~4 RDL Technologies

Connected Intelligence ARM Trainer Kit

\\

Start Your Embedded System Design Journey Today..!

LPC2148 essential development features a plug and play design that makes it easy for connections and helps
Students, hobbyists, enthusiasts, and professionals to focus more on Program / application development.
LPC2148 Trainer Kit equipped with on board I0’s, communication interfaces & peripherals. It is really easy to
design, experiment with, and test circuits without soldering. It’s used in many educational institutions and
R&D LAB acrossthe world.
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Features:

Plug & Play Interface Connectivity
Professional EMI/RFI Complaint
PCB Layout Design

Modular Block design makes Easy
access & quick Prototyping

FRC connectivity features minimize
the connection Error.

High Quality Grade PCB with
wooden Enclosure.

Stackable daughter board LPC2148.
On board debugging JTAG Option
USB onboard programming

8 interfacing LED’s.

1 * 4 interfacing keys.

4* 4 interfacing keypad matrix.
Two channel RS232 port for

communication.

3 ADC potentiometer input interface.

16X2 LCD, OLED interface.

Scope of Learning Experiments:

e LED blinking

e 8 bit LED Left shift, Right shiftand
counting operation

e Keypad Interrupt Interface

e 16*2 LCD interface

e Matrix Keypad Interface

e ADC & DAC interface

e Traffic Light Signal Interface

e 8 bit DIP switch interface

e 7 Segment interface

e 1298 Driver for DC Motor and
Stepper motor interface

e Elevator Interface

ARM Trainer Kit

46 general purpose 10

On Board Power supply 3.3V, 5V
12V,GND.

8 pin DIP switches.

On board voltage level converter
Board enabled with the header
forstacking the WiFi module.
Board enabled with the header
forstacking the Arduino shields.
ON board Micro SD card
ON/OFF slide switch.

RDL bus.

External jumper nodes.

Reset button.

Power plug-in DC Socket.

Power supply indicator LED.
Test led for Tx, Rx.

7Seg Multiplexed Display.
FT232RL USB communication.

Buzzer, Relay interface
RS485, RS232 serial
communication

UART Operation

RTC DS1307 12C protocol
interface

AT24C04 EEPROM 12C protocol
interface

RF/WiFi Communication

SPI protocol interface
Temperature Sensor Interface

Automatic Number Plate
Recognition

www.rdltech.in

Page 2



~4 RDLTechnologies

Connected Intelligence

ARM Board Narration:

ARM Trainer Kit
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1. Pre-Requisites

On your system you need to have the following Software installed before executing lab programs.

1. Keil uVision 4 software
2. FTDIl driver
3. Flash Magic Utility

Follow the next section to install all these software.
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2. Installation
2.1. How to install Keil uVision 4

Follow the steps below to install Keil uVision 4 on your system.

1. Runsetup file MDK-ARM V4.13a.exe (Double click the file icon).
2. Setup Window appears....

Setup MDK-ARM V4.13a X
Welcome to Keil p¥ision KE I E
Releaze 1042010 Tools b},. ARM

Thiz SETUP program installs:
MDK-ARM ¥4.13a

Thiz SETUP program may be used to update a previous praduct installation.
However, you should make a backup copy before proceeding.

It iz recormmended that you exit all \Windows programs before continuing with SETUP.

Follows the instructions to complete the product installation.

Mext >

3. Click Next.

Setup MDK-ARM V4.13a X

License Agreement DZ KE I E

Flease read the following license agreement carefully. Tools b)" ARM

To continue with SETUP, vou must accept the terms of the License Agreement. To acoept the
agreement, click the check box below.

End-User License Agreement for ARM Keil Software
Development Tools

THIS EMD USER LICENCE AGREEMENT ("LICENCE") IS & LEGAL AGREEMENT
BETWEEN vl (EITHER & SINGLE INDIVIDUAL, OR SINGLE LEGAL EMNTITY) AND
ARM LIMITED ("ARM") FOR THE USE OF THE SOFTWARE ACCOMPANYING THIS
LICEMCE. ARM IS ONLY WILLING TO LICENSE THE SOFTWARE TO YoOU ON
CONDITION THAT Yol ACCEPT ALL OF THE TERMS IN THIS LICENCE. BY
CLTEWTRG *T ARDEEY AD BY TMSTALITMGE A0 ATHEDWTSE HISTRE A0 CODyThis

™ | agree to all the termns of the preceding License Agreement

Cancel
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4. Click Checkbox of agreement in order to proceed and click Next

Setup MDK-ARM V4.13a 3
License Agreement Dz KE I E

Flease read the following licenze agreement carefullp. Tools by ARM

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

[A][3:3

End-User License Agreement for ARM Keil Software
Development Tools

THIS EMD USER LICEMCE AGREEMENT (“*LICEMCE") IS A LEGAL AGREEMENT
BETWEEM vOU (EITHER A SINGLE INDIVIDUAL, OR SINGLE LEGAL ENTITY) AND
ARM LIMITED ("ARM") FOR THE USE OF THE SOFTWARE ACCOMPANYING THIS
LICENCE, ARM IS ONLY WILLING TO LICENSE THE SOFTWARE TO YoOU ON
CONDITION THAT wvoU ACCEPT ALL ©OF THE TERMS IN THIS LICENCE., BY

CLTEETAE *T ARDEEY MDD AY TRISTALLTAIE QD ATHEDWTSE HISTRF MDD CODw T

Iv i agree ta all the terms of the preceding License Sgreement

<< Back | Mest > | Cancel

5. Infolder selection window, select suitable directory for the installation and press next (default
directory should work fine!)

Setup MDK-ARM ¥4.13a [X]

STKEIL

Select the folder where SETUP will install files. Tools b}-‘ ARM

SETUP will install pvisiond in the following folder.

Toinstall to this folder, press 'Newst’. Toingtall to a different folder, press ‘Browse' and select another
folder.

D estination Folder

C:A\Keil Browse ...

Update Inztallation: Create backup tool folder

Iv Backup old files ta C:A\Eeil\B ackup. 001

<< Back Cancel
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6. Enter customer information and click next

Setup MDK-ARM V4.13a 3

Customer Information DZ KE I E

Please enter your information. Tools by ARM

Please enter your name, the name of the company for whom you work: and your E-mail address.

First Mame: |F'ratik

Last Name: |Deshpande

Campany Mame:  |[Embedded Market

E-mail: |pratik@embeddedmarket.c:om

<< Back | Nexst »» | Cancel

7. The setup should begin. Setup status window will show installation of different files. Wait until it
gets installed completely.

Setup MDK-ARM V4.13a X
Setup Status KE I u
DZ Teools by ARM

pigion Setup iz performing the requested operations.

Inztall Files ...

Installing dependency. h.

<< Back i Cancel

www.rdltech.in Page 8



=¥a RDL Technologies . .
Connected Intelligence ARM Tralner Klt

8. Once the installation gets over, message should appear with text “File installation Completed”,
Click Next without making any changes anywhere in the window.

Setup MDK-ARM V4.13a X
File installation completed D KE I u
Z Tools by ARM

pWizion Setup has installed all files successfully.

v &dd example projects to the recently used project list

Preselect Example Projects for

|Simulated Hardware j

| emt »» | Cancel |

9. Next message will confirm “Keil uVision 4 Setup completed”. Click Finish

Setup MDK-ARM V4.13a X
Keil p¥izion4 Setup completed KE I E
MOK-LFM 4132 Tools by ARM

PWision Setup has performed all requested operations successfully.

[v Launch Driver Installation: "ULINK Pro Driver ¥1.0

[v Show Release Motes.

| Finish | Cancel

10. This will lead you to the webpage of Keil Development Suit for ARM. This will provide you
release notes for Keil Development kit. This document gives you the brief idea of which

microcontrollers are being added in the Keil uVision 4.

11. Run “Keil uVision 4” by double clicking the "Keil uVision 4" icon from the desktop. Same can be

done from Start menu.
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2.2 How to install FTDI driver

1. Visit FTDI’s VCP Drivers page (http://www.ftdichip.com/Drivers/VCP.htm) for the latest
download of the Windows FTDI Driver executable and clicking on the Window’s “Available as a

setup executable” link. Make sure to unzip the executable before proceeding to the next step.
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2. Choose ‘Run’once it is has finished downloading, or find the file you just

downloaded “CDM21228 Setup.exe” and double-click it to run it.
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Choose ‘Extract’ and continue through the installation until it finishes.
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4. |If everything was successful, you should see some nice green check marks, indicating success!
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2.3 How to install Flash Magic Utility

1. Visit FlashMagic website http://www.flashmagictool.com/ and download the

file FlashMagic.exe.

