DI

Repaso

System & User Flo Supervior Abort IRQ Undefined
Al A Al A R A
Al A ORI SR R | A
Rz R Rz Rz | Re R
) R m R | R || R
A A A A4 [m | A
RA RS Ra A5 Ra A3
|| m Rs A6 [r || m
"7 F7.fiq A7 7 [ m || A
R A6.fla A8 A8 R | o
Ry Ry fiq R4 HY RY R4
R0 A10.fig R0 Rt | | RO | | RiD
Al Ri'_fiq A A || AN At
Riz Ri2_fig Ri2 RlZ [ Rz Ri2
RIG Ristia | [Ri3swe | [ Riaabt | [TRiad | [ Risurd |
RI4 Rilfig | | Rideve | | RIAabt | [BIAkg | | Ridurd |
AIS(PCI| | R1S(PC) | | R1S(PC) | | RIS(PC) | | RIS(PC) | | RiS(PC)
[CPER | | CFSR CPSR cPSR | | cPSR CPSR
[SPsRfiq | [sPSRew| [SPSR.an | [(8PSALm | [SPsAue
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La Familia LPC21xx

Flash 0.18um

— Programacion IAP/ISP.
— Alimentacion 1.8/3V y alimentacién Unica (3V).

Core 16/32 bits

— Real-Time Debug.
— Emulacién y Traza embedded.
— Controlador de Interrupciones Vectorizadas.

Periféricos

— ADC, CAN, Timer, 12C, SPI
— USB 2.0, Ethernet MAC, Protocolo Wireless.

Herramientas

— ARM, Keil, Hitex, Ashling, IAR, Nohau, etc.

TDII - ARM7 - LPC21xx




ARM7TDMI-S

Basado en el core ARM

T- Extensién de la arquitectura Thumb.
— Set de Instrucciones ARM de 32 bits.
— Set de Instrucciones Thumb de 16 bis.

— Seleccion de modo mediante ejecucion de una
instruccion.

D- Core con extensiones para depuracion
(Debug).

M- Core con multiplicador mejorado.
|- Core con Embedded ICE Macrocell.
S- Totalmente sintetizable

TDII - ARM7 - LPC21xx

Los disenadores desean...

Facil upgrade con capacidades de memoria de programa
suficientes, y tiempos cortos de aprendizaje (ej. mismas
herramientas).

Soluciones en un chip, con numerosos periféricos:

— On-Chip Flash.

— Timers, PWM, UART, SPI, 12C, etc.

— ADC, DAC, POR, etc.

Prestaciones deterministicas (predecibles):

— Sin caché.

— Mismas prestaciones entre el codigo ejecutado en Flash y en RAM.
Bajo consumo (<75uA en power down, <ImA/MHz en activo)
Sistema de prioridad de interrupciones flexible.

Prestaciones elevadas a precio de 8 hits.
Buenas Herramientas de desarrollo y depuracion (JTAG con traza).

TDII - ARM7 - LPC21xx




LPC2xxx - Identificacion

LPC2x xx TPP

T
//'// ‘ \
P o \
i & / \
o
//
o ¥ \
+ & ¥
Part Type examples Tenyperatre Package
1| It Memory only LPCINMEFD B | 0to+70°C BD | LOFP (4864 144)
2 | Ext bus coutroller LPCI210BN F | -A0to +85°C 1IN | LIVQEN (48161
LPC2294FDH 1] -4l +105°C
LPC2II9FDH
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La familia LPC2xxx

[Standard Temperature Range: -40°C ... 85°C

UART(2), 12C

‘é‘;ﬁgzz_\;_l'fg SPISSP, LV RTC
UART(2), 2C : ADC(1-2), DAC
ADC,CAN  © 3V regulated
SPI, RTC Flash security 3 N
Flash Security g Flash Security N
LPC2194%] * UART(2), ’C
Ox e LPC2138 SPUSSP, LV RT(
32-128K CAN (4) SPI (2) 5 ,_‘ A:»,Dv C“'Z)I' [:Adc
il Lo ! e Fissh Securty
10-b Al 256K/32K
LPC2129 10-b-ADC (2) W
LPC2106 ZBERER S|
128K/64K LPC2119 e PC 2146
UART (2), SPI T
128K/16K
cAN 2) SP1 (2 1 2BRIEK ]
LPC2105* LD ADG, LPC2132
128K/32K 64KI16K

0°C

UART (2 5PI | & LPC2124 1:-: :22 F 44
: 256K/16K i 128K/16K

LPC2104* 2 LPC2114 LPC2131 E
128KI1M6K | S 128K/16K 32KIgK 64K/16K
UART (2), $PI g 10-b ADC 10-b ADC
: SPI (2)
LPC210x LPC211x LPC213x LPC214x
48-pin 64-pin 64-pin 64-pin
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La familia LPC2xxx

UART(2), IPC
UART(2), IiC SPI,RTC
$PI(2), RTC ADC, CAN(2/4)
10b-ADC Flash Security
Flash Security
LPC229x
LPc2220 | c.om
OK/BAK ;:?éip;:h:ﬂz (6] 10/100 Ethernet 10/100 Etherne
10-b ADC @ USB/OTG CAN
* + 3V regulated 3V regulated
W L'fﬁ%ifz‘laﬁri U Flash Security Flash Sacurity
LPC2214 =
256K/16K S Y LPC23xx LPC24xx
=_—— 512ZKI64K 512K/64K
LPC2212 LPC2292 USB OTG CAN/Ethernet
128K/16K 56K/ BK Ethernet
LPC2210 LPC2290 LPC23xx LPC24xx
OK/1BK DK/M6K thd/thd thd/tbd
10-5 ADC GAN (2] SPI (2) UsB DTG CAN/Ethernet
SPI2) 10-b ADC Ethernet
LPC22xx LPC229x LPC23xx LPC24xx
144-pin 144-pin 144/tbd-pin 144/thd-pin

TDII - ARM7 - LPC21xx

La familia LPC2xxx

ARM?7 es un estandar en el disefio de SE de 32 bits.
— Aumento de usuarios que migran de los 8-16bits a los 32 bits
(>20%)
— Precios muy competitivos.
Flash
— Primer AR7TDMI con proceso de fabricacién de 0.18um.
— Capacidad de memoria de 32Kb a 512Kb.

— Tiempo de acceso reducido (cercano a cero ciclos espera)
debido al hardware interno MAM (Memory Accelerator Module).

Amplia seleccion de periféricos internos.

Versiones con reducido nimero de pines y pequeios
encapsulados.

TDII - ARM7 - LPC21xx




La familia LPC2xxx

» Capacidades entre 32Kb y 512Kb.

* Frecuencia de trabajo de 60 Mhz debido a los accesos
de 128 bits.

* Bajo consumo (< 1ImW/ MH2z)

» Sistema de correccion de errores en circuito (ECC) para
mejorar la fiabilidad.

* Tiempos de acceso de 1 ms por pagina (256 bytes):
4us/byte.

» Boot-loader interno para In-System update.

» Hasta 100k ciclos de escritura (retencion datos de 20
afnos) .

» Sistema de proteccion del cédigo de programa.

TDII - ARM7 - LPC21xx 9

Versiones con y sin bus externo

* Ancho de 32 bits beneficia el modo ARM.

— Mejora de velocidad al trabajar con buses de 32 bits
reales.
» Ancho de 16 bits beneficia al modo Thumb.

— Usando buses de 16 bits los sistema usan menos
recursos que con 32 bits, pero son mas lentos que en
modo ARM.

— Altas prestaciones en modo Thumb.
— Mayor numero de pines disponible para E/S.

» Reduccion de la EMI en la ejecucién del
programa en memoria interna.

TDII - ARM7 - LPC21xx 10




Excepciones y prioridades

Reset Supervisor 0100000000 Highest 1 Reset
Undefined instruztion Undefinad 0100000004 2 Data Abort
Software interrupt (SWI) Supervisor 0x00000008

3 FlQ
Prefatch Ahnort (ingtriction fetch memory abort) Ahort MNNOONOC

4 IRQ
Data Abort (data access memory abort) Abort 0x00000010
IRQ (interrupt) IAQ 000000018 5 Prefetch Abort
FIQ (fast interrupt) Fio 0X0000001G Lowest & undeﬁn%dvivr}suu:xion

TDII - ARM7 - LPC21xx 11

Instrucciones asociadas

MOVS R15,R14 ; Retornoy SPSR
MOVS R15,R14 ; Para FIQ, IRQ, Abort
SUBS R15, R14,#8 ; Data Abort
EQMOV R1, #0x00800000 ; mejor que:
if( x<100)

{

X++:

}

TDII - ARM7 - LPC21xx 12




Actuacion excepciones

USER RO

I: Save PC mto
link register

2: Save CPSR mto
SPSR axeep

ISR code pushes rewsters
. L

Ri3

A4 | o onto atacl:
e jo——Excaprion Veewr Atz
CPSA| - | Je—1=1 =0

S

Copia de multiples registros
/_, Ro
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Modificacion CPSR

CSPR
SPSR
No valido para
Modo Usuario i
E MRS r— -
CSPR
SPSR
Ris

TDII - ARM7 - LPC21xx 15
31 28 27 24 23
Cond 1111 Ordinal
SWI #3
switch( *(R14-4) & OXxOOFFFFFF)
case ( SWI-1)
#define SWicall2 asm { swi #2}
16
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MAC

MUL  Multiplica resultado 32 bit

MULA Multiplica y acumula result 32 bits
UMULL Multipl no signado result 64 bits
UMLAL Multipl y acc no signado result 64 bits
SMULL Multipl signado resultado 64 bits
SMLAL Multipl y acc signado result 64 bits

TDII - ARM7 - LPC21xx 17

Formatos de datos

MSB LSB
- Little endian

Bit 31 Bit 0 NXP

LSB MSB

Bit 31 Bit 0

TDII - ARM7 - LPC21xx 18




Thumb

P

16 bit
Thumb code

= Instruction Thumb ARM
Pipeline Decompressor Instruction

Decoder

ARM Instruction
ADD RO, RO,R1

THUMB Instruction
ADD RO,R1 RO = RO+R1

TDII - ARM7 - LPC21xx 19

Thumb

Reset

BLX

L} exception

1

< — end of exception

THUMB

TDII - ARM7 - LPC21xx 20
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Thumb

Ro Push (Ro - Ra) Pop (Ro - Ra) Ro
R1 Ri
R2 Rz
Rz R3
His 0 x 8000
TDII - ARM7 - LPC21xx 21

Pasaje bidireccional ARM Thumb

#pragma ARM // pasar a instrucciones ARM
int main(void)

while(1)

{

thumb_function(); //Call THUMB function
}

}
#pragma THUMB //Pasar a instrucciones THUMB
void thumb_function(void)

unsigned long i,delay;
for (i = 0x00010000;i < 0x01000000 ;i = i<<1) //LED flasher

{
for (delay = 0;delay<0x000100000;delay++) //simple delay loop
{

}
IOSETL1 = i; //Set the next LED

}
}

TDII - ARM7 - LPC21xx 22
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Startup

chapter 3)

which provide

IRQ vector tequires a
different instruction ( see

A table of constants

S

Assemble as 32 bit code Vectors

Tnternupt vector table. Loada  ——
32 bit constant into the PC

Unused inermupt vector
padded vwith aNOB. This ~ ——

will become inportant later

Avea command fixes the strtup —————— b \ver PR CODE READONLY
code to the start address

ARM
LDR  PC, Reset_Addr

BC, Undef_Adds
BCSWI Adde
PC.PAB_Addr
BC. DAB_Addr

+ Reserved Vector

PC,IRO_Addr

BC, [PC. £050FF0]  : Vector from VieVeet Addr

PC, FIQ_Addr

Reset Addr DCD Reset_Handler
Undef Addr
SWLAdde

PAV_Addr
hejup

address for cash DAt Addr
DCp 0 +Reserved Address

DD Undef Handler
DCD SWI_Handler
DCD  PAbt Handler
DCD  DAbt Handler

exception handler

provide fraps unhandled
exceptions

Asctoftightloopswhich ),

RQAd DD IRQ_Hundler
FIQ Al DCD  FIQ Handler

Undef Hundler B Undef Hondler

SWIHandler B SWI Handler

PAbt Handler B PAbt Handles
DAb Hundler B DAbt Handler
RQ Huder B IRQ Handler
FIQ_Handler B FIO_Handler

TDII - ARM7 - LPC21xx
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Start up

+ First: setup interrupt vectors

Yectozme:

+ Second; setup stazke for all processor modes

1ds
)
e
=i
ot
my
b
nay
)

& Third: copy initiaized data from ROMto
RAM

Lir f{ +» RM ata start

b atart M remat - _mzart Ldr A > data start
Me  pe,_undf /f wndeiined - _undi s i =z ool -darw
1dr I OSWI + mwi 1 enp 1 A chez) LE data o mave
1dr e, pabr // progran abort - _sakt Mibie st JeLlas M emprdd
1dc e, _dabt /f data aboct - _dabt et bedl i . y

. bls 1 A leap uaril Lo
Top M reasrved
Idr  pe.ipe.¥-0xFFO] // RO - read the VIZ
My pe,_fig M OPIQ - _Eg + ar the 353 segment

Bl=_ bew e

[é,=_ban wu

ff get a paEo
H o b
ff =» bam end

e

m_teigt ] .t ff check Lf data o clear
PSR ¢, IMeDE DT BUTF BIT |/ tadeliaed Dnstractics Solw v
oot i bl b # clear § bytss
S0, e, WM_ITACK TS S 47 loeg unedl dens
BIT 1) Moack Mods
+ Fifik: Call main))
MIDE_FIQ|T BUT/E DTY () BTG Mads

- oo £i Bo mzguents [iEge s
=i, w0, #FTY_FRACE GTOE i
PER ¢, INADE_IEQ| T BUTIE BIT [/ TG Meds

winy_rrace_miE i ] A oull Erame pulstes

AMADE BV T BUT R BIT 1) Gaperviens Sole -y . 10 A mull frame peliter fep Ehusk

lde 30 =zain

#{ sntmy mminii

oboud Bive_HERER_BISH s Lype
PN, INDE VST DO E BIT [/ Graten Hode
- L bxrin
-
reaeci

ff eods ko rasst the procemso: goss hers

TDII - ARM7 - LPC21xx
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Language / Lode ligneratan
I# Enabla ARM/Thurmb Irterworking
Optirization ’m

T Dptimizs far Time

1™ Syl Luad ard Sture Mlliphs

| DneELF Section per F.inction

ARM Procedure Call Standard

Respetar el APCS, permite
Vincular médulos generados
Con distintos compiladores

T Shict ANSI C

I~ Coum Container always int

T Pl | kar iz Sgned

I~ Rzad Only Poation Indeperdent
I RzadWiite Position Independent

Warnings:

<unspecifiedy ¥

I Thurb tads

TDII - ARM7 - LPC21xx

£
/.

