\ following the figure 21. Make new folder for storing project file
iIn name led.
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K7 7visions
Eile Edit Wiew Project Debug Flash Peripherals Tools SYCS window Help

BeH@| P RR| O CEE %% e & Q| [EE o e m

Project e

e=w>< ———“—“ —H—H-—

&

:

E‘l M -\Build A Command )\ Findin Files_{ Jle! I "_I
I I I [ m [ owe rjw]

Figure 19 Shows the main window of Keil nVision3

K#/2vision3
File Edit Wiew Erojectlgebug Flash Peripherals Tools SWCS Window Help

Mesw Project., ..

Import PYisionl Project...

Open Project, .,

Praoject Workspace

ﬁ Components, Environment, Books. ..

Figure 20 Shows the selection to make the new project.

Create New Project

Save | < YOK(C) B =]
ke [C)WINDOWS

(C)temp m

(CT)test

[ TTERMPRO

(vdo

[ MinAYR.

=) i | E
File name: | Open I
Save as lype: IProiect Files [“.uvZ) LI Cancel |a

Figure 21 Shows the Create New Project window for making the new project.
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(4) Enter to 1led folder. Define the filename as led following the figure 22.
Click Save button to next step.

Create New Project

Savein: |lf) led j &= il o
File name: |Ied
Save as lype; |Proiect Files [".uw2) ﬂ Cancel

Figure 22 Define the project filename to led at Create New Project window.

(5) The Select Device for Target window will appear following the figure 23
for selection microcontroller from Manufacturer listing.

Select Device for Tanget “Target 1° rz|
cru |
“endor  Acer Labs

Device:

Toolset:

Data base Description:

+| Q e
+ & Actel
+- &% Asmoflex UTME

<& Altiurn

+- &% Analog Devices

+ Q AnchorChips

+ & Atmel

+ & Atmel Wirsless & uC

+- &% Cast. Inc.

+- % Chipcan

+ e CrL Microcircuits

+] @ Cybemetic Micro Systems

+ ? CybraTech v

< >

Ok, Cancel Help
| |

Figure 23 Shows the Select Device for Target window for microcontroller
selection.
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(6) Select the manufacturer in Data base header to Phillips and select
LPC2148 . At Description header is on the right, shows the detail and properties of
selected microcontroller following the figure 24. Click OK button to next step.

Select Device for Target “Target 1° E|
cru |

Wendor:  Philips

Device: LPC2143

Toolset:  ARM

Data base Description:

~ -5 based high-performance S2-bit icrocantraller wit
£3 LPC2138 ARMTTDMI-S based high-perf 32-bit RISC Mi ller with Tk
£ LPC2141 A12KE on-chip Flazh ROM with [n-System Programming [I5F] and In-&pplic
£ LPC2142 Two 10bit ADCs with 14 channelz, USE 2.0 Full Speed Device Controller
L] z, ohe with full modem interface.
Two UART ith full modem inter.
£3 Lrea1s Twio [2C zenial interfaces, Two SPI serial interfaces
£ LPC2 46 Two 32-bit timers, Watchdog Timer, P unit,
£ Real Time Clock with optional battery backup,
1 LPC2194 Brown out detect circuit
£ General purpoze |/0 pinz.
o ::Eggg::g CPU clock up ta B0 MHz, On-chip crystal oscillator and On-chip PLL
£d LPo2zid
£3 LPC2zan
£3 LPo2zan
£3 LPC2292 3
< >
Ok, | Cancel | Help

Figure 24 Shows the selection of Philips LPC2148

(7) After that you will see the dialog box ask about copying LPC2100 Startup
code into your project following the figure 25. Click No button for denying.
Developers can copy the Startup code that store in INEX’s JX-2148 CD-ROM to this
project later.

P¥ision3 [%|

\:{/ Copy Philips LPCZ100 Startup Code ko Project Folder and Add File to Project ?

w |

Figure 25 Asking about copy Startup Code to project.
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(8) The project Workspace will appear following the figure 26.

7 led - nvision3

File Edit Wiew Project Debug Flash Peripherals Tools Z¥CS Window Help
Bed @t BR[O [ EE % IHSR R W= A Wl [ R |
OB B | A (Targett I ]

371 Target1

EETEE

f ;
ol

|Simulation [ [ num | lowR R fw

Figure 26 The Project Workspace window

Cutput Window

U415 Build £ Command # Findin Files I«

(9) For more comfortable, copy the start up file includes main.c and
Startup.s from keil 2148 system folder in CD-ROM (or download from www.inex
global.com ; this start up file INEX modify for support all developers) to path of
project. In ths example is C:\1led following the figure 27.

EE1E

fle Edt Wew Favortes Tools Help

Qe - ©Q - (¥ | Pseach [ roes |-
Address |2 C:\led v B

Hame = Sizs | Type Date Modied

File and Folder Tasks E0 2] led plg 1KB PLGFile 10/3/2549 14:12
[ Movs the selscted items Zlledurz ZE: ?\f;m Frotect ;zzg:gfgf
le :
Dy oy the selscted tems = 13KB 5 File 16/4/2548 15:24
&) Publish the selected items
to the Web

Types: 5 Fils
4 Date Mordifisd: 16/42546 15:24
() E-mail the selected items et

¥ Delete the selected items

Other Places

e VOK[C)
@] My Documents
() Shared Documents
;_i My Computer
t:.] My Metwork Places

Details

2 ohjscts selacted 14.4 KB d My Computer |

Figure 27 Shows the copying main.c and Startup.s file from keil_2148_system
folder in CD-ROM to led Projectd
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(10) Click at + sign front the Targetl project for preparing to add main.c
and startup.s file. These file will be the system files for developing the programs
in the future. Then, found Source group 1 file, click right button of mouse for select
Add Files to Groups instruction to add main.c and Startup. s file into this project
following the figure 28.

V2 led - ¥ision3

File Edit Yiew Project Debug Flash Peripherals Tools SWCS Wwindow Help

=N <1
cae=

4y g‘QlTarget 1
Project Workspace - x|

Eﬁ Target 1
R -0 re Groupd

Options For Group 'Source Group 1'

4 Rebuild target
Build karget F7

Mew Group

| Add Files to Group "Source Group 1'

& Manage Components
Remove Group 'Source Group 1' and it's Files

Include Dependencies

Figure 28 Adding file main.c and Startup.s into the project.

(11) The Add Files to Groups window will appear. Select path in Look in: box
to 1led project path ; c:\1led. Select File of type as All Files(*.*) for watching all files
and can select startup. s file following the figure 29.

Add Files to Group "Source Group, 1°
Loak i IE} led j = eF EB-
IE:I led.plg

@Ied.uvz
. -

File name: |"Startup.s" "main.c" Add

Files of type: I.-’-\II filess [7.7) ;I Cloze |

A
Figure 29 Shows the Add Files to Groups window to adding files.
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(12) Press Crtl key and hold it. Click to select main.c and Startup.s file for
adding files into the project. After that click Add button once. Both files will add
into this project following the figure 30. Click Close button to next step.

File Edit Wiew Project Debug Flash Peripherals Tools S¥CS Window Help

g Gy I
B 8 4K [Target 1 =&
Project Workspace x
= E VR Add Files to Group "Source Group 1°
—-£5 Source Group 1
Startup.s Laak jn: |@ led j £x ER-
main.c

@ led.plg
@ led, vz
main.c
Starbup. s

File name: |"5tartup.s" “main.c"

Files of type:  [2lfles %] =] e |

Figure 30 Shows adding file main.c and Startup.s into the project.

(13) Double-click at main.c file at Project Workspace window. The editing
window will appear. This window is called template. Include init function to
initialize the program operation relate with clock oscillator and PLL (Phase Lock
Loop) within LPC2148. The main program will declare below. See the figure 31.

KZled - n¥ision3
File Edit VYiew Project Debug Flash Peripherals Tools SYCS Window Help
A Sy | ¢4
¥ & |Target 1 &=
Project Workspace x
=50 Target1 B C:Medimain.c
=1-£ Source Group 1 o =
: artup.s 02 | »v Progran : Template
e 03 | v~ Description -
i = 04 | ~v Frequency : Crytal 12 HHz at PLL S=i{CCLE
05 | v Filenane I maln.c
0 | »~ C compiler : Keil CARM Compiler
07 |~
. 08 | #include "lpc?14m h" #+ Header file for Fhi
Double-click 0|
10 | Function for I
here i L
12 woid init{)
13
14 PLLOCFG=0x24; < MSEL = 4 PSEL = 2
15 FPLLOFEED=0xaA ; #s Feed process
16 PLLOFEED=0=55;
17
18 PLLOCON=0=1;
19 PLLOFEED=0x&d: - Feed process
20 PLLOFEED=0=55;
21
22 while{ ! {PLLOSTAT & 0=400)) : s Wait unt
23
24 PLLOCON=0=3; # Connect the PLL as the
25 FPLLOFEED=0=aA ; #s Feed process
2B PLLOFEED=0=55;
27
28 HAMCR=0=2; <+ Enabling HAM and setting
29 MAMTIM=0=4:
e |
= 'Cﬂl e main.c | |

Figure 31 Shows the main.c file that adding into project.
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(14) Write the program addition from main program. The contents of program
can show in the figure 32.

JaET

M=
| s
3k
37 woid main()

/=

39 long 1i; |

40 init(); # Initialize the svsten

4 SCS = 0x03: ~ =elect the "fast" wversion of the I-0 ports
42 FIOODIE |= 0=00400000;

43 while(l)

44
45
46
47 I
43
43 | 1
i
A1
Bt

Main Program

FIOOPIN °
for (1 =

O=00400000;

0; 1 <« 1000000; i4++ );

Figure 32 Shows the C program that writes into mani program.