2. Execute the downloaded file FlashMagic.exe, and follow the instructions.

3. Start Flash Magic by selecting it from the Start Menu. In the Flash Magic windows select Options
> Advanced Options ... menu item. In the window that appears enable the check box that
says Use DTR and RTS to control RST and P0.14, and click on Ok.

When this option is enabled, during code download, the flashing tool will automatically switch
the device into ISP mode. For more information on this, see the board user manual.

Adwvanced Options E|

Communications| Hardware Config Seu:urit_l,l] Just In Time I:cu:lel Timeu:uuts] izc ]
v Uze DTR and BTS to control RS T and PSEM

| KeepRTS azzerted while COM Part open
T1: |50 mz T2 100 M

[ Azsert DTH and BTS while COM Port open

Ok
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3. Library Files (LibFiles)

Basically “LibFiles” contains “system_lpc21xx.c” and “.h” files.

Before executing lab programs it is important to have this library files in our system as we are going
to link our programs to this folder.

Place “LibFiles” folder in a common path in all the computers. (ex: C->Documents->ARM->LibFiles)
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4. How to Create a New Project in Keil pVision4

1. Open the Keil software and select “Project-> New pvision project” as shown below.

File Edit View ct | Flash Debug Peripherals Tools SVCS Window Help
Mew pVision Project... || -
Mew Multi-Project Workspace...

Open Project... -

Project
—— Close Project |
=59 Target 1

Ea Source G Export 4

Manage 3

Select Device for Target ‘Target 1'...
Remaove File ‘main.c’

Options for File ‘main.c’.. Alt=F7

Clean target

Build target F7
Rebuild all target files

Batch Build...

Translate F\Tutarials_And_Codes\Lpc2148\main.c Ctrl+F7

Stop build

1 F\Tutarials_And_Codes\Lpc2148\PWM_Tutorial.uvpraj
2 Dx\SharedFolder\BoardCodes\Lpcl 768 \Explorelpc1768_BreakOut\0%a-RTC_UARTYWS9a-RTC_UART.uvproj
3 D:\SharedFolder\BoardCodes\Lpcl1768\Explorelpc1768_BreakCut\06a_UART Tx_Char\l6a_UART Tx_Char.uvpraj

4 Dx\SharedFolder\BoardCodes\Lpcl1 768 Explorelpc1768_BreakOut\05a-Led_4bit_Display\05a-Led_4bit_Display.uvproj
5 D:\SharedFolder\BoardCodes'\Lpc1 768 \ExploreLpe1768_BreakOut\0da-Led_8bit_Display\0&a-Led_8bit_Display.uvproj
& D:\SharedFalder\BoardCodes\Lpc1768\Explorelpcl1768_BreakOut\0la-LedBlinking\01a-LedBlinking. uvproj

T Ch\KeilARMExamples\MeasureiMeasure. uvproj

& C\KeiPARMRL\RTX\Examples\Traffic\Traffic.uvpraj

<

i E = @B O 9 C\KeilARMExamples\Hello\Hello.uvproj

10 ChKeihARM\Boards'\KeilhMCB2130\Blinky\Blinky.uvpraoj
Build Output

Program Size: Code=204 RO-data=292 EW-data=0 ZI-data=608
FromELF: creating hex file...
".\Cbjects\PWM Tutorial.axf" - 0 Error(s), 0 Warning(s).

Create a new pVision project
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2. Browse to your project folder (/Create a folder) and provide the project name and click on save.

@ * 1 | <« Tutorials_And_Codes » Lpcl1768 » LedBlink v & Search LedBlink 2
Organize « Mew folder = - 7]
~ MName . Date modified Type Size
= Libraries
@ Documents Mo items match your search.
Jl Music
[E=] Pictures
B Videos
*& Homegroup
L Computer
£, Local Disk (C:)
[y Local Disk (D:)
cw NewVolume (E)  w
File name: | 222011 v
Save as type: | Project Files (*.uvproj) v
{4 Hide Folders Save | | Cancel

3. Once the project is saved a new pop up “Select Device for Target” opens, Select the controller

(NXP:LPC2148) and click on OK.

CFU |

Wendor:
Device:
Toolset:

Data base

MNXP founded by Philips)

Description:

-4 Generic

@ Nuvaton
IR

&% ROHM
@ Samsung
=& Shap

-@ Luminary Micro

: NXP founded by Philips)
-4 0Kl Semiconductor

-4 Socle Technology Comp.
-8 STMicroelectronics
- Teas Instruments
- Toshiba

-8 Winbond

@ Zilog

ox ]

Cancel Help

www.rdltech.in
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4. Select the controller (NXP:LPC2148) and click on OK.

led - pVisiond
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

A=A N AT NG RN N N, Y (N adla e oo slE -1
i AR

Select Device for Target ‘Target 1.

ceu |

Vendor:  NXP founded by Phiips)

Devies:  LPC2148
Toclsst:  ARM
Data base Description
€1 LPc213e/ ~ | [ARM7TDMIS based high-pefommance 325k RISC Microcantroller with Tr -~
£1 1peain [512KB on-chip Flash ROM with In-System Frogramming (15P) and in-Applc
1 Lotz Two 106t ADCs with 14 channels, USB 2.0 Full Speed Devics Controllsr
T UARTS, one with full madem nteface.
£1 LPCatad Two 12C serial interfaces, Two SPI serial interfaces
£3 LPeaies Two 32: timers, Watchdog Timer, PWH uni,

Real Time Clock with optional battery backup.
Brown out detect circuit

gros | e

£ oo ICPU clock up to 60 MHz, On-chip crystal oscillator and On-chip PLL
£3 LPC2210/01
£3 LPcaa1z
£1 LPC2212/01
£3 LPC2214 @
£ Lrcanam vl B

Eer.. |80, | {3 Fu. |D4Te...
Build Output

CAP NUM| SCRL OVR R/W
1727

&8 O Typehereto search :\*‘M; (o). = 0 Q @ @ M AW T NG 19-08-2022 % ‘

5. As LPC2148 needs the startup code, click on Yes option to include the LPC21xx Startup file.

Copy MXP LPC17x Startup Code to Project Folder and Add File to
Project 7
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6. Create a new file to write the program.
(%]
File Edit Wiew Project Flash Debug Peripherals Tools 5SWCS5 Window Help
(DEA@| 4 D@9 o | B rm®|EEE/E B stennt o ®| @
%ﬁmmmﬂ+m et 1 Vg dB

Create an empty document

o3 Target 1
=23 Source Group 1

Project @Books {} Func... | [].,Temp...

Build Output

<

Create an empty document

www.rdltech.in
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7. Type the code or Copy paste the below code snippet.
Tools SVCS  Window Help

File Edit View Project Flash Debug Peripherals
D@ « @9 o | & e ? | = E E | @ systeminit Ma# @le oo &|[E]
< E ey BRI
Project Save the active document 3 [] Textr® nl
E1-223 Target 1 #include <Tpcl7xx.h>
E‘E source Group 1 void delay_ms(unsigned int ms)

startup_LPC1700s
uinsigned int 1,7;
for (i=0; i<ms; i++)
for (j=0; j<500000; j++);

¥

/¥ start the main program */

void main()

//Clock and PLL configuration
//configure the PORTZ Pins for GPIO;

SystemInit();
//configure the PORTZ pins as OUTPUT;

LPC_PINCON->PINSEL4 = 0x000000;
LPC_GPIO2->FIODIR = OxFFFFffff;

while(1)
i
// Make a1l the port pins as high

LPC_GPIO2->FIOSET = OxfFffffff;
delay_ms(1);

LPC_GPIO2->FIOCLR = OxfFfffffff; // Make all the port pins as Tow
delay_ms(1);

=] Project @Books | {} Func...l[].,Temp...l | h | |

Build Output

Simulation

Page 20
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8. After typing the code save the file as main.c.

T . « Tutorials_And_Codes » Lpc17628 » LedBlink

v & Search LedBlink o
Organize = New folder = - (7]
J Music 2 Name . Date modified Type Size
Pictures
E Vid || LedBlink.plg 3/25/2016 10:26 PM  PLG File OKBE
aees LedBlink 3/25/2016 10:23PM  pVisiond Project 0KB
u LedBlink_Target 1.dep 3/25/2016 10:26 PM  DEP File 1KB
i@ Homegroup Q{ s )
startup_LPC1 7o 10/29/201012:20...  SFile 11 KB
Ll Computer
& Local Disk (C3)
Lacal Disk (D:)
ca Mew Volume (E)
a javaDevelopers (F:)
W’ desktop (pc)
W
File name: | mair‘l.d vl
Save astype: | Al Files () v|
(. Hide Folders Save | | Cancel |
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9. Add the recently saved file to the project.