{
Parameter Parsing

Local Variables

Scratch Register
Stack Register
Link Register
Program Counter

25!

STDIO

int fputc(int ch, FILE *f) {
return (sendchar(ch));

}
int fgetc(FILE *f) {

return (sendchar(getkey()));

TDII - ARM7 - LPC21xx
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STDIO

int sendchar (int ch) { /* Enviar al puerto serie */
if (ch =="\n") {
while ({(ULLSR & 0x20));
U1lTHR = CR; /* output CR */
}
while ({(ULLSR & 0x20));
return (ULTHR = ch);
}
int getkey (void) { /* Leer del puerto serie */
while ({(ULLSR & 0x01));
return (ULRBR);

TDII - ARM7 - LPC21xx
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Periféricos

» #define SFR (*((volatile unsigned long *) OXFFFFF000))
* Se deberan incluir los archivos que contienen las

definiciones propias de cada procesador
— LPC21xx.h
— LPC22xx.h
— LPC210x.h

TDII - ARM7 - LPC21xx
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Rutinas de atencion de
Interrupciones

void FIQint (void) __irq

{
IOSET1 = OXxO0FFO0000; //Set pines LED

EXTINT = 0x00000002; //Clear Flag
/linterrupciones perif

TDII - ARM7 - LPC21xx 29

Vectores

Vectors LDR PC, Reset Addr

LDR PC, Undex Addr

LDR BC, SWI_Addr

LDR BC, Pibt_Addi

LDR BC, Dibt_kddr

HOP

LDR PC, IRQ Addde

LDR BC, [BC, f-0x0FFO]
Import the external declaration of FIQ_| landler g G Flodedc

Thisisyour Cfunction void FIQ_Handler (void) _ IRQ —, TWPORT FTQ Handler

Reser_Addr DeD Rezer_Handler
Undef hddr DCD Undef Handler
SWI_Addr DCD SWI_Handler
Flbr Addr beco Pibt Handler
Dibt Addr j o] Dibt Handler
- o)) B -
IRQ Addr bco IRQ Hemdler
FIQ Addr ICD FIQ Hendler

Undef Handler B Undef Handler
Sl Hendler B HWl_Handler
Pabr_ Handler B Pt Handler
Dibt Handler B Dibt Hundler
IRQ Hendler B IRQ Handler

Commeant out the default trap in the startup cods p VIO Handller ] FI0 Mandler

TDII - ARM7 - LPC21xx 30
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En Flash

En RAM

Ubicacion del codigo

Memon Azsighment
Code/ Const|IFOMT [Q0-03FFFF] -
Zeto Initisfized Dats: || FAMT [De40000000-040003FFF] |

Other Data <G0000000-0+G000FFFE

Memory &ssignment
Code ¢ Const.|FAM1 [xé00000000wA000GFFF] ]
Zem |nitialized Data: |<d3faU|t> j
Other Data: |<d3faU|t> j

TDIl - ARM7 - LPC21xx 31
|—FIPESTATE 0
Part —PIPESTATE 1
Trace D t—PIPESTATE 2
Analyser |~ TRAGESYNG
t==TRACEPKT 0
I—TRAGEPKT 1
b—TRAGCPKT 2
b= TRAGEPHKT 3
JTAG TR —|
Interface D b Too— —
TMS — —
U e wl E
RTCK— —wccz
TOl —| =VCC1
A3™— —EXTTRIG
b= DBGACK
ot == TRACECLK
TDIl - ARM7 - LPC21xx 32
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Buses Internos

* AHB. Advance High Performance Bus.
* VPB. VLSI Peripherall Bus

ARM 7

Vectored
Interrupt
Controler
A

Local Bus
Y Y
A
\ Advance High Performance Bug
v
Y
Program AHBNPB
Code/Data Bridge
I VLS| Peripheral Bus
ON Ghip
Peripherals
TDII - ARM7 - LPC21xx 33
40GB - OxFFFF FFFF
AHB Peripherals
3.75GB - 0xF000 0000
VPB Peripherals
35GB 0xE000 0000
3.0GB |- — 0xC000 0000
Reserved for
External Memory
2.0GB 0x8000 0000
Boot Block
Reserved for
On-Chip Memory
On-Chip Static RAM
1.0GB 0x4000 0000
Reserved for Special Registers
0x3FFF 8000
Reserved for
On-Chip Memory
On-Chip Non-Volitile Memory
0.0GB 0x0000 0000
TDII - ARM7 - LPC21xx 34
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Mapa de Memoria

System Control Block

O«FFFF FFFF

OxFFED 0000 - e
OxFFOF FFFF

AHB Peripherals

Reserved

Pin Connect Black

04F000 0000 GPIO
UXEFFF FFFF RTC
SP1
C
Reserved s
UART 1
UARTO
0XE020 0000 T! mer 1
VPB Peripherals | F o000 Timer 0
OEDOD D00 » Watchdog Timer
TDII - ARM7 - LPC21xx 35

Memory Accelerator Module

» Esta presente en el bus local y se sitia entre la memoria

Flash y la CPU (ARM).
Permite acelerar el tiempo de acceso a la Flash.

La CPU es capaz de alcanzar una frecuencia de
operacion de 80 MHz, sin embargo la memoria flash
tiene un tiempo de acceso de 50ns (20 MHz).
— Solucién 1. >Ejecutar el programa en RAM.

* Problema Escasa capacidad disponible!!!
— Solucién 2. >Memoria caché de instrucciones
— >Almacena la zona de memoria mas reciente accedida.

« Problema. Periférico complejo que consume un nimero elevado de

puertas (silicio).

MAM es un compromiso entre la complejidad de la
caché y la facilidad para acceder la CPU a la Flash.

TDII - ARM7 - LPC21xx 36
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Memory Accelerator Module

ARM7

!
Bank 0 Bank 1 64k % 128 uni
FLASH
Addr 128 128
165
12 L4
Addr
4 —) MAM
TDII - ARM7 - LPC21xx 37

Memory Accelerator Module

Modos de funcionamiento:
— Dashabilitado (OFF)
¢ Los accesos a memoria se realizan directamente desde la Flash.
— Parcialmente habilitado

» Solo los accesos a datos y los saltos se realizan directamente desde la
flash.

— Habilitacién total
» Todos los accesos quedan latcheados a través del MAM.

ARM 7 ARN 7 Fulty Enatied
Sequercial Code I Bearchen & Cofe Data M ode & data
— 1. prosandin alhes
MAM ] MAM Disabled MAM J Instruction prefeich enatied Irstraction prolich enibid)
T
FLASH| FL&S:?
L1
TDII - ARM7 - LPC21xx 38
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MAM

+ Trata de tener la préxima instruccion a ejecutar en su memoria local, a tiempo para
ser ejecutada por la CPU.

* Un Unico acceso a la flash puede cargar 4 instrucciones (modo ARM) o hasta 8
(modo Thumb).

* Lamemoria de programa esté interpolada entre 2 bancos de memoria, haciendo que
durante la ejecucion de un cédigo secuencial, una fase de busqueda se ejecuta en
un banco, mientras los siguientes 128 bits se prepara. Esto asegura que estaran
listos una vez que los Ultimos 128 bits se hayan ejecutado.

» Este mecanismo funciona mejor en modo ARM dénde el uso de los cédigos de
condicion para provocar los saltos, hace que el flujo del programa se mantenga lineal
la mayor parte del tiempo. En el caso de bucles o saltos cortos, los buffers
intermedios retienen las instrucciones que seran re-ejecutadas si asi son requeridas

Rk 0 Bkt | 2t

:ﬂ"ii r ;}m’ ; %mﬂ
o C 7
MAM

I

TDII - ARM7 - LPC21xx 39

MAM: Registros de configuracion

*  MAMCR. Seleccién del modo de

funcionamiento. si.| symbel V;Iue nesm.pnon. z : Reset
. value
*  MAMTIM. Control de tiempo. 19 MAM.mode 00 MeAM funcians crobied 0
— Selecciona el nimero de ciclos CCLK eonirsl gy MAM functions panially enagied
necesarios para acceder a la flash. 10 MAKY hinctions huly snabled
— Adapta la frecuencia del MAM a la M faiieruc ok S aac b e et

Reserved, user satware should not wiite ones 1o reserved NA
bits. The value read from a reserved bit is not defined

frecuencia de la CPU.

— Seleccion de 1 a 7 ciclos de duracion de la
fase de busqueda de la instruccion.

— Recomendacion del fabricante:

A B Symbol Vel Description Reset

« SiFcpu <20 Mhz MAMTIM=001 (1) Value

+ Si20 Mhz < Fcpu < 40 Mhz 20 MAMJach, 000 0-Reserved o
MAMTIM=010 (2) cyci i

. Si Fcpu > 40 Mhz MAMTIM=011(3) 0! ;L.::w‘::umc,ms e 1 processar chock (CGLK) in

010 2 -MAM fateh cycies e 2 CCLKS in durstion

Hame D!S:NDIIDN Access Reset Address I3 3. MM fateh cycies e 3 CELKs in durmton
108 4« MAM fobch cycles a4 CCLKS in dirat
MAMCR Memeey Accoloratar Modue Control Register,  RW 00 DREQIFCO00 . .
Detarmines the MAM funchonal mode, that s, to 107§ -MAM feich cycies ane § CCLKs in durstion
what eoctent tha MaM performance enhancerments M0 6 - MAM foteh cychs ane & CCLKS in durmtion
are anazled. S 38 3

Tatle M1 7 MAM fotch cyches ara 7 CCLKs in duration
MAMTIM Meomosy Accelorator Medule Timing carfrol RW 07T D<EOIF CO04

Warning: Thase bits sat the duration of MAM Flash fetch spsratons
Datermines the number of ciocks used for Flash 05 [iabed here. Improper setting of Buis valus may 1esll in ncameet
mameary fetches (1107 processer clackal opermtion of the davice
73 - . Reserved, user sofrware shouid not writs ones fo esanced A
bits. The value read from a resarved bt is not defined
TDII - ARM7 - LPC21xx 40
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Esquema Circuital Flas

(J03L.00

N N

{[A23.A0] < <

e o <
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Al A 01 i

I R 5

~ 3

M o

% 5

% %

A a

” »

0 o

1
01
ok
3
i)
= ESET
o LT 0BTE oo 52
10k GND GND

TIVEIDIOWAT  G\D FIVGIDWT GD
RESEI
R

X2

J37 decant: open
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LPC2104/5/6

] [
w| 0
16-64KB 128 KB ElEiE AR j, |5 3|8
SRAM FLASH y X[(X| > >
Test/Debug | Trace A 4 Yy
System
ARM 7TDMI-S rﬂ Functions
A System Clock
ARM Local Bus AMBA High-speed Bus (AHB)
At A
\ v
AHB to VPB Bridge Vectored Interrupt
Real Time Watchdog Controller
Clock Timer
\ 4 : \ 4

: I T T T

GPIO Timer0 Timer1 PWM
o~ o L3 L] ©
<] 4l < x| o| | = 2 g 3l o sl & T
& A 22 2n a a 2| £ il E s

o wl a 7] @ [ o

Hy @ -l &g 35 ¢

A4 v Y Y
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Secuencia de arranque (Vectores en flash)

Extarmal andd
Puriphasals ama

Después del Reset siempre se iy

mapea el bloqgue de memoria Boot P

(12KDb) (que reside al final de la

memoria flash, ej. 0x0001.e000) en o]

la direccién 0x7fff.d000. El vector de .

reset (0x0000.0000) se remapea a la A e S

dir. Ox7fff.d000.
El cédigo testea el pin P0.14 y
comprueba si hay un programa
vélido en la flash.

— Comprueba la clave o firma grabada

Sanph P04 o0 ot teset. A

en la posicién 0x14 (vector no
utilizado) de la memoria flash. AAM wrea foptemonrogan e
— Siel resultado es cero, transfiere el adts necn

control a la direccion indicada por el
vector de Reset normal situado en la |t T
posicion cero de la Flash.

Esbeata b
Rt vaciol

0 (Flmhi

Antes de comenzar con la ejecucion o e g i
del main() el sistema inicializa g
variables de usuario, la pila, etc... 3

Fias s

Ut inttazation & (SR code n Falh

Ba220E.0050
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Secuencia de Arranque (Vectores mapeados en RAM)

« Con objeto de
facilitar las tareas de
depuracion cuando
se trabaja con
interrupciones, es
posible mapear la
tabla de vectores y
el cédigo de usuario
gue reside en Flash,
en la RAM interna.