(15) Set the project’s option to make the target file. Click Option for Target
button at Tool bar following the figure 33. The steps of setting include :

K2 led - m¥ision3 - [C:kledvmain.c]

Eile Edit Wiew Project Debug Flash Peripherals Tools SWiCS  Window He
S =2 A Ly
i
2 (] By 5 Iﬁ” arget 1 j & =
Project Workspace X fite] .41 Description -
=59 Target 1 Options for Target | pocquency . Crytal 1
o s o i 05 | « Filenams © main.c
{3 Saurce Graup 05| - C compiler . Keil CAl
Startup.s 07 |
* 08 | #include "lpc?ldx. b s
ng | -~
10| <
ok
12 woid init()

Figure 33 Shows position of Option for Target button at Tool Bar
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(15.1) The Option for Target window will appear following the figure 34 .
Select Output tab.

Options for Target "Target 1°

X

Device Targel

Philips LPC2148

isting] C ] Asm ] LALocate] LAMisc] Debug] Utilities]

tal (MHz) [ BigEndian

¥ e On-chip ROM [0x0 - 0x7FFFF)

Operating system: |Maone

External bemoary
Start:

| ¥ Use Onchip Riéh (0440000000 - Dx40007FFF)

Select Output tab

Sizer

Start: Size:
#1: [Ramt <] | | #e: [Ram =] | |
#z [Fam ~] | | w5 [RamM ~] | |
#3 [Fem ] | | #5: [Ram ~] | |
u] | Cancel | Defaults | Help

Figure 34 Shows the Option for Target window

(15.2) Click the listing following the figure 35.
- Select Create HEX file for making led.hex file after compile.
- Select HEX format: as HEX-386
After that click OK button.

Options for Target ‘Target 1° E|
Device] Target  Dutput ] Listing] C ] Az ] LA, Locate] LAMisc:] Debug] Utilities]

| Select Fold ame of Executable: ||Ed

' Create Executable: \ed

v Debua Infarmation v Browse |nfarmation Select parameter
j Start: | End: |
Offset:

" Create Library: Med LIB [ Create Batch File

After Make

¥ Beepwhen Complete [ Start Debugging

I~ Fun User Program #1: | Browse...

I~ Pun User Program H2: | Browse...

0K | Cancel | Defaults | Help

Figure 35 Parameter setting in Output tab of Option for Target window
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(16) Compile project by select Project 2 Build Target or press F7 key following
the figure 36. The result is 1ed.hex for downloading to MCU later.

Compiling result will show in text format at Output Window bottom
section of main window following the figure 37. If compile complete, 1led.hex file
will generate ans store in same folder of project. In this example is C:\1led.

If deveopers would like to open the old project for develop continue,
select at menu bar Project - Open Project and select path that store the previous
project. The project file has *.uv2 file. See the figure 38 for example.

{£ led - m¥ision3 - [C:uledimain.c]

Eile Edit Wiew |Project| Debug Flash Peripherals Tools SYCS Window Help

2 EH @

Mew Project. ..

Irnport ?Yisionl Project. ..

@ Cpen Project. ..
Project Workspace Close Project =]
] ﬁ Target 1 ]
=I5 Source § i‘ Components, Environment, Books. ..
Star
+ mair

Remaove File ‘main.c’

Options For File ‘main.c'

[%] Build target =
[£4 Rebuild all karget files Fa

@ Translate C:iledimain.c
L

1 CiYlediled.uvz

mH

Figure 36 Compiling the program by select at Project = Build Target

L3

Build target 'Target 1'

linking. ..

Program Size: data=1168 const=16 code=536
creating hex file from "led"...

"led" - 0 Error(s). 0 Warning(s).

Cutput Window

| | | [\Buildl,'{' Command ;’\Find in Files l.-'r ||<

Figure 37 Compiling result at Output window
Select Project File @@

Laok jr: | 5 labD1_led ~] = ED-
. led. w2

File name: |Ied.Uv2
Files of type: | Project Files [~.uv2) <] Coreel |

Figure 38 Select the previous file to edit or develop
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8.2 Download programs and test

After compile the program, from example the result file is 1ed.hex. Next
step is downloading hex file to LPC2148 microcontroller and run it. Developers can
check the operation at P0.22 LED. The downloading procedure is :

(1) Apply the supply voltage to JX-2148 board. Turn-on POWER switch.

(2) Connect download cable to the JX-2148 board and Serial port of
computer.

(3) Open the LPC2000 Flash Utility software. The main window wiill
appear following the figure 39.

f: LPC 2000 Flash Utility
Filz Buffer Help

m]]]m LPC2000 Flash Utility V2.2.3

Flazh Programming Eraze / Blank Commurication
Filenarne: . _ Connected To Port:
|C:Mledvled hex Blank Check f Entre Device COM1: v
"~ Selected Sectorz
Executs Code IJze Baud Rate:
Upload ta Flazh B -
after Upload Start Sectar: 3400
Eraze _ I_
Compare Flazh b anual Reset ‘ L oot Time-0ut [sec]: |_1
Device lze DTR/RTS
Device: [ pc2143 ~ Fead Part 1D v for Feset and
H#TaL Freq. [(kHzL 12000 Device D Boot Loader 1D Selection

Figure 39 Main window of the LPC2000 Flash Utility

(4) In the first time, developers must set some parameter before
® At Device box set as :
- Device select to LPC2148
- XTAL Freq. [kHz]  setto 12000 (12MHz)
® At Communication box set as :
- Connected To Port select the serial port is connected

- Use Baud Rate set baudrate. 9,600 bps is default.
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ki LPC2000 Flash Utility

Eile Buffer Help

m LPC2000 Flash Utility V2.2.3

Flazh Programming Eraze / Blank Communication

Filenarne: ) ) Connected To Port:
|I::'\eclipse'\wnlkspace'\ixﬂ48\main.he>: Blank Check f¢ Entire Device CORT: -

" Selected Sectors
Execute Code 3840538 Baud Haie.
sfter Upload Start Sector;

Eraze ,—
= Time-0ut [seck: |_1

Upload to Flazh

Compare Flagh Manual Reget |
Device Use DTR/RTS
Device: [Foas o] [reme s for Reset and
F!gau:T Part D: o Boot Loader
HTAL Freq. [kHz]: 12000 iDevice |D Boot Loadsr 1D Selection

Read Part ID Successfully

Figure 40 Shows the complete connection message at the status bar

(5) Setthe JX-2148 board to ISP mode by press ISP SWITCH (its shaft will
down) following press RESET switch once.

(6) At the main wondow of LPC2000 Flash Utility. Click at Manual Reset
button once following click Read Device ID once too. If the connection is correct,
status bar at left down conner will show message Read Part ID Successfully
following the figure 40

If connection fall, the warning window will appear following
the figure 41. Click Read Device ID button again and see the result. May be back
to do in step 5 and 6 again.

LPC2000 Flash Utility - Hardware Problem [X|

@ Zannot cormmunicake with test board!

Figure 41 Warning message about connection failed
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(7) If connection complete, click at Browse button in Filename of Flash
Programming. Select 1led.hex in path C:\led\led.hex. Next, click Upload to
Flash button to download. After downloading complete the message File Upload
Successfully Completed will show at the status bar.

(8) Developers can test the program by press ISP switch again to RUN mode
(The switch’s shaft will release) and press RESET switch once. Observe the operation.

LED at P0.22 blink continuous.

INNOVATIVE EXPERIMENT
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9. Sample Experiment
Experiment -1 : Output port

This is simple experiment. This experiment is testing output port function of
LPC2148 to drive 2 LED at P0.21 and P0.22.

Procedure :

1.1 Build new project, in name led

1.2 Write the program Listing P1-1. Compile to 1ed.hex and download to
microcontroller.

1.3 Run program. Observe the operation of LED at P0.21 and P0.22
Both LED wiill blink every 0.5 second.

‘ ‘ RESET BLUETOOTH
+ | @

JTAG/DEBUG port SD/MMC
- | @] +45-0v

DEBUG EN,
JX-214 :
ON @ 8 +3-3Vﬂ 12MHz

ARM7-LPC2148

OFF Education board REF
O GND
oN 32.768kHz
LPC2148
Connect to uss
H AN ©
Serlal port usB '—:’;’:':'E’o§§+g
r O 0.25 =000 -0"0-0_ (¢ "0"0=0"0=0
y 0.12-0.13
(D/A) | 0 0o O () ] Do () ] ) O O O ) ) ) O 1.20
00 00 0 D 0 O OO ) O O O O O O O | 1.21
c 00 O 0O O O O 0 O O O OO O 0 O | () 1.22
2 G |00 O O O O O O O O O OO0 | .23 PS/2
g 00 O O 0 0 O O O ) O O O 0 O
(0]
z [ 1 [ 1 021 0.22
00 00 O 0 0 OO0 O OO0 O 0 O 0 0 O O
00 O O 0 0 O ) O O ) OO0 O 0
00 O O 0 O 0 O O O O O O 0 O
ISP | 00 0 0 O OO0 O 0 O O O OO0 O 0 O
r» SwITCH | 00 0 0 O 0 () O 0 O O ) OO0 O 0
\ \
Press down to Program Observe LED operation

Press up to Run
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// //
// Program : Example for display LED

// Description : LED Blink toggle at P0.21 and P0.22

// Frequency : Crystal 12 MHz at PLL 5x(CCLK = 60 MHz),PCLK = 30 MHz
// Filename : led.c

// C compiler : Keil CARM Compiler

// //
#include “1lpc214x.h” // Header file for Phillips LPC2148 controller
#define LED2 ON FIOOCLR = 0x00200000 // Red led 0.21 on

#define LED2 OFF FIOOSET = 0x00200000 // Red led 0.21 off

// Function for 1Initial system clock //

void init ()