File Edit View Project Flash Debug Peripherals Tools 5SVCS  Window Help

DEHS %R0« |prnr JE 1| B Systeminit MEB# Qe o s |-
& @ | ¥ Terget e
=83 Target 1 01 #include <lpclTxx.h>
BN o rceGroup | 2
startu §5 Options for Group ‘Source Graup 1., a=F7 fioned int ms)
Open File i,3:
Open List File .
Open Map File DO0023+4) »
Rebuild all target files
Build target F7
-
Translate File program =/
Stop build
//Clock and PLL configuration
Add Group... INSEL4 = 0x000000; //Configure the PORTZ Pins as GPIO:
I Add Files to Group 'Source Group 1'... ODIR = OxfffFfFffff; //Configurs the PORTZ pins as OUTEUT:
Remaove Group 'Source Group 1" and its Files
ﬁ Manage Components...
show Include File Dependencies PFIOSET = OxIfffffff; /4 Mzke 211 the Port pins as high
i
24
25
2B LPC_GPIO2->FIOCLE = Oxffffffff: /4 Make 3ll the Port pins as lovw
27 delay ms (100):
28 H
23 }
=] Project €FBooks {3} Func..| [y Temp... L
oy
Build Output
Add Files to current Project Group Simulation
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10. Add the “main.c” along with system_LPC21xx.c.

LedBlink - pVisiond
:  Edit View Project Flash Debug Peripherals Tools SVCS Window Help

1S H@| s RR]9 | B BB P | @ systemink Mae @le oo el@] ]

3 © | § ] Targett [ & 5%|

ect o | [ mainc [

ﬁ Target 1 01 #include <lpcl7=xx.h>

B3 Source Group 1 02

] startup_LPC17xcs 03 void delay ms (unsigned

04 { = :
05 uwinsigned int i,3: Look i”1| 1. LedBlink j - £F Ed~
06 = - .
o7 For (i=0;i<ms;it+s) MName Date modified Type Size
08 for (3=0;3<500000;5 Bmain 3/25/2016 10:39 PM  CFile 1KB
09 [ systern_LPCT7xx 3/8/2016410PM___ CFile 3KB
o
1
12 /* start the main progr
13 wvoid main()
14 {
15 SystemInit () ;
16 LPC_PINCON->PINSEL4
17 LPC_GPIQ2->FIODIR =
18
19 while (1)
20 {
21
22 LPC_GPIC2->FIOSE
23 delay ms(100);
24 File name: "main.c" "system_LPC1Recc” Add
. | T
% LEC_GPTO2->FIOCLY| Fiesoftype: |C Source fie (-c) = o=
27 delay ms (100} ; -
28 }
24 1
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11. Build the project and fix the compiler errors/warnings if any.

File Edit WView Project Flash Debug Peripherals Tools SVCS  Window Help
DS d@| s a9 o | s R IE I | B systeminit Mar @le oo alE]
2 ] 88 rergett e
Build (F7) = a [ mainc
Build target files 01 #include <lpclTxx.h>
02
03 wvoid delay ms(onsigned int ms)
04 1
05 uin=signed int i,j;
06
o7 for (i=0;i<ms;i++)
0g for (3=0;3<500000;3++) ;
03
|

&= Project €FBooks {¥ Func.. (yTemp..|

Build Output

12 /* start the main program */
13 wvoid main ()

14 1

15 SystemInit () ; //Clock and PLL configuration

16 LPC PINCON->PINSEL4 = 0x000000; //Configure the PORTZ Pins as GPIO;

17 LPC_GPIO2->FIODIR = OxLLffffff; / Configure the PORTZ pins as OUTPUT:;
18

19 while(l)

20 {

21

22 LPC_GPIQ2->FICSET = OxLLILLLLLL; // Make all the Port pins as high
23 delay ms(100);

24

25

26 LEC_GPIO2->FICCLE = OxLLLLffff; // Make all the Port pins as low
27 delay _m=(100);

28 }

29 1}

Simulation

www.rdltech.in
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12. Code is compiled with no errors. The .hex file is still not generated. Follow section 4 (how to enable Hex
File Generation)

File Edit View Project Flash Debug Peripherals Tools SWVCS Window Help

DS H@| % RR|9 @ | P RE R EEEE|B sstennit Mae Qe oo a|d-
& @ ] 88| Terget FEY
Project x| P n]
=823 Target 1 03 void delay ms(unsigned int ms)
-5 Source Group 1 04 {
#] startup_LPC1Tcs 05 unsigned int 1i,3:
main.c 0 . . .
system_LPC1 e o7 fort1=q:1<rPS:1++} .
08 for (j=0;j<500000;3++);
03
0 3
1
12 /* start the main program */
13 int main()
14 1
15 SystemInit(): //Clock and PLL configuration
1B LPC PINCON->PINSEL4 = 0x000000; //Configure the PORTZ Pins as GPIO:
17 LPC GPIO2->FIODIR = Oxffffffff; //Configure the PORTZ pins as OUTPUT:
18
19 while (1)
20 {
2
22 LPC_GPIO2->FIOSET = Oxffffffff; S/ Make z11 the Port pins 35 high
23 delay ms(100);
24
25
26 LPC GPIOZ2->FIOCLE = Oxffffffff; S/ Make 211 the Port pins 35 low
27 delay ms(100);
28 }
23 1}
= Project|€F Bocks | {} Func..| Oy Temp..| || 14] |
Build Output
compiling main.c...
compiling system LPCl7xx.c...
linking...
Program Size: Code=1100 RO-data=332 RW-data=4 ZI-data=612

"LedBlink.axf" - 0 Error(s), 0 Warning(s).

Simulation
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5. How to Enable Hex File Generation

1. Click on Target Options (or right click on “Target 1” and select “Options for Target ‘Target 1’...)
to select the option for generating .hex file.

File Edit View Project Flash Debug Peripherals Tools 5SWVCS  Window Help

DEE@ % RR[9 0@ | PmRER|EFEE k| B sstennt M ale oo &=
& & i $8 rargett R E
Froject L = | ma'n{%a;get Options... |
= Target 1 03 void | Configuretargetoptionsht ms)
EE Source Group 1 04 {
] startup_LPC1Tacs 05 ungigned int i,3;
main.c ug . . .
system_LPC1Tce 07 for :1=q: 10_['3: i++) .
08 for (j=0:3<500000;3++)
09
o
1
12 /* start the main program */
13 int main()
14 {
15 SystemInit(): /S /Clock and FLL configuration
16 LPC_PINCON->PINSEL4 = 0x000000: //Configurs the PORTZ Pins a5 GPIO:
17 LPC_GPIO2->FIODIR = OxfLffffff; //Configurs the PORTZ pins a5 OUTEUT:
18
19 while (1)
20 {
21
22 LBC_GPIO2->FIOSET = Oxffffffff; S/ Mak= 211 the Port pins a5 high
23 delay_ms (100} ;
24
25
2B LEC_GPIO2->FIOCLE = Oxffffffff; S/ Mak= 211 the Port pins 35 low
27 delay ms(100);
28 }
23 1}
i Project €¥Bocks | {} Func.. OyTemp..| ||14] |
Build Output
compiling main.c...
compiling system LPCl7xx.c...
linking...
Program Size: Code=1100 RO-data=332 RW-data=4 ZI-data=612

"LedBlink.axf" - 0 Error(s), 0 Warning(s).

Configure target options Simulation
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2. Set IROM1 start address as 0x0000.

LedBlink - pVision4
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help

DEHS| ¥ 2RI | @ S i /5| B systeminit MEBe @l e @Q||Q|

@ @ | %Q | Target 1
Project L |
EE Target 1
=25 Source Group 1
%] startup_LPC1 700 !
: . Hp- e Device| Target [JDutput I Listingl User | C.."CHI Asm I Linker | Debug I Litilities I
main.c
systemn_LPC17xc g; TOT 1390 1P founded by Philips) LPC1763
- Code Generation

03 Mal (MHz): |120
o
11 Operating system: INone LI [~ Use Cross-Module Optimization
12 /* start [~ Use MicroLIB ™ Big Endian
13 int main
14 {
15 ™ Use Link-Time Code Generation
16 E
17 LEC 0 — Read/Only Memory Areas —————————— [~ Read/Write Memory Areas
18 default  off-chip Start Size Startup default  off-chip Start Size Molnit
19 while( ;
8 r S e —
21 r I RAMZ: I I r
22 L
2 a - 7 RAM3: | | r
24 on-chip
25 = ¥ IRAMI. |cu1oomuun |cuauon -
26 L
i d r I~ IRAM2: |c2007C000 I[kRDDD r
28 }
29

Epmject @Books | {} Func... [].’Temp...l Defaits |

Build Qutput

compiling main.c...

compiling system LPCl7xx.cC...

linking...

