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INTRODUCTION

During the development of devices based on microcontrollers, there are two in-
terdependent objectives - the development of hardware and software creation. In the
process of development may change the program, and circuit devices, which presents
certain difficulties, and requires significant time and cost. In order to facilitate the de-
velopment of widely used ready evaluation boards, which set a microcontroller and a
set of standard peripherals. In this paper described the development board LPC2148
Education Boards (from Embedded Artists).

LPC2148 microcontrollers are 32 - bit RISC core with ARM7TDMI-S, has 512
KB of FLASH-memory, 32KB SRAM, as well as a rich set of peripherals. Microcon-
trollers are equipped with in-circuit programming system based on the JTAG inter-
face and a special boot loader that allows to download the program via UART. De-
velopment tools include support for the C/C++, use of which is considered in these
guidelines.

Methodical instructions allow students to learn the basics of debugging boards
to develop and debug programs microcontroller core ARM. Guidance does not de-
scribe the features of the core ARM7TDMI, LPC2148 microcontrollers NXP com-
pany or a development environment IAR Embedded Workbench, provides only brief
comments, necessary to understand the above code snippet, the appendix contains
fragments of circuit debug board, a list of jobs for own work and sample programs.

1 Overview of the debug board

Evaluation Boards such as LPC2148 Education Boards (firm Embedded
Artists), have in their composition, apart from a microcontroller, LCD display, but-
tons, joystick, serial adapter, speaker, stepper motor, LED matrix interface SPI, tem-
perature sensor and potentiometer for working with ADC module, jack FLASH - card
module and ZigBee. Also on the board (Figure 1) has all the necessary piping micro-
controller (system power and clock) and connectors for interface with a computer and
external breadboard.



hhhﬁ_1iﬁl?

dArtists.com
ceegreels

IR

III
|
o
I
o
e

5 E
_d de
TRLLE

-

1 )
(«C) 208
Juy Embe

Fo
| il"‘-la

w ™
.

Figure 1 - Appearance of the debug board

2 Compile and debug programs using debugging tools

2.1 Compiling the project
Consider debugging created in the first part of the draft program with the debug
board. To do this, make sure that part of the project files added «Main.cpp» and
«lcd.cpp», as well as customized configuration of the project «Debugy», «Release»
and «RAM». Now the project is ready for compiling and debugging.

To assemble and build the object files you can use the menu PROJECT, select
the tab where the MAKE or COMPILE. After completion of the compilation with er-
rors or warnings will automatically open with the results of MESSAGES.
2.2 Hardware debugging

After simulation process is successfully completed, it is useful to test the pro-
gram with the help of the development board. This step of the development process
allows to test software/hardware interaction. Attach J-Link module to JTAG connect-
or on the development board and insert the cable to the USB connector on your PC,
then connect carefully with the cable USB minijack on the development board (close

to power connector to the left of JTAG) with the second USB connector on your PC.



Power LED should confirm the presence of the power on the development board.
Check LED blinking on J-Link module.

Set RAM configuration and start the debugger as mentioned earlier then start
the program with the help of «Debug/Go» or F5. Check the project operation.

3 Investigation of MCU’s features

3.1 Basic I/0 functions

After the project is started, you can see the words on LCD and LED blinking
below LCD. Using LCD means setting options of its controller and storing codes of
necessary symbols in appropriate location. The details of display’s controller opera-
tion you can see in the datasheet, which is placed in Samples\Doc subdirectory. C
language offers set of functions for the operation with text strings, prototypes of such
functions are described in STDIO.H header file. Detailed description you can find in
the Samples\Doc subdirectory. You can also use built-in help system of JAR Embed-
ded Workbench IDE.

This project demonstrates basic options of LPC2148 I/O system with the help
of LED blinking and button polling. Development board has signatures, showing
which pins of the MCU are connected to the certain LED or button and you can find
schematic file in the Doc subdirectory.

3.2 MAM module

MAM accelerates MCU’s operation with FLASH memory with the help of
preliminary instruction fetching. The details of MAM operation are described in the
manual. The project demonstrates operation of MAM, which is activated/deactivated
by the button, connected to P0.14 pin.

Select Release configuration, load the code into MCU’s memory and start the
program. Pressing the button you can see performance changes, caused by the MAM
operation.

3.3 PLL module

When PLL is not active, MCU’s clock frequency is equal to the frequency of
quartz-crystal unit. To use maximum performance, you need to set and activate PLL
module. This requires following procedure: Store M and P coefficients in PLLCFG,
start PLL, wait until capture is performed, set PLL as a clock signal source for the
MCU.

Remove «main.cpp» file from the project (click right mouse button on its
name, then select «Remove» from context menu) and add «main_pll.cpp» file. Select
RAM configuration, compile the project and start the program. Compare LED blink-
ing period before and after P0.14 button pressing. Determine frequency value of
MCU, when PLL is active.

3.4 Interrupt system

Remove «main pll.cpp» and «lcd.cpp» files from the project and add
«main_VIC.cpp» and «Ipc2xxx_startup.s» instead. The latter is a standard file, in-
cluding start code of LPC2148 MCU. This file is written in assembler language and is
used for the initializing of interrupt vectors. Usually developers use the copy of this



file with necessary modifications. File «main VIC.cpp» describes interrupt handlers
for IRQ and FIQ interrupts. IRQ will be attached to timer 0, and FIQ will be attached
to the external interrupt, activating by P0.14 button press. Details of VIC and timer
operation are described in MCU datasheet, placed in the same directory.

Set RAM configuration, build and start program, then open message window
«View\Terminal I/O». Look at the output messages, initiated by IRQ handler.

Press the button (P0.14) and look at the result in the terminal window.

Remove from the project file «main VIC.cpp» and add file
«main_VIC UART.cpp». Carefully put the cable from USB jack to UART connector
on the left. Set RAM configuration, build and start program. Start program RS-232,
that is intended for RS-232 information interchange, set there baudrate 19200 and se-
lect appropriate COM port, set checkbox ASCII. Look at the information, transmitted
by development board to the PC in the main window of the program. Change
baudrate to 9600 and check the operability.

3.5 SPI module

Remove files «main VIC.cpp» and «lpc2xxx startup.s», and add files
«main_SPIL.cpp», «spi.cpp». Also copy file «spi.h» into the project directory. Set
RAM configuration, build and start program. Using joystick (in the right lower corner
of the development board) change position of active LED in the matrix. Correct the
program to provide diagonal movement. Create your own effect of «LED
movement». Schematic diagram of joystick connections is shown in the appendix.

3.6 ADC operation

Remove files «main_ SPIl.cpp», «spi.cpp», «spi.h» and add files «main_ AD-
C.cpp», «adc.cpp», , «lcd.cpp». Also copy file «main ADC.hy. Instead
«lpc2xxx_startup.s» insert file «lpc2xxx_startup no fiq.s», where fiq handler is
blocked. This allows to disable FIQ interrupt.

Set RAM configuration, build and start program. Using AIN1 potentiometer
adjust motor rotation rate, simultaneously looking at the LCD. Try to determine rota-
tion rate, analyzing the program and derive formula, connecting the number on LCD
with actual rotation rate. Make the program to display rotational velocity.

4 Tasks for your own work

The complexity of tasks marked with asterisks.

1. Using existing on-board speaker and DAC module of the microcontroller, cre-
ate audio-frequency generator with a frequency change of command, the computer is
received via the UART (*).