+ Paraello es
necesario acceder al

External and
Peripherals area

Enter ISP mode

Calculate flash checksum
(0x0000.0000 to 0x0000.001) |

Remapped
Boot ock | Sampe PO.14 pin al reset

High

Ox7H 0000

MEMMAP = 0x02; /* Re-map
vectors into RAM */

(void) main () /* Bagin application ¥/ o

RAM
— User's ISR code it RAN... +—T

0x4000.0000

lo

0.14 resel
slate?

Low

Checksum
valid?

Yes
Power-on Reset

xecute: from boot-loader
Reset vector at
Ox71ff.£000 (Boot block)

Application-program Interrupt
or Exception (with Remapping)

Exscule fiof remapped

registro MEMMAP e I vt o
(Memory Mapping
Control Register).
B main /* Branch i main */ '3
Flash 63 | e ifaizaton & ISR code n Fosh e ool
0x0000.0000
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10MHz - 25 MHz -
10MHz - 60 MHz FLLRegee
PLL —o e
CCLK
PLL
FEED
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Divisor VPB

10 Mhz - 60 Mhz Processor clock]
¥ CoLK

Fosc
[10 Mhz -25 Mhz

Processur clock]
! > Pok
2.5- 60 Mhz

TDII - ARM7 - LPC21xx

a7

Periféricos Generales

— ] e
—{ |

Extint

Timer 0

— : ,
e | [PeON I

Timer 1

GPI0

[ watcnaog
—:l System Control

4

PWMO

RTC

A0PUUYL

Pin Connect Block

TDII - ARM7 - LPC21xx
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Seleccion de funcion de patas

Pinsel 0
I 0

- Power
: Control

e

PINSEL

TDII - ARM7 - LPC21xx 49

Interrupciones

ARM tiene dos fuentes de interrupcion (FIQ, IRQ)

AHB
nFIQ

TDII - ARM7 - LPC21xx 50
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Interrupciones

e Enel LPC21xx se afade el VIC, esencial para poder atender mas
interrupciones rapidamente.

Vector Interupt Controler

TDII - ARM7 - LPC21xx 51

Interrupciones

» 32 entradas de interrupcion:
 Vectorizada IRQ (16 como maximo)
« No Vectorizada IRQ (las que no sean vectorizadas)
* FIQ (una o varias, a eleccién)
» Asignacion dindmica de prioridades (16 niveles)
para las interrupciones IRQ vectorizadas.

¢ Interrupcién software (SWI)

R | ——F e
ROTOM | ‘ VIC 4 Vectored IR0 g

[ | ——Non Vetored IO

TDII - ARM7 - LPC21xx 52
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VECTORED INTERRUPT
CONTROLLER (VIC)

Address Name Deseription Access Reset
Value*
= =
CxFFFF FO0C | VICIRGStatue IRQ Statua Register. This regiater rcu.d:a cut the atate of theac interupt R o
requests that are enahled and lassified az IR0
\ FIQ Status Requoata. This register reads out the state of thoa inferrupt
/ c 0
DXFFFFFO0M | VICFIQStatus renuests that are enahled and claasified sa FIO RO -
Raw Interrupt Status Register. This register reads out the state of the 32
(xFFFFFO0Z | VICRawintr | interrupt requests / software interrupts, regardless of enabling or RO 0
classificafion.
g " -
FEFFFOOC | viCintssiect \merruntjele.cl Remgter This register classifies each of the 32 interrupt R 0
reguesls as conbibuling l FI2 o IRQ.
Intemrupt Enable Register. This register controls which of the 32 interrupt
Gl TTTTO10 | VICIntCnable | reguests and software intemrupts are enabled to confribute to TIQ or R 1]
IR0
i Interupt Cnable Clear Register. This register allows software to clear " a
DEFFEFO1 | VICINENCE | one or more bitsin the Interrupt Enable register w -
CxFFFF EOIE VICSatint Gofhia!'e Interrupt Register. The contents of this register are ORed with R 0
the 32 interrupt requests from various perpheral functons.
. .
WFFFF FOIC | VICSofintClear Softvare Interrupt Clear Register. Thia register allows aoftwarc to dear W o
nne or mare bits in the Snftware Intermipt register
CFFFF FO20 | VICProtection Protzetion cnable regiater. Th? rcg.la.k:ru\ awa limiting aceeas fo theVIC RW o
registers by anftware ninning in privileged mode
CWFFFF FO30 | VICVectaddr ‘.'cc!orAddrca:a Rc_gmtcr. When on IRQ intorrupt occurs, the IRQ acvice RAW 0
routing can read this register and jump to the value read.
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VECTORED INTERRUPT
CONTROLLER (VIC)
OiFEPE s Vicost ks e (SR e non et RG] P
Veclon addiess 0 regislen. Veclo Addiess Regislers 0-135 hold e
0xFFFF F100 | VICVecladdiD | sduresses of e Inlznupl Serviee oulines (13Rs) Tor he 18 veclored R
IRQ sluls.
NxFFFF FINd | VICVertiddr] | Vertor address 1 register Riw
UxkbFE FI08 | VICVectaddrl | Vedtor address 2 register R
0xF=FF F10C | VICVectiddr3 | Vector addrese 3 regictar RW
0xFFFF F110 | VICVectAddrd | Vector address 4 register R
0ulTIT 114 | VICVectaddrD | Vecor address 5 register A
NxFFFF F118 | VICVertiddrR | Vertor address f register Riw
Uxk=FF F1I0 | VICVectaddr/ | Vedtor address / register R
0xFFFF F120 | VICVect/ddr8 | Vector addrese 8 regietar RW
0xFFFF F124 | VICVectiddrd | Vector address 9 register RAW
TDII - ARM7 - LPC21xx 54

27



VECTORED INTERRUPT
CONTROLLER (VIC)

Address Name Description Access | ooy
DXFFFF F128 | VICVectAarlD | Vecior adaress 10 regster W
OXFFFF F12C | VICVectAddr1 | Vector address 11 repister RW | 0
OxFFFF F130 | VICYeclAdd 12 | Veclo addiess 12 iegisle Rw [
OXFFFF F134 | VICVeciAdart3 | Vector adaress |3 register RW | 0
OxFFFF F133 ICVecthddrid | Vactor addrase 14 ragieter RW 0
OKFFFF F13C JeuiAgdrS | Vecior address 15 register RW | 0 |

ctor control 0 register. Vector Conirol Registers 0-15 each control one
OxFFFF F200 | VICVectCntiD | of the 16 vectored IRQ siots. Slot 0 has the highest priority and slot 15 | RAW 0

the lowest
OxFFFF F204 | VICVeeiCati1 | Vctor control 1 regiater 0
OxFFFF F208 | VICVectCnt2 | Vector control 2 register 0
MeFFFF FANC | VICVArtCnt | Vactar conirol 3 ragister n
OXFFFF F210 | VICYewCnid | Vecior control ¢ regisier o
OxFFFF F214 | VICVeciCnt5 | Veclor conirol 5 register 0
OxFFFF F213 | VICVeeiCatie | Vctor control € regiater RAV 0
OxFFFF F21C| VICVectCnti7 | Vector confrol 7 register R 0
MeFFFFF220 | VICVReCAtA | Vctor eantmol f ragister R n
OXFFFF F224 | VICYewICAES | Vecior control & register RAW o
OxFFFF F228 | VICVectCnii10 | Vector conirol 10 register R 0
OxFFFF F22C | VICVaetCniit 1 | Vector control 11 register RAV 0

OxFFFF F230 | VICVectCnii12 | Vector control 12 register

MeFFFF F23d | VIQVArSni 15 | Vartor contml 13 registar

OXFFFF F233 | VICVectonii4 | Vecior conirol 14 regisier

OXFFFF F23C | VICVectCni1S | Vattor control 15 reaister
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VICSattint Function Resget Valug|
1:foree the intarruat requeet with thie bit number.
R ki) U2 0o not torce the INterrupt reguest with tnis bit number. Witing Zeroes to bis in YICSofint nes 1}
no efizet, sce VICSoftintClear.
VICSullnlClem Funclivn Resel Valug|
1-wiriting a 1 dears the eomespanding bit in the Snflware Infemunt register, thius releasing
310 Ui furcing of Lis 1egquesl. 1]
D:writing a 0 laavee the corsepending oit in VICSoftint unchanged.
VICRawintr Tunction Reset Valuz
1 1+ the intemupt request or anfrware internpl with this bit number ia asserted u
2t 0. e intenupl ieguesl or sollware nlenuplwill is loomben is negaled.
VICIntEnable Functien React Value
When this reqister 18 read, 13 ndicate nterupt requests or software interrupts that ars
10 enablzd to contribute to I or RQ. When this register iz written, ones enable intemupt requesis 2
# orsofiware interrupts to contribute to FIQ or IR, zeroes have no effect. See the VICINEnClear
teyislzr (Teble 48 below), fur bow Lo disable inlenupls
VICIntEnClear Function Reset Valug|
1:writing a 1 clears the corresponding bit in the Interrupt Enable register, thus disabling
310 interrupts for this request. 0
0: writing a 0 leaves the corresponding bit in VICIntEnable unchanged
TDII - ARM7 - LPC21xx 56
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VECTORED INTERRUPT
CONTROLLER (VIC)

VICIntSelect Function Reset Valug|
310 1: the interrupt request with this bit number is assigned to the FIQ category. 0
= D: the inferrupt request with this bit number is assigned fo the IRQ category.

VICIR@Status Function React Valuc
AN} 1: the Interrupt request with this bit number |2 enabled, dassimed as KU, and aaserted u
VICFIQSfatus Function Reset Velue
310 1: the interrupt request with this bit numberis enabled, dassified as MQ, and asserted. 0
VICVeetCntlo-15 Functien React Valie
5 1:his vectored IRQ slot is enabled, and can produce a unique 133 address when its P

- assigned interrupt request or aoftwarce interrupt ia cnabled, clasaifed aa IRQ, and asscricd

Ine number of the Interrupt reguest or software INtermipt aszignedto this vectored IRU siot
Asa matter of good programming practice, software should not assign the same interrupt

40 number to mare than one enabled vectored IRD slot. But if this doss occur, the lower- 0
nunbered shol aill by used when e inlenupliequest o sollware inlenupl is enabled,
claeeified as IRQ, and seserted

VICVectAddrl-15 Tunction Reset Value|

When nng or more infermipt renuest or snfware intemipt iz (are) enabled, ol il Az IR0,

110 rled, and sssigned w an enabled veclored IRQ siul, e value fom s 2giste e 2
highsst pricrity such elot wil be provided when tha I3Q gervice rutine reade the Vactor
Address reqister (VICVectAdar).
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VICDefVectAddr Tunction Reset Valuz
12 When an IRQ service routine reads the Vector Address register (YICVectAdar), and no IRQ 0
- slot responds 2s described above, this address is rezurned.
VICVectAddr Funetion Reset Valus
IFany of e intenuplisguesls or solbwars inlsnupls Dalae assigred (o vecloed IRQ sicl
i (are) anabled, clasefiad se IRQ, and aseertsd, reading from sgieter retums the
address in e Yector Aooreas Register for the higheat-prionty such glot. Utherwise treturns
310 the addreaa in the Default Veetor Addreas Register. 0
Wiling w Wi regisler dossnol sel e value fon fulue reads hom il Ralien, Wis reyisler
should be written near the end of an ISR, to update the priority hardware.
p—
VICProtzetion Funetion Reset Valuz
n 1. e VIC reyislers an only be accessed in privileged mude. P
- registers can be accessed in User or privileged mode.
TDII - ARM7 - LPC21xx 58
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Fuentes de interrupcion

Block Flagts] VIC Chranel #
WDT | Waichdog Infemupt (WDINT) 0
= | Reserved for software inerrugts only 1
ARM Care | Embedded ICE, DbgCommiRx 2
ARM Care | Embedded ICE, DogCommTx 3
Watch 0- 3 (MRU, MR1, MR, MR2)
Timer0 | ~apture 0 -3 (CRO, CRY, CR2, CR3) 4
Tmer1 | Maieh 0+ 3 MR NR1, MR, MRE) B
Capture 0- 3 (CRO, CRI, CR2, CR3)
R Line Status (RLS)
Transit Holging Register empty (THRE)
UARTD | R Date Avaiable {RDA) 8
Character Time-out Indicator (CTI)
R Line Status (RLS)
Transit Holging Register empty (THRE)
UART 1| Rox Date Avaiaie (ROA) 7
Character Time-out Indicator (CTI)
Modem Status Interrupt (MS1)
otag | Vich 06 (R, W1, MR, NG, MR, MRS, WRG) .
Capturs 03 (CRO, CRY, CR2, CR3)
12C |5 state change) E
SPI | SPF, MODF 10
T |reserved 1
PLL | PLL Lock (PLOCK) 2
RTC | RTCCIF (Counter Increment), RTCALF (Alarm) [
SYSem o emal Iniermupt 0 EINTO) "
Contrl
SYSIEM | e ternal Interrupt 1 (EINT) 15
Control
System -
oy | Extemal inemupt 2 EINT2) 15
TDII - ARM7 - LPC21xx 59
I t d . t 10
aVICFICIN
riempt Request Mackrg, ard Sesmior
WZRG
= — - VeciRQ5
| Vectietr iz
FVICRIN  WICVECTACORINZIO
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Interrupciones Vectorizadas

Vector Address Vector Control n
Default Vector Address 0-4 5
Vector Address 0 Channel 0
{l Channel 4 > Slotn
V' | Vector Address 15 =3
Channel 5 [
“ Vector Control 0
V| Vector Control 15
\Write —»| Vector Address Register
IChannel 15
Clear —» |Peripheral Interrupt Register
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TMs? TDI? RTCK. XTAL2 q
TFSTA  To<2| DO XTALY * RESET
In P
R
e |
Lecztonz1052106 mece |5, Voo
gy Jar o
_ arwrroms | E5 1 - Ve
vnwg‘ swesroee & |
— mrooims ANEAWIV;T:&EQTAMrmmn
i APE peripheral Base address  Peripheral name
ii D 0xC000 0C00 Watchdog timer
conTRoLLeR | | conTRolLER
T T U peceoe 1 0XE000 4000 Timer 0
[ 2 DXL HUOU Himer 1
et 3 0XE000 G000 UARTO
R I
SPussP) e wosit)
| sseLl)
POl +——| e T VN %jz?,[:‘;m
ars4(), DTRAN,
— - 35010 A
o |
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31



Timersy VIC

Bit 31 30 28 28 27 % 25 24
Symbel | -

Access | RiW RW RIW RiwW R RW RIW RiwW
Bit 23 22 21 20 19 18 17 16
Symbol - - - - - - - EINT2
Access | RAN RIW RW R RW RW RIW R
BIt 15 14 13 12 m 10 9 g
Symbol CINT1 CINTO RTC PLL - SPISSP 12¢ PW\NO
Access RAN RW RW R RW RW W R
Bit T 2 1 0
Symbol UART1 ARMCore0 - WDT
Access RIW RW RW R
TDII - ARM7 - LPC21xx 63

Temporizadores LPC2105/6

» Operacion como temporizador o contador
de eventos

» 32-bit Timer/Counter con prescaler
programable de 32-bits

» Hasta 4 (Timer 1) y 3 (Timer 0) canales de
captura de 32-bits que pueden tomar una
instantanea del timer cuando se produzca
una transicion de la entrada. Un evento de
captura pueden producir interrupciones.