Program Size: Code=1100 RO-data=332 RW-data=4 ZI-data=6l2

"LedBlink.axf"™ - 0 Error(s), 0 Warning(s).

Simulation
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3. Enable the option to generate the .hex file

LedBlink - pVision4
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help

DEHS| ¥ 2RI | @ S i /| B systeminit MEae @l e @'Q||'&|

@ @ | £2| Target 1
Project L |
EE Target 1 03
=25 Source Group 1 04

3] startup_LPC1Taocs 05 unsi
main.c

system_LPC17xouc

De\ﬂcel Target Output |Listing| User | C.."CHI Asm I Linker | Debug I Litiities I

Select Folder for Objects.. | Name of Executable: Il—ﬁdB"”k

' Create Executable: \LedBlink
¥ Debug Information ™ Create Batch File

¥ Browse Information

¢~ Create Library: \LedBlink.LIB

[ Project @Books | {} Func... [].’Temp...l 1

QK I Cancel Defaults Help

Build Qutput

compiling main.c...

compiling system LPCl7xx.cC...
linking...

Program Size: Code=1100 RO-data=332 RW-data=4 ZI-data=61l2
"LedBlink.axf"™ - 0 Error(s), 0 Warning(s).

Simulation
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4. Hexfile is generated after a rebuild.

File Edit View Project Flash Debug Peripherals Tools SWCS Window Help

DS AP b B9 c| @ | B Rm R ==k B st Ma# @l ecoa|@:
@ © | | Torget FEY )
Project n g e n]
=43 Target 1 03 void delay ms(unsigned int ms)
E1-£5 Source Group 1 04 {
¥] startup_LPC17ocs 03 unsigned int i,3;
main.c 05
system_LPC1Tiecc 0z for ‘i=9; iﬂ?S; i44) .
0g for (j=0;j<500000;j++) ;
09
110 1
1

12 /* start the main program */
13 int main()

1
15 SystemInit(); //Clock and PLL configuration
16 LBC_PINCON->PINSEL4 = 0x000000; //Configurs the PORTZ Pins as GPIO;
17 LBC GPIO2->FICODIR = Oxffffffff; //Configurs the PORTZ pins as COUTEUT;
18
13 while (1)
20 {
21
22 LPC GPIOZ->FIOSET = Oxffffffff; // Make all the Port pins as high
23 delay ms=(100);
24
25
26 LPC GPIOZ->FIOCLRE = Oxffffffff; // Make 311 the Port pins as low
27 delay ms(100);
28 }
23}
=] Project @Books | {} Func... []..Temp...| h

M

Build target 'Target 1°'
linking...
Program Size: Code=1100 RO-data=332 EW-data=4 ZI-data=612

FromELF: creating hex file...
"LedBlink.axf" - 0 Error(s), 0 Warning(s).

Simulation
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5. Check the project folder for the generated .hex file.

LedBlink - pVision4

1 Debug Peripherals Tools 5SVCS  Window Help
9 o e | PR R EE e | B Systeminit Ma# ale @Q||E|v||-&|
get 1 R
L | main.c n]
03 woid delay ms(unsigned int ms)
04 {
05  wnsigned i N[ | Fo
06
o7 for (i=0;iq Home Share View
0g for (j=0; . .
. © 1« Lpcl768 » LedBlink v ¢ | SearchLedBlink
0 A ~ N Dat: dified T
11 < Favorites ame ate modifie ype
12 /* start the B Desktop || LedBlink.axf 3/25/2016 11:02 PM  AXF File
13 int main()
141 &l Recent places | || LedBlink.hex 3/25/201611:02PM  HEX File
15 SystemIni @ LedBlink Type: HEX File P HTML Document
16 LEC PINCO I : . Size: 3.99 KB )
- e ePTOS ) Libraries IJ LedBlink.Inp Date modified: 3/25/2016 11:02 PM PM LNP File
18 - @ Documents || LedBlink.map TITZOTETTOZPM MAP File
19 while (1) Ji Music || LedBlink.plg 3/25/2016 10:26 PM  PLG File
20 i [E=] Pictures || LedBlink.tra 3/25/2016 11:02PM  TRA File
212 LEC GH B Videos LedBlink 3/25/2016 10:23 PM pVisiond Project
23 delay || LedBlink_Target 1.dep 3/25/216 11:02 PM DEP File
24 & Homegroup D{ main 3/25/2016 10:52 PM  CFile
25 y ey ) -
2% LEC GE |_'| main.crf 3/25/2016 10:52 PM  CRF File
27 delgy 1% Computer | main.d 3/25/2016 10:52 PM D File
28 ¥ & Local Disk (C:) = . oo T
29 }
21items  1item selected 3.99KB
aTemp.| L1«

RO-data=332 RW-data=4 ZI-data=612
=z oo

ri=), 0 Warning(s).

Simulation

L
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6. How to Upload Hex file Using Flash Magic

Once the “.hex” file is generated in keil, we need to upload the hex file to the hardware. We
use Flash Magic Tool for the same.

Open the flash magic software and follow the below steps.

Select the IC “LPC2148"” from Select Menu.

Select the COM Port. Check the device manager for detected Com port.
Select Baud rate from 9600-115200

Select None [ISP] Option for Interface.

Oscillator Frequency 12.000000(12Mhz).

Check the Erase blocks used by Hex file option

Browse and Select the hex file.

Check the Verify After Programming Option.

© ® N O U kB W NPE

If DTR and RTS are used then go to Options->Advanced Options-> Hardware Config and select
the Use DTR and RTS Option.

10. Hit the Start Button to flash the hex file.

11.0nce the hex file is flashed, reset the board. Now the controller should run your application

code.
®  Flash Magic - NON PRODUCTION USEONLY = O [
File ISP Options Tools Help
BH QSR> @ H 0 (33 If DTR and RTS are used then the below options needs to be

“Stap 1 - Comerewiratinng

selected in O

tions->Advanced Options->Hardware Config

[ Setect, JLPcizes | Select the TC| Eiace biock 0 (B«0DC00DM00FFF] A
—— - = | E1ase block 1 (0x001000-0:dI01FFF]

™\ Eraze block 2 (Ox002000-0:02FFF)

1l | Etase block 3 (Ox003000G:xD03FFF]

V] | Erase block 4 (Ox004000-0:004FFF)

|Erase block 5 (Ox005000-O0SFFF] ¥ |

- mdFladwCodeHdPlol

| Commurications | Hardware Confy | Secunly | Justn Tane Code | Tameouts | Mise |

[¥]Use DTR and RTS to control BST and ISP pin
DKeepRTSmleduﬂeCOMPalopen
T W | s T2 100

[[JAsseit DTR and RTS while COM Poit open
[ ] Disable DTR and RTS completely

HexFie: D:\Led_Blnkinghex

Modbied: Sahurday, Macch 5, 2016, 9.35:22 AM oce ik
Browse and.

‘ Stait ]
i ksune Finally Hit the Start Button to flash the
(E¥eCRe
| Actvate Flash Bank
CAN Bus Tmoc&ulwots at
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7.How to Upload Hex file Using Philips Flash Utility

Once the “.hex” file is generated in keil, we need to upload the hex file to the hardware. We
use Flash Magic Tool for the same.

Open the flash magic software and follow the below steps.

. Press the Read Device ID option in the Software. Automatically detects the IC.
. Select the COM Port. Check the device manager for detected Com port.

. Select Baud rate from 9600-115200

. Click Use DTR/RTS for Reset and Boot Loader Selection.

. Click Execute Code after Upload.
. Browse and Select the hex file.

1
2
3
4
5. Check the Erase blocks used by Hex file option
6
7
8. Click Upload to Flash.

9

. Once the hex file is flashed, reset the board. Now the controller should run your application
code.