{
PLLOCFG=0x24; // MSEL = 4,PSEL = 2
PLLOFEED=0xAA; // Feed process
PLLOFEED=0x55;
PLLOCON=0x1;
PLLOFEED=0xAA; // Feed process
PLLOFEED=0x55;

while (! (PLLOSTAT & 0x400));// Wait until PLL Locked

PLLOCON=0x3; // Connect the PLL as the clock source
PLLOFEED=0xAA; // Feed process
PLLOFEED=0x55;
MAMCR=0x2 ; // Enabling MAM and setting number of clocks used
// for Flash memory fetch (4 cclks in this case)
MAMTIM=0x4;
VPBDIV=0x02; // PCLK at 30 MHz
}
// Function delay //
void delay ms(long ms) // delay 1 ms per count @ CCLK 60 MHz
{
long 1i,3;
for (1 = 0; 1 < ms; i++ )

for (j = 0; j < 6659; Jj++ );

}

// Main Program //
void main ()

{

init () ; // Initialize the system
SCS = 0x03; // select the “fast” version of the I/O ports
FIOODIR |= 0x00600000; // Config. pin P0.22 and P0.21 as output
while (1) // Infinite loop
{

LED1_ON; // Led at P0.22 ON

LED2_ OFF; // Led at P0.21 OFF

delay ms(500) ; // Delay 500 ms

LED2 ON; // Led at P0.21 ON

LED1 OFF; // Led at P0.22 OFF

delay ms(500) ; // Delay 500 ms
1

Listing P1-1 : 1ed.c file of 1ed project for LPC2148 output port experiment
(continue)
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More information about important function in this program

init Increase processing spped 5 times from 12MHz main crystal to 60MHz
with PLL x5. After execute this function, CCLK increase to 60MHz.

delay ms Delay function in Millisecond unit. This function will refer with 60MHz
CCLK and init function.

Note : All experiment in this manual will use PLL x5 to increase the CCLK to 60MHz.
Then developer must exceute init function in the top of program always.

Listing P1-1 : 1ed.c file of 1ed project for LPC2148 output port experiment
(final)

LPC2148




32 @ JX-2148: LPC2148 ARM7-32 bit Microcontroller Education board

Experiment -2 : Input port

In this experiment introduce using LPC2148 port acts input for reading data
from P0.28 and P0.29 that connected with push-button switches and resistor pull-up.

Procedure :

2.1 Build new project, in name switch

2.2 Write the program Listing P2-1. Compile to switch.hex and download to

microcontroller.

2.3 Run the program. Try to press switch at P0.28 and P0.29. Watch the operation of
LED at P0.21 and P0.22.

P0.28 switch will control LED at P0.21 and P0.29 switch will control LED

at P0.22

Connect to
serial port

[ ]

+ | @
- | @ 4459v

O

ON

(O/A)

[ ]
OHD LivN
9]

ISP
’—> SWITCH

JX-2148
ARM7-LPC2148
Education board

DEBUG EN.

REF
GND

+3.3vﬂ

32.768kHz

| _—m o

JTAG/DEBUG port

G

0.04

g;

0.05
0.06
0.07

BLUETOOTH
ESD-02

SD/MMC

Dem

+3VBATT |

LITIUM
BATTERY 3V

+

o
0.25

Ou Du] u] (] ] (] D] Do
o O ] (] ] () O]
DR Do D s D [ Do) Do
O O O (] ] () O] o
u Do Du] (] ] (] D] o

1
-
-
o
b
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// //
// Program : Example for test switch
// Description : Test switch at P0.28 and P0.29 for toggle LED at P0.21 and P0.22
// Frequency : Crystal 12 MHz at PLL 5x(CCLK = 60 MHz),PCLK = 30 MHz
// Filename : switch.c
// C compiler : Keil CARM Compiler
// //
#include “1lpc21l4x.h” // Header file for Phillips LPC2148 controller
// Function for 1Initial system clock //
void init ()
{
PLLOCFG=0x24; // MSEL = 4,PSEL = 2
PLLOFEED=0xAA; // Feed process

PLLOFEED=0x55;

PLLOCON=0x1;
PLLOFEED=0xAA; // Feed process
PLLOFEED=0x55;

while (! (PLLOSTAT & 0x400)); // Wait until PLL Locked

PLLOCON=0x3; // Connect the PLL as the clock source
PLLOFEED=0xAA; // Feed process
PLLOFEED=0x55;

MAMCR=0x2 ; // Enabling MAM and setting number of clocks used
// for Flash memory fetch (4 cclks in this case)

MAMTIM=0x4;

VPBDIV=0x02; // PCLK at 30 MHz

}

// Function Read input PO //
char inpO(char bit)

{

unsigned long c;

¢ = 1l<< bit; // Calculate digit to configuration for input port
FIOODIR &= ~cC; // Set input port from parameter bit
return ( (FIOOPIN & c)>> bit); // Read and return data bit

!

// Main Program //

void main ()

{
init () ; // Initialize the system
SCS = 0x03; // select the “fast” version of the I/O ports
FIOODIR |= 0x00600000; // P0.21 and P0.22 for output port
FIOOSET |= 0x00600000; // OFF led P0.21 and P0.22 for initial
while (1) // Infinite loop

Listing P2-1 : switch.c file of switch project for LPC2148 input port
experiment (continue)
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{
if (inp0 (28)==0) // Check switch P0.28 push?
{
while (inp0 (28)==0) ; // Wait until release switch P0.28
FIOOPIN “= (1<<21); // Toggle led at P0.21
1
if (inp0(29)==0) // Check switch P0.29 push?
{
while (inp0 (29)==0) ; // Wait until release switch P0.29
FIOOPIN "= (1<<22); // Toggle led at P0.22
1
!

More information about important function in this program

inp0 Read data bit from Port 0. The read bit position is agument.

syntax :
char inpO(char bit)

parameter :
_bit define bit 0 of Port 0

return :
0 or 1 (In case connected switch, switch is pressed - return 0 and exit)
example :

char x;

x = 1inp0(28);

Listing P2-1 : switch.c file of switch project for LPC2148 input port
experiment (final)

LPC2148
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Experiment -3 : External Interrupt

This experiment demonstrate how to use External interrupt input port at EINT2
pin (P0.07). Need to construct the addition circuit on breaboard of JX-2148 board

below :

10k
P0.07/EINT2
: S1
LPC2148 i
""""""""" +3.3V
A\
p0.21 |12
LED 510
0.21
SP1
PIEZO
P0.13 4 e
P0.12 P2 v =
220
RESET BLUETOOTH
[ [
JTAG/DEBUG port SD/MMC
DEBUG EN
133V 12MHz
REF
GND
VBT
32.768kHz
LPC2148
LITIUM
BATTERY 3V
“TTD o 88 3885
Emmn&mg'wdd+zwdo'dd
=) 00 0 [ 000 00000,
(D/A) ..........%-@..ﬂﬂ 1.20 0.12-0.13
.......... D= 1.21
.......... ry ol = = P 1.22
G | 0 0 0 O ] ) ] ) . . 10k | w123 PS/2
W [0 ) e e CLK 0.16-
DAT 0.15-]
[ 1 [ ] 021 022 0.15
................. O O inin
B P PR p R o [ .[.]
W e ftlttefelttobbetefelels )
SWITCH -----------------
0.28  0.29  0.30 (A/D)
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Procedure :

3.1 Build new project, in name ext_int2

3.2 Wirite the program Listing P3-1. Compile to ext int2.hex and download to
microcontroller.

3.3 Run program. Try to press swtich at P0.07 or EINT2 port pin. Observe the operation
of LED at P0.21 and Piezo.

Switch P0.07 pressing is used to control LED at P0.21 and generate sound for
informing the external interrupt is happen.

// //
// Program : Example for EINT2 (External interrupt2)

// Description : Test interrupt from switch press display by LED at P0.21

// : toggle and sound beep

// Frequency : Crystal 12 MHz at PLL 5x(CCLK = 60 MHz),PCLK = 30 MHz

// Filename : ext _int2.c

// C compiler : Keil CARM Compiler

// //
#include “lpc21l4x.h” // Header file for Phillips LPC2148 controller
#include “sound.h” // Header file for Phillips LPC2148 controller

// Function for 1Initial system clock //

void init ()

{
PLLOCFG=0x24; // MSEL = 4,PSEL = 2
PLLOFEED=0xAA; // Feed process
PLLOFEED=0x55;

PLLOCON=0x1;
PLLOFEED=0xAA; // Feed process
PLLOFEED=0x55;

while (! (PLLOSTAT & 0x400)) ; // Wait until PLL Locked
PLLOCON=0x3; // Connect the PLL as the clock source
PLLOFEED=0xAA; // Feed process

PLLOFEED=0x55;

MAMCR=0x2 ; // Enabling MAM and setting number of clocks used
// for Flash memory fetch (4 cclks in this case)

MAMTIM=0x4;

VPBDIV=0x02; // PCLK at 30 MHz

Listing P3-1 : ext int2.c file of ext int2 project for LPC2148 external
interrupt port experiment (continue)
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// Interrupt service routine for EINT2 //
void isr int2(void) _ irqg
{
beep () ; // Sound beep 1 time
FIOOPIN "= (1<<21); // Toggle LED at P0.21
EXTINT |= 0x4; // Clear interrupt flag EINT2
VICVectAddr = 0; // Acknowledge Interrupt
}
// Main Program //
void main ()
{
init () ; // Initialize the system
SCS = 0x03; // select the “fast” version of the I/O ports
FIOODIR |= (1<<21); // Config. output P0.21 connect LED
FIOOSET |= (1<<21); // OFF LED
EXTMODE |= 0x4; // EINT2 Edge sensitive detection
// (Falling edge in this program)
PINSELO = 0xCO000; // Enable EINT2 at PO0.7
VICVectAddrO = (unsigned)isr int2;