2. Using existing on-board speaker and DAC module of the microcontroller, cre-
ate audio-frequency oscillator with frequency-controlled potentiometer AIN2. (**)

3. Create a program that writes the data block of 100 bytes in the external EEP-
ROM via I2C (**).

4. Create a program that depicts a snake crawling on dot-matrix display (in the
direction of their choice, the length of 6 pixels). (***)

5. Create a program that displays the current temperature (using a sensor on the
board) on the LCD display (*).



6. Create a program counter pressing P0.14 displaying decimal result on the
LCD. To provide for counter reset (*)

7. Create a program unit that displays the decimal equivalent of the number re-
ceived by the RS-232 dot matrix display. (**)

8. Create a program of random numbers in the range 0-99 to display on the LCD
display in decimal format by pressing the P0.14. (**)

9. Create a program of light effects on matrix display that changes at random po-
sition of luminous points. (***)

10. Create a program for a device that displays on the LCD display the contents
of the counter milliseconds when you click P0.14. (*)
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Source code of programs

CMAIN,CPPH) ======m === = oo = oo o oo

#include <NXP/iolpc2148.h>
#include <stdio.h>

int main(void);
void InitLCD(void);
void SetBacklight (int Backlight);

void LCDTextOut (unsigned char const* top_line, unsigned char const* bottom_line);

int Sleep (int _slp);

int main()

{
InitLCD ();
SetBacklight (1);
LCDTextOut ("NXP LPC2148", "Basic project");
IOODIR |= 0x0000FF00; // Set P0.8 - P0.15 as outputs
IOOSET |= 0x0000FFO00; // Clear P0.8 - P0.15
IO0ODIR &= OxFFFFBFFF; // P0.14 - input
MAMCR=0;
MAMTIM=3;
int i=8;
while(1)
{
IOO0CLR [=(1<<i); // shift LEDs
Sleep(200);
IOOSET |=(1<<i);
Sleep(200);
if(++i==14) i=8;
if((IO0PIN&0x00004000)==0) MAMCR=2; else MAMCR=0;
}

}

«led.cppy —mmmmmm

#include <NXP\iolpc2148.h>
#define bDISPLAY 16
void SetCommLCD(unsigned char bT);

void SetDataLCD(unsigned char bT);
void WaitReadyLCD(void);

void ShowMsgL.CD(unsigned char bT, unsigned char const *szT);

unsigned char szHi[bDISPLAY + 8],szLo[bDISPLAY + §];

unsigned char const
Symbols[0x100] =

{

Appendix A

0x20,0x00,0x01,0x02,0x03,0x04,0x05,0x06,0x07,0x20,0x20,0x20,0x20,0x20,0x20,0x20, // 0
0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20, // 1



0x20,0x21,0x22,0x23,0x24,0x25,0x26,0x27,0x28,0x29,0x2A,0x2B,0x2C,0x2D,0x2E,0x2F, // 2
0x30,0x31,0x32,0x33,0x34,0x35,0x36,0x37,0x38,0x39,0x3A,0x3B,0x3C,0x3D,0x3E,0x3F, // 3
0x40,0x41,0x42,0x43,0x44,0x45,0x46,0x47,0x48,0x49,0x4A,0x4B,0x4C,0x4D,0x4E,0x4F, // 4
0x50,0x51,0x52,0x53,0x54,0x55,0x56,0x57,0x58,0x59,0x5A,0x5B,0x5C,0x5D,0x5E,0x5F, // 5
0x60,0x61,0x62,0x63,0x64,0x65,0x66,0x67,0x68,0x69,0x6A ,0x6B,0x6C,0x6D,0x6E,0x6F, // 6
0x70,0x71,0x72,0x73,0x74,0x75,0x76,0x77,0x78,0x79,0x7A,0x7B,0x7C,0x7D,0xC5,0x01, // 7

0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20, // 8
0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20, // 9
0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20, // A
0xA2,0xB5,0x20,0x20,0x20,0x20,0x20,0x02,0x20,0x20,0x20,0x20,0x20,0x20,0x20,0x20, // B
0x41,0xA0,0x42,0xA1,0xE0,0x45,0xA3,0xA4,0xA5,0xA6,0x4B,0xA7,0x4D,0x48,0x4F ,0xA8, // C
0x50,0x43,0x54,0xA9,0xAA,0x58,0xE1,0xAB,0xAC,0xE2,0xAD,0xAE,0xC4,0xAF,0xB0,0xB1, //
0x61,0xB2,0xB3,0xB4,0xE3,0x65,0xB6,0xB7,0xB8,0xB9,0xBA,0xBB,0xBC,0xBD,0x6F,0xBE, //

0x70,0x63,0xBF,0x79,0xE4,0x78,0xES,0xC0,0xC1,0xE6,0xC2,0xC3,0xC4,0xC5,0xC6,0xC7 // F

int Sleep (int _slp)

{

}

int j;
for (inti=0; 1< _slp * 1000; i++)j=1i+1;
return j;

void SetCommLCD(unsigned char bT)

{

IO1DIR |= (0xFF << 16); // Set data bus as outputs
IO1DIR |= (1 << 24); // Set RS as output

IOIDIR |= (1 << 25); // Set E as output

IOODIR |= (1 << 30); // Set Backlight control as output
IOODIR |= (1 << 22); // Set R/W as output
IOICLR = (1 << 25); /I E down

IOICLR = (1 << 24); //RS=0

IOOCLR = (1 << 22); //RW =0

IO1CLR = (0xFF) << 16; // Clear data bus
IO1SET = (bT) << 16; // ' Write data to bus

IOISET = (1 << 25); /I Eup

Sleep (10); // Wait

IOICLR = (1 << 25); /I E down

void SetDatalLCD(unsigned char bT)

{

IO1DIR |= (0XxFF << 16); // Set data bus as outputs
IO1DIR |= (1 << 24); // Set RS as output

IO1DIR |= (1 << 25); // Set E as output

IOODIR |= (1 << 30); /I Set Backlight control as output
IOODIR |= (1 << 22); // Set R/W as output

IOICLR = (1 << 25); //' E down

IOISET = (1 << 24); /RS =1



IO0CLR = (1 << 22); //RW =0

IO1CLR = (0xFF) << 16; // Clear data bus
IO1SET = (bT) << 16; // ' Write data to bus
IO1SET = (1 << 25); /I E up
Sleep (10); // Wait
IOICLR = (1 << 25); /I E down

j

void WaitReadyLCD(void)

{

Sleep(1);

void ShowMsgLCD(unsigned char bT, unsigned char const *szT)
{
WaitReadyLCD();
SetCommLCD(bT);
for (int i = 0; i <bDISPLAY; i++)

{

if ( 1*szT ) break;
WaitReadyLCD();

SetDatal.CD( Symbols[*szT++]);

}

void InitLCD(void)

{
Sleep (20); SetCommLCD(0x30);
Sleep (20); SetCommLCD(0x30);
Sleep (20); SetCommLCD(0x30);

WaitReadyLCD(); SetCommLCD(0x38);
WaitReadyLCD(); SetCommLCD(0x08);
WaitReadyLCD(); SetCommLCD(0x01);
WaitReadyLCD(); SetCommLCD(0x06);
WaitReadyLCD(); SetCommLCD(0x0C);
WaitReadyLCD(); SetCommLCD(0x40);
WaitReadyLCD(); SetCommLCD(0xC4);

}

void LCDTextOut (unsigned char const* top_line, unsigned char const* bottom_line)
{

ShowMsgLCD(0x80, top_line);

ShowMsgLCD(0xC0, bottom_line);

WaitReadyLCD();
SetCommLCD(0xC4);

}

void SetBacklight (int Backlight)

{
if (Backlight) IOOSET |= 1 << 30;
else IOOCLR |= 1 << 30;

}

«mMaIn_ PlLCPP» === mm oo



#include <NXP/iolpc2148.h>
#include <stdio.h>

int main(void);

void InitLCD(void);

void SetBacklight (int Backlight);

void LCDTextOut (unsigned char const* top line, unsigned char const* bottom_line);
int Sleep (int _slp);

int main()

{
int LOW=1;

InitLCD ();

SetBacklight (1);

LCDTextOut ("NXP LPC2148", "Basic project");