TDII - ARM7 - LPC21xx 64
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Temporizadores LPC2105/6

» Cuatro registors de coincidencia de 32-bits
gue permiten:

— Operacion continua con opcidn de generacion
de interrupcion en la coincidencia.

— Detener el temporizador en la coincidencia
con la generacion opcional de interrupcion.

— Reset del timer en la coincidencia con la
generacion opcional de interrupcion.

TDII - ARM7 - LPC21xx 65

Temporizadores LPC2105/6

» Hasta cuatro (Timer 1) y tres (Timer 0)
salidas externas correspondiente a los
registros de coincidencia con las
siguientes opciones:

— Pasar a estado bajo en la coincidencia.

— Pasar a estado alto en la coincidencia

— Cambiar de estado en la coincidencia.

— No realizar accion alguna en la coincidencia.

TDII - ARM7 - LPC21xx 66
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Patas asociadas

Pin name Pin direction Pin Description
CAPD2.0 nout Capture Signals- A fransition on a capturz pn can be configured to [oad one cf the
CAP13.0 pLE Capture Registers wilh the value in the Timer Gounterand optionally generate an nterrupt.
VATD.0 External Match Qutput 0/1- V/nen match ragister /1 (MRO/M ) equals the timer counier
VIAT1 0 Output {TC) this output can eifner toggle, go low, go hign, or do nothing. The External Maich
: Ragister (EMR) cortros the functionality of this output.
VIATD 1 N o ]
WVAT1 1 Output External Match Qutput 1- See the MATOMAT 1 description abave.
VIATD2 - o ]
VAT1 2 Output External Match Output 2- See the MATO'MAT 1 description abave.
MVIAT1.3 Output External Match Qutput 3- See the MAT1 descriplion above.
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FO3/SDAMATOO 212 o P0.3 — Port 0 bit 3. The output 's open-drain
o] SDA — FC-bus data input/cuiput. Opar-drain cutput (for FC-bus compliance).
FO4/SCKICAPO1 2201 10 P0O.4—PartObitd
] SCK — Serial clock for SPISSPIEL. Clock output from mastzr or input to slava.
i
o
FO.SMISO/MATO.T - 230 o] PO.5=Port 0 bit 5 Q
10 MISO — Master In Slave Out for SFUSSFEL Data inpul to SPI/SSP mester cr g
cala output from SP/SSP slave —
(]
©
FOGMOSICAPD.2 24110 ie] P06 —Port O b6, E
o] MOSI — Master Out Slave In for SFI'SSPEL Data output from SPI/SSP masier Q
cr data input to SPI/SSF slave E
£
PO.7/SSEL/PWN2 - 281 10 PO.7—PertObit 7 )
$SEL — Slave Select fer SPISSPEL Selecs the SPIISS2 interface as a slave
FOGTXDUPWMA 280U P08 —PartObitd
o] TXD1 — Transmitter culput for UART 1.
TDII - ARM7 - LPC21xx 68
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Temporizadores

Prescaler Reg

ﬂCAP Pin

PCLK —)l Prescaler |—}| Timer Counter

Reset

Timer Control

Enable

Timer Counter

Capture Register

Capture control
register
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. Timer 0 Timer 1
G,::;T Address & | Address & Description Access \F’:Z:t
Name Name
Interrupt Register. The IR can be written o clear interrupts. The IR
R | PXEDON000 OXEI0000 | can e read to ety which of eight (Timer 1) or seven (Timer 0j | RV | 0
possible interrupt sources are pending.
Timer Control Register. The TCR is used to control the Timer
ToR | D¥EPOD4004 | EXEO00BI0A | o nter fnctions, The Timer Counter can be disabled or reset RW 0
TOTCR T1TCR
through the TCR.
¢ | OXE0004008 | XEQ00B008 Timer Counter. The 32-bit TG is incremented every PR+1 cycles of _w 0
TOTC TITC pelk. The TC is controlied through the TCR.
pr | O¥EQD0400C| OXEODOOOC | Prescale Register. The TC is incremented every PR+1 cycles of RW 0
TOPR T1PR pelk.
Prescale Counter. The 32-bit PC is a counter which is incremented
pc | OEI004010) OXEO0DB0ID |y e v e storedt in PR When the valte in PRis reached,the TC| RW 0
TOPC TIPC h
is incremented
MCR 0xE0004014 | DxE0D08014 | Match Control Register. The MCR is used to control if an interrupt W 0
’ TOMCR TIMCR  |is generated and if the TC is reset when a Match occurs
y Match Register 0. MRO can be enabled through the MCR to reset
MRy | OXE0004018 | IXEODDBO1S |y 7o stop bath the TC and PC, and/or generate an interrupt RW 0
TOMRO TIMRO
every time MR0 matches the TC
TDII - ARM7 - LPC21xx 70
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Registros asociados

G':::.lrelc A:LT:;:O & A:::::r; & Description Access 5;:3
Name Name

MR1 | e R | Match Register 1. See MRD description. RW | 0

MRy | DHEX004020 OKELOOER20) Match Register 2. See MRO descripton. RW | 0

MRy | OHE00CA024) OKECOO8R24 | Match Register 3. See MRO descrption. RW | 0

con | DEDdDas| oxeonnenas| e cadth Capre Regsiesanauneter| R |

or not an interrupt is generated when a capture takes place

CRO 0xE000402C | 0XE000802C | Capture Register 0. CRO is loaded with the value of TC when there

TOCRO T1CRO |isan event on the capture[0] signal. RO 0
0xE0004030 | 0xE0008030 : :

CR1 TOCRI TICRI Capture Register 1. See CRO description RO 0

cro | MXED004034) OXEDODS034) oot e Register 2. See CRO description RO | 0

TOCR2 T1CR2

0xE0004038 | 0xE0008038

CR3 TOCR3 TicR3 | Gapture Register 3. See CRO description. Not usable on Timer 0. |~ RO 0
EMR OxEQ00403C| 0xE000803C| External Match Register. The EMR controls the external maich AW 0
TOEMR TIEMR | pins MATn.
TDII - ARM7 - LPC21xx 71

Registros asociados

Timer Control Register (TCR: Timer 0 - TOTCR: OXEO00 4004; Timer 1 -
T1TCR: 0XE0008004)

. i Reset
TCR Function Description Value
0 Counter Enable When one, the Timer Counter and Prescale Counter are enabled for counting. When 0

zero, the counters are disabled.
1 Counter Reset When one, the Timer Counter and the Prescale Counter are synchronously reset on the o
next positive edge of pelk. The counters remain resef until TCR[1] is retumed to zero

Timer Counter (TC: Timer O - TOTC: OXxE0004008; Timer 1 - T1TC: OXE0008008)

Prescale Register (PR: Timer 0 - TOPC: 0XE000400C; T imer 1 - T1PC: OXEO00800C)

TDII - ARM7 - LPC21xx 72
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Timers: el contador

* Modo temporizador:

Contador de 32 bits y preescaler de 32 bits.

Fcia timer counter=PCLK/(valor preescaler+1)
Tick=1/PCLK*(preescaler+1)
Tickmax=1/PCLKmin*(preescalermax+1)=286,33s (para 60Mhz CCLK)
Tickmin=1/PCLKmax*(preescalermin+1)=16ns (para 60Mhz CCLK)

PCLK

Reset Enable
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Captura de flancos

» Captura configurable de flanco de subida,
bajada o toggle

CAP Pin Timer Counter
Y
Logic
4 Capture Register
Capture confrol
regisler
TDII - ARM7 - LPC21xx 74
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Programacion captura

int main(void)

{

VPBDIV = 0x00000002; // Set pclk to 30 MHz

PINSELO = 0x00000020; // Enable pin 0.2 as capture channel0
TOPR = 0x00007530; // Load prescaler for 1 Msec tick

TOTCR = 0x00000002; // Reset counter and prescaler

TOCCR = 0x00000005; // Capture on rising edge of channel0
TOTCR = 0x00000001; // enable timer

VICVectAddr4 = (unsigned)TOisr; // Set the timer ISR vector
address

VICVectCntl4 = 0x00000024; // Set channel
VICIntEnable = 0x00000010; // Enable the interrupt
while(1);

}

TDII - ARM7 - LPC21xx

75

ISR Timer

void TOisr (void) __irq

{

static int value;
value = TOCRO; // read the capture value

TOIR |= 0x00000001; // Clear match 0O interrupt
VICVectAddr = 0x00000000; // Dummy write to

// signal end of interrupt

TDII - ARM7 - LPC21xx
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Comparacion

Timer Counter

Reset Te

v

Stop Tc ~ l

Interrupt

External Match Register

Match Register

Match Control Register

TDII - ARM7 - LPC21xx

7

Comparacion: generacion de

senales

A

External Match 3

External Match 2

External Match |
T External Match 0
e A . W i a

EMR Contact Bits |
00 Do Nothing
01 Clear Pin
10 Set Pin
1 Toggle Pin

External Match 0 -3

TDII - ARM7 - LPC21xx
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Comparacion: ejemplo

» Retardo de varios milisegundos:

— El preescaler a 0 (valor de reset)
— PCLK=15MHz.

void delay_timer_1(int mseg){

T1TCR=0X02; Il Reset del contador
T1MCR=0x06; // Stop at match and clear
T1MRO0=(15000-1)*mseg;
T1TCR=0x01; //Start
while(!(T1IR&0x01)); /I Espera hasta que pase el tiempo
T1IR=0x01; llclear flag
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Ejemplo comparacion
» Generacion de una sefial PWM.

— RegcompO para Ty Reg comp 1 para TH

— Configuracion:

— int main(void)
{
VPBDIV = 0x00000002; /I Configure the VPB divi
PINSELO |= 0x00000800; /IMatchl as output
TOPR = 0x0000001E; /ILoad prescaler
TOTCR = 0x00000002; /IReset counter and prescaler
TOMCR = 0x00000003; /IOn match reset counter and generate an interrupt
TOMRO = 0x00000101; /ISet the cycle time
TOMR1 = 0x00000000; /I Set duty cycle to zero
TOEMR = 0x00000042; /IOn match clear MAT1
TOTCR = 0x00000001; /lenable timer
VICVectAddr4 = (unsigned)TOisr; //Set the timer ISR vector address
VICVectCntl4 = 0x00000024; /ISet channel
VICIntEnable |= 0x00000010; /I[Enable the interrupt
while(1);
}

TDII - ARM7 - LPC21xx 80
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Ejemplo comparacion

» Atencion a la interrupcion:
void TOisr (void) __irq
{
TOEMR |= 0x00000002;

TOMR1++;
TOMR1 = TOMR1&0x000000FF;

TOIR|= 0x00000001;
VICVectAddr = 0x00000000;

}

TDII - ARM7

//ISet MAT1 high for begining
/lof the cycle

/lincrement PWM Duty cycle
//Limit duty cycle

/[Clear match O interrupt
/[Dummy write to signal end
/I of interrupt

- LPC21xx
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PIVEILE s
FAVIA Contol Regter

TDII - ARM7

- LPC21xx
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PWM

* Es un mddulo timer con algunas funciones

anadidas.
* 6 canales PWM

Nacch Register C - 6

Exiermal Match Register

Latch Enatle Register

Capture Certrol Register

Capiue Fegiser 0- 4

Interupt Match 0 -6
@ Capture 0 -3

TDII - ARM7 - LPC21xx
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PWM

» Salidas de
comparacion pasadas
por biestables

Match 0
80 b ——pwin
Mateh 1
R EN[—4+—PWMENA1
PWISEL 2
WUX— s o ——PWi2
Maich 2
R EN[4¢—PWMENA2
PWMSEL 2
MUX s Qf»—PwWM3
Y A EN |<— PWMENA3

PWM Conlral Register

TDII - ARM7 - LPC21xx
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PWM ejemplo

void main (void)

PINSELO |= 0x00028000; //Enable pin 0.7 as PWM2
PWMPR = 0x00000001; //Load prescaler

//PWM channel 2 double edge control, output enabled
; //0n match with timer reset the counter
; [//set cycle rate to sixteen ticks

PWMMRL = 2; [/set rising edge of PWM2 to 2 ticks
PWMMR2 = 08; //set falling edge of PWM2 to 8 ticks
PWMLER = ; //enable shadow latch for match 0 - 2
PWMEMR = ; //Match 1 and Match 2 outputs set high
PAMTCR = 2; //Reset counter and prescaler
PWMTCR = 09; //enable counter and PWM, release counter from reset
while (1) // main loop

Moot //Modulate PWMMR1 and PWMMR2
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WATCHDOG

toert e,

WNFFED

FICK

wory CUMNENT Wo
rogiter TIMER COUNT

*Periodos configurables de hasta
1145 s (15 MHz de PCLK)

T X 256 x 4)to (T X 292 x 4
PCLK PCLK

R BITDOWN
COUNTER

underllon

*Modos de funcionamiento:

*Reset

eInterrupcion.
*Se habilita por software, pero solo
se puede deshabilitar tras un reset
0 una interrupcion por
desbordamiento del watchdog.