// Register Interrupt service routine name
VICVectCntl0 = 0x20 | 16; // EINT2 Interrupt
VICIntEnable |= 1 << 16; // Enable EINT2 Interrupt
while (1) ; // Infinite loop

}
More information about important function in this program

beep Generate beep sound one time. This function is add in sound.h library.

syntax :
void beep ()

Listing P4-1 : ext int2.c file of ext int2 project for LPC2148 external
interrupt port experiment (final)

LPC2148
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Experiment -4 : UART
uart.h library

In this experiment must include an important library file ; uart.h. This library
will set the UART module in LPC2148. The source program of this library file in shown
in Listing P4-1

Function that added in uart.h library has detail as :
uartl init
Set the baudrate for UART1 module.

syntax :
void uartl init (unsigned int _baudrate)

parameter :

_baudrate set baudrate value.

uartl putc

Send a character to Transmitter buffer of UART1 module.

syntax :
void uartl putc(char c)

parameter :
c define the transmit character
uartl puts
Transmit string out to UART1 module

syntax :
void uartl puts(char *p)

parameter :
P Index the transmit character
uart0 _init
Set the baudrate for UARTO module.

syntax :
void uartO_init (unsigned int _baudrate)

parameter :

_baudrate set baudrate value.
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uart0 putc

Send a character to Transmitter buffer of UARTO module.

syntax :
void uartO_putc(char c)

parameter :
c define the transmit character

uart0 puts
Transmit string out to UARTO module

syntax :
void uartO puts(char *p)

parameter :
P Index the transmit character

Note : For only UART1 module, developers may be execute the many support
functions about data communication that added in stdio.h library such as
printf, puts, getchar, scanf eftc...

Experiment -4.1 Transmit data with UARTO/UART1

In this experiment is demonstration about transmit data from UARTO/UART1
module in LPC2148 by using the serila port interface circuit on the JX-2148.

Procedure :

4.1.1 Build new project, in name uart 0 1

4.1.2 Wirite the program Listing P4-2. Compile to uart 0 1.hex and download to
microcontroller.

BLUETOOTH

_—m 0
+ @ JTAG/DEBUG port SD/MMC
- | @] +a5-9v
o C ]

DEBUG EN.

JX-2148
on @ ARM7-LPC2148 +33Vﬂ

Connect to
sTTUS serial port*

OFF Education board REF
GND

O
32.768kHz
ConneCt t?( use o I LPC2148
serial port . BATIERY v
uss LEEFER0S8. 90588
O © (RORORON) = (RN 3 DRDRRORRO(

(O/A) | o 0 0 O 0 0 O KO (6 6
0 (0 O O O OO 6O 0 0O O
0 (0 O O OO X 6O 6O 0O O
G | I O OO O O RO
0 O O OO 6O OO O

O 0o O] () O] (] (] O] ) O O] () ()
O 0o O] () O] (] () O] 0 O] O] () D ()
B

O 0o ) () () O () ) ) ) O (O [.
ISP O 0o O] () O] (] (] (] O] O (] ] O O] () O] ()
SWITCH

00 0o O] (o) O (o] (] (] O ) ] ] O O] () O] ()

= =

* In case connect the both serial port in
same time, must connect different port
and open terminal program separate

OHD LyvN

But if connect not same time, must
connect swap and open the terminal
program only one window.
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//

//

//

// Program Library for serial communication (UART)

// Description Library for about serial communication UARTO and UART1 of LPC2148

// Frequency Crystal 12 MHz at PLL 5x(CCLK = 60 MHz),PCLK = 30 MHz

// Filename uart.h

// C compiler Keil CARM Compiler

//

#define PCLK 30000000 // Define PCLK for configuration baudrate
#define wuartl setbaud(x) uartl init (x) // Define function name uartl setbaud equal uartl init

//

#define wuart0 setbaud (x)

// Function for Initial UARTL
void uartl init (unsigned int _baudrate)

{

unsigned short uldl;

uart0 init (x)

Define function name uart0_setbaud equal uart0 init

//

uldl = PCLK/(l6* baudrate) ; // Calculate for ULDL value
PINSELO |= 0x00050000; // Enable rx,tx
U1LCR = 0x00000083; // 8 bit data,l stop bit,no parity bit
UlDLL = uldl & OxFF; // U1DL for low byte
U1DIM = (uldl>>8); // U1DL for high byte
UlLCR = 0x00000003; // DLAB =0
}
// Function for send character 1 time via UART1 //
void uartl putc(char c)
{
while (! (U1ILSR & 0x20)) ; // Wait until UART1 ready to send character
UlTHR = c; // Send character
}
// Function for send string via UART1 //
void uartl puts(char *p)
while (*p) // Point to character
{
uartl putc (*p++) ; // Send character then point to next character

}
}

// Function for Initial UARTO
void uartO_init (unsigned int _baudrate)

{

unsigned short u0dl;

u0dl = PCLK/(1l6* baudrate) ; //
PINSELO |= 0x00000005; //
UOLCR = 0x00000083; //
UODLL = u0dl & OxFF; //
UODLM = (u0dl>>8); //
UOLCR = 0x00000003; //

}

// Function for send character

void uart0 putc(char c)

{

while (! (UOLSR & 0x20)); //
UOTHR = c; //
!
// Function for send string via UART1

void uart0 puts(char *p)
while (*p) //

uart0 putc (*p++) ;

//

Calculate for UODL value

Enable rx,tx

8 bit data,l stop bit,no parity bit
UODL for low byte

UODL for high byte

DLAB =0

1 time wvia UARTO

//

Wait until UARTO ready to send character
Send character

//

Point to character

// Send character then point to next character

Listing P4-1 : uart.h The UART library file for LPC2148
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// //
// Program : UART example
// Description : Example for test module UARTO and UART1
// Frequency : Crystal 12 MHz at PLL 5x(CCLK = 60 MHz),PCLK = 30 MHz
// Filename : uart 0 1.c
// C compiler : Keil CARM Compiler
// //
#include “lpc21l4x.h” // Header file for Phillips LPC2148 controller
#include “uart.h” // Library for module UARTO,UART1 (from jx2148 include folder)
#include “stdio.h” // Library for use printf function (For UART1)
// Initial system clock //
void init ()
{

PLLOCFG=0x24; // MSEL = 4,PSEL = 2

PLLOFEED=0xAA; // Feed process

PLLOFEED=0x55;

PLLOCON=0x1;
PLLOFEED=0xAA; // Feed process
PLLOFEED=0x55;

while (! (PLLOSTAT & 0x400)) ; // Wait until PLL Locked
PLLOCON=0x3; // Connect the PLL as the clock source
PLLOFEED=0xAA; // Feed process

PLLOFEED=0x55;

MAMCR=0x2 ; // Enabling MAM and setting number of clocks used
// for Flash memory fetch (4 cclks in this case)
MAMTIM=0x4;
VPBDIV=0x02; // PCLK at 30 MHz
// Main Program //
void main ()
{
init () ; // Initialize the system
SCS = 0x03; // select the “fast” version of the I/O ports

uartO0_init (9600) ;

// Initial UARTO @ 9600 bps,8 bit data ,1 stop bit ,no parity bit
uartl init (9600) ;

// Initial UART1 @ 9600 bps,8 bit data ,1 stop bit ,no parity bit

while (1)
{
uart0 puts (“Test UARTO\r\n”); // Send string to UARTO
printf (“Test UART1\r\n”) ; // Send string to UART1
1

Listing P4-2 : uvart 0 1.c file of uart 0 1 project for LPC2148 UART
experiment
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“#gUART - HyperTerminal o[]S}
Eile Edk View Call Transfer Help

Dl w|5] oles| =

Test UARTO

Test UARTO
Test UARTO
Test UARTO
Test UARTO
Test UARTO
Test UARTO
Test UARTO
Test UARTO
Test UARTO
Test UARTO
Test UARTO
Test UARTO
Test UARTO
Test UARTO

Test UARTO

RN K

Connected 0:00:06 |auko detect (o600 8-1u-1 [ScROLL [CAPS [om  [Capture  [Print echo

Figure P4-1 Shows UARTO operation at Hyper Terminal window

“#UART - HyperTerminal 1ol x|
Fle Edt Vew Cal Transfer Help

Dl=| ]3] o] =

Test UART1
Test UART1
Test UART1
Test UART1
Test UART1
Test UART1

Test UART1
Test UART1
Test UART1
Test UART1
Test UART1
Test UART1
Test UART1
Test UART1
Test UART1
Test UART1
Test UART1
Test UART1
Test UART1
Test UART1
Test UART1

: :

(Connected 0:02:36 [Auto detect  [2600 81 [ScROLL[caps oM [Capture [Print echa

Figure P4-2 Shows UART1 operation at Hyper Terminal window

4.1.3 Open the Terminal program such as Hyper terminal or RS-232 Terminal
(download at www.inexglobal.com) to test th e operation. Set baudrate to 9,600
bit per second.

4.1.4 Connect serial port cable from computer RS-232 port to UART CH.0 connector
on JX-2148 board. If have more serial port, connect the serial cable to UART CH.1
connector.

4.1.5 Run the program. Watch the result on the terminal program operation.
Message on the Terminal panel will show message :
Test UARTO If connect between UART CH.0 with RS-232 serial port
Test UART1 If connect between UART CH.1 with RS-232 serial port

LPC2148
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Experiment - 4.2 : UART operation with interrupt

This experiment demonstrates the UART1 operation with interrupt.
Procedure :

4.2.1 Build new project, in name uartl int.

4.2.2 Wirite the program Listing P4-3. Compile to uartl int.hex and download to
microcontroller.

4.2.3 Open the Terminal program such as Hyper terminal or RS-232 Terminal to test
the operation. Set baudrate to 9,600 bit per second.