IOODIR |= 0x0000FF00; // Set P0.8 - P0.15 as outputs
IOOSET |= 0x0000FF00; // Clear P0.8 - P0.15
IO0ODIR &= OxFFFFBFFF; // P0.14 - input

int i=8;

while(1)

{

IO0CLR |=(1<<i); // shift LEDs
Sleep(200);

IOO0SET [=(1<<i);

Sleep(200);

if(++i==14) i=8;
if(ITO0PIN&0x00004000)==0)

{
if(LOW==1)
{
PLLCFG = 0x45; FM=5P=2%
PLLCON = 0x01; /* PLL Enable */
PLLFEED = 0xAA; /* Feed Sequence 1 */
PLLFEED = 0x55; /* Feed Sequence 2 */
while (PLLSTAT & 0x0400) == 0); /* Wait for PLL Lock */
PLLCON = 0x03; /* PLL Enable & Connect */
PLLFEED = 0xAA; /* Feed Sequence 1 */
PLLFEED = 0x55; /* Feed Sequence 2 */
LOW=0;
H
H
else
{
if (LOW==0)
{
PLLCFG = 0x23; AM=3P=1%
PLLCON = 0x01; /* PLL Enable */
PLLFEED = 0xAA; /* Feed Sequence 1 */
PLLFEED = 0x55; /* Feed Sequence 2 */
while (PLLSTAT & 0x0400) == 0); /* Wait for PLL Lock */
PLLCON = 0x03; /* PLL Enable & Connect */
PLLFEED = 0xAA; /* Feed Sequence 1 */
PLLFEED = 0x55; /* Feed Sequence 2 */
LOW=I,;
H



b
b

«mMaIN_VIC.CPP =m=mmmmmmmmmm oo e e

#include <NXP/iolpc2148.h>
#include <stdio.h>
#include <intrinsics.h>

#define XTALFREQ 12000000 //IXTAL frequency in Hz
#define PCLKFREQ (XTALFREQ/4) //pclk must always be XTALFREQ/4?
#define TICKS PER SECOND 20  // TIMERO interrupt is 100Hz

#define FALSE 0
#define TRUE !(FALSE)

int main(void);

void InitLCD(void);

void SetBacklight (int Backlight);

int Sleep (int _slp);

void LCDTextOut (unsigned char const* top_line, unsigned char const* bottom_line);
extern "C" _ fiq __arm void fiq_handler (void);

__irq __arm void MM_TIMERO_ISR();

unsigned int Int Count;
unsigned char buffer[16];
bool bl_TimerFlag;

int main(void)

{
Int_Count=0;
InitLCD();
SetBacklight (1);
bl TimerFlag = FALSE;
VPBDIV_bit.VPBDIV =0; // Init Peripherial divider Pckl = Clk/4
TOIR=0xFF; // reset match and capture event interrupts
TOTC=0; // Clear timer counter
TOPR=0; // No Prescalar
TOMRO=PCLKFREQ/100; // Count up to 36,864 for 100Hz interrupt, period = 10ms
TOMCR = 3; // Reset Timer Counter & Interrupt on match
TOTCR = 1; // Counting enable

//initialize P0.14 to EINTI1 (active falling edge)

EXTMODE = 0x00000002; //EINT1 is edge sensitive
EXTPOLAR = 0x00000000; //EINT]1 is falling edge sensitive

PINSELO &= ~0x30000000;
PINSELO |= 0x20000000;
EXTINT = 0x00000002; //reset EINT1 IRQ flag

VICIntSelect = 0; // Set all VIC interrupts to IRQ for now

VICIntEnClear = OxFFFFFFFF; // Diasable all interrupts

VICProtection = 0; /I VIC registers can be accessed in User or
// privileged mode

VICVectAddr = 0; // Clear interrupt

VICProtection = 0; // Accesss VIC in USR | PROTECT



VIClntSelect |= 0x00008000; //EINT1 interrupt is assigned to FIQ (not IRQ)

VICIntSelect &= ~(1<<VIC TIMERO); // Timer O intrpt is an IRQ (VIC_TIMERO = 4)
VICVectAddr0 = (unsigned int)&MM_TIMERO_ISR; // Install ISR in VIC addr slot 0
VICVectCntl0 = 0x20 | VIC_TIMERO; // IRQ type, TIMER 0 int enabled
VICIntEnable = 0x00008000; //lenable eintl interrupt
VICIntEnable |= (1<<VIC_TIMERO); // enable TimerO Interrupt
__enable_interrupt(); // Global interrupt enable
while(TRUE) // Foreground "task"
{

if(bl_TimerFlag)

{

bl TimerFlag =FALSE; // Clear this flag if set by MM_TIMERO ISR
printf("IRQ interrupt!\n");

sprintf((char*)buffer,"Interrupt %d",Int Count++);

LCDTextOut("IRQ TEST",buffer);

}

} // end foreground loop
} // end main()

/*************************************************************************

* Function Name: fiq_handler

* Parameters: void

* Return: void

*

* Description: FIQ subroutine

* Note: This is ARM mode code - full 32 bit code

*************************************************************************/

extern "C"__fiq __arm void fiq_handler (void)

{

printf("FIQ interrupt!\n");

EXTINT = 0x00000002; /Ireset IRQ flag

VICVectAddr = 0x00; //[dummy write to VIC to signal end of interrupt
}

__irq __arm void MM_TIMERO_ISR()

{
static unsigned int us_Ticks=0;
us_Ticks++;
if(us_Ticks == TICKS_PER _SECOND)

bl TimerFlag = TRUE; // The background "task"
us_Ticks = 0;
}
TOIR = 1; // Clear timer interrupt
VICVectAddr = 0;

999999999999999999999999999999999999959999959599995)5
2

;; Part one of the system initialization code,



;; contains low-level
;; initialization.
>

;; Copyright 2006 IAR Systems. All rights reserved.

2

;; $Revision: 30870 $

2

MODULE ?cstartup

;; Forward declaration of sections.

SECTION IRQ _STACK:DATA:NOROOT(3)
;; SECTION FIQ STACK:DATA:NOROOT(3)
SECTION ABT STACK:DATA:NOROOT(3)
SECTION SVC _STACK:DATA:NOROOT(3)
SECTION UND_STACK:DATA:NOROOT(3)
SECTION CSTACK:DATA:NOROOT(3)

; The module in this file are included in the libraries, and may be

; replaced by any user-defined modules that define the PUBLIC symbol
; _ lar program_start or a user defined start symbol.

; To override the cstartup defined in the library, simply add your

; modified version to the workbench project.

SECTION .intvec: CODE:NOROOT(2)

PUBLIC _ vector

PUBLIC _ vector 0x14

PUBLIC _ iar program_ start
EXTERN irq_handler ;;,fiq_handler

ARM
__vector:
Idr pc,[pc,#+24] ;; Reset
B . ;; Undefined instructions
B . ;; Software interrupt (SWI/SVC)
B . ;; Prefetch abort
B . ;; Data abort
__vector_0x14:
DC32 0 ;; RESERVED
Idr pc,[pc,#+24] ;3 IRQ
Idr pc,[pc,#+24] ;3 FIQ
DC32 _ iar program_start ;; Reset
DC32 0 ;; Undefined instructions
DC32 0 ;; Software interrupt (SWI/SVC)
DC32 0 ;; Prefetch abort
DC32 0 ;; Data abort
DC32 0 ;; RESERVED
DC32 irq_handler ;3 IRQ
;; DC32 fiq_handler ;; FIQ

; 2cstartup -- low-level system initialization code.

b



; After a reser execution starts here, the mode is ARM, supervisor
; with interrupts disabled.

b

SECTION .text: CODE:NOROOT(2)

PUBLIC ?cstartup
EXTERN ?main
REQUIRE _ vector

ARM

__iar_program start:
7cstartup:

2

; Add initialization needed before setup of stackpointers here.