SIlADOWDIT

— : :
e [voe | woror | wonr | waneaer

; rasat
~n
Intampt
>
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Watchdog: Ejemplo

#define WDEN 0x00000001
#define WDRESET 0x00000002
#define WDTOF 0x00000004
#define WDINT 0x00000008

#define WDT_FEED_VALUE
void WDTInit( void )

{

WDTC = WDT_FEED_VALUE;

WDMOD = WDEN | WDRESET;

WDFEED = OxAA,
WDFEED = 0x55;

}

void WDTFeed( void )

{

WDFEED = OxAA,
WDFEED = 0x55;

Ox003FFFFF

/* Feeding sequence */

/* Feeding sequence */
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.
SCB: Mapeo de la memoria
.
I: Address Name Deseription Access 5::?,
External Interrupts
D:EDIFC140 | EXTINT | External interrupt lag register. | RW | ]
temal interrupt wakeup register
Phase Locked Loop
OxC01rCo00 PLLCON | PLL contral register. RN o
OxEQTFCO84 | PLLCFG [PLL configuration register. RV 0
OxEDTFCO8S | PLLSTAT |[PLL status register. RO 0
0xEQ1FCDEC | PLLFEED (PLL feed register. wo NA
Fower Contral
0xED1FCDCO PCON Power control register. RV 0
0xED1FCOC4 | PCOMP | Power control for peripherals. RW | Dx3BE
VPE Divider
OxEQIFC100 | VPEDIV | VPB divider control. | RW | o
Address Nzme Cescription Access
= - Meray napping ceniral. Salscts whetrerthz ARM in‘erupt vestors are read |
E =HIM 1
B:ENIFCO0 MEMMAP from the Flash Boot Block, User Flash or RAM. R
TDII - ARM7 - LPC21xx 88
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SCB: Mapeo de la memoria
(MEMMAP)

* Permite modificar el mapa de memoria de los vectores
de interrupcion, para manejar las interrupciones en los
diferentes modos de funcionamiento

Bit Symbol Value Description Reset
value

10 MAP 00 Boot Loader Mode. Interrupt vectors are re-mapped to Boot 00
Block

01 User Flash Mode. Interrupt vectors are not re-mapped and
reside in Flash.

10 User RAM Mode. Interrupt vectors are re-mapped to Static
RAM

1 Reserved. Do not use this option.

Warning: Improper setting of this value may result in incorrect
operation of the device

72 & S Reserved, user software should not write ones to reserved NA
bits. The value read from a reserved bit is not defined.

TDII - ARM7 - LPC21xx 89

SCB: Mapeo de la memoria
(MEMMAP)

Con objeto de depurar el cédigo en RAM el sistema permite
a traves de MEMMAP mapear la tabla de vectores a partir
de la direccidon 0x4000.0000 siendo una imagen de la
posicion 0x00 a 0x3f (64 bytes) tras el reset.

: Ram Mode

Vector Table %4000 0000

0x20 000

LD

TDII - ARM7 - LPC21xx 90
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PLL: Phase Locked Loop

* Permite por software
seleccionar la frecuencia de

la CPU.

10MHz = 25 MHz

10MHz - 60 MHz
PLL
CCLK

1

XM +P

oo

ML)

TDII - ARM7 - LPC21xx
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OxEO01FCO080

OxXEO1FC084

OxEO01FCO088

OxXEO1FCO08C

PLL - Registros

Name

PLLCON

PLLCFG

PLLSTAT

PLLFEED

Description

PLL Control Register. Holding register for
updating PLL control bits. Values written to this
register do not take effect until a valid PLL feed
sequence has taken place

PLL Configuration Register. Holding register for
updating PLL configuration values. Values
written to this register do not take effect until a
valid PLL feed sequence has taken place

PLL Status Register. Read-back register for
PLL control and configuration information. If
PLLCON or PLLCFG have been written to, but
a PLL feed sequence has not yet occurred, they
will not reflect the current PLL state. Reading
this register provides the actual values
controlling the PLL, as well as the status of the

PLL Feed Register. This register enables
loading of the PLL control and configuration
information from the PLLCON and PLLCFG
registers into the shadow registers that actually
affect PLL operation.

Access Reset Address

RIW

RIW

RO

Wwo

valuelll
a OxEQ1F CO80

o

OxEQ1F CO84

o

OxEQ1F CO88

NA 0xEQ1F CO8C

TDII - ARM7 - LPC21xx
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PLL: Diagrama de bloques logico

PLLCKG OXFO1FCo84 PLLCON 0xF01FC(80
e TLTTT ] e o [EEEIRIRIRR [ ] o
PSEL —4 b o MSEL FLLO—CL LLE
e Phase Locked Loop
X 0O
celk
PLOCK—
PLLSTAT 0xED1FC08S
oo [N oo B e ] o
Tdole 1: When using the PLL, 10ty 25 MHz inout. required * Afer the requited fesd sequence, shows the
wvelwe of MSEL. PSEL.FLLE & P_LC
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PLL: Registros de config. y control (PLLCFG y PLLCON)

Table 22. PLL Configuration register (PLLCFC - address 0XEQ1F C084) bit description

Bit Symbol Description Reset
value

4:0 MSEL PLL Multiplier value. Supplies the value "M"in the PLL frequency 0

calculations.
OxEO1FC084 Note: For details on selecting the right value for MSEL see Section

4-8 9 “PLL frequency calculation” on page 38.

R5  PSFI Pl Divider value Supplies the value "P" in the P11 frequency 4]
calculations.

Note: For details on selecting the right value for PSEL see Section
4-8 9 "PLL frequency calculation” on page 38

7 = Reserved, user software should not write ones to reserved bits. The NA
value read from a reserved bit is not defined.

Table 21. PLL Control register (PLLCON - address 0xEO01F C080) bit description

Bit  Symbol Description Reset
value
0 PLLE PLL Enable. When one, and after a valid PLL feed, this bit will 0

activate the PLL and allow it to lock fo the requested frequency. See
PLLSTAT register, Table 4-23.

OxEO01FCO080 1 PLLC PLL Connect. When PLLC and PLLE are both setto one, and aftera 0
valid PLL feed, connects the PLL as the clock source for the
microcentroller. Otherwise, the oscillator clock is used directly by the
microcontroller. See PLLSTAT register, Table 4-23.

72 - Reserved, user software should not write ones to reserved bits. The NA
value read from a reserved bit is not defined.
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PLL: Registros de control y estado (PLLFEED y PLLSTAT)

OXEO1FC0O8C

Bit

40

OxXEO1FCO088

Bymbol

FLLFEED

Symbol
MSEL

PSEL

PLLE

PLLC

PLOCK

1511 -

Deacription

Tha PLL fead sequanca must s written o this regleter in ardar f
PLL configuration and controf register changes to take affact,

Description

Read-back for the PLL Multiplier value. This is the value currently
used by the PLL.

Read-back for the PLL Divider value. This is the value currently
used by the PLL.

Reserved, user software should not write ones to reserved bits. The
value read from a reserved bit is not defined

Read-back for the PLL Enable bit. When one, the PLL is currently
activated. When zero, the PLL is turned off. This bit is automatically
cleared when Power-down mode is activated

Read-back for the PLL Connect bit. When PLLC and PLLE are both
one, the PLL is connected as the clock source for the
microcontroller. When either PLLC or PLLE is zero, the PLL is
bypassed and the oscillator clock is used directly by the
microcontroller. This bit is automatically cleared when Power-down
mode is activated.

Reflects the PLL Lock status. When zero, the PLL is not locked
When one, the PLL s locked onto the requested frequency.
Reserved, user software should not write ones to reserved bits. The
value read from a reserved bit is not defined

TDII - ARM7 - LPC21xx

Roasot
valiua

Dy

Reset
value

o

o

o

o
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PLL: Programacion (I)

» Elregistro PLLCFG contiene las constantes
multiplicadora y divisora que permiten obtener el valor
de la frecuencia de CPU.

— M. Factor multiplicador del oscilador (1-31).

— P. Factor divisor del Oscilador Controlador por Corriente.

* (valores 1, 2,4, 8).

— Importante: Los valores en los registros son M-1y P-1.
» La frecuencia del procesador esta dada por:
— cclk = M-Fosc 6 cclk = Fcco/(2-P)

— Fcco = CCLK-2-P - Fcco = Fosc-M-2-P

» Fosc. Frecuencia del oscilador (10 MHz a 30 MHz).

» Fcco. Frecuencia del Oscilador Controlador por Corriente del PLL.
Ha de estar comprendida entre 156 MHz y 320 MHz.

« cclk. Frecuencia de salida del PLL (10 MHz a 60 MHz).

TDII - ARM7 - LPC21xx
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PLL: Programacion (ll)

[Table 1:  PLL Iabels

Labal Name Min Max
fios oscillator frequency 1 Mhz 50 Mhz
(2lave)
oscilator frequency 1 Mhz 30 Mhz
{oscillation made)
nscillator frequency 10 Mhz 75 Mhz
(PLL Modie)
Feeo cumrent conrolied 156 Mhz 320 Mhe
oacillator frequency
celk CPU eclock Mhr &0 Mhr
MSEL PLL mubiplier vabse 020 [
PSEL PLL dwider 050 0a

[Table 2 PLL multiplier valuss

MSEL hex Multiplier value decimal
o 1
1 2
2 k]
3 4
4 5
H] g
[Tal PLL divider values
[PSELHe
] 1
1 2
2 4
3 8
TDII - ARM7 - LPC21xx 97

PLL: Programacion (lIl)

Tibis & Calculated spwtating vahues for 10 M ta 13 MHE

Tabio i Citeidabadl o0t abin walises 1o 14 WBLE 1o 1) WHE

:*“.? & [+ R :’ﬂ‘ PSEL (e}
i { 1 t il
W o F
B T -
i 2 H O
0 e
,: ; - - (I 15 i i
Il’ ..II. 0 . O '
— : -
3 0
L 1 1 ' : *
] . ¢l . *
Nota de aplicacién: AN10331 O
TDII - ARM7 - LPC21xx 98
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PLL: Programacion (Ejemplo)

* XTAL =12 Mhz (7] Fcpu = 60 Mhz
e 1° M =Fcclk/Fosc = 5
e 29 Comprobamos limites del CCO: |
Fcco = Fosc-M-2-P = 120-P

— SiP=1 1] Fcco = 120 Mhz < Fmin !!

— Si P=2 0 Fcco = 240 Mhz (vélido)

TDII - ARM7 - LPC21xx

PLL: Programacion (Ejemplo)

#define PLL_PLLE 1 //PLL enable (1)or disable(0)
#define PLL_PLLC 1 //PLL connect(1) or disconnect(0)
#define PLL_M 4 //PLL Multiplier value

#define PLL_P 1//PLL divider value: p

Void PLL_config(void)

{

PLLCFG=(PLL_M) | ((PLL_P) << 5);
PLLCON=PLL_PLLE;

PLLFEED = OxAA,

PLLFEED = 0x55;

while((PLLSTAT & (1 << 10)) == 0); // Wait for PLL lock
PLLCON=PLL_PLLE|PLL_PLLC<<1; /lconnect PLL
PLLFEED = OxAA,

PLLFEED = 0x55;

TDII - ARM7 - LPC21xx
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SCB: Divisor de frecuencia APB

+ Determina la relacion entre la frecuencia de la CPU
(Cclk) y la frecuencia de bus de los periféricos (Pclk).

10 Mhz - 60 Mhz Procesior clock
Cox

FOse
0 Mz 25 Mz

Cclk/4 >Reset

Bit Symbol Value Dascription Regat

value
10 APBONV 00 APB bus clock is one Tourth of the procassor clock. 0
[ APB bus clock is he 5ame as (e Processor clack.
10 APB bus clock is one half of the processor clock.
n Razarved. If this value is wrtten 1o the APBDIV register. it
has no effect (ihe previous setting Is reiained),
i - Raserved, User software should not wriie ones o reserved  NA

biiz. The value read from areserved bitis not defined.

TDII - ARM7 - LPC21xx 101

Modos de bajo consumo (1)

Soporta 2 modos de bajo consumo:
* IDLE. i X X ldle Moda =
— Laejecucion queda suspendida (CPU parada) =21 |
hasta que se produce un Reset 0 una interrupcion
externa.

]
{T
— Los periféricos siguen funcionando y las rutinas e l —
de interrupcion también. "
— El consumo se reduce considerablemente y
depende de los periféricos que estén activos y de PCON [

la frecuencia del bus.