4.2.4 Connect serial port cable from computer RS-232 port to UARTCH.1 connector.

| RESET BLUETOOTH

+ | @ ITAG/DEBUG port
SD/MMC
®] vasov Connect to
o[ ] .
DEBUG EN.
o IX-2148 i serial port
ARM7-LPC2148 +3.3V .
OFF Education board REF
I —
O GND
onN 32.768kHz
LPC2148
usB LITIUM
BATTERY 3V
Qwn
USB bhinaS9 88 o
Mn.n.n.n.»—'«odd-#’_.‘
O s £ ORI NORORON 3 TR PIEZO E =
0.25 PORT 0.12-0.13
(D/A) | (a0 (o () 0o O 0o ) () ) () O () O O ) ) O 1.20
0 0 ) ) 0 (O D OO 00 0 O 0| 121
c 0 0 0 ) O O D OO O O 0| 1.22
3 G| O 0 0 O O O O OO0 O O | ] 1.23
g ) 0 0 0 ) O OO ) ) O O 0 D0 ) R0 .16+
o) 154
z [ ] [ ] 0.21 .
IR0 00 00 00 00 OO0 O OO0 OO0 0 0 06D 0 60 O O
) 0 0 0 O O OO ) O O 0 0 ) R0
) 0 0 0 ) O OO ) ) O O 0 O ) R0 I I
ISP | O ) O 0 O O O O ) 0 0 OO0 0 0
SWITCH | 0 (80 0 ) ) ) () 0 00 0 D 0 00 ) ) () O
028 029 0.30 (A/D)

4.2.5 Run the program.Watch the result on the terminal program operation.
The termional window shows message below :
Now test UART1l for echo character

Press any key for test!

Try to press any keyboard button for transmitting that character to
LPC2148. This transmit enable echo function (return character back). Thus,
transmitted character will send back to serial port and appear at the terminal
program window.
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//
// Program UART example
// Description : Example for test UART1 interrupt mode
// Frequency Crystal 12 MHz at PLL 5x(CCLK = 60 MHz),PCLK = 30 MHz
// Filename : uart int.c
// C compiler Keil CARM Compiler
//
#include “lpc214x.h” // Header file for Phillips LPC2148 controller
#include “uart.h” // Library for use module UARTO,UART1
#include “stdio.h” // Library for use puts function (For UART1)
// Function for Initial system clock //
void init ()
{
PLLOCFG=0x24; // MSEL = 4,PSEL = 2

PLLOFEED=0xAA; //
PLLOFEED=0x55;

PLLOCON=0x1;
PLLOFEED=0xAA; //
PLLOFEED=0x55;

while (! (PLLOSTAT &

PLLOCON=0x3 ;
PLLOFEED=0xAA;
PLLOFEED=0x55;

MAMCR=0x2 ;

MAMTIM=0x4 ;
VPBDIV=0x02;

}

0x400)) ;

Feed process

Feed process

// Wait until PLL Locked

// Connect the PLL as the clock source

// Feed process

// Enabling MAM and setting number of clocks used for
// Flash memory fetch

(4 cclks in this case)

// PCLK at 30 MHz

// Interrupt service routine for UART1 //
void isr uartl(void) _ irg
{

char msg;

if (((msg = ULIIR) & 0x01l) == 0) // Check status flag communication

{

switch (msg & O0xOE)

{

case 0x04:

while (! (ULLSR & 0x20)) ;

// Filter message

// Receive Data Available

UlTHR = ULRBR; // Echo character
break;
case 0x02: break; // Their Interrupt
default: break; // Other

}
}

VICVectAddr = O0;

Listing P4-3 :
experiment (continue)

// Acknowledge Interrupt

//

//

uartl int.c file of uartl int project for LPC2148 UART
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// Main Program //

void main ()

{
init () ; // Initialize the system
SCS = 0x03; // select the “fast” version of the I/O ports
uartl init (9600) ; // Initial UART1 @9600 bps, 8 bit data, 1 stop bit, no parity
UlIER = 3; // Enable rx/tx interrupt for UART1
PINSELO |= (1<<18) ; // Enable RXD1 (from UART1l) at P0.9
VICVectAddrO = (unsigned)isr uartl;

// Register Interrupt service routine name

VICVectCntl0o = 0x20 | 7; // UART1 Interrupt
VICIntEnable = 1 << 7; // Enable UART1 Interrupt

puts (“Now test UART1 for echo character\n”);

// Display message for test echo character
puts (“Press any key for test!\n”);
while (1) ; // Infinite loop

Listing P4-3 : uartl int.c file of uartl int project for LPC2148 UART
experiment with interrupt (final)

“UART - HyperTerminal =I5 EI

File Edit Wiew Call Transfer Help

Now test UART1 for echo character B
Press any key for test!
hello_
=
J | o
(Connected 0:00:15 Muto detect 9600 8-H-1 [SCROLL  [CAPS  [wum [Capture [P g

Figure P4-3 Shows the UART1 module data communication function with
interrupt

~L0N0000000000a0n

LPC2148




46 @ JX-2148 : LPC2148 ARM7-32 bit Microcontroller Education board

Experiment -5 : A/D converter

This experiment is demonstration of Analog to digital converter module within LPC2148 operation.

Selects ADO0.3 pin (P0.30). Read the conversion result to display at the terminal program via UARTO.

Procedure :

5.1 Build new project, in name adc.

5.2 Write the program Listing P5-1. Compile to adc.hex and download to
microcontroller.

5.3 Open the Terminal program such as Hyper terminal or RS-232 Terminal to test
the operation. Set baudrate to 9,600 bit per second.

5.4 Connect serial port cable from computer RS-232 port to UARTCH.0 connector.

‘ ‘ RESET BLUETOOTH
000

JTAG/DEBUG port

SD/MMC

+4.5-9V

DEBUG EN
JX-2148 ﬂ

STATUS

o
=2

o+
(] (@
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Education board REF

GND

OFF

oN 32.768kHz

Connect to i A
serial port
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[] []
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2
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[ 1 [

O nnn
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N0 O O O ) O O O O X0 12
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IR0 O O O O O O O O O O O O O | O] 1.2
CLK 0.16
I O O O O O ) O ) O O OO0
0 ) ) O ) ['}
@ ISP |0 0 O () O O ) ) i () O O ) O ) ) T

0o (] Ou] (o) O] Do) (o) O] Do) Ou) () () (o) (o) O] ] O]
021 0. DAT 0.15+
0N N Do (N D D) (N DR D) DA W
SWITCH | 0ud (u Ou] (o] (o (o] (o) (o] Do) Du () (] (o] (o) O] O] O]
0.28 0.29  0.30 (A/D)

[] [1
[=
/w &
OHD LyvN
O
o
9] &
pE
Tév
HM |SpI-Q
B D O
0 B &
B D O E
0 B &
X XX
M | B D
] OF

Press down to Program Adjust analog signal
Press up to Run

5.5 Run the program.Watch the result on the terminal program operation.

The terminal window shows message below :
Analog(AD0.3): XXX

By xxx is the conversion digital data from A/D converter module.
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// //
// Program Example Analog to Digital converter

// Description : Display A/D convert value on terminal program(used UARTO

// communication)

// Frequency Crystal 12 MHz at PLL 5x(CCLK = 60 MHz),PCLK = 30 MHz

// Filename adc.c

// C compiler Keil CARM Compiler

// //
#include “lpc21l4x.h” // Header file for Phillips LPC2148 controller
#include “stdio.h” // Library for sprintf function

#include “uart.h” // Library for UART

// Function for 1Initial system clock //

void init ()

{

PLLOCFG=0x24;
PLLOFEED=0xAA;
PLLOFEED=0x55;

PLLOCON=0x1;
PLLOFEED=0xAA;
PLLOFEED=0x55;

while (! (PLLOSTAT & 0x400)) ;

PLLOCON=0x3 ;
PLLOFEED=0xAA;
PLLOFEED=0x55;

MAMCR=0x2 ;

MAMTIM=0x4 ;
VPBDIV=0x02;

}

// MSEL = 4,PSEL = 2

Feed process

//

Feed process

// Wait until PLL Locked
// Connect the PLL as the clock source

// Feed process

// Enabling MAM and setting number of clocks used for
// Flash memory fetch (4 cclks in this case)

// PCLK at 30 MHz

// Function delay //
void delay ms(long ms) // delay 1 ms per count @ CCLK 60 MHz
{
long 1i,3;
for (i = 0; 1 < ms; 1i++ )
for (j = 0; j < 6659; j++ );
}
// Main Program //
void main ()
{
int val=0;
char s[30]; // Buffer for keep string from integer convert
init () ; // Initialize the system
SCS = 0x03; // select the “fast” version of the I/O ports
uart0_init (9600) ; // Initial UARTO

Listing P5-1 : adc. c file of ade project for LPC2148 A/D converter experiment

(continue)
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PINSEL1 |= 0x10000000; // Enable ADO0.3 for used
ADOCR = 0x00210608; // Setup A/D: 10-bit AINO @ 3MHz
while (1)
{
ADOCR |= 0x01000000; // Start A/D Conversion
while ((ADODR3 & 0x80000000) == 0); // Wait for the conversion to complete
val = ((ADODR3 >> 6) & O0xO03FF) ; // Extract the A/D result
sprintf (s, ”Analog (AD0.3): %d \r”,val);

// Convert string to display analog value
uart0_puts(s) ; // Display to Terminal program
delay ms (200) ; // Delay for display

}
}
Listing P5-1 : adc. c file of ade project for LPC2148 A/D converter experiment
(final)
“gUART - HyperTerminal =10l x|
File Edit Wiew Call Transfer Help
SEEEE
-
Analog{ADO.3): 781
—
< | LI_I
(Cornected 0:01:49 Muto detect 3600 8- [SCROLL  [CaPs  |wuM  [Capture [P g

Figure P5-1 Shows the result of A/D converter experiment at the Hyper
terminal window.