@ LPC2000 Flash Utility - X
File Buffer Help

PHILIPS

LPC2000 Flash Utility v2.2.3

Flash Programming Erasa / Blank Comearecation
Filename: Connecied To Paoit:
-4 zers\ EMD\Dezktop\DESKTOP BACKL .. @ Enfire Device COM2: -|
| J Blank Check ™~ Selected Sectors UseBaud R
Execute Code = g
Uplaad o Flash |
i i after Upload Skart Sechor: m 3600 =
Eraze
Compare Flash Manual Reset ‘ EndSector [ 14| | 1o sect [
Device Uze DTR/RTS
Device: ] for Reset and
LPeaiae Read Hal: ™ Boot Loader
HTAL Freq [kHZL |14745 Device 1D Baat Loadet [D: Selection
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8. Lab Programs
EXPERIMENT NO 1

Blinking an LED
Aim:
Interfacing LED’s with ARM LPC2148.
Description:

Turning ON and OFF an LED’s after Particular delay.

Hardware Requirement:
ARM LPC2148 Trainer Kit, FRC cables, USB A to B cable and 12V 2A Adapter.

Sl ScvEN secrienT I
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Program:

#include<LPC21xx.h>
void delayl(int); //define delay function

int main()
{
PINSELO=0x00000000; //select pins for blinking led
IODIRO=0x00ffffff; //select 1/0 pins as output
while(1)
{
IOSETO=0x00ffffff; //sets pins high
delay1(1000); //gives 1 SEC delay
IOCLRO=0x00ffffff; //clears pins
delay1(1000); //gives 1 SEC delay
}
}

/* Delay routine; gives an approximate delay in milliseconds */

void delayl(int d) // delay routine
{
inti;
while(d)
{
for(i=0;i<7000;i++){;}
d--;
}
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EXPERIMENT NO 2

Liquid Crystal Display

Aim:
Interfacing LCD Display with ARM LPC2148

Description:
To display the message on the LCD screen.

Hardware required:
ARM LPC2148 Trainer Kit,FRC cables,USB A to B cable and 12V 2A Power Adapter.

VZaL aHr

NANNEPERANRUNERY

2 D
5 i
“Z'A LPC2148 CARD -

: @ 7

|ADC & TENP |
~r

4X4 KEY HATRIX FPT OK
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Program:

#include <lpc214x.h>
#include <stdint.h>
#include <stdlib.h>
#include <stdio.h>

void delay_ms(uint16_t j) /* Function for delay in milliseconds */
{
uintlé_tx,i;
for(i=0;i<j;i++)
{
for(x=0; x<6000; x++); /* loop to generate 1 millisecond delay with Cclk = 60MHz */
}
}

void LCD_CMD(char command)
{
IOOPIN = ( (IOOPIN & OxFFOFFFFF) | ((command & 0xF0)<<16) ); /* Upper nibble of command */
IOOSET = 0x00020000; /* EN =1 */
IOOCLR = 0x00010000; /* RS=0, RW =0 */
delay_ms(5);
IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS=RW =0) */
delay_ms(5);
IOOPIN = ( (IOOPIN & OxFFOFFFFF) | ((command & 0x0F)<<20) ); /* Lower nibble of command */
IOOSET = 0x00020000; /* EN =1 */
IOOCLR = 0x00010000; /* RS=0, RW =0 */
delay_ms(5);
IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS=RW =0) */
delay_ms(5);

}

void LCD_INIT(void)
{
IOODIR = OXOOFFFFFO; /* P0.20 to P0.23 LCD Data. P0.16,,17 as RS RW and EN */
delay_ms(20);
LCD_CMD(0x02); /* Initialize lcd in 4-bit mode */
LCD_CMD(0x28); /* 2 lines */
LCD_CMD(0x0C); /* Display on cursor off */
LCD_CMD(0x06); /* Auto increment cursor */
LCD_CMD(0x01); /* Display clear */
LCD_CMD(0x80); /* First line first position */
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void LCD_STRING (char* msg)

{

uint8_t i=0;
while(msg[i]!=0)

{

}
}

IOOPIN = ( (IOOPIN & OXxFFOFFFFF) | ((msg[i] & OxF0)<<16) );

IOOSET = 0x00030000; /*RS=1,EN=1*/

IOOCLR = 0x00000020; /* RW =0 */

delay_ms(2);

IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS =1, RW =0) */
delay_ms(5);

IOOPIN = ( (IOOPIN & OXxFFOFFFFF) | ((msg[i] & OxOF)<<20) );

IOOSET = 0x00030000; /*RS=1,EN=1*/

IOOCLR = 0x00000020; /* RW =0 */

delay_ms(2);

IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS =1, RW =0) */
delay_ms(5);

i++;

’

void LCD_CHAR (char msg)

{

}

IOOPIN = ( (IOOPIN & OXFFOFFFFF) | ((msg & OxF0)<<16) );

IOOSET = 0x00030000; /*RS=1,EN=1 */

IOOCLR = 0x00000020; /* RW =0 */

delay_ms(2);

IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS =1, RW =0) */
delay_ms(5);

IOOPIN = ( (IOOPIN & OXFFOFFFFF) | ((msg & OxOF)<<20) );

IOOSET = 0x00030000; /*RS=1,EN=1 */

IOOCLR = 0x00000020; /* RW =0 */

delay_ms(2);

IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS =1, RW =0) */
delay_ms(5);

int main(void)

{

LCD_INIT();

LCD_STRING("--- RDL---");
LCD_CMD(0xCO);
LCD_STRING(" LCD DISPLAY");

return O;

}
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EXPERIMENT NO 3

ADC

Aim:
Interfacing ADC with ARM LPC2148.

Description:

To learn how to read ADC Values and display the values in the LCD.

Hardware required:
ARM LPC2148 Trainer Kit,FRC cables,USB A to B cable and 12V 2A Power Adapter.

et A b
Laoltage=R.30"1)

=¥ y=vro

T 1

i
@ |
2 A £
3 “ns |

=
=
et~
=
e
=
oma
<
o
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Program

#include <lpc214x.h>
#include <stdint.h>
#include <stdlib.h>
#include <stdio.h>
#include <stdint.h>
#include <stdio.h>
#include <string.h>

void delay_ms(uint16_t j) /* Function for delay in milliseconds */
{
uintl6_t x,i;
for(i=0;i<j;i++)
{
for(x=0; x<6000; x++); /* loop to generate 1 millisecond delay with Cclk = 60MHz */
}
}

void LCD_CMD(char command)
{
IOOPIN = ( (IOOPIN & OxFFOFFFFF) | ((command & 0xF0)<<16) ); /* Upper nibble of command */
IOOSET = 0x00020000; /* EN =1 */
IOOCLR = 0x00010000; /* RS=0, RW =0 */
delay_ms(5);
IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS=RW =0) */
delay_ms(5);
IOOPIN = ( (IOOPIN & OxFFOFFFFF) | ((command & 0x0F)<<20) ); /* Lower nibble of command */
IOOSET = 0x00020000; /* EN =1 */
IOOCLR = 0x00010000; /* RS=0, RW =0 */
delay_ms(5);
IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS=RW =0) */
delay_ms(5);

}

void LCD_INIT(void)
{
IOODIR = OxOOFFFFFO; /* P0.12 to P0.15 LCD Data. P0.4,5,6 as RS RW and EN */
delay_ms(20);
LCD_CMD(0x02); /* Initialize lcd in 4-bit mode */
LCD_CMD(0x28); /* 2 lines */
LCD_CMD(0x0C); /* Display on cursor off */
LCD_CMD(0x06); /* Auto increment cursor */
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LCD_CMD(0x01); /* Display clear */
LCD_CMD(0x80); /* First line first position */

}

void LCD_STRING (char* msg)

{

uint8_t i=0;
while(msgl[i]!=0)

{

}

IOOPIN = ( (IOOPIN & OXFFOFFFFF) | ((msg[i] & OxF0)<<16) );

IOOSET = 0x00030000; /* RS=1,EN=1*/

IOOCLR = 0x00000020; /* RW =0 */

delay_ms(2);

IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS =1, RW =0) */
delay_ms(5);

IOOPIN = ( (IOOPIN & OXFFOFFFFF) | ((msg[i] & OxOF)<<20) );

IOOSET = 0x00030000; /* RS=1,EN=1*/

IOOCLR = 0x00000020; /* RW =0 */

delay_ms(2);

IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS =1, RW =0) */
delay_ms(5);

i++;

’

void LCD_CHAR (char msg)

{

}
/*

IOOPIN = ( (IOOPIN & OXFFOFFFFF) | ((msg & OxF0)<<16) );

IOOSET = 0x00030000; /*RS=1,EN=1 */

IOOCLR = 0x00000020; /* RW =0 */

delay_ms(2);

IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS =1, RW =0) */
delay_ms(5);