¢ POWER-DOWN. |—\~.Ew
— El oscilador se desconecta de la CPU y de los —— [
periféricos. " !
— Los datos se mantienen en la RAM y en los i =it
3 R PowerDown o |
registros internos. Sike |
— Para salir de este modo es necesario un Reset o |
determinada fuente de interrupcion que no haga =y
uso del reloj. R =1
— El consumo de reduce practicamente a cero.
Peu N T[]

TDII - ARM7 - LPC21xx 102
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Modos de bajo consumo (ll)

Table 4: Core power CDHSHNPHDN
Typical numbers of LPC2138 core power consumption

Core Memory- Offset@  Offsat@ Additional power Powser

mode State 1 MHz [mA] 10 MHz [mA] “°l"“‘, ,,"‘,f,‘;;"‘ ""’;;","‘,’,','z’"[mi@
ActivellFlash -Thumb  ~5.6 -10.3 ~b.52 ~36.3
: ~64 ~406
" Al 55 474
Idle - ~1.3 - ~11.3

Table 5:  Peripheral power consumption
Typical numbers of LPC2138 peripheral power

1MHz< 10 MHz<
Pclik< PolK< [oRK>

Peripheral  Configuration PCLK 20 MHz
R A (oA (A
Timer/PWIY Continuously counting 1 240 240 240
ADChicL 10 channe! burst mode - 158 104 82
LIART Receiver made 16 300 0.0 00
12C Master transmitter mode - 13.0 10:2 6.3
SPI Slave receiver mode & 149 85 50
SSP Slave receiver mode 2 14.9 85 50

(1] Pulse-wdth-madulator (PWRME Dnly e régesters e ochve
7] 10 channels ADC with a sample rate of 400 kHz

(3] Valoo for only PCLK af 4840 and § Bz

4] Rushviivg o iaimian oulgiut clock e (400 kHz)
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Modos de bajo consumo (| )
. ) = . . o
0 n ] s 0 [l [ 0 ®
by Yoy
Ejecucion normal en Flash. Todos los periféricos Habilitados (PCLK=CCLK/4) Modo Idle. Todos los periféricos Habilitados (PCLK=CCLK/4)
- et
ou § 7 "”;;;“’"' Core RAM | RTC |Wakeup | Current
¥ Idle Stopped Active Acthe | Active lntA"’ < 5mA
" ‘/,72/2' Power Ext
—~ Down Stopped | Stopped | Inacthe | Inacthe nter, Rt < 10pA
- 7 Hibernate |Powerof| Poweroft |Powsron| Actie m:“ rst] <A
= == = Stopped | Ext
—— Power | Poweroff| Poweroff | Power of ose. of) | interr, Rst < 5uA
. Down
" » F] ® ] )
Modo Power-Down. Todos los periféricos Habilitados (PCLK=CCLK/4) Ejemplo modos de bajo consumo
TDII - ARM7 - LPC21xx 104
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Modos de bajo consumo (Registros)

PCONP

control bits that enable the two reduced power

operating modes of the microcontroller. See

Table 4-30.

Power Control for Peripherals Register. This  R/W
register contains control bits that enable and

disable individual peripheral functions,

Allowing elimination of power consumption by

peripherals that are not needed.

Table 29. Power control registers

Name Description Access Reset Address
valuelll

PCON  Power Control Register. This register contains R/W 0x00 0xEQ1F CaCo

0x0008 17BE 0xEOQ1F COC4

TDII - ARM7 - LPC21xx

105

Modos de bajo consumo (PCON y PCONP)

8t Symbol Vale Descripion Resel
value .
2 o Ithe mocie control 0
Ide modeis of. Bit Symbal Description Reset
T pacsssor ek i shspped Whi Sh-chip ERrpheS femain ol
actce. Any snatied ImeeTup! rom 8 parigheral or an extamal L] Fieserved, usar seftusns sheuld mat wilh 064 I reserved Bis The  HA
infiupt source il cauS the processar 1o Fesume execulion vaiua reed rom & resarved bit s not defned.
T P o o bt [ 1 PCTIMO  TmarCountes O powericiock contol b 1
Perwar-doun made s of. i PCTIMY  TimerCoundar | powsticiotk contiol b 1
1 PCUARTO UARTD powericlock bit 1
The cacillator and all on-thip cocks 57 stopped. 4 wakeup PR o
carltion fra n wxkamal kgt Gan caiasl I Giciior b0 4 PCUARTI UART! poveritiock conol bit !
rextart, the PO bit 1o be chared. and the processsr 19 resumé § PCPWMO  PAWMO powericiock controld it 1
xscution & Fetarved. yrer eofhusns should mot wrte cres i resered bits Tha  HA
1 BODPOM Brown Out Pawer-down Mode. 0 vaiue read from a reserved bitis not defined
37001 O\t Datechon (B ramating oparat dutng 7 PCI2CO  The FCD intertate pawniciack control bit |
Perwar-down mode, and s Reset can reiease ihe microcontrolier ] PCSPID  The SPID interiace powericlock contral bl 1
rom Powee-gown modedll 3 PORIC  The RTC powanciock conml od 1
The BOD crtutry will g indo porwet down mode when PO = |, 10 PCSPI1  The S5P interface powericlack control it 1
réautting n 8 et ta0uction In powee.In it casd T 800 can ] Feserved, user softuane Should not wirte ones ta ieserved bt The N
ot be used &8 B wakeup 500t from Powes Down mede Yl 1960 o B esarvae LIS 1k et
3 BOSDE Btown Cut Gichal Disable. ] 12 PCADD  A/D converier O |ADCT) powesiciock centrel bit 1
The SCD cireubey & enabied. Note: Claar ihe PON Bit In the ADICR before clemring this b2, on set
“The BOD is fully drsabied al all fimes. consuming no pawer, F5% ERbelot Sty PO
CEH Reservod. st saftuans should not write Ones 13 msanied bits The  NA
+  BoRDE Browm Out Reset Disatle 0 Vaiua reud from 8 reserved Dits not defned.
Th nesat 13 nabled, The fist stage ol low voltage detection 19 PCI2CT  The RCY interface powericiack contrel biL 1
{2.8V) Brown Out intemupt is not afacied.
: X PCADY  AD converter | (ADC] powediciack tontral bit 0
The second stage of low vollage detechon {26 V) wil not cause Hote: Clear the FON Bit In the ADTCR bafore clenring this b2, and set
8 chip resal. s bt before selting PDN
75 Reserved, user saftume snouid rot wite ones fo resecved bis. NA M2 Reserved, us" softwens should not wiits Ones 13 msenied bits The  HA
The valus read from m reserved bl s not defined vaue read from a resarved bt not defned
TDII - ARM7 - LPC21xx 106
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Causas de Reset:
— Pin/RESET. (nivel bajo).
— Watchdog.
—  Brown-Out Detect.

a.

— 1. Laentrada externa retorne a nivel alto.
— 2. El oscilador comience a funcionar.
— 3. Transcurran un nimero de ciclos de reloj de espera.

4. El circuito interno se in

Después del POWER-ON el pin de reset o

necesita mantenerse a nivel bajo al il
menos durante 10 ms. il fverd

— Siel oscilador ya esta funcionando, y la sefial es estable
en X1, tan sélo es necesario que se mantenga 300 ns.

Una serie de pines se muestrean durante

el reset:
— P1.20 > TRACESYNC
— P1.26 > RTCK

SBC: Reset

La activacion del Reset causa el e
arranque de Wakeup Timer, esperando e

icialice correctamente. down

— P0.14 - Modo In-System-Programming

TDII - ARM7 - LPC21xx

oscillter
oufput (Fogg)

Resetto the
on-chip sicuity

Resetto
PCON.PD

WAKEUP TIMER

START

COUNT "

Foy
tooher blocks
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SBC: Reset (identificacion)

* RSIR. Registro de Identificacion de la causa del Reset.

Bit  Symbol

0 POR

1 EXTR

2 WDTR

3 BODR

T4 -

Description

Assertion of the POR signal sets this bit, and clears all of the other bitsin
this register. But if another Reset signal (e g., External Reset) remains
asserted after the POR signal is negated, then its bit is set. This bit is nat
affected by any of the other sources of Reset

Assertion of the RESET signal sets this bit. Ths bit is cleared by POR,
but is not affected by WDT or BOD reset

This bit is set when the Watchdog Timer tmes out and the WDTRESET
bit in the Watchdog Mode Register is 1. Itis cleared by any of the other
sources of Heset.

This bit is set whenthe 3.2V power reaches a level below 2.6 V. If the
Vg voltage dips from 3.3 V10 2.5V and backs up, the BODR Lit will be
satto 1. Also, it the Vpp voltage nses continuously trom below 1 Vioa
level above 2.6 V. the BODR will be setto 1, too. This bit is not affected
by Cuternal Reset nor Watchdog Reset.

Note: only in case a reset occurs and the POR = 0, the BODR bit
indicales il the Ynn vollage was below 2.6 V or nol.

Reserved, user software should not write ones to reserved bits. The
value read from a reserved bitis not defined.

TDII - ARM7 - LPC21xx

Reset
value

see fext

see fext

see text

seet text

NA
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SBC: Wakeup Timer

» Asegura que el oscilador y otras funciones

analogicas del sistema funcionen correctamente

antes de que la CPU comience la ejecucion de
programa.
— Importante en:

* Power-on.

» Todos los tipos de reset.

« Aquellas funciones que permiten desconectar determinados

recursos tras el POWER-DOWN.

» Una vez que es detectado el reloj, espera 4096

ciclos para habilitar los circuitos internos que
han de inicializarse

TDII - ARM7 - LPC21xx
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SBC: Brown-Out Detect

» Monitorea la alimentacion (VDD) del chip.

 Interrumpe a la CPU si VDD cae por
debajo de 2.9 V.

» Resetea a la CPU si VDD cae por debajo
de 2.6 V.

TDII - ARM7 - LPC21xx
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Configuracion del Sistema: Ej. programacion

# XTAL=12Mhkz ? Fopu=aoMhz =/
fidefine PLL_PLLE 1 A/PFT. enable (1)nr dizablair]
frefine PTI_PLIG 1 f/PEL compect(2) or disconnsect (0)
fdefine PLL_M § //ILL Multiplior valuoc
fidefine PLL_T 2 //PLL clivider valus! p
Bdefine VPD_DIVIDER O ./ ike divider of VEB

* System Tritazalazation */

ICIntSelect=0:

¢ DLL configuration
hif (PLL_PLLE) (
FLLCFG= (FLL_H-1) |
[FLLCON=FLL_FLLE;
PLLFEED = Uxih:
FLLFEED = 0Ox55;

PLLFEED = Oxaar
PLLFEED = 0Ox55:
*

pirtoer Ram_HMode

fendif
fifdef _ Flash NMode

Bendif
ifdef _ ExtHem_mode

fendif
4

0id TnitLPC2000 (void) |
DHOD=0; //disable WDT
ICIntEnClr=0xfffEFFFF: //gisable 211 interrupis

{(PLL_P-1} ~<< 5}

phile [ (PLLSTAT & (1 << 10)) == 0); /) Wait Ffor PLL lock
FPLLCON=PLL PLLE|PLL PLLC<<1; //connect PLL

FPEDIV=VPE_DIVIDER; / poripkoral clock sonfig
* MemRemap Conridg =f

EMMAY = UxZ: A/remap to Ox40000000

EMMAP = 0Ox1; //remap ip 0xQ

EMMAP = Ox3: ¢/remap to OxFOO00000, omnly Ffor lpollws

“

TDII

- ARM7 - LPC21xx 111

Configuracion del Sistema: Ej. programacion

/¢ Vevice header (from Keil)
#inelude <lpodixx. e

/¢ Oscillater / resonastor fregquency (in Iz)
A eg. (10000000UL) when using 10 MHz oscillator
#define FOSC (12000000UL)

/7 Detween 1 and J2

#oetrine FLL_MULTIFLLIER (al)

A R 4 ar 8

#define PLL_DIVIDER [2T)

S/l 2ord

Hdefine VPE_DTWTDER (11T

S CPT wluck

#define CCLK ([FO3C * PLL NULTIPLIER)
4/ Peripheral clock

#define PCLE ([CCLE / VPI_DIVIDER)
#define PLL FCCO NIN (1560000000L)
#define PLL_FCCO_MAY (3200000001L)
Huieline CCLE_NMIN (1000000017L)
f#define CCLK MRX (800000000L)

/f Function prototypes

puid System Inil(vuid);

int PLL_Init i{void);

int VPE_Init {void):

vuid MAM Inil(vuid);

void Set_Interrupt_Mapping(veid);

TDII

S Private constants
/7 Interrupt mapping set throngh the "target" settings in the IDE
fifndef RAN

#define MAP Ox01

felae

gdefine MAP Ox02

fendif

/

System Tait()
Configures:

- PLL

- VPB divider

- Memory accelerator module
- Interrupt mapping

void System Init (void)
{

/7 Set up the PLL

if (PLL Init(] != 0)

{

while (1]} // PLL error - stop

B

/7 Set up the VP bus

if (VPE_Init() != 0)

{

while(1): // VPE divider error - stop
i

// Zet up the memory asccelerator module
MAM_Init();

/F Control interrupt mapping
Set_Interrupt_Mapping(];

il

- ARM7 - LPC21xx 112
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Configuracion del Sistema: Ej. programacion

WFFRFFFRCY
» O¥I0000001 7

return O

TDII - ARM7 - LPC21xx
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Configuracion del Sistema: Ej. programacion

/* #o
MAM Imity)

Set up the mepory accelerator moduls,

MOTE: Horc wo DISADLE the MAM, for moximum prodickakility.

Adapt 32 nesded for your application.

_# #/
vold ILH_Init (vold)

i

A Tucn wfL MAM

MAMCR = 0;

}

S o
Set_Interrupt Mappino()

Eemaps interrupts to XAM ob Flash MEmorv, a3 required.

Fur Flashk, MAF - Qx0i

For RAM, MAP = OxQZ

Hers, ralue iz sat through Kedl uVision

(depending on target puilt).

_# #f
vold 3et_Interrupt_Mapping (vold)

i

MEMMAD - MAT';

1

TDII - ARM7 - LPC21xx

114

57



RTC: Real Time Clock

Reloj-calendario capaz de medir tiempo cuando la CPU
esta funcionando, y opcionalmente en el modo Power-
Down, e incluso con la alimentacion V,, desconectada.