LPC2148
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Experiment - 6 : Real-time Clock in LPC2148
Experiment - 6.1 : RTC interrupt

This experiment is demonstration about set the interrupt time for Real-time
clock module within LPC2148. The interrupt will happen 2 cases. The first is interrupt
every 1 second. LED at P0.22 will blink following the interrupt event. The second is
interrupt at every second unit as 3 such as 12:05:03,12:06:03 or 02:48:03 etc.

Procedure :

6.1.1 Build new project, in name rtc_int.

6.1.2 Write the program Listing P6-1. Compile to rtc_int.hex and download to
microcontroller.

6.1.3 Open the Terminal program such as Hyper terminal or RS-232 Terminal to test
the operation. Set baudrate to 9,600 bit per second.

6.1.4 Connect serial port cable from computer RS-232 port to UARTCH.1 connector.

‘ ‘ RESET BLUETOOTH
+|@ ITAG/DEBUG port
SD/MMC
|®] wasov Connect to
STATUS -
DEBUG EN.
o IX-2148 s serial port
ARM7-LPC2148 +3.3V .
OFF Education board REF
I —
O GND
oN 32.768KHz
LPC2148
UsB LITIUM
BATTERY 3V
omne
UsB LSS Se 88 4
xoooo OSSO+ T
O 55 S RN = WORIRON, - RRORRON — = =
0.25 PORT 0.12-0.13
(D/A) | a0 00 00 O O O s 00 ) O O () O O ) ) O 1.20
0 0 0 0 O O O 0 O O O OO O 0 0| () .21
c 0RO 0 O O O 0 D DO O O O 0 | (] .22
3 G | 00 00 O O O O O ) 0 OO0 | O] 1.23
g 0 O 0 0 00 O O 0 O 00 OO0 O O 0 CLK 0.16
o} DAT 0.154
z [ 1 [ 021 0.22 mom;
00 00 00 0 00 O OO0 O OO0 00 0 O 0 K0 O O
0 O 0 0 O O O 0 O 00 OO0 O O 0
0 O 0 000 O O 0 O 00 OO0 O O 0 I I
ISP | I 0 O O O O O 0 0 0O OO0 OO0 0
SWITCH | 0 0] 0 O O O O ) ) 0 O OO O O ) O
0.28 029 0.30 (A/D)
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// //
// Program : Example for Real time clock

// Description : -

// Frequency : Crystal 12 MHz at PLL 5x(CCLK = 60 MHz),PCLK = 30 MHz

// Filename : rtc int.c

// C compiler : Keil CARM Compiler

// //
#include “lpc214x.h” // Header file for Phillips LPC2148 controller
#include “sound.h” // Header file for Phillips LPC2148 controller
#include “stdio.h” // Library for use puts function (For UART1)

#include “uart.h” // Library for use module UARTO,UART1

#define LED1 ON FIOOCLR = 0x00400000 // Red led 0.22 on

#define LED1 OFF FIOOSET = 0x00400000 // Red led 0.22 off

char alarm = 0; // Variable for status sound alarm
// Function for Initial system clock //

void init ()
PLLOCFG=0x24; // MSEL = 4,PSEL = 2
PLLOFEED=0xAA; // Feed process
PLLOFEED=0x55;

PLLOCON=0x1;

PLLOFEED=0xAA; // Feed process

PLLOFEED=0x55;

while (! (PLLOSTAT & 0x400)) ; // Wait until PLL Locked
PLLOCON=0x3; // Connect the PLL as the clock source
PLLOFEED=0xAA; // Feed process

PLLOFEED=0x55;

MAMCR=0x2 ; // Enabling MAM and setting number of clocks used for Flash
// memory fetch (4 cclks in this case)
MAMTIM=0x4;

VPBDIV=0x02; // PCLK at 30 MHz
}
// Function delay //
void delay ms(long ms) // delay 1 ms per count @ CCLK 60 MHz
{
long i,j;
for (i = 0; i < ms; i++ )
for (j = 0; j < 6659; j++ );
}
// Interrupt service routine for UART1 //
void isr rtc(void) _ irg
{
if (ILR & 0x01) // Check Interrupt block generate
{
LED1 ON; // LED on
delay ms(100) ; // Delay for Blink LED
LED1_OFF; // LED off
ILR = 0x01; // Clear interrupt flag
!
if (ILR & 0x02)
{
alarm = 1; // Set flag alarm for generate sound beep
ILR = 0x02; // Clear interrupt flag

Listing P6-1 : rtc int.c file of rte_int project for LPC2148 RTC
experiment (continuous)
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VICVectAddr = 0;

}

// Main Program

void main ()

{

char i=0;

init () ; //
SCS = 0x03; //
FIOODIR |= 0x00400000; //
uartl init (9600) ;

PREINT = 0x00000392; //
PREFRAC = 0x00004380;

CIIR = 0x00000001; //

ALSEC = 0x00000003;

// Acknowledge Interrupt

//

Initialize the system
select the “fast” version of the I/O ports
Config. pin P0.22 as output

Set RTC Prescaler for PCLK 30 MHz

Enable seconds counter interrupt
// Set alarm register for 3 seconds

// (match when xx:xx:03)
AMR = O0x000000FE; // Enable seconds alarm
CCR = 0x00000001; // Start RTC
VICVectAddrl3 = (unsigned)isr rtc;

VICVectCntll3 = 0x20 | 13;

VICIntEnable | (1<<13) ; // Enable RTC Interrupt
while (1) // Infinite loop
{
if (alarm==1) // Check seconds alarm match
{
beep () ; // Sound beep 1 time
1++; // Increment counter for sound
if (i>10) // Over 10 time?
{
1i=0; // Clear counter
alarm = 0; // Clear alarm flag
}
}
printf ("TIME: %d:%d:%d \r “, HOUR, MIN, SEC) ;
// Display time format hh:mm:ss
delay ms (100) ; // Delay for display

}
}

More information about important function in this program

The suitable value for PREINT and PREFRAC register in LPC2148’s RTC module

can calculate from

PREINT = int(PCLK / 32768) = 1 wvveveeeeeseereeeseeeeseenesanen (Eq. P6-1)
PREFRAC = PCLK - ((PREINT + 1) X 32768).....ccvvvvereerae.. (Eq. P6-2)

From Eq. P6-1

PREINT value = int (30000000 / 32768) - 1 = 914 or 0x392

From Eq. P6-2

PREFRAC value = 30000000 - ((914 + 1) x 32768) = 17280 or 0x4380

Listing P6-1 : rtc int.c file of rte_int project for LPC2148 RTC

experiment (final)
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6.1.5 Run program. Watch the result on the terminal program and LED at P0.22
operation.

The terminal window shows message below :
TIME: hh:mm:ss

by hh is time in hour unit., mm is time in minute unit and ss is second.

LED at P0.22 will blink in rate 1 second. This operation is defined from
the interrupt first case.

In every second at number 3, piezo will drive beep signal 10 times
continuous. This operation is defined from the interrupt second case.

#gUART - HyperTerminal =]
File Edit Wiew Call Tramsfer Help

|

IIME: 10:28:45

== |

-
«| | »
Connected 0:00: 13 |futo detect (3500 811 SCROLL  [CAPS  [wUM  [Capture  [Printecho g

However the operation of this experiment RTC module cannot operate
continuous without supply voltage. Because the program set to RTC clock use
same souce clock of CPU (CLKSRC bitin CCRregisteris ‘0’). RTC module will operate
when apply supply voltage to CPU only.

In nthe next experiment will shows the solution of this limitation.
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Experiment - 6.2 : Setting time to RTC.

This experiment will demonstrate the setting time value to RTC module. It is

writing the value to 3 time registers includes HOUR, MIN and SEC. Input all values
with keyboard pass Terminal program via UART1 module.

Procedure :

6.2.1 Build new project, in name rtc_setup.

6.2.2 Write the program Listing P6-2. Compile to rtc_setup.hex and download to
microcontroller. Close LPC2000 Flash Utility program.

// //
// Program : Example for Real time clock

// Description : Example for display via Terminal program time format hh:mm:ss
// : and user can setup new time by press key ‘*’ on keyboard
// Frequency : Crystal 12 MHz at PLL 5x(CCLK = 60 MHz),PCLK = 30 MHz

// Filename : rtc_setup.c

// C compiler : Keil CARM Compiler

// //
#include “lpc2l4x.h” // Header file for Phillips LPC2148 controller
#include “stdio.h” // Library for use puts function (For UART1)

#include “uart.h” // Library for use module UARTO,UART1

#include “ctype.h” // Library for isdigit function

#include “stdlib.h” // Library for atoi function

char key = 0; // Variable for status sound alarm

// Function for 1Initial system clock //

void init ()

{

PLLOCFG=0x24; // MSEL = 4,PSEL = 2
PLLOFEED=0xAA; // Feed process
PLLOFEED=0x55;

PLLOCON=0x1;
PLLOFEED=0xAA; // Feed process
PLLOFEED=0x55;

while (! (PLLOSTAT & 0x400)) ; // Wait until PLL Locked

PLLOCON=0x3; // Connect the PLL as the clock source
PLLOFEED=0xAA; // Feed process

PLLOFEED=0x55;

MAMCR=0x2 ; // Enabling MAM and setting number of clocks used for Flash

// memory fetch (4 cclks in this case)
MAMTIM=0x4;
VPBDIV=0x02; // PCLK at 30 MHz

Listing P6-2 : rtc setup.c file of rtc setup project for LPC2148 RTC
experiment (continuous)
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// Function delay //
void delay ms(long ms) // delay 1 ms per count @ CCLK 60 MHz
{

long i,3j;

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

for (j = 0; j < 6659; Jj++ );