IOOPIN = ( (IOOPIN & OXFFOFFFFF) | ((msg & OxOF)<<20) );

IOOSET = 0x00030000; /*RS=1,EN=1*/

IOOCLR = 0x00000020; /* RW =0 */

delay_ms(2);

IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS =1, RW =0) */
delay_ms(5);

int main(void)

{

LCD_INIT();
LCD_STRING("--- RDL---");
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LCD_CMD(0xCO);
LCD_STRING(" LCD DISPLAY");

return O;
}*/
int main(void)
{
uint32_t result;
// float voltage;
char volt[18];

// LCD_CMD(0xCO);
// LCD_STRING(" LCD DISPLAY");
LCD_INIT();
PINSEL1 = 0x01000000; /* P0.28 as ADO.1 */
ADOCR = 0x00200402; /* ADC operational, 10-bits, 11 clocks for conversion */

LCD_STRING("--- RDL1---");

while(1)

{
ADOCR = ADOCR | (1<<24); /* Start Conversion */
while ( !(ADODR1 & 0x80000000) ); /* Wait till DONE */
result = ADODR1;
result = (result>>6);
result = (result & 0x000003FF);

// voltage = ( (result/1023.0) * 3.3 ); /* Convert ADC value to equivalent voltage */
LCD_CMD(0xc0);

// sprintf(volt, "Voltage=%.2f V ", voltage);
sprintf(volt, "ADC=%i ", result);
LCD_STRING(volt);
memset(volt, 0, 18);
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EXPERIMENT NO 4

UART
Aim:
Interfacing UART with ARM LPC2148

Description:
Transmit/Receive Data using UART and display the data’s on the terminal Software.

Hardware required:
ARM LPC2148 Trainer Kit, USB A to B Cable and 12V 2A Power Adapter.

S —

CUEREEBCREEEREET

> Make 232TX
and 232RX pins of
DIP2 HIGH after
Upload the Program.
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Program

#include <lpc214x.h>
ttinclude <stdint.h>
ttinclude "UART.h"

int main(void)
{
char receive;
UARTO _init();
while(1)
{
receive = UARTO_RxChar();
UARTO_SendString("Received:");
UARTO_TxChar(receive);
UARTO_SendString("\r\n");
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EXPERIMENT NO 5

RTC (Real Time Clock)
Aim:

Interfacing Real Time Clock with ARM LPC2148
Description:

To transmit Date and Time using UART and display the data’s on the terminal Software.
Hardware required:

ARM LPC2148 Trainer Kit, FRC Cables, USB A to B Cable and 12V 2A Power Adapter.

e

PEEREEEEREEEEEEE E

R e ———

>

Make 232TX
and 232RX pins of
DIP2 HIGH after
Upload the Program.

Make the 12C Pins ON
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Program
#include <lpc214x.h>
#include <stdint.h>
#include <stdio.h>
#include "UARTO.h"
uint8_t alarm, flag;
__irqg void RTC_ISR(void)
{
if (ILR & 0x01)
{
flag=1;
ILR = ILR | 0x01;
}
if (ILR & 0x02)
{
alarm =1;
ILR = ILR | 0x02;
}
VICVectAddr = 0;

}

typedef struct
{
uint8_t seconds;
uint8_t minutes;
uint8_t hours;
uint8_t day_of month;
uint8_t day_of week;
uintl6_t day_of year;
uint8_t month;
uintl6_tvyear;
}
RTC Time;
void RTC_Set_Time( RTC_Time Set_Time)
{
SEC = Set_Time.seconds;
MIN = Set_Time.minutes;
HOUR = Set_Time.hours;
DOM = Set_Time.day_of _month;
DOW = Set_Time.day_of week;
DOY = Set_Time.day_of year;
MONTH = Set_Time.month;
YEAR = Set_Time.year;
}
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void RTC_Set_Alarm_Time( RTC_Time Alarm_Time)
{

ALSEC = Alarm_Time.seconds;

ALMIN = Alarm_Time.minutes;

ALHOUR = Alarm_Time.hours;

ALDOM = Alarm_Time.day_of_month;

ALDOW = Alarm_Time.day_of week;

ALDOY = Alarm_Time.day_of_year;

ALMON = Alarm_Time.month;

ALYEAR = Alarm_Time.year;

}

RTC_Time RTC_Get_Time(void)
{
RTC_Time time;
time.seconds = SEC;
time.minutes = MIN;
time.hours = HOUR;
time.day_of _month = DOM;
time.day_of _week = DOW;
time.day_of _year = DOY;
time.month = MONTH;
time.year = YEAR,;
return time;

}

int main(void)
{
/* Setting Time + Alarm */
RTC_Time set_time, alarm_time, current_time;
char timestr[30], datestr[30];
alarm =0;
flag =0;
IOODIR = 0x00000010; /* P0.4 as output pin for LED */
UARTO_init();
PCONP = (PCONP | (1<<9)); /* PCRTC =1 */
/* The RTC registers cannot be written to unless we make PCRTC =1 */
ILR = 0x0; /* No RTC interrupts */
CCR = 0x12; /* 32.768kHz clock and Reset Clock Tick Counter */
CCR = 0x10;
CIIR = 0x00; /* No interrupts */
AMR = 0x00; /* Alarm registers not masked */
VICVectAddr0 = (unsigned) RTC_ISR;
VICVectCntl0 = 0x0000002D;
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VICIntEnable = 0x00002000;

VICIntSelect = 0x00000000;

set_time.seconds = 00;

set_time.minutes = 25;

set_time.hours = 11;

set_time.day_of month =6;

set_time.day_of week =5;

set_time.day_of year =279;

set_time.month = 10;

set_time.year = 2017;

RTC_Set_Time(set_time);

CIIR = 0x01; /* Seconds value increment interrupt */

alarm_time.seconds = 15;

alarm_time.minutes = 25;

alarm_time.hours = 11;

alarm_time.day_of _month = 6;

alarm_time.day_of week =5;

alarm_time.day_of year = 279;

alarm_time.month = 10;

alarm_time.year = 2017,

RTC_Set_Alarm_Time(alarm_time);

CCR =0x11; /* 32.768kHz clock and clock Enable */

ILR = 0x03; /* RTC interrupts enabled */

IOOCLR = 0x00000010;

/* Set the Time and Alarm once using above code lines */

/* Once the time and alarm is set, comment out the above code lines and uncomment the code
lines for "Only RTC Read" and program the device */

/* If this is not done, the time will be set repeatedly to same value whenever the device is reset or
powered */

/* Only RTC Read */
// RTC_Time current_time;
// char timestr[30], datestr[30];
// alarm =0;
// flag=0;
// 100DIR = 0x00000010; /* P0.4 as output pin for LED */
// UARTO_init();
// AMR = 0x00; /* Alarm registers not masked */
// CCR = 0x10;
// VICVectAddrO = (unsigned) RTC_ISR;
// VICVectCntl0 = 0x0000002D;
// VICIntEnable = 0x00002000;
// VICIntSelect = 0x00000000;
// CCR=0x11; /* 32.768kHz clock and clock enable */
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// ILR = 0x03; /* RTC interrupts enabled */
// 100CLR = 0x00000010;

/* Code lines below are common for "Setting time + Alarm" as well as "Only RTC Read" */
while(1)
{
if(alarm == 1)
{
current_time = RTC_Get_Time();
sprintf(timestr,"Alarm!!!: %d:%d:%d
\r\n",current_time.hours,current_time.minutes,current_time.seconds);
UARTO_SendString(timestr);

uint8_ti;
for(i=0;i<10;i++)
{

IOO0SET = 0x00000010;
delay_ms(300);
IOOCLR = 0x00000010;
delay_ms(300);

}

alarm =0;
}
if (flag==1)
{

current_time = RTC_Get_Time();

sprintf(timestr,"Time: %d:%d:%d
",current_time.hours,current_time.minutes,current_time.seconds);

sprintf(datestr,"Date: %d/%d/%d
\r\n",current_time.day_of_month,current_time.month,current_time.year);

UARTO_SendString(timestr);

UARTO_SendString(datestr);

flag = 0;
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EXPERIMENT NO 6
Hex Keypad
Aim:

To interface 4x4 Hex keypad with ARM LPC2148.

Description:
To display the pressed key on the LCD Display.