Validez de la fecha hasta el 2099.
— La frecuencia de oscilacion se extrae de:

— Lafrecuencia del bus de los periféricos (pclk), es decir, de la
salida del divisisor de frecuencia o prescaler de los periféricos
(APB).

Un cristal externo de 32.768 KHz.

La alimentacion se suministra a través de un pin
dedicado (Vgar) que puede conectarse a la alimentacion
principal (Vpp), 0 @ una bateria externa o pila de litio de 3
V.

TDII - ARM7 - LPC21xx 115

RTC: Diagrama de blogues

Generador de relo;.

— Frecuencia de entrada de 32768 Hz ks
(CLK32K) derivada de:
* Un cristal externo de 32,768 KHz.

» Lafrecuencia de bus de los periféricos aun lw-w
(Pclk), mediante un prescaler interno
configurable mediante los registros
PREINT y PREFRAC.

Registros contadores de tiempo:
- Segundos, minutos, hora, dia, dia de la | | e ——
semana, mesy afio.
Registros de alarma. *,N,wm,m,, !
Sistema de gestién de interrupcion:
— Periddicas cada 1/32768 seg.
— Periddicas cada segundo, minuto, hora,

— A una hora-fecha determinada (modo
alarma).
* Registro de méascara de la alarma.

TDII - ARM7 - LPC21xx 116
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RTC: Prescaler interno

La frecuencia de funcionamiento del PCLK p— B2y
RTC es de 32768 Hz. HTCCIock

Si la fuente de reloj es Pclk, es

necesario programar el prescaler
interno para obtener con exactitud la } 1
frecuencia de trabajo. EIREES

Los registros PREINT y PREFRAC
constituyen la parte entera y decimal
del divisor (prescaler).
— PREINT = (int)(pclk/32768)-1
— PREFRAC = pclk — ((PREINT+1) x
32768)

PREINT = Uxu000o38z; //8et RTC prescaler for 30.000 MHz Pclk

PREFRAC - 0x00004380;
CCR = Ux0uooooal; //3tart the RTC

TDII - ARM7 - LPC21xx

117

RTC: Prescaler interno (esquema)

PCLK
(= 1 clnck tick countar ey
L CLK J
LK UNDERFLOW| 1587 FRACTION COUNTER
18 BIT INTEGER COUNTER
(DOWN COUNTER)
RELOAD
15
" COMBINATORIAL LOGIC
4 extond
foicad
15
L~
3BT AELOAD INTEGER 15 BIT FRACTION REGISTER
REGISTER (PREFRAC)
(PREINT)
1§
APE bt

TDII - ARM7 - LPC21xx
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RTC: Alarmas e interrupciones

Interrupcion por incremento del valor de un registr o de tiempo:
— Segundos, Minutos, Horas, Dia del mes, Dia de la semana, Dia del afio o Afio.
— Elregistro CIIR permite seleccionar (méascara local) qué registros interrumpiran cuando se
incrementen.
Interrupcion por alarma programada:
— Caoincidencia de la hora-fecha actual con la fijada en los registros de alarma.

— Elregistro AMR permite seleccionar (méascara local) qué registros se compararan para
generar la alarma.

Seconds Secends Alarm
Inkenupt availabie Day of month Day ol morth Alarm
on increment
of register value Day of week Day of waok Atarm
Daty of year Dy of yaar Alarm
Month Montt, Alarm
Yar Yo Alarm
Interrupt
e
TDII - ARM7 - LPC21xx 119

RTC: Reqistros de control

MName $ize Cescription Accese Retet  Addresc

valuell
LR 2 Ietomupt Lication Register AW d OWE002 4000
CiC 15 Clock Tick Couner RO ' THEDDZ ADGH
CCR 4 Clook Conuo Regisier R REQD2 408
cliRr a Countat Incramant Intarrupt Ragetar  FUW . w002 A00C
AMR R M Mask Rogsler aw v (xE002 4010
LTINED & LONSORGIED TiMe Regier | RO M UXEUY AU
CTIMC1 32 Conscldated Tine Register 1 RO = TCO02 4010
CTIMED 37 Coveriidater Tine Reqieter ) RO v (RE0N2 ADIC
SEC 6 seeonds Lounler [ ] UNEDD2 AU
N 0 Woules Reyn RAY s AE002 4034
HOUR & Hours Regi AW . (xE002 408
0M & Davol Morth Regester [ ' (xE002 40C
W3 Caywl Week Regsier RV AEQ02 4030
20y o iy of Yoar Ragatar W ¥ OxE002 4004
ONTH 4 Months Registes AW ’ OwEDD2 4020
EAR 12 Years Regster W ] THEDDR ADC
LSEC 6 Mo wvalue for Seconds ] g THED02 4060
\LMIN & Marm valus for Mnutes W L] 0007 ADEA
PLHOUR 5 AMam value for Seconds RW 2 OxEDD2 408
LDOM 5 Mam value for Day of Moeth W 3 THEDD2 4DC
pLoow 3 Mam value for Day of Week RW ' (HED02 4070
PLOOY 8 M value for Day of Year W . (aE007 4074
PLMON 3 mam value fof 1onths R J (WEVRIZ 4078
PLYEAR 12 A e fun Yem RAWY . (E002 40iC
BRENT 12 Frescaker vaue, mioget porion W 0 TRED02 1080
PREIRAC 15 Prescaler value inlecet porlion ] 0 (mED07 4064
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RTC: Registros de propdsito general

Table 200. Miscellaneous registers

Name Size Description Access Address

IR ? Interrupt | acation Reading this location RW 0xFON2 4000
indicates the source of an infernipt Writing a
one to the appropnate bit at this location clears
the associated interrupt.

TG 15 Clock Tick Counter Value from the clock R0 0xFON2 4004
divider

CCR 4 Clock Control Register. Controls the function of  RW 0xE002 4008
the clock divider.

CIIR 3 Counter Increment Interrupt. Selects which RW 0xE002 400C
counlers will generale an inlerupl when hey
dle incremenled.

AMR i Alarm Mask Register. Controls which of the RW 0xC002 4010
alarm registers are masked.

CTMCO 32 Consolidated Time Register 0 RO 0xC002 4014

CTME1 32 Consolidated Time Register 1 RO 0xE002 4018

CTMF? 37 Consolidated Time Register 7 R0 NxFON7 4016

Permiten leer el reloj-calendario con sélo 3 lecturas !!

TDII - ARM7 - LPC21xx 121

RTC: Registros de tiempo (solo lectura)

B Symbol Dascription Resat
valug

ge ol 00 58 NA

nould nat wTite ONEs 10 Fesarved DS, NA.

e bit (8 1ot efined.

e ci0iots Na

50 Secends  Secondsvalen e
-

138 Mnutes

- Aesarved, user satears shouid pot write ones 1o ressrved oS, Nk
T valus faad from a reserved it s net defned
WIE  Hous Hours valve in e rangs of 0 0.2 A
nAn - RO3rvad, user safeary shaukd nat urite ones 1o resarvag b, Nk
The valus read from a resarved b1 s not dated
2624 DayOfWesk Dy of vieek vaiue in e mnge of U0 & HA
Bt Smmbol  Description Reset
o
49 DayulMo) Beyof ronvalve n B ange of 11 28, 39,30, 31 HA
panding on e monin and whelne s A 1ap 39}
5] Platsrvnd, Utar 43huars eheuld not urts cnes o roearvad bl SLA
Tra ualue tead fiom & reserved U 1 ok defined
HA  Mont Manth valie in the tinga of 1 .12 HA
Wi - MES1VE0, USH SOTVATE STOUIS NOL VTTH DML 10 FEMPVE DI NA
Tha va1ue 1wad from B reservad b1 (3ot Gafned
G Yeer Ve value in e range £ 1 4055 He
na . Raserved, user sofare should nat wite ones b remceed bits. N
Tha cakid 188% fiom A fakared B (et dafingel
Bt Symbal  Description Reset
valun
10 DayofYear Daycf year akie in the range of 1 10 368 (365 for leap years).  NA

2 . R w81 808 SPOLES 1T Wl O0eS 10 reserved Bits. NA
‘Tha valus read from & resacved biis not defned.
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RTC: Registros contadores de tiempo (R/W)

slationships

Countar Siza Enabled by Minimum valus  Maximum value
Second ] Clk1 (see 0 54
Figure 18-55)
Minute & Second 0 54
Hour 5 Minuta 0 23
DayctMonth § Hour 1 28,23, 300r 31
Day of Week 3 Hour 0 6
Day of Year g Hour 1 365 or 365 (for leap year)
Maonth 4 Day of Month 1 12
Year 12 Month or dayof Year 0 4095
Name  Size Description Access Addrass
SEC ] Seconds valug In the range of 0 to 59 RW OxEQ02 4020
MiN [} Minutes value In the range of Ota 59 RMW 0xE002 4024
HOUR o Hours value in the range of @ to 23 RMW OxE002 4020
DoM s Day of monih value In the range of 1 10 28, 29, 30. RW OxE002 402C
ar 31 (depanding on the month and whether it s a
leap vear| )
pow 3 Day of week valua In the range of 0 1o 6L1 RW 0xED02 4030
Doy g Day of year value In the range of 1 b0 365 (366 for RIW OxE002 4034
leap yearsi!l
MONTH 4 Month value in the range of 110 12 RW OxE002 4038
YEAR 12 Yearvaiue In the range of 0 fo 4045 RW 0xECO2 403C
TDII - ARM7 - LPC21xx 123

RTC: Registros ILR, CTCR, CCR

T Itarrupt Lsostion Ragletar (IL s, BxE 002 4000) hit
BH Symbol Deseription Resat
value
0 RTCC  \Whon ené, the eunter Increment Iiterupt black geverated an mtemspl.  NA
Weritreg @ one to this bt locatien dears the courter incremer intermugt
RTCALF  Vihen ane, the alam regssers generated an mbemupt Wiing aone o MA
thes bat hocaton clears the alam inermupt
72 Reserved, User solware sheaid ot wite ones to reseved its The NA
value read from a neserved bit is not defined
otk Tiek € T

Register (CT address $xED

Bit Symbol  Description Resat
value
10 Clock Tk Prior to the Seconds counfer, the CTC courds 32768 clodks per HA
Counter  second Due to the RTC Frescael. these 12,768 fime increments may
‘ot 3l ba of ihe ame duraban. Refer 1o e Saction 185 Refesence
chack dhuer [preseaer] on pge 220 for Gelais
5 - Reserved, ustr soltware shoukd not wifle anes Yo resenved bits. The HA
‘value read from a reserved bif is not defined

Tuble 308 Clock { Foghslar (GOR - addrass CAEL03 )
Bt Symbol Description Rasat
value
0 CIKEN  CiockEnsbie Whan his bitis 3 one the bre courers dre engblect. WA
Whan 1t 32970, hay are daablad 5o thal ey may bs raalized.
| CTCRST CTC Resol When one, the ehemenisin ihe Cock Tick Courtietare— NA

resed The dlementa emam reset unlil CCRI1) is changed 10 2em
32 CTTEST  TestEnable These bés choud aways be Zeo durng nomal NA
opematan

4 CLKSRC  Ifthis bt is. B, the Clock: Tick Countar s e clock from the Prescaier, NA
a5 on eaner gavices 1 the Fillps Embedoad ARM tamily. If this bit i
1, Bha CTC kg its clock from the 33 ki iz cacillator that's conncted ke
ther RTCX1 and RTCX2 pirt Hz
Ciabor Ccfipongnt salgotin” Ky A
18 - Resersed, user software should nol wile ooes 1o reserved bt The NA
wolust i from a reserved bit = not defewd
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RTC: Reqistros CIIR y AMR

Bit Symbel Description Reset
value

0 IMSEC ~ When 1, an inerement of the Second value generates an riermupt MA

1 IMMIN -~ When 1, an increment of the Minute value genzrates an interrupt MA

2 INHOUR  When 1, an increment of the Hour value generates an interrup: MNA

3 IMDOM ~ When 1, an increment of the Day of Morth value gererates an NA

inerrupt

4 IMDOW  When 1, anincremeni of the Day of Week value generates an interrupt. NA

5 IMDOY  When 1, anincrement of the Day of Year vaue genzrates aninterrupt. NA

] IMMON ~ When 1, an increment of the Month valuz generates an interrupt MA

Bit  Symbol Description Reset

value

0 AMRS=C  When 1, tha Second value s nat compared for tha alarm. NA

1 AMRMIN ~ When 1, the Minuzes value is not compared for the alarm NA

2 AMRHCUR  When 1, tha Hour value is not compared for thz alam. NA

3 AMRDCM  When 1, the Day of Month value is not compared for the alarm. NA

4 AMRDCW  When 1, thz Day of Week value is not compared for the alarm NA

5 AMRDCY  When 1, thz Day of Year value is not compared for the alarm. NA

6 AMRMOM  When 1, ths Month value s not comparad for tha alarm. NA

7 AMRYEAR  When 1, thz Year value is not compared cr the alarm. NA

TDII - ARM7 - LPC21xx 125
RTC: Oscilador externo
.
LPC213x
= a2kHz =
H.I oal I S
Crystal load capacitance Maximum crystal series External load capacitors Cx1, cx2
CL resistance Rs
11 pF <100 kQ 18 pF. 18 pF
13 pF <100 ko 22 pF, 22 pF
15 pF <100 kQ 27 pF, 27 pF
TDII - ARM7 - LPC21xx 126
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RTC: Ej. Programacion (I)