; LPC2148 Errata

; Date: August 5, 2005

; Document Release: Version 1.0

; Device Affected: LPC2148

; Incorrect read of data from SRAM after Reset and MAM is not enabled or partially enabled MAM. 1
; Init MAM before acsses to SRAM

MAMCR DEFINE 0xEO1FC000 ; MAM Control Register

MAMTIM DEFINE 0xE01FC004 ; MAM Timing register

ldr r0,=MAMCR
ldr r1,=MAMTIM
ldr r2,=0
str 12,[r0]
ldr r2,=7
str 12,[r1]
ldr r2,=2
str 12,[r0]

; Initialize the stack pointers.

; The pattern below can be used for any of the exception stacks:

; FIQ, IRQ, SVC, ABT, UND, SYS.

; The USR mode uses the same stack as SYS.

; The stack segments must be defined in the linker command file,
; and be declared above.

B

; Mode, correspords to bits 0-5 in CPSR

MODE MSK DEFINE 0x1F ; Bit mask for mode bits in CPSR
USR_MODE DEFINE 0x10 ; User mode

;;FIQ_MODE DEFINE 0x11 ; Fast Interrupt Request mode
IRQ_MODE DEFINE 0x12 ; Interrupt Request mode

SVC MODE DEFINE 0x13 ; Supervisor mode

ABT MODE DEFINE 0x17 ; Abort mode

UND_MODE DEFINE 0x1B ; Undefined Instruction mode

SYS MODE DEFINE 0x1F ; System mode



mrs
bic
orr
msr
Idr

bic
orr

msr
Idr

bic
orr
msr
Idr

; bic

; orr
; msr
; Idr

bic
orr
msr
Idr

bic
orr
msr

Idr

r0,cpsr ; Original PSR value

r0,r0,#MODE_MSK ; Clear the mode bits
r0,r0,#SVC_MODE ; Set Supervisor mode bits
cpsr_c,r0 ; Change the mode
sp,=SFE(SVC_STACK) ; End of SVC_STACK
r0,10,#MODE_MSK ; Clear the mode bits
r0,10,#ABT_MODE ; Set Abort mode bits
cpsr_c,r0 ; Change the mode
sp,=SFE(ABT STACK) ; End of ABT STACK
r0,r0,#MODE_MSK ; Clear the mode bits
r0,r0,#UND_MODE ; Set Undefined mode bits
cpsr_c,r0 ; Change the mode
sp,=SFE(UND_STACK) ; End of UND_STACK
r0,r0,#MODE_MSK ; Clear the mode bits
r0,r0,#F1Q_MODE ; Set FIR mode bits
cpst_c,r0 ; Change the mode
sp,=SFE(FIQ STACK) ; End of FIR_ STACK
r0,r0,#MODE_ MSK ; Clear the mode bits
r0,r0,#IRQ_MODE ; Set IRQ mode bits
cpsr_c,r0 ; Change the mode
sp,=SFE(IRQ_STACK) ; End of IRQ_STACK
r0,r0,#MODE_MSK ; Clear the mode bits
r0,r0.#SYS_MODE ; Set System mode bits
cpsr_c,r0 ; Change the mode
sp,=SFE(CSTACK) ; End of CSTACK

#ifdef  ARMVFP__
; Enable the VFP coprocessor.

mov

fmxr

r0, #0x40000000 ; Set EN bit in VFP
fpexc, r0 ; FPEXC, clear others.

; Disable underflow exceptions by setting flush to zero mode.
; For full IEEE 754 underflow compliance this code should be removed
; and the appropriate exception handler installed.

mov
fmxr

#endif

r0, #0x01000000 ; Set FZ bit in VFP
fpscr, 10 ; FPSCR, clear others.

; Add more initialization here

; Continue to ?main for more IAR specific system startup

Idr
bx

END

«main_VIC UART.cpp»

r0,=?main
r0

/******************************************************************************



Minimal code for setting up Timer0 to interrupt on compare match on channel 0
to interrupt at 100Hz

XTALFREQ 12000000 /IXTAL frequency in Hz

PCLKFREQ (XTALFREQ/4) //pclk must always be XTALFREQ/4?

Open terminal I/O window in debugger using View/Terminal I/O in C-SPY to see
VICVectAddr value in exception handler. This is not routed to the serial port
because UARTX is not configured and no implementation of putchar()

******************************************************************************/

#include <NXP/iolpc2148.h>
#include <stdio.h>
#include <intrinsics.h>

#define TICKS PER SECOND 100  // TIMERO interrupt is 100Hz
#define XTALFREQ 12000000 //IXTAL frequency in Hz

#define PCLKFREQ (XTALFREQ/4)  //pclk must always be XTALFREQ/4
#define FALSE 0

#define TRUE !(FALSE)

int main(void);

extern "C" _ fiq __arm void fiq_handler (void);
extern "C" __irq __arm void irq_handler (void);
void TransmitString(char* pStr);

bool bl_TimerFlag;

int main(void)

{
bl TimerFlag = FALSE;
VPBDIV_bit.VPBDIV = 0; // Init Peripherial divider Pckl = Clk/4
UOFCR=0x07;

//Configure UARTO to 19200 baud, 8 bit, 1 stop, no parity
UOLCR = 0x83; // Enable FIFOs whether used or not

// UOLCR = 0X80-enable access to divisor

// latch bit, necessary for setting baud rate

// Eight bits

// No parity

// One stop bit
UODLL = 0x0A,;
UODLM = 0;
UOLCR &=0x7F; // Disable access to divisor latch
PINSELO = 0x05;
TOIR=0xFF; // reset match and capture event interrupts
TOTC=0; // Clear timer counter
TOPR=0; // No Prescalar
TOMRO=PCLKFREQ/100; // Count up to 36,864 for 100Hz interrupt, period = 10ms
TOMCR =3; // Reset Timer Counter & Interrupt on match
TOTCR = 1; // Counting enable

//initialize P0.14 to EINTI1 (active falling edge)

EXTMODE = 0x00000002; //EINT1 is edge sensitive
EXTPOLAR = 0x00000000; //EINT]1 is falling edge sensitive

PINSELO &= ~0x30000000;
PINSELO |= 0x20000000;



EXTINT = 0x00000002; /lreset EINT1 IRQ flag

VICIntSelect = 0; // Set all VIC interrupts to IRQ for now
VICIntEnClear = OxFFFFFFFF; // Diasable all interrupts
VICProtection = 0; // VIC registers can be accessed in User or
// privileged mode

VICVectAddr = 0; // Clear interrupt
VICProtection = 0; /I Accesss VIC in USR | PROTECT
VIClntSelect |= 0x00008000; //EINT1 interrupt is assigned to FIQ (not IRQ)
VICIntSelect &= ~(1<<VIC TIMERO); // Timer O intrpt is an IRQ (VIC_TIMERO = 4)
VICVectAddrO = (unsigned int)&irq_handler; // Install ISR in VIC addr slot 0
VICVectCntl0 = 0x20 | VIC_TIMERO; // IRQ type, TIMER 0 int enabled
VICIntEnable = 0x00008000; //lenable eintl interrupt
VICIntEnable |= (1<<VIC_TIMERO); // enable TimerO Interrupt
__enable_interrupt(); // Global interrupt enable
while(TRUE) // Foreground "task"
{

if(bl_TimerFlag)

{

bl TimerFlag = FALSE;
TransmitString("IRQ Interrupt processed");
}
} // end foreground loop
} // end main()

/******************************************************************************

* Function Name: irq_handler
* Parameters: void
* Return: void
*
* Description: IRQ exception handler, this will call appropriate isr after
* reading value out of VICVectAddr
* Note: This is ARM mode code - full 32 bit code
*****************************************************************************/
extern "C" __irq _arm void irq_handler (void)
{
static unsigned int us_count=0;
//lus_count++;
if(us_count++ == TICKS PER_SECOND)
{
us_count = 0;
bl TimerFlag = TRUE;

J
VICVectAddr = 0; // Clear interrupt in VIC
TOIR = 1;