Hardware Required:
ARM LPC2148 Trainer Kit, FRC Cables, USB A to B Cable and 12V 2A Power Adapter.
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Program

#include <lpc214x.h>

#include <stdint.h>

#include <stdlib.h>

#include <stdio.h>

#include<string.h>

unsigned int adc_valuel,adc_value2,C;
unsigned char buf[16] = {0};

char check_key(void);

unsigned int KeyPort=0x00f00000;

#define swl 0x00010000
#define sw2 0x00020000
#define sw3 0x00040000
#define sw4 0x00080000

void delay_ms(uint16_t j) /* Function for delay in milliseconds */
{
uintl6_t x,i;
for(i=0;i<j;i++)
{
for(x=0; x<6000; x++); /* loop to generate 1 millisecond delay with Cclk = 60MHz */
}
}

void LCD_CMD(char command)
{
IOOPIN = ( (IOOPIN & OxFFOFFFFF) | ((command & 0xF0)<<16) ); /* Upper nibble of command */
IOOSET = 0x00020000; /* EN =1 */
IOOCLR = 0x00010000; /* RS=0, RW =0 */
delay_ms(5);
IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS=RW =0) */
delay_ms(5);
IOOPIN = ( (IOOPIN & OxFFOFFFFF) | ((command & 0x0F)<<20) ); /* Lower nibble of command */
IOOSET = 0x00020000; /* EN =1 */
IOO0CLR = 0x00010000; /* RS=0,RW =0 */
delay_ms(5);
IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS=RW =0) */
delay_ms(5);
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void LCD_|

{
IOODIR

NIT(void)

= OXOOFFFFFO; /* P0.20 to P0.23 LCD Data. P0.16,,17 as RS RW and EN */

delay_ms(20);

LCD_CMD(0x02); /* Initialize Icd in 4-bit mode */
LCD_CMD(0x28); /* 2 lines */

LCD_CMD(0x0C); /* Display on cursor off */
LCD_CMD(0x06); /* Auto increment cursor */
LCD_CMD(0x01); /* Display clear */
LCD_CMD(0x80); /* First line first position */

}

void LCD_STRING (char* msg)

{

uint8_t i=0;
while(msg[i]!=0)

{

}

IOOPIN = ( (IOOPIN & OXFFOFFFFF) | ((msg[i] & OxF0)<<16) );

IOOSET = 0x00030000; /*RS=1,EN=1*/

IOOCLR = 0x00000020; /* RW =0 */

delay_ms(2);

IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS =1, RW =0) */
delay_ms(5);

IOOPIN = ( (IOOPIN & OXFFOFFFFF) | ((msg[i] & OxOF)<<20) );

IOOSET = 0x00030000; /*RS=1,EN=1*/

IOOCLR = 0x00000020; /* RW =0 */

delay_ms(2);

IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS =1, RW =0) */
delay_ms(5);

i++;

7

void LCD_CHAR (char msg)

{

IOOPIN = ( (IOOPIN & OXFFOFFFFF) | ((msg & OxF0)<<16) );

IOOSET = 0x00030000; /*RS=1,EN=1*/

IOOCLR = 0x00000020; /* RW =0 */

delay_ms(2);

IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS =1, RW =0) */
delay_ms(5);

IOOPIN = ( (IOOPIN & OXFFOFFFFF) | ((msg & OxOF)<<20) );

IOOSET = 0x00030000; /*RS=1,EN=1*/

IOOCLR = 0x00000020; /* RW =0 */
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delay_ms(2);
IOOCLR = 0x00020000; /* EN = 0, RS and RW unchanged(i.e. RS =1, RW =0) */
delay_ms(5);

}

int main(void)
{

IODIR1=KeyPort;
LCD_INIT();
LCD_STRING("--- RDL---");
LCD_CMD(0xCO);

while(1)
{

delay_ms(5);
LCD_CHAR(check_key());
}

}
// 10DIRO=0X0007ffCFO0;

char check_key(void)
{

while(1)
{
//

IOSET1=0x00EF0000;
delay_ms(5);

if((IOPIN1&sw1)==0)

{

c="1";

while((IOPIN1&sw1)==0);

return(C);

}

if((IOPIN1&sw2)==0)

{

C='5';
while((IOPIN1&sw2)==0);
return(C);

}
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if((IOPIN1&sw3)==0)
{

C='9I;
while((IOPIN1&sw3)==0);
return(C);

}

if((IOPIN1&sw4)==0)

{

Cc='CY;
while((IOPIN1&sw4)==0);
return(C);

}

IOCLR1=0x00EF0000;
delay_ms(5);
IOSET1=0x00DFO0000;
delay_ms(5);
if(IOPIN1&sw1)==0)

{

Cc="2"
while((IOPIN1&sw1)==0);
return(C);

}
if((|IOPIN1&sw2)==0)

{

C='6";
while((IOPIN1&sw2)==0);
return(C);

}

if((IOPIN1&sw3)==0)

{

C='0';
while((IOPIN1&sw3)==0);
return(C);

}

if((IOPIN1&sw4)==0)

{

C='D';
while((IOPIN1&sw4)==0);
return(C);
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}

IOCLR1=0x00DF0000;
delay_ms(5);

IOSET1=0x00BF0000;
delay_ms(5);

if((IOPIN1&sw1)==0)

{

C="3";

while((IOPIN1&sw1)==0);

return(C);

}

if((IOPIN1&sw2)==0)

{

C='7";

while((IOPIN1&sw2)==0);

return(C);

}

if(IOPIN1&sw3)==0)

{

C='A%

while((IOPIN1&sw3)==0);

return(C);

}
if((|IOPIN1&sw4)==0)

{

C="E';
while((IOPIN1&sw4)==0);
return(C);

}

IOCLR1=0x00BF0000;
delay_ms(5);
IOSET1=0x007F0000;
delay_ms(5);
if((IOPIN1&sw1)==0)

{

Cc='4",
while((IOPIN1&sw1)==0);
return(C);

}

if((IOPIN1&sw2)==0)

{

C=|8|;
while((IOPIN1&sw2)==0);
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return(C);

}

if((IOPIN1&sw3)==0)

{

C=IBI’_

while((IOPIN1&sw3)==0);

return(C);

}

if((IOPIN1&sw4)==0)

{

C='F';

while((IOPIN1&sw4)==0);

return(C);

}

IOCLR1=0x007F0000;
delay_ms(5);

}
}
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EXPERIMENT NO 7

Stepper Motor
Aim:

To interface Stepper Motor with ARM LPC2148.
Description:

To rotate Stepper Motor using ARM LPC2148.
Hardware Required:

ARM LPC2148 Trainer Kit, Stepper Motor, FRC Cables, USB A to B Cable and 12V 2A Power Adapter.

—\J
04 LD OISPLAY]
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Program
#include<LPC21xx.h>
void _delay_ms(int j)
{
int x,l;
for(1=0;1<j;1++)
{
for(x=0; x<6000; x++); /* loop to generate 1 milisecond delay with Cclk = 60MHz */
}
}
int main()
{
int i=0;
PINSELO=0x00000000; //select pins for blinking led
IODIR0=0x00ff0000; //select 1/0 pins as output
while(1)
{
for(i=0;i<100;i++)
{
IOSETO = 0xO0EC0000;
_delay_ms(4);
IOCLRO = OxOOECO0000;
IOSETO = 0x00DC0000;

_delay_ms(4);
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IOCLRO=0x00DC0000;
IOSETO = 0x00BC0000;
_delay_ms(4);
IOCLRO=0x00BC0000;
IOSETO = 0x007C0000;
_delay_ms(4);
IOCLRO=0x007C0000;

}

for(i=0;i<100;i++)

{
IOSETO = 0x007C0000;
_delay_ms(4);
IOCLRO=0x007C0000;
IOSETO = 0x00BCO0000;
_delay_ms(4);
IOCLRO=0x00BC0000;
IOSETO = 0x00DC0000;
_delay_ms(4);

IOCLRO=0x00DC0000;

IOSETO = 0xO0EC0000;
_delay_ms(4);

IOCLRO=0x00ECO0000;

}

/* Delay routine;gives an approximate delay in milliseconds */
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EXPERIMENT NO 8

PWM
Aim:
To interface PWM with ARM LPC2148.
Description:
To control the Brightness of the LED through PWM using ARM LPC2148.
Hardware Required:
ARM LPC2148 Trainer Kit, FRC Cables, USB A to B Cable and 12V 2A Power Adapter.