}

// Interrupt service routine for UART1 //
void isr uartl(void) _ irg
{
char msg;
if (((msg = U1IIR) & 0x01) == O0) // Check status flag communication
{
switch (msg & O0xOE) // Filter message
{
case 0x04: while(! (UlLSR & 0x20)) ; // Receive Data Available
key = UlRBR;
break;
case 0x02: break; // THRE Interrupt
default: break; // Other
!
}
VICVectAddr = 0; // Acknowledge Interrupt
}
// Function for setup date/time for Real time clock ——//

void rtc uartl setup(char *s)

{

unsigned char tm; // Buffer for keep date/time setup value
char i=0; // Variable for loop counter
for (i=0;1<2;i++) // Loop for keep value 2 byte
{
while (!isdigit (key)) ; // Wait for key ‘'0’-'9' only
if (i==0)
tm = 1l0*atoi (&key) ; // Keep ‘1l value
if (i==1)
tm = tm+atoi (&key) ; // Keep ‘2 value
putchar (key) ; // Display key on Terminal program
key = 0; // Clear old key for next key
1
*s = tm; // Load setup new value
}
// Main Program //

void main ()

{

init () ; // Initialize the system

SCS = 0x03; // select the “fast” version of the I/O ports

uartl init (9600) ; // Initial UART1 @9600 bps,8 bit data,l stop bit,
// no parity bit

UlIER = 3; // Enable rx/tx interrupt for UART1

PINSELO |: (1<<18) ; // Enable RXD1 (from UART1) at P0.9

Listing P6-2 : rtc setup.c file of rtc setup project for LPC2148 RTC
experiment (continuous)



JX-2148 : LPC2148 ARM7-32 bit Microcontroller Education board ® 55

VICVectAddrO = (unsigned)isr uartl; // Register Interrupt service routine name
VICVectCntl0 = 0x20 | 7; // UART1 Interrupt
VICIntEnable |= 1 << 7; // Enable UART1 Interrupt
CCR = 0x00000011; // Start RTC used 32.768 kHz crystal for RTCX1/RTCX2 pin
while (1) // Infinite loop
{
printf (“TIME: %d:%d:%d \r “,HOUR, MIN, SEC) ;
// Display time format hh:mm:ss
delay ms (100) ; // Delay for display
if (key=='%*") // Check key for setup time?
{
key = 0; // Clear old key for next key
printf (“\nSet Time:”); // Display message for setup time at new
line
rtc_uartl setup (&HOUR) ; // Wait until user insert new value of HOUR
uartl putc(‘:"); // Display ‘:’ at terminal program
rtc_uartl setup (&MIN) ; // Wait until user insert new value of MIN
uartl putc(‘:"); // Display ‘:’ at terminal program
rtc uartl setup (&SEC) ; // Wait until user insert new value of SEC
printf (“\nTIME: %d:%d:%d \r “,HOUR,MIN, SEC) ;

// Display new time for setup at new line

Listing P6-2 : rtc setup.c file of rtc setup project for LPC2148 RTC
experiment (final)

6.2.3 Open the Terminal program such as Hyper terminal or RS-232 Terminal to test
the operation. Set baudrate to 9,600 bit per second.

6.2. 4 Connect serial port cable from computer RS-232 port to UARTCH.1 connector.
6.2.5 Run program. Watch the result on the terminal program.

The terminal window shows message below :
TIME: hh:mm:ss

by hh is time in hour unit., mm is time in minute unit and ss is second.

il
File Edit Wew Cal Transfer Help

Dl @3] wofm

=]
TIME: 10:29:23
Set Time:18:24:06
TIME: 18:24:12

=

0| | r =

Connected 0:00:27 |Autu detect |96008-N-1 SCROLL CAPS  MUM  |Capture  |Printecha
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6.2.6 Press * key for setting time to RTC module. Watch the result on the terminal program.

The new message will appear in the next line :
Set Time:

Wait for data 6 digits. They mean time value in hh,mm and ss. Input
the value complete 6 digits. The time value will store in the time registers of RTC
module. The terminal will shows the setting time and run continue.

The operation of this experiment RTC module can operate continuous
without supply voltage. Because RTC receive the clock from 32kHz clock oscillator
separate CPU clokc. CLKSRC bit in CCR register set to ‘1’. The time value can store
with +3V supply from litum battery on-board.

~LI000000800000

LPC2148
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Experiment -7 ;. PS/2 Keyboard interface

This experiment is demonstration about interfacing PS/2 keyboard with
LPC2148. The heart of this operaion is keyboard.h library file. LPC2148 will get the
key value and display at the terminal program via UARTL.

keyboard.h library for PS/2 keyboard interfacing

The full source program of this library file is shown in Listing P7-1. The description
of each function in this library file as :

kb init
Initialize keyboard clokc pin. In this experiment is EINTO or P0.16

syntax :
void kb init ()
kb getchar
Get the pressed key character that this library support.

syntax :

char kb getchar ()

return :

Keyboard code or Key value

PS/2 keyboard interface

Keyboard detection of keyboard.h library will detect raising edge interrupt
signal at EINTO or P0.16 pin. This pin will connect to Clock signal of keyboard. If key
pressed, status of this pin will down to zero immediately. That is start bit. The figure
P7-1 shows the timing diagram of keyboard data bit and clock signal.

coce | [ L)L) LU UL L L L
Pata \_ A XXX XK XX

START DATAO DATA1l DATA2 DATA3 DATA4 DATAS5 DATA6 DATA7 PARITY STOP

Figure P7-1 PS/2 keyboard signal timing diagram
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// //

// Program : Library for PS/2 Keyboard

// Description : Detect for input key from PS/2 keyboard

// Frequency : Crystal 12 MHz at PLL 5x(CCLK = 60 MHz),PCLK = 30 MHz
// Filename : keybord.h

// C compiler : Keil CARM Compiler

// //

#include “stdio.h” // Library for use puts function (For UART1)
#include “ctype.h” // Library for use toupper function
#define LOWER O // Macro for lower case keyboard

#define UPPER 1 // Macro for upper case keyboard

#define CAPS LOCK CODE 0x58 // Macro for Caps Lock scan code
unsigned int code=0; // Variable for keep scan code

char char case =LOWER; // Variable for status character case(lower or upper)

const unsigned char ascii key[128] = // Table for decode
{
0 // 0x00
// 0x01
// 0x02
// 0x03
// 0x04
// 0x05
// 0x06
// 0x07
// 0x08
// 0x09
// O0xO0A
0x0B
// 0x0C
1 // 0x0D
// OxOE
// OxOF
// 0x10
// 0x11
// 0x12
// 0x13
// 0x14
0x15
0x16
// 0x17
// 0x18
// 0x19
, &7 // O0x1A
- // 0x1B
, t‘a’ // 0x1C
, ‘w’ // 0x1D
, ‘@’ // Ox1E
, 0 // Ox1F
, 0 // 0x20
, @’ // 0x21
, 'x! // 0x22
, a’ // 0x23
;e // 0x24
- // 0x25
, C# // 0x26
, 0 // 0x27
, 0 // 0x28
; D2 // 0x29
A // 0x2A
, NE7 // 0x2B
, tie’ // 0x2C
PR // 0x2D

- OO0 0000 O0OHOODOODODOOOOOoOOoOOo
~
~

-1Q
~ >~
~~

- O OO

Listing P7-1 Source program of keyboard.h library file (continue)
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‘%! // Ox2E
, 0 // O0x2F

0 // 0x30

n // 0x31

b // 0x32
, ‘h’ // 0x33

‘g’ // 0x34

v’ // 0x35
s 2 // 0x36
, 0 // 0x37
, 0 // 0x38
, 0 // 0x39

‘m’ // 0x3A
;M7 // 0x3B
. // 0x3C
, ‘& // 0x3D
, ‘*! // Ox3E
, 0 // OxX3F
, 0 // 0x40
, 44 // 0x41
, ‘k’ // 0x42

oal 0 // 0x43
, ‘o’ // 0x44
s )7 // 0x45

‘(0 // 0x46
, 0 // 0x47

0 // 0x48
// 0x49
// 0x4RA
// O0x4B
0x4cC
// 0x4D
// Ox4E
// O0x4F
// 0x50
// 0x51
0x52
// 0x53
// 0x54
0x55
// 0x56
// 0x57
// 0x58
// 0x59
0x5A
0x5B
// 0x5C
0x5D
// OxX5E
// OxX5F
// 0x60
// 0x61
// 0x62
// 0x63
// 0x64
// 0x65
// 0x66
// 0x67
// 0x68
0x69
// Ox6A
0x6B
0x6C
0x6D

N o T T G
~
S~

\e]
~
~

Il
~
~

— W
S~~~
S~ ~—

(@] ‘O—OOCOOOOOOOOOKOO—I—‘OOOO‘OODJOOOI"
~ =) N

R Y ~ ~

SN~ ~ S~

Listing P7-1 Source program of keyboard.h library file (continue)
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, 0 // Ox6E
, 0 // Ox6F
, ‘0’ // 0x70
0 Yo // 0x71
, 27 // 0x72
IS // 0x73
, ‘6’ // 0x74
, ‘8’ // 0x75
, 27 // 0x76
, 0 // 0x77
, 0 // 0x78
, Y+ // 0x79
, ‘37 // Ox7TA
g O=0 // 0x7B
, Vx // 0x7C
, ‘9’ // 0x7D
, 0 // Ox7E
, 0 // Ox7F
b
// Function Check input PO //
char inpO(char bit)
{
unsigned long c;
c = 1l<< bit; // Calculate digit to configuration for input port
return ( (FIOOPIN & c)>> bit); // Read and return data bit
!
// Function get character from keyboard —//

char kb getchar ()

static unsigned char temp=0
,bk=0;
unsigned char result;
while( code == 0); // Wait for key code support only
temp = code; // Keep code detect
if (bk==2) // Not keep code for 0xFO0,0xEO,O0xEl sequent
{
bk =0;
if (bk==1) // Not keep code for 0xFO0,0xE0,0xEl sequent
{
bk =2;
if (_code==0xF0 || _code==0xE0) // Check break code and none key support
{
bk=1; // Start break code sequent
}
_code = 0; // Clear old code
if ((temp !=0xFO0 || temp !=0xE0 || temp !=0xEl) && bk==0) // Check code support?
if (temp == CAPS LOCK CODE) // Check Caps Lock mode key push?
{
char case “=1; // Toggle status Caps Lock mode
}
if (char case==UPPER) // Check Upper case for character ‘A’-'Z’
result = toupper( ascii keyl[temp]); // Result ‘A’-'Z’
else
result = ascii keyl[templ; // Result ‘a’-’'z’
return (result) ; // Return result
}
else
return (0) ;