}

/*************************************************************************
* Function Name: fiq_handler

* Parameters: void

* Return: void
%

* Description: FIQ subroutine



* Note: This is ARM mode code - full 32 bit code

*************************************************************************/

extern "C"__fiq __arm void fiq_handler (void)
{

TransmitString("FIQ interrupt!");
EXTINT = 0x00000002;

VICVectAddr = 0x00; //dummy write to VIC to signal end of interrupt
}
void TransmitString(char* pStr)
{

while (*pStr !=0)

{

UOTHR = *pStr;
while(!(UOLSR & 0x40));
pStr+;

}

}

«main_ SPIL.CPPI=--mmmmmmm e mm oo e e e

#include <NXP/iolpc2148.h>
#include "spi.h"

int main(void);
int Sleep (int _slp);

int main (void)

{
mX=4,Y =4,
InitSPI ();

while (1)
{
switch (IO0PIN & (0x1F << 16)) >> 16) // Read value from joystick
{
case 0x1D: if (Y <8) Y++; break;// Up
case 0xOF: if (Y > 1) Y--; break; // Down
case 0x17: if (X > 1) X--; break; // Left
case Ox1B:  if (X < 8) X++; break; // Right
case (0x1D&0x17): if (Y < 8)&(X > 1)){ Y++; X--;} break; // UpLeft
case (0x1D&0x1B): if ((Y < 8)&(X < 8)){ Y++; X++;} break;  // UpRight
case (0x0F&0x17): if (Y > N&(X > 1)){ Y--; X--;} break; //DownLeft
case (0x0F&0x1B): if ((Y > 1)&(X < 8)){ Y--; X++;} break; // DownRight

default: break;
H

SPIPutDot (X, Y);
Sleep (300);
h

}

int Sleep (int _slp)
{
int j;
for (inti=0;1<_slp * 1000; i++) j=1i+1;



return j;

}

U8 PP I === mm = m o e

#include <NXP/iolpc2148.h>
#include "spi.h"

void InitSPI (void)

{
IOODIR |= (1 << 15); // Chip select for shift registers
IO0SET = (1 << 15);
PINSELO |= (1 <<8) | (1 << 10) | (1 << 12);

SOSPCR = (0<<2)| // set up bits per transfer (0 - 8bit, 1 - defined)
(1<<3)] // CPHA mode
(1<<4)| // SCK 1is active high
(1<<5)] // Set SPI as master
(0 <<8); // 16 bits per transfer
SOSPCCR = 64;

void SPIPutDot (int x, int y)

{

IOO0SET = (1 << 15); // Pull up P0O.15

SOSPDR = ~(1 << (y - 1));

while ((SOSPSR & (1 << 7)) ==0); // Wait until data is sent

SOSPDR = ~(1 << (8 - x));

while ((SOSPSR & (1 << 7)) ==0); // Wait until data is sent

IO0CLR = (1 << 15); // Pull down P0.15 ("apply new settings")
}
«Spihy=mmmmrm e

#ifndef SPI_H
#define SPI_ H

void InitSPI (void);
void SPIPutDot (int x, int y);

#endif

«main_ ADC.CPPI === mm o

/******************************************************************************

Minimal code for setting up Timer0 to interrupt on compare match on channel 0
to interrupt at 100Hz

XTALFREQ 12000000 //XTAL frequency in Hz

PCLKFREQ (XTALFREQ/4) //pclk must always be XTALFREQ/4?

Open terminal I/O window in debugger using View/Terminal I/O in C-SPY to see
VICVectAddr value in exception handler. This is not routed to the serial port
because UARTX is not configured and no implementation of putchar()

******************************************************************************/

#include <NXP/iolpc2148.h>
#include <stdio.h>



#include <intrinsics.h>
#include "main_ ADC.h"

unsigned int Speed;

int main(void)

{
unsigned char buffer[32];
VPBDIV_bit.VPBDIV =0; // Init Peripherial divider Pclk = Clk/4
TOIR=0xFF; // reset match and capture event interrupts
TOTC=0; // Clear timer counter
TOPR=0; // No Prescaler
TOMRO0=1000; // Count up to 36,864 for 1000Hz interrupt, period = Ims
TOMCR =3; // Reset Timer Counter & Interrupt on match
TOTCR = 1; // Counting enable
VICIntSelect = 0; // Set all VIC interrupts to IRQ for now
VICIntEnClear = OxFFFFFFFF; // Diasable all interrupts
VICProtection = 0; /I VIC registers can be accessed in User or
// privileged mode
VICVectAddr = 0; // Clear interrupt
VICProtection = 0; /I Accesss VIC in USR | PROTECT
VICIntSelect &= ~(1<<VIC TIMERO); // Timer O intrpt is an IRQ (VIC_TIMERO = 4)
VICVectAddr0 = (unsigned int)&irq_handler; // Install ISR in VIC addr slot 0
VICVectCntl0 = 0x20 | VIC_TIMERO; // IRQ type, TIMER 0 int enabled
VICIntEnable |= (1<<VIC_TIMERO); // enable Timer( Interrupt
InitADC();
InitLCD ();
SetBacklight (1);

LCDTextOut ("NXP LPC2148", "ADC project");

IO0DIR |= 0x0020FF00; // Set P0.8 - P0.15,P0.21 as outputs
IOOSET |= 0x0020FF00; // Clear P0.8 - P0.15,P0.21
__enable_interrupt(); // Global interrupt enable

while(TRUE)

{
Speed=1023-ADCReadValue();
if(Speed<23) Speed=23;
sprintf((char*)buffer,"Speed=%d ",1023-Speed);
LCDTextOut ("NXP LPC2148", buffer);
Sleep(100);

H

h

/******************************************************************************

* Function Name: irq_handler

* Parameters: void

* Return: void

*

* Description: IRQ exception handler, this will call appropriate isr after
* reading value out of VICVectAddr

* Note: This is ARM mode code - full 32 bit code

*****************************************************************************/

extern "C" __irq __arm void irq_handler (void)



const int A[12]={1,1,0,0,1,1,0,0,1,1,0,0};

const int B[12]={0,1,1,0,0,1,1,0,0,1,1,0};

static unsigned int us_Ticks,n;

us_Ticks++;

if(us_Ticks >= Speed)

{
us_Ticks = 0;
if(A[n]==0) IOOCLR|=(1<<21); else IOOSET|=(1<<21);
if(B[n]==0) IOOCLR|=(1<<12); else IOOSET|=(1<<12);
if(++n>11) n=0;

}
TOIR =1; // Clear timer interrupt
VICVectAddr = 0; // Clear interrupt in VIC
}
«AAC. CPPI ===

#include <NXP/iolpc2148.h>

void InitADC (void)
{

/**********************************************************/

/* Connect PIN connect block to ADCO.1 */

/**********************************************************/

PINSELI |= (1 << 24);

/**********************************************************/

/* Configure ADC */
/**********************************************************/
ADOCR= (1<<1)| /I Select ADCO.1 channel is active

(4<<8)| // Set Clock divider

(1<<16)| // Set BURST

(0<<17)| /I Set ADC resolution

(1<<21)| // Power on ADC

(1 <<24); // Start conversion now

}

int ADCReadValue (void)

{
int ADCValue;

/**********************************************************/

/* Read value from ADC */

/**********************************************************/

while (((ADCValue = ADODR) & 0x80000000) == 0);

/**********************************************************/

/* Separate ADC value from other information */
/**********************************************************/

return (ADCValue >> 6) & (0x3FF);
h

«main_ ADC hyy=-mmmmm e

#define XTALFREQ 12000000 //XTAL frequency in Hz
#define PCLKFREQ (XTALFREQ/4)  //pclk must always be XTALFREQ/4?