-
-
-
]
-
-
-

DISITAL INPUT
WITEH
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Program
#include <lpc214x.h>
#define PLOCK 0x00000400
#define PWMPRESCALE 60 //60 PCLK cycles to increment TC by 1 i.e 1 Micro-second
void initPWM(void);
void initClocks(void);
void setupPLLO(void);
void feedSeq(void);
void connectPLLO(void);
void delay_ms(int j) /* Function for delay in milliseconds */
{
int x,i;
for(i=0;i<j;i++)
{
for(x=0; x<6000; x++); /* loop to generate 1 millisecond delay with Cclk = 60MHz */
}
}

int DUTY=0;

int main(void)

{
initClocks(); //Initialize CPU and Peripheral Clocks @ 60Mhz
initPWM(); //Initialize PWM

//IO0ODIR = 0x1; This is not needed!
//Also by default all pins are configured as Inputs after MCU Reset.
IOODIR = 0x01;

while(1)
{

for(DUTY=0;DUTY<10000;DUTY++)
{

PWMMR1 = DUTY; //25% Bright
PWMLER = (1<<1);

delay_ms(1);

}

/* if( ((IOOPIN) & (1<<2)) ) // Check P0.2

{
PWMMR1 = 2500; //25% Bright

PWMLER = (1<<1);
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else if( ((IOOPIN) & (1<<3)) ) // Check P0.3
{
PWMMR1 = 5000; //50% Bright
PWMLER = (1<<1);
}
else if( ((IOOPIN) & (1<<4)) ) // Check P0.4
{
PWMMR1 = 7500; //75% Bright
PWMLER = (1<<1);
}
else if( ((IO0OPIN) & (1<<5))) // Check P0.5
{
PWMMR1 = 10000; //T-ON=100% , Hence 25% Bright
PWMLER = (1<<1); //Update Latch Enable bit for PWMMR1
Y ¥/
}
//return 0; //normally this wont execute ever
}
void initPWM(void)
{

/*Assuming that PLLO has been setup with CCLK = 60Mhz and PCLK also = 60Mhz.*/
/*This is a per the Setup & Init Sequence given in the tutorial*/

PINSELO = 0x00000002; //SELECT PIN Select 0 FOR PWM1(P0.0)

//PINSELO = (1<<1); // Select PWM1 output for Pin0.0

PWMPCR = 0x0; //Select Single Edge PWM - by default its single Edged so this line can be removed
PWMPR = PWMPRESCALE-1; // 1 micro-second resolution

PWMMRO = 10000; // 10ms period duration

PWMMR1 = 2500; // 2.5ms - pulse duration i.e width (Brigtness level)

PWMMCR = (1<<1); // Reset PWMTC on PWMMRO match

PWMLER = (1<<1) | (1<<0); // update MRO and MR1

PWMPCR = (1<<9); // enable PWM output

PWMTCR = (1<<1) ; //Reset PWM TC & PR

//Now , the final moment - enable everything
PWMTCR = (1<<0) | (1<<3); // enable counters and PWM Mode

//PWM Generation goes active now
//Now you can get the PWM output at Pin P0.0!
}

void initClocks(void)

{
setupPLLO();

feedSeq(); //sequence for locking PLL to desired freq.
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connectPLLO();
feedSeq(); //sequence for connecting the PLL as system clock

//SysClock is now ticking @ 60Mhz!

VPBDIV = 0x01; // PCLK is same as CCLK i.e 60Mhz
//PLLO Now configured!

void setupPLLO(void)

{
//Note : Assuming 12Mhz Xtal is connected to LPC2148.

PLLOCON = 0x01; // PPLE=1 & PPLC=0 so it will be enabled
// but not connected after FEED sequence
PLLOCFG = 0x24; // set the multipler to 5 (i.e actually 4)
//i.e 12x5 = 60 Mhz (M - 1 = 4)111
// Set P=2 since we want FCCO in range!!!
// So , Assign PSEL =01 in PLLOCFG as per the table.

}

void feedSeq(void)

{
PLLOFEED = OxAA;

PLLOFEED = Ox55;
}

void connectPLLO(void)

{
// check whether PLL has locked on to the desired freq by reading the lock bit

// in the PPLOSTAT register
while( !( PLLOSTAT & PLOCK ));

// now enable(again) and connect
PLLOCON = 0x03;
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EXPERIMENT NO 9

EEPROM
Aim:

To interface EEPROM with ARM LPC2148.
Description:

Transmit EEPROM Data using UART and display the data’s on the terminal Software.

Hardware Required:

ARM LPC2148 Trainer Kit, FRC Cables, USB A to B Cable and 12V 2A Power Adapter.

-

ucwnis _SoTy 1 Make 232TX and
Vs = / - 232RX pins of
BN - - S o e DIP2 HIGH after

............... 5843 | Upload the
: E Program

Semms -
g }

Make the 12C pins ON
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Program

#include<LPC214x.h>

void 12C_init(void);

void byte_write(unsigned char address, unsigned char location, unsigned char data);
void send_start(void);

void send_stop(void);

unsigned char byte_read(unsigned char address,unsigned char location);

void msdelay(unsigned int time);

void uartOInit(void)

{
// port 0 tx PO.1 and rx P0.0 selected
UOLCR=0x83; //8bit data, no parity, 1 stop bit
U0DLL=97;// 9600 baud rate @15Mhz Pclk
UOLCR=0x03;// DLAB=0

}

void uartOPutch(unsigned char ch)

{
UOTHR=ch; // Transmitter holding register
while(!(UOLSR & 0x20));// wait still THR=0

}
void UARTO_Txstring(unsigned char *Str)

{
int i=0;
while(Str[i]!="\0")

{
uartOPutch(Strli]);
i++;

}

}
int main()
{
inti;
unsigned char read_data;
unsigned char
write_data[10]="KANWAL";//{0x41,0x42,0x43,0x44,0x45,0x46,0x47,0x48,0x49,0x4A};
PINSELO=0x00000055;
PINSEL1=0x00000000;
PINSEL2=0x00000000;

uartOInit();
12C_init();
// LCD_writestring("Writing from 12C");
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UARTO_Txstring("Writing from 12C");
for(i=0;i<10;i++)
{
byte_write(0xAO,i,write_datal[i]);
uartOPutch(write_datali]);

msdelay(100);
}
// LCD_cmd(0xCO);
uartOPutch(0x0d);
UARTO_Txstring("reading from 12C : ");
for(i=0;i<6;i++)
{
read_data=byte_read(0xAQ,i);
uartOPutch(read_data);
// LCD_data(read_data);
}
}

void 12C_init(void)
{
[2COCONCLR=0xFF;
[2COCONSET=0x40; //enable 12C
I2COSCLH=75; //0x4B
I2COSCLL=75; //0x4B

}

void byte_write(unsigned char address, unsigned char location, unsigned char data)

{
[2COCONCLR=0xFF;

[2COCONSET=0x40;

send_start(); //send start condition
while(!(I2COCONSET&0x08)); //check Sl flag
[2COCONCLR=0x28; //clear Sl flag and start
I2CODAT=address&OXxFE; //selecting address in
while(!(I2COCONSET&0x08)); //check Sl flag
I2COCONCLR=0x28; //clear Sl flag and start
I2CODAT=location; //sending memory location
while(!(I2COCONSET&0x08)); //check Sl flag
I2COCONCLR=0x28; //clear Sl flag and start

[2CODAT=data;
while(!(I2COCONSET&0x08)); //check Sl flag
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}

[2COCONCLR=0x28; //clear Sl flag and start flag

send_stop(); //send stop bit

void send_start()

{
}

I2COCONSET=0x20;

void send_stop()

{
}

unsigned char byte_read(unsigned char address,unsigned char location)

{

I2COCONSET=0x10;

unsigned char data;
[2COCONCLR=0xFF;
[2COCONSET=0x40;

send_start();
while(!(I2COCONSET&0x08)); //check Sl flag

[2COCONCLR=0x28; //clear Sl flag and start
[2CODAT=address&OxFE; //selecting address in
while(!(I2COCONSET&0x08)); //check Sl flag
[2COCONCLR=0x28; //clear Sl flag and start
I2CODAT=location; //sending memory location
while(!(I2COCONSET&0x08)); //check Sl flag
[2COCONCLR=0x28; //clear Sl flag and start
send_start(); //repeated start

while(!(I2COCONSET&0x08)); //check Sl flag
[2COCONCLR=0x28;

I2CODAT=address|0x01;
while(!(I2COCONSET&0x08)); //check Sl flag
[2COCONCLR=0x28;

[2COCONCLR=0x04; //NACK

while(!(I2COCONSET&0x08)); //check Sl flag
I2COCONCLR=0x28;

data=12CODAT;

send_stop();

return data;
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void msdelay(unsigned int time)
{
inti,j;
for(i=0;i<time;i++)
{
for(j=0;j<1008;j++)
{
}
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