#00000000; b weiza vo tlgnal and

TDII - ARM7 - LPC21xx
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]
RTC: E|. Programacion (II)
o1d L5K_roo(void] /# every second #/
i
/% Actions
TLR |= 1: A4 Clear intersupt flag
ViCvectaddr = U /4 Acknowledge Interrupt
PCCN - 1; /¢ IDLE mode
i
oid init_rte(veid)
i
TLR = 3: /4 Disakle 32'765 interrupt
CCR = Uxl1l; /4 Clock enable + 32'T6THZ guartz enable
CIIR - 0x01; Jf Interupt every second
VICVectiddrl = (unsigned long) IDR_rtc; A sel dabeccuph veclor do sloy 1
VICWootCntll — Ox0000002D; /7 use it for RTC Intercupt
VICIntEnable = Ox00002000; /. Enable RTC Intersupt
i
01d 3et_time (void)
i
YEAR = 2000; S Year
HONTH - 5; A Month
DOM = 23; A Davy of month
nov = 3A: A4 Day of year
bow = 143; /4 Day of week
HOUR = 23; JF dours
HIN - 14; A Miaules
SEC - 30; /7 Seconds
i
TDII - ARM7 - LPC21xx 128
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RTC: E|. Programacion (llI)

[Fitndes _RTC |

H
rdetine _RTE R

typedet struct |
b

i
DNORD RTC_fday:
| RTCTine;

saetine THSEC
jatef 1o
fdeline INHOUR
raszine Im0oR

fdetine DO 0x00000010
fdetine 1HDOY 000000020
fdedine THNCH 0x00000040
saetine THVEAR 0x00000030
fdeline AMRSEC 0x00000001

1dezine AnRNIN
fdetine ANRUOUR
fdetine ANRDON
fdetine ANRDOV
paetine ANRDOY
i Lty 0x000C
fdefine AMRYEAR 0x00000

fdetine PREINT RTC 0200000
poLk
fdedine PREFRAC_KTC 0x0000¢
Fdetine TLR_RTCCTP
fdetine ILR_RTCALF

fdetine CCR_CLEEN  Ox01
paetine o ox02
fdeine ox10

rwtern wnid RTCHAndler (wodd) _ iwqr
extern void ETCINLE( woid )

eabern void RTCSLazL | veid ]2
rwtern wvald RTCSTop| wald ):

ewctern word F.'Il'_\’_'Tl'.'JLesel:I woad |}
erbern yuid BTCIelTims| RTCTime 12
pwtern ATCTime RTCGATTiEe ([ wold )2
emtern vold RTCSetilarm| FICTime |,

erbern yoid BETCIelilacmPask( DVORD AlacmMask )i

fendis /¢

TDII - ARM7 - LPC21xx
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RTC: Ej. Programacion (lil)

nt wain (void)
[

niE_VIC():

“vine RTC_Nday =
toval_tims BT Way =
Lacal_tind RTC_Yday =
Loen)_time RTC_Nor =

TC Teme = 2008;
FTcSerTime | local time |: J% Sot Jocal tima o

alarm_Sine RTC_Sec =
alazm_time RTC_Nin

FTCZeTAlarn( alarm time ): F aar alamm

CIIR = INMIN | INYEAR:

FTestare () ;

FTC5erAlarniiask (AMASEC] AMRNIN) ARHOUR| KHRDCH| ANRDOW| AMEDOT | ANRICH) ANEYELR) :

while (1]

if ( alerm o '=

alarm on =

& Fab spmmamt Pims whan glamm ia AR

Eifrénk time & FICHEET1nE |

botunin Le
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RTC: Ej. Programacion (lII)

rc.C

W iTClisatiar (vead _aa
i

elil FTC2echlare| PTOTLR: Alarw |

RLFEC = Liaew,
ALATN = Llaca,
AL =
ALDCH = &

ALDbcw =
ALDCY =
ALHCH = R 18im
ALYERE =
FELIR]

FTCTanm BTCGRCT ize| wnid

FTCTime LocalTine;

Toail ATSSvAdncesar| PRONE ALmrntaan

Ml e hlaendashr
ratar
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SPI

Puerto serie sincrono full duplex, sin gestion de
bus.

Velocidad de transmision maxima: 1/8 PCLK.
Transferencias de 8 a 16 bhits.
Modo maestro o modo esclavo.

G
- ) —6— SCK
T -
=] Slavs Select
. —_— SPI
8Us | o | Petters
i —o&— MISO
| Clock Counter
g —— MOs|
“ Interrupt Flag
A7 Moce Fault
5P Intarrupt L Transfer Complete
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SPI: reloj SCK

» El reloj puede configurarse en:
— Velocidad de transmision:

Bit Symhol Description Reset value
7.0 Counter  SPID Clock counter setiing. 0x00

The SPI0 rate may be calculated as: PCLK / SFCCRO value. The PCLK rate is
CCLK /APB divider rate as cetermined by the AFEDIV register contents

 El valor minimo de este registro debe ser 8.
— Polaridad y flanco:

WAVAVARE..

w1 L = S
we| || 4>L>.\_>KJ<_ OPA:

XD o
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SPI: linea SSEL

SSELOD Input Slave Select. The SPI slave select signalis an active low signal that indicates which slave is
currently selected to participate in a data transfer. Each slave has its own unigue slave select
signal input. The SSEL must be low before data transactions begin and normally stays low
for the duration of the transaction. If the SSEL signal goes high any time during a data
transfer, the transfer is considered to be aborted. In this event, the slave returns to idle, and
any data that was received is thrown away. There are no other indications of this exception.
This signal is not directly driven by the master. It could be driven by a simple general purpose
I/0 under software control.

On the LPC213x (unlike earlier Philips ARM devices) the SSELD pin can be used for a
different function when the SPI0 inferface is only used in Master mode. For example, pin
hosting the SSELO function can be configured as an output digital GPIO pin and used to
select one of the SPI0 slaves

» La activacion de la linea SSEL debe realizarla el
maestro, usando un pin de un puerto, como salida. Los
instantes de activacion dependeran del tipo de esclavo.
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SPI: reloj CL

CPOL y CPH deciden:

— Cuando se envia el primer bit.

— Cuéando se envian los demas.

— Cuéando se muestrean los datos.

K

CPOL CPHA Firsta data driven Other data driven Data sampled
0 0 Prior to first SCK rising edge  SCK falling edge SCK rising edge
0 1 First SCK rising edge SCK rising edge SCK falling edge
1 0 Prior to first SCK falling edge  SCK rising edge SCK falling edge
1 1 First SCK falling edge SCK falling edge SCK rising edge
TDII - ARM7 - LPC21xx 135
SPI: configuracion
En Symbol \:'.:Iu; Desc‘ﬂplnk;n. = o Reset
value
Modo maestro/esclavo. |« e L
. o
ReIOJ SC K . 2 BitEnable 0 The SPI controller sends and receives B bits of dataper 0
transfer.
E nVI'O de b ItS 1 WQPLT,;“::‘O“,I: :er:dsarm racaives the number of bits
empezando por LSB o TR pdaportibgudpimpingilo il
1 i5 defined s $larting and ending
por MS B ; u||:hulljratl:;uu-"u:x.lu:twrm y.';K
“ ends wilh aclvation and
HabllltaCIOn general 1 = :m— ling) chock edge of the
prbipabihiey
4 CPOL Clock polarity control ]
0 SCK 15 active high
1 SCK e active low
5 MSTR [}
0 Slave mode
1 5 in Master mode.
F. L58F LSB F s which direchion each byte s shited
a 5P1 data ks transfermed M3B (bit 7) first
1 SP1 data 1s ransterred |LSE (bt 0 first
TDII - ARM7 - LPC21xx 136
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SPI: configuracion.

* NUmero de bits a enviar
» Habilitacion de la interrupcion

118

SFIE Serial peripheral interrupt enable. C
C SPlinterrupts are inhibited
1 A nardwarz interrupt is gererated each time the SPIF or
MODF bis are activated
BI"S Whezn bit 2 o this register is 7, this field controls the cooo

numbsr of bils per transfer.
1000 B bits per ransfer
1001 9 bits per ranser
1010 10 bits per transTer
1011 11 bits per transfer
110C 12 bits per transTer
1101 13 bits per transTer
1110 14 bits per transfer
1111 15 bits per trans®er
CO00 16 bits per fransfer

TDII - ARM7 - LPC21xx
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SPI: registros de estado e interrupcion

Bt Symbol Descriotion Resetvalue
20 - Reserved, user software shouid not write onesta reserved bts. NA

The value read from a reserved bitis nct defined
3 ABRT  Slave abort When 1, this bit indicates tha: aslave aborthas 0

accurred. This bit i cleared by reading this register

4 MODF  Mode fauit when 1, tis bit incicates that a Mode faul: erar has 0
accurred. This bis dleared by reading iis register then wriing
+he SP contrel register.

5 ROVR  Read overrun When 1, this bitindicates that a read ovemun has 0
occurred. This bt i cleared by reading his reister

5 WCOL  iWite collsion When 1, this oitindicates thata wrte callsion has 0

oceurred. This bt i cleared by reading this register, then
accessing the SP data register.

7 SPIF SPltransier complete fiag. When 1. this bit indicates whena SPI 0
data transfer is complete. When a mester, this bitis set at the
2nd of e last cycle of the transfer. When a slave, tis bit s se:
onthe last data sampling =dge o the SCK. This bit s clearec by
‘it reading this register, then accessing the SP1 dta register.
Note: this s not the SPI interrupt flag. This fag is found in the
SPINT register.

Bt Symbel  Deecripton

Rezel
value
0 5P Intemmupt 571 infen q 5 the 52| interface to generate an interrupt 0
Fiag

E = 1 and at least one of

1 Homever, anly whan the

and SPI mesrupt fs enadded in ihe VIC, SP1
based inemupt can be processad by iniemipt handing software

u - Reserved, user softvare should nat wite enes to reserved bés. The NA
value r=ad fromi 3 reserved bit i not defined
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SPIl: modo maestro.

Configurar modo maestro, velocidad, polaridad, flanco, numero de
bits, bit de comienzo y habilitar SPI.

Escribir en el registro de datos y, segun el esclavo, activar SSEL

Bit Symbol Description Reset value
7.0 DataLow SPIBi-directional data port. 0x00
15:8 DataHigh If bit 2 of the SPCR is 1 and bits 11:8 are other than 1000, some  0x00

or all of these bits contain the additional transmit and receive

bits. When less than 16 bits are selected, the more significant
among these bits read as zeroes.

Esperar la activacién del bit SPIF (registro SOSPSR).
— Opcionalmente se puede atender por interrupcion.
Leer los registros de estado y de datos, para:
— Borrar el flag.
— Recibir el dato del esclavo (si es el caso)
Continuar enviando mas datos, volviendo al paso 2.

TDII - ARM7 - LPC21xx 139

SPI: modo esclavo

Configurar velocidad, etc.
Opcional: si hay que enviar un dato al maestro, debe
escribirse en el registro de datos del SPI.

— Analizar cuidadosamente el problema de la sincronizacion
maestroesclavo.

Esperar la activacion del bit SPIF (registro SOSPSR).
— Opcionalmente se puede atender por interrupcion.

Leer los registros de estado y de datos, para:

— Borrar el flag.

— Recibir el dato del esclavo (si es el caso)

Continuar recibiendo/enviando mas datos, volviendo al
paso 2.
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SPI modo maestro: spi.h ejemplo

#dafine SPI0_SEL 00003080
#defing FAX_TIMEQUT [ s
#osfine SRI0_ABORT 01

/¥ P10 nterupt

#dafine SPI0_MODE_FAULT 002
#dzfine SPI0_CVERRUN a4
#define SPID_COL [
#dsfine SPIO_TX_DOME 0wl
#dsfinge ABRT lecd

/¥ SPI0 intenupt stavus ¥/

Fosfine MODF 1aed
#d=fine ROVR 1«5
#dzfine WCDL 1<k
#oefing SPIF lead
#dzfing RORIC (00000001
#dsfine RTIC 000000002
/¥ SP1 0 PCR. register ¥/

#d=fine SPI0_BE (00000004
#osfine SRI0_CFHA (0000000
#Fosfine SPI0_CPOL 0000010
#define SPI0_MSTR 000000020
#dafine SPI0_LSBF (00000040
#dafine SPID_SPIE (=00000080

= Declaracién de funciones

ey DWORD SPTInit] void )

extern void SPISend] BYTE * Buf, DWORD Length );
sstten woid SPIReceive( BYTE “Buf, DWORD Length J;
waxten BYTE SPIReceveBytel void |t
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SPI: spi.c elemplo
‘{'u e vaid SPIReceve BYTE “buf, DWORD Langh |
SOSPCR, = Duil: {
PINSELD &= OMFFFFOCFF: DINCRD
PINSELD |= 0x000015); . .
IODIRD = SPI0_SEL: for (=0 < Length; i++ )
 TOSETD = P0G ) { . ) _
¥ sjustz de s velocdad de tansmisian’/ ouf = SPRecziveBy=():
SIEPCCR = O : buf=+
/45 bt, CPOL=CPHA=0, master moda, MSE firzr, ¥
interrupe enabled ¥/ =T
SOEPCA = SPID_SHIE | SPO0_MSTR:
! BYTE SPRecsiveBys{ cid |
- P ——— - {
:'Clli SFT5end] SYTE *buf, DVWORD Langth | BNTE dete:
DWORD ; ‘ ) -
. . J¥ hay que seerbir sn S0SPOR para aanesar & rale ™/
T Dumrmy; SUSPDR = O
F( Lm';th,z: ET'I /¥ Wait for vransfe complene, SPIF Lit set %)
P PR A& SPIF )i
for i =07 i< Langthy ++) it = SHEPDR;
SFDR, = *huf: reanm | data i
while [ 1SOPSF, & SOTF) J; }
Cummy = SISPDR; ™ bonredo del Tag®/
buf++;
iET.I",'
].
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