#define FALSE 0
#define TRUE !(FALSE)

int main(void);

void InitLCD(void);

void SetBacklight (int Backlight);

void LCDTextOut (unsigned char const* top line, unsigned char const* bottom_line);
int Sleep (int _slp);

void InitADC (void);

int ADCReadValue (void);

extern "C" _irq _ arm void irq_handler (void);

«Ipe2xxx_startup N0 fiq.§»===--===mmmmmmm
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;; Part one of the system initialization code,
;; contains low-level

;; initialization.

5

;; Copyright 2006 IAR Systems. All rights reserved.

2

;; $Revision: 30870 $

2

MODULE ?cstartup

;; Forward declaration of sections.

SECTION IRQ STACK:DATA:NOROOT(3)
SECTION FIQ STACK:DATA:NOROOT(3)
SECTION ABT_STACK:DATA:NOROOT(3)
SECTION SVC_STACK:DATA:NOROOT(3)
SECTION UND STACK:DATA:NOROOT(3)
SECTION CSTACK:DATA:NOROOT(3)

; The module in this file are included in the libraries, and may be

; replaced by any user-defined modules that define the PUBLIC symbol
; _lar program_start or a user defined start symbol.

; To override the cstartup defined in the library, simply add your

; modified version to the workbench project.

SECTION .intvec:CODE:NOROOT(2)
PUBLIC _ vector

PUBLIC _ vector Ox14
PUBLIC _ iar program_start

EXTERN irq_handler
ARM
__vector:
Idr pc,[pc,#+24] ;; Reset
B . ;; Undefined instructions
B ;> Software interrupt (SWI/SVC)
B ;; Prefetch abort
B ;; Data abort



__vector 0x14:

DC32 0 ;; RESERVED

Idr pc,[pc,#-0xFFO0] ;3 IRQ

DC32 0 ;; FIQ

DC32 _ iar program_start ;; Reset

DC32 0 ;; Undefined instructions
DC32 0 ;; Software interrupt (SWI/SVC)
DC32 0 ;; Prefetch abort

DC32 0 ;; Data abort

DC32 0 ;; RESERVED

DC32 0 ;; IRQ

DC32 0 ;; FIQ

; ?cstartup -- low-level system initialization code.
; After a reser execution starts here, the mode is ARM, supervisor
; with interrupts disabled.

b

SECTION .text: CODE:NOROOT(2)

; PUBLIC ?cstartup
EXTERN ?main
REQUIRE  vector

ARM

__iar_program_start:
7cstartup:

B

; Add initialization needed before setup of stackpointers here.

; LPC2148 Errata

; Date: August 5, 2005

; Document Release: Version 1.0

; Device Affected: LPC2148

; Incorrect read of data from SRAM after Reset and MAM is not enabled or partially enabled MAM. 1
; Init MAM before acsses to SRAM

MAMCR DEFINE 0xEO1FC000  ; MAM Control Register

MAMTIM DEFINE 0xE01FC004 ; MAM Timing register

ldr r0,=MAMCR
ldr r1,=MAMTIM
ldr r2,=0
str 12,[r0]
ldr r2,=7
str 12,[r1]
ldr r2,=2
str 12,[r0]

; Initialize the stack pointers.
; The pattern below can be used for any of the exception stacks:



; FIQ, IRQ, SVC, ABT, UND, SYS.
; The USR mode uses the same stack as SYS.
; The stack segments must be defined in the linker command file,

; and be declared above.

b

; Mode, correspords to bits 0-5 in CPSR
MODE_MSK DEFINE 0x1F

USR_MODE DEFINE 0x10
FIQ MODE DEFINE 0x11
IRQ_MODE DEFINE 0x12
SVC_MODE DEFINE 0x13
ABT MODE DEFINE 0x17
UND_MODE DEFINE 0x1B
SYS MODE DEFINE 0x1F

mrs
bic
orr
msr
Idr

r0,cpsr
r0,10,#MODE_MSK
r0,r0,#SVC_MODE

cpsr_c,r0
sp,=SFE(SVC_STACK)

bic
orr
msr
Idr

r0,r0,#MODE_MSK

r0,10,#ABT_MODE
cpsr_c,r0

sp,=SFE(ABT STACK)

bic
orr
msr
Idr

10,r0,#MODE_MSK

r0,r0,#UND_MODE
cpsr_c,r0

sp,=SFE(UND_STACK)

bic
orr
msr
1dr

r0,r0,#MODE MSK

r0,r0,#F1Q_MODE
cpsr_c,r0

sp,=SFE(FIQ STACK)

bic
orr
msr
Idr

r0,r0,#MODE_MSK

r0,r0,#IRQ_MODE
cpsr_c,r0

sp,=SFE(IRQ_STACK)

bic
orr
msr
Idr

r0,r0,#MODE_MSK

r0,r0,#SYS_MODE
cpsr_c,r0

sp,=SFE(CSTACK)

#ifdef ARMVFP

; Enable the VFP coprocessor.
mov 10, #0x40000000
fmxr

fpexc, 10 ;

; Bit mask for mode bits in CPSR

; User mode
; Fast Interrupt Request mode
; Interrupt Request mode
; Supervisor mode
; Abort mode
; Undefined Instruction mode
; System mode

; Original PSR value
; Clear the mode bits
; Set Supervisor mode bits
; Change the mode
; End of SVC STACK

; Clear the mode bits
; Set Abort mode bits
; Change the mode
; End of ABT _STACK

; Clear the mode bits
; Set Undefined mode bits
; Change the mode
; End of UND_STACK

; Clear the mode bits
; Set FIR mode bits
; Change the mode
; End of FIR_STACK

; Clear the mode bits
; Set IRQ mode bits
; Change the mode
; End of IRQ_STACK

; Clear the mode bits
; Set System mode bits
; Change the mode
; End of CSTACK

; Set EN bit in VFP
FPEXC, clear others.

; Disable underflow exceptions by setting flush to zero mode.
; For full IEEE 754 underflow compliance this code should be removed
; and the appropriate exception handler installed.



mov 10, #0x01000000 ; Set FZ bit in VFP
fmxr fpscr, 10 ; FPSCR, clear others.
#endif

; Add more initialization here

; Continue to ?main for more IAR specific system startup

ldr r0,=?main
bx 10

END



Table B.1 10 ports control registers

Appendix B

Name description access | State after reset
IOXPIN Designed to read the state of pin R/W -
JIOXSET Recording 1 set high logic level at pin R/W 0x00000000
JIOXCLR Recording 1 set low logic level at pin R/W 0x00000000
TOXDIR The direction of transmission. Record-| R/W 0x00000000

ing 1 configures the output mode to out-
put




Table C.1 UARTO Registers

Appendix C

Hama Diaacripilon Bit functionz and addresass Apcess (Rasst  |Address
MZE L=B wallell
BITT BITE BITS EIT4 BITS BITZ BIT1 BITO
UIRSR  Feceiver BLrr &0t Aead Dala D |NA Ox=000 000
Reglsier (DLAB=T)
UITHR  Transmit Hoiding 3-0F Winte D=3 WO |NA 0x=000 CO00
Registar (DLAB=D)
UODLL  Ciser Latch LSA 50f Caa FAW  |D¥D1  |0x=000 COm
(DiLAB=1)
JIDLK  DwdsorLalch MES 3% Caa FAY  |DxD0  |0S000 CO0L
(DLAB=1)
UTER  Imemupt Enatie - - EnABTO EnABED |RW  |0eD0 025000 COO2
Reglster . EnRX  Enaie  EnFX (DLAB-D)
Lin.Ztint THRE Int DiabAwint
IR InEmupt D Reg. - - - - - - ASTOInt ABEC Wt |RD  |DxD1  |0xS000 COOE
FIFDE Enabled - - [GE] [GE IR IR0
UIFCR  FIFO Contn Fod Trigger - TEFIFD RXFIFD  FFD WO %00 |0x=000 COOS
Reglsier Feset  Reset  Enable
UILCR  Une Cominol DLAE Se Tk Ewen  Parlly Moof \Wormdlength Select |[RWW |DxDD  |0wS000 COOC
Reglster Bresk  Panty FarSeict  Snable  Stop SiE
UILER.  Une Stans FXFIFD TEMT  THAE B FE FE 0E O |RQ  |MED  |0w=000 Chid
Reglsier Smor
UDSCH  Scraion Fad Reg. 548 Caa FAW  |DWD0  |0x=000 COiC
UIACR  Aubo-baud Cordrol - - - - - - ASTD  ABEC |RAW  |DxD0  |0wS000 CO20
Reglsier mLCr  IntCir
- - - - - AULRsIN. Mede | Sfan
UIFOR  Frachonal Diviger REserved[31:8] [ki0  |0xS000 CDZ3
Reglster Murva Ditvbadva
UITER  TH. Ename Reg. | THEN - - - - - - FAY  |DxED  |0wS000 CO30