Listing P7-1 Source program of keyboard.h library file (continue)
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// Interrupt service routine for EINTO //
void isr_ intO(void) _ irqg
{
unsigned char 1i; // Define for counter loop
if (_inp0(16)==0) // Check start bit true?
while ( inp0(16)==0) ; // wait for “1” after start bit
for(i=0;1<10;i++) // For loop count 10 time (for receive data 8 bit)
{
while (_inp0(16)==1) ; // wait for “0” after data bit
_code = _code>>1; // Shift data bit to right 1 time
if (_inp0(15))
_code = code | 0x8000; // Config data bit = “1”
while ( inp0(16)==0) ; // wait for “1” after data bit
while (_inp0(16)==0) ; // wait for “1” after stop bit
_code = _code>>6;

_code &= 0xO00FF;

}

EXTINT |= 0x1; // Clear interrupt flag EINTO
VICVectAddr = 0; // Acknowledge Interrupt
}
// Function initial PS/2 keyboard //

void kb init ()

{

FIOODIR &= ~(1<<15); // Config. output P0.15 DATA pin for keyboard
FIOODIR &= ~(1<<16); // Config. output P0.16 DATA pin for keyboard
EXTMODE |= 0x1; // EINTO Edge sensitive detection(Falling edge)
PINSEL1l |= 0x01; // Enable EINTO at P0.16

VICVectAddr0 = (unsigned)isr intO; // Register Interrupt service routine name
VICVectCntl0 |= (0x20 | 14); // EINTO Interrupt

VICIntEnable |= 1 << 14; // Enable EINTO Interrupt

Listing P7-1 Source program of keyboard.h library file (final)

To start using this library, must execute kb_init function in the top of program
for setting interrupt operation of EINTO. The function isr into isinterruptservice. It
is set the first priority (slot 0) After key pressed, program will jump to this service
routien isr into.

Operation of isr_int0 function is filter 8-bit data to store in _code variable and
convert to ASCIl code by look-up table refer Table P7-1. In one key pressed, the
data will appear 2 values. One is pressed key data, another is released key data.
For examplr, S key is pressed. Data will be 0x1B. After release, the data will change
to OxFO.

Key detection is operation of kb getchar function. If detect key pressed,
this function will return key value (in condition, that key must support by keyboard.h
library). Internal operation of kb getchar function will look over both pressed
and releasaed key data (OXxEO and 0xF0). After that bring the key value to look up
table for getting ASCIl data and retun final data.
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Table P7-1 Keyboard data

of PS/2 keyboard

ey | fremst hovmt | | ey [frved et | | ey | M| e
A 1C FO, 1C ' OE FO, 1C Home | EO,6C | FO,1C
B 32 FO, 32 - 4E FO, 1C PageUp | EO, 7D | FO, 1C
C 21 FO, 21 = 55 FO, 1C Delete | EO,71 | FO, 1C
D 23 FO, 23 \ 5D FO, 1C End E0,69 | FO, 1C
E 24 FO, 24 BKSP 66 FO, 1C Page Dwn| EO,7A | FO, 1C
F 2B FO, 2B Space 29 FO, 1C N EO, 75 FO, 1C
G 34 FO, 34 Tab oD FO, 1C < E0,6B | FO, 1C
H 33 FO, 33 Caps 58 FO, 1C N E0,72 | FO, 1C
I 43 FO, 43 L Shift 12 FO, 1C > E0, 74 | FO, 1C
] 3B FO, 3B L Ctrl 14 FO, 1C NUM 77 FO, 1C
K 42 FO, 42 L GUI E0, IF | FO, 1C KP / E0,4A | FO, 1C
L 4B FO, 4B L Alt 11 FO, 1C KP * 7C FO, 1C
M 3A FO, 3A R Shift 59 FO, 1C KP - 7B FO, 1C
N 31 FO, 31 R Ctrl E0, 14 | FO, 1C KP + 79 FO, 1C
0 44 FO, 44 RGUI | EO0,27 | FO,1C KPEN | EO,5A | FO,1C
P 4D FO, 4D R Alt E0,11 | FO, 1C KP . 71 FO, 1C
Q 15 FO, 15 Apps E0, 2F | FO, 1C KP 0 70 FO, 1C
R 2D FO, 2D Enter 5A FO, 1C KP 1 69 FO, 1C
s 1B FO, 1B ESC 76 FO, 1C KP 2 72 FO, 1C
T 2C FO, 2C F1 05 FO, 1C KP 3 7A FO, 1C
U 3C FO, 3C F2 06 FO, 1C KP 4 6B FO, 1C
v 2A FO, 2A F3 04 FO, 1C KP 5 73 FO, 1C
w 1D FO, 1D F4 0C FO, 1C KP 6 74 FO, 1C
X 22 FO, 22 F5 03 FO, 1C KP 7 6C FO, 1C
Y 35 FO, 35 F6 0B FO, 1C KP 8 75 FO, 1C
z 1A FO, 1A F7 83 FO, 1C KP 9 7D FO, 1C
0 45 FO, 45 F8 0A FO, 1C ] 5B FO, 1C
1 16 FO, 16 F9 01 FO, 1C ; 4C FO, 1C
2 1E FO, 1E F10 09 FO, 1C ' 52 FO, 1C
3 26 FO, 26 F11 78 FO, 1C , 41 FO, 1C
4 25 FO, 25 F12 07 FO, 1C 49 FO, 1C
5 2F FO, 2E PrtScn  |E0,12, €0, 7¢|  FO, 1C / 4A FO, 1C
6 36 FO, 36 Scroll 7E FO, 1C
7 3D FO, 3D Pause | toiires | FO,1C
8 3E FO, 3E [ 54 FO, 1C
9 46 FO, 46 Insert | EO0,70 | FO, 1C




JX-2148 : LPC2148 ARM7-32 bit Microcontroller Education board ® 63

Addition about Caps Lock support, swap character format about lower case
and upper case letter. The kb getchar function will return key a as ‘a’ (0x61). If
Caps Lock key pressed and press key a again. this function will return ASCII of ‘A’
(0x41) instead but not turn on LED CAps Lock at keyboard.

Procedure :
7.1 Build new project, in name keyboard ps2.

7.2 Write the program Listing P7-2. Compile to keyboard ps2.hex and download
to microcontroller. Close LPC2000 Flash Utility program.

7.3 Open the Terminal program such as Hyper terminal or RS-232 Terminal to test
the operation. Set baudrate to 9,600 bit per second.

7. 4 Connect serial port cable from computer RS-232 port to UARTCH.1 connector.

7.5 Connect PS/2 keyboard at PS/2 connecotr on JX-2148 board.
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// //
// Program : Example for decode form PS/2 keyboard

// Description: Get character from PS/2 keyboard and display at terminal program
// : used UART1 communication

// Frequency : Crystal 12 MHz at PLL 5x(CCLK = 60 MHz),PCLK = 30 MHz

// Filename : keyboard ps2.c

// C compiler : Keil CARM Compiler

// //
#include “1lpc21l4x.h” // Header file for Phillips LPC2148 controller
#include “sound.h” // Header file for Phillips LPC2148 controller
#include “uart.h” // Library for use module UARTO,UART1

#include “stdio.h” // Library for use puts function (For UART1)
#include “keyboard.h” // Library for use PS/2 keyboard

// Function for 1Initial system clock //

void init ()

{
PLLOCFG=0x24; // MSEL = 4,PSEL = 2
PLLOFEED=0xAA; // Feed process
PLLOFEED=0x55;

PLLOCON=0x1;
PLLOFEED=0xAA; // Feed process
PLLOFEED=0x55;

while (! (PLLOSTAT & 0x400)) ; // Wait until PLL Locked
PLLOCON=0x3; // Connect the PLL as the clock source
PLLOFEED=0xAA; // Feed process

PLLOFEED=0x55;

MAMCR=0x2 ; // Enabling MAM and setting number of clocks used for
// Flash memory fetch (4 cclks in this case)
MAMTIM=0x4;

VPBDIV=0x02; // PCLK at 30 MHz

}

// Main Program //
void main ()

{

init () ; // Initialize the system

SCS = 0x03; // select the “fast” version of the I/O ports

kb _init () ; // Initial for used PS/2 keyboard

uartl init (9600) ; // Initial UART1 @9600 bps,8 bit data,l stop bit,
// no parity bit

while (1) // Infinite loop

{

printf (“%c”,kb getchar()) ; // Get character from keyboard

// and display at terminal program

Listing P7-1 : keyboard ps2.c file of keyboard ps2 project for LPC2148
RTC experiment
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7.6 Run program. Try to type any key on keyboard and watch the result on the
terminal program. After that press Caps Lock key and re-type keyboard again. See
the different result.

#gUART - HyperTerminal -0 x|

File Edit Wiew Cal Transfer Help

abcdefghi jklmnoparstuvexyz ABCDEFGHIJKLMNOPQRSTUYHRYZ Al

r |
-

4| | 3
|connected 0:01:37 |auto detect  [s500 8-ni-1 SCROLL  [CAPS UM [Capture  [Printecho g

o —

Zhex

INNOVATIVE EXPERIMENT
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