The formula for calculating the UART transmission rate

PCLE

U"{Rrﬂbuudrwr: =

DivdddVal

, i
16 (16 % UODLM+ UODLL) x| I +
* (16 e VT

The main registers:

UORSR - register the received data;

UOTHR - data register for transmission;
UOIER - Interrupt Enable UART:

Bit 0 - 1 - enable interrupt if the received data;

Bit 1 - 1 - enable interrupt when buffer under the program,;
Bit 2 - 1 - enable interrupt when a particular state line RX
UOLSR - line control status register: Configures the format make [3];

UOLSR - line status register: Current status of the port (error)
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Figure C.1 - Formats the transfer module in SPI

Table D.1 SPI module registers

Name Description Access Reset  Address
valuell

S05PCR 5P Control Register. This register controls the  RAY O00 [E002 DOD0
cperation of the SPI.

SISPER 5P Siatus Register. This register shows the RO =00 (=002 D004
status of the SPL

S05PDR 5P Data Register. This bi-directional register R O00 [E002 DODE
provides the transmit and receive data for the
5P Transmit data is provided to the SPI0 by
writng 1o this register. Data received by the SFPI0
can be read from this register.

SOEPCCR 5P Clock Counter Register. This register R O=00 [:E002 DDDC
controls the frequency of 3 master's SCKO.

SOSPINT 5P Interrupt Flag. This register contains the R O00 [E002 DD1C

interrupt flag for the 5P| interface.

The most important registers are:

SOSPCR - control register, the format detailed in [3];
SOSPSR - status register reflects the current state (error);
SOSPDR - register containing the transmitted and received data;
SOSPCCR-register control the frequency transmit mode MASTER.

Appendix D



Table E.1 The timer registers

Appendix E

Generic Descripflon Access Resst  TIMERS TIMERS
Hame valualll COUNTERD COUNTER
Addrags & Nama Addregs & Nama
IR Imterrup? Register. The IR can b= wrikien to clear RiwW a =000 £000 =000 3000
Intermupts. The IR can be read o enity which of THR TR
elgnt possibie Inbermupt sources are pending.
TCR Timer Conbrod Register. The TCR Is used o control - RAW a =000 £004 =000 5004
the Timer Counter funcliens. The Timer Counder can TOTCR TITCR
b= @isabled or reset through the TCR.
TS Timer Counter. The 32400 TC |5 Incremented every  RiW a =000 L0048 =000 3008
PR+1 cydes of PCLEL. The TE ks contraled through TOTC TGS
lhe TCR.
PR Frescale Register. The Prescake Counter [Delow) s BAW ] CEE000 L4000 =000 300C
e]ual o this value, the naxt clock Increments the TC TR TiIPR
and clears the PC.
PC Prescale Counter. The 32-bi PC 15 3 counter which  RAN a Oer=000 £010 Cuc=000 3010
Is Incremented to the value stored in PR When the TORC TiRC
valug In PR Is reached, the TiC I8 Incremented and
the PG k& clieared. The P Is abservable and
coniroliable through the bus Interface.
MCR Match Comnal Register. The MCR |5 v=ed o confrol - RV a 0004012 =000 3014
I @n Intermupst |5 generated and IF the TC ks ieest TOMCR TIMCR
when @ Malch oocurs.
MRD Match Register 0. MRD ¢an be enabled through the  RAW a =000 £018 =000 5018
MCR to reset the TC, stop both the TC and PC, TOMRD TIMRD
ENETr generas an Infemupt every time 30
miatches Tie TC.
MR1 Malch Registar 1. Ses MRD description. RiwW a =000 £01C =000 31C
TOMRA TiMR1

MR2Z datch Reglster 2. Se2 MRD description. Riw ] CE000 £020 =000 5020
TOMRZ TiMR2

MR32 Match Reglster 3. Se2 MRO description. RiwW a =000 £024 =000 3024
TOMR2 TIMR3

CR Capiure Control Reglster. The CCR controls which R a COeE000 £023 =000 3023
edges of the capture Inputs are usad 1o oad the TRCCR TICCR
C:apiure Reglsters and whedher or not an nterupt 18
generated when a caplure tsies placs.

CRO Capiure Reglster 0. CRDO |5 Inaded with the value of RO a OeE000 £02C =000 302C
TC when there Is.an event on the CAPRLOCAPDUD or TRCRD TICRD
CAP1.D respeciively) input.

CR1 Caplure Reglster 1. See CRO descrption. RO i C=000 2030 C=000 5030

TRCRA TICRA1
CRZ  Caplure Reglster 2. See CRO oescrplion. R a (nEDOD 4034 (eE000 3034
TRCR2 TiCR2
CR3  Caplure Reglster 3. See R0 sesenplion. RO a DwEDOD £033 Dw=000 3033
TRCRS TICR3
EMR  Extzmal Match Ragister. The EMR controis Tie RW 0 DxE000 £03C  Ow=000 3030
external match pins MATR.0-3 (MATOUO0-3 and TOEMR TIEMR
MAT1.0-3 respectively).
CTCR  Count Controd Register. The CTCR salects between RW 0O DXEDOD 4070 DwE000 3070
Timer and Countsr mode, and In Counter mode TOCTCR TICTCR

seleris Ihe signal and sdges) for counting.

The main registers: (X - 0 or 1, depending on the timer)
ThTCR - control register;
TxTC - count register;

TxPR - register prescaler;

TxMRO - register containing the value at which the match interrupt is generated and

the counter 1s reset;
TxMCR - control register mode matching;
TxIR - timer interrupt control register.






Table F.1 ADC registers

Generlc  Dascriptlon Accaps Resal ADD am
Hame waluslll Addrags Addreas
& Mamsa & Hame

ADCHR AD Conirol Reglsier. The ADCR reglsber mus? be R O=0D0D 0001 OwS003 £000 OJxEDDG DODO
written to s=lect the operating mods before AT ADOCHR ADICR
COMYETSIon Can DooUr

ADGDR  AD Global Data Reglster. This reglsler contains the RAN A DE003 £004 OxE0IG D004
ADCE DOME bit and the result of the mast recant AD AZDGEDR AD1COR
conersion.

ADSTAT  AD E2atus Register This regisier contains DONE and RO O=0D0D 000D OwE003 £030 OJxEDDG DO30
CWERRUM fiage fiar all of the AD channels, a6 well 35 ADOSTAT AD1ETAT
ihe AN Intermupt ag.

ADGER  AD Globd Slar Regster. Tnis address can be writken WO 0D OxENdS 4008
{In the ACD0 address range) 1o s%art converslons In both ADGER
AD CONVerars simutanspusly.

ADINTEN AD Intermupl Enaile Register. This regisier conlains R O=000D 0100 OE003 £00C IxEDDG DOODC
enable bits Mat allow the DOME lag of each AT ADDINTER ADTINTEM
chanral to be Included or exciuded from contrizusing o
ih= generation of an AT InterTupt.

ADDRO  AD Channel O Data Reglsier. This register cantains the RO e OxE003 £310 OxENIG D010
rasult of the most recent converslon compietad on AD0DR0 AD1DRD
channsl D

ADDRA AD Channe| 1 Data Regisier. This register contains the RO e OxE003 £014 OxEDIG D014
rasult of the most recent converslon compietad on AD0DR1 AD1DR1
channsl 1.

ADDRZ  AD Channel 2 Data Reglsier. This register cantains the RO e OxE003 £018 OxEDIG DO1&
result of the most recent carversion complieted on ADODR2 ADIDR2
channal 2

ADDR3  AD Channel 3 Data Register. This register cantaing the RO e OxE003 £11C OxEDIG DO1C
result of the most recent conversion compieted on ADODRS ADIDR3
channal 3.

ADDR4  AD Channel 4 Dala Register. This register contalns the RO MA OE003 £020 OxE0IG D020
result of the most recent conversion compieted on ATODRL ADIDR4
channal 4.

ADDRS  AD Chanrel 5 Data Regisier. This register cantains the R MA DE003 £024 OXE0IG D024
result of the most recent conversion compieted on AT0DRS ADIDORS
channal 5.

ADDRE  AD Channel & Data Reglsier. This register cantaing the R A OeS003 £025 OXE0IG D025
result of the most recent conversion compieted on ADODRG ADIDRS
channsl E.

ADDRT  AD Channel 7 Data Reglsier. This register cantaing the R A OeS003 025 DXEDIG DO2C
result of the most recent conversion compieted on ADooaRT ADIDRT

channs| 7.

The main registers:
ADCR - control register;

ADGDR - a register containing the result and the last bit of preparedness;

ADSTAT - ADC status register (all channels);
ADDRX - the result register of the channel.

Table E.2 Format Registry DACR (0xE006C000) DAC control

Bit  Symbal Valus Dascription Ragat
valus
50 - Resened, Ussr softwars snould nol write oreE o reserved s
oll=. The wakue read from a resenéed bit ks not gefined.
156  WALUE After the selacted seliling tme aiter this fleid s written witha 0
new 'VALLE, the woltage an the A, - pin (Wit respestio Vae, )
I WALUEM D24 ™ Wigp.
1€ SlAZE ] The s2tZing tme of the DAC 15 1 ws max, and the maximum 0
currens s 70D A
1 The seing dme of the DAC 15 2.5 us and the maximum
currans ks 350 pA
AT - Resemved, ussr software should not write oreg to reserved s

olts. The walue read from a reserved bt ks not defined.

To activate the DAC to set bits 19:18 in the state register PINSEL1 "10"

Appendix F



Table G.1 interrupt controller registers

Appendix G

Hamg

WICIRQEahis

Deacription

IRG Stalus Reglster. This register reads oul the sate of

those Intemupt reguesis that are enabled and classHied as
IR,

felein=t ]

Ao

Rasal
valuall

&ddress

IxFFFF FO00

WICFIQEEUE

S 3ialus Reguesiz. This regisier reads out the state of
those Intemupt reguests ihat are enabled and classifzd as
Fia.

OxFFFF FOD4

WICRawintr

Raw Intarupt Status Reglster. This register reads out the
£iate of the 32 Im2mupt reguests  software Intermupts,
regardiass of 2nabilng or dassification.

Al

1xFFFF FODS

WICImSeiast

Intermupt Select Register, This reglster classiNies each of the
32 IntesrTupt requests & consribuling to FIQ or IR

W

IxFFFF FODC

WICImEnakble

Intamupt Enable Register. This reglster controls which of the
32 ImtesTupt requesss and software Imemupls are enabied o
contrbute 10 FIQ or IRG.

W

IxFFFF FO10

WICIMERCIr

interupt Enable Clear Register This raglster alows
sgfware 10 cear ane or more bies In the |[".Ef|'|.||:t Enable

reglsier.

W

OxFFFF FO14

WIS Eoltint

Software Ins=mups Reglster. The corents of this register arz
DRed with the 32 Intermupt requests from vanous perigheral
funciians.

A

1«FFFF FO1a

WICEofinClear

Software Interrupt Clear Reqlster. This register alows
software 1o Clear one or mare bEs In the Soflware hIIEITI..Fl[
reglster.

W

IxFFFF FOAC

WICProtechion

2rgteciion enable reglster. This reglster alioas Imiting
access to the VIC registers by sottware runming in priviieged
mode.

W

OxFFFF FO20

WiCWeclador

Wecior Address Reglster. When an IRQ Intemmapt ooours, the
IR senice noubing can read this regisier and jump to the
walle read.

W

OxFFFF FO30

WiCDefectAgdr

Default Vector Address Register. This registar hoids the
address of the Interupt Service routine (1R for
non-ectored IRQS.

The main registers:
VicSoftInt - register bits which correspond to the existing demand at the moment in-

terrupts;

VicSoftIntClear - register reset VicSoftlnt;
VicIntEnable - register an individual permit / prohibit interrupt;
VicIntEnClear - register reset VicIntEnable;

VicIntSelect - register selection anchor (IRQ or FIQ) for each interrupt;

W

OxFFFF FO34

VicVectCntl0-15 - slots Registers IRQ (bit resolution and contain a number of slots
for each of the 16 vector interrupt IRQ);
VicVectAddr0-15 - Address registers vectors IRQ;
VicVectDefAddr - address register handler nevektornogo IRQ;
VicVectAddr - register containing the address of the treated IRQ);
VicProtection - register to enable access to the registers of VIC.



Table G.2 Interrupt Sources

Block Flagig) VIC Channal £ and Hex
Mask
WoT Walzhdog Insemups (WDINT) 0  Ox0000 0001
- Fegerved for Softwars ntemupts only 1 0x0000 0002
ARM Care Emb=dded ICE, DhgCommAx 2 Ox0000 0004
ARM Care Emb=oded ICE, DbgCommTX 3 Ox0000 D00E
TIMERD Malch [ - 3 (W30, MR1, MR2, MR} 4  Ox000D 0010
Capture 0 - 3 {CRD, CR1, CR2, CR3)
TIMER1 Malch [ - 3 (W30, MR1, MR2, MR3) 5  Ox000D 0020
Capture 0 - 3 (CRO, CR1, CR2, CR3)
UARTD Fax Line Status (RLS) £  0xD000 20D
Trarsmit Holdng Reglsler Empty (THRE)
Fox Diata Avallabie (RDA)
Character Time-ous Indicatar (CT1)
UARTY Fax Line Status (RLS) 7 Ox0000 0030
Trarsmit Holdng Reglsler Smpty (THRE)
Fox Diata Avallabie (RDA)
Character Time-out Indicatar (CT1)
Modem Status Internupt (MSTLL
PWMD Match [ - § (W30, MR1, MR2, BR2, W34, MRE, MRE) &  [wDO0D 0100
FCo g1 [state change) 9 Ox0000 0200
5P SPI InteTupt Flag (SPIF) 10 0x0000 0400
Maode Fault (MODF)
SPi1 (33P) TX FIFOD at least half empty [THRIS) 11 Ox0000 0800
Fax FIFC at least half il (RXRIS)
Recelve Timeoud condltion (RTRIS)
Fiecele overmun (RORRIS)
PLL PLL Lock (PLOCK) 12 Ox0000 100D
ATC Counter Increment (RTCCIF) 13 Ox0000 2000
Alarm [RTCALF)
System Controd External Intarrupt 0 (EINTO) 14 Ox000D 4000
External Interrupt 1 (EINT1) 13 00000 3000
External Intarrupt 2 (EINTZ) 15  0x0001 000D
External Intarrupt 3 (EINT3) 17 Ox0002 000D
ADCD AD Converter 0 end of conversion 13 0x0004 0000
RC1 g1 {stale change) 19 Ox000E 000D
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Figure H.2 - Matrix indicator schematics
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Figure H.3 - Stepper motor schematics
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