Repaso

System & User FIQ Supervisor Abort IRQ Undefined
R0 RO RO i R0 RO
Al [ R R Al Ri [ R
R2 R2 R2 R2 R2 R2
A3 R3 R3 A3 R3 R3
R4 R4 Ri A4 R4 R4
5 RS R5 A5 R5 R5
R Rb RS RS R R5
R7 R7_fiq R7 A7 R7 R7
A3 R8_fiq R3 A3 R8 R8
R0 R9_fiq R9 RY RY R9
R10 R10_fig R10 R10 R10 R10
RI1 Ri1_fiq Ri1 R11 Rt Ri1
RI2 R12fin R12 RI2 R12 Ri2
RI3 R13fig | [ Rizsve | [ Rizabt | [Ri81rq | [Ri2und |
RI4 R1afig | | Riasve | [ Rizabt | [R14ig | [ R14und |
RI5(PC) | | RI5(PC)  RI5(PC) R15(PC) | | Ri5(PC) Ri5 (PC)
CPSR CPSR CPSR CPSR CPSR CPSR
['sPsRfiq | [sPsrswc | [Spsrant | [SPSRim | [spsr.und |
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La Familia LPC21xx

Flash 0.18um

— Programacion IAP/ISP.

— Alimentacioén 1.8/3V y alimentacion unica (3V).
Core 16/32 bits

— Real-Time Debug.

— Emulacién y Traza embedded.

— Controlador de Interrupciones Vectorizadas.
Periféricos

— ADC, CAN, Timer, I12C, 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- Extension 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 nhumerosos 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, <1mA/MHz en activo)
Sistema de prioridad de interrupciones flexible.

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

TDII - ARM7 - LPC21xx




LPC2xxx - ldentificacion

LPC-25%x T PP

— I/

Part Type examples Temperature Package

Int. Memory only LPC2I4FD
Ext bus controller LPC2210BN

0 1o +70°C
4010 +85°C

LQFP (48/64/1:4)
HVOQEN (48/01)

ta

T
28

LPC2294FDH

=40 to +105°C

LPCI119FDH

TDII - ARM7 - LPC21xx

La familia LPC2xxx

[Standard Temperature Range: 40°C .. B5°'C
s UART(2), e
L;‘;?:[?k_:g SPIISSP, LV RTC
UART(2), 1P AD{C LCAN . ADC{1-2), DAC
SPI, RTC Flash él{wilh’ ] e bt
Flash Security % Fazh Secury UART(2), e
- LPC2194* ¢ LPC2138 SPISSP, LV RT(
| J 256KMEK | ¢ S12K/32K o
32-128K CAN () SPI 2| T ASD\,C,[:gﬂ'ai':c
8k-16k RAM s ¢ Flash Securit
LPC2129 10-6-ADC (2} P
LPC2106 256K/16K 512K/32K
128KIB4K PCI146
. l‘-:g‘z{:;f w
CAN (2) 8P (2) | 128K/16K | USE
LPC2105* 10:5 ADC LPC2132
128K/32K S4KHEK
UART (2), 8P 4 LPC2124 18-b ADC PC2144
. 256K116K relebls 128K/16K
LPC2104* 2 LPC2114 LPC2131 PL2142
128K16K | £ 128K/16K 32KIBK B4KIMEK
UART (2), 8P1 | £ 100 ADC 10-b ADC usB
- 2P (2)
LPC210x LPC211x LPC213x LPC214x
48-pin 64-pin 64-pin 64-pin
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La familia LPC2xxx

UART(2), I’C
UART(2), I2C SPI, RTC
SPI(2), RTC ADC, CAN(2/4)
10b-ADC Flash Security
Flash Security
LPC229x
O0K/64K
LPC2220 ADC,CAN (2)
OK/GAK SPI(3), 72MHz | © 10/100 Ethernet 10/100 Etherne|
105 ADC & USBI/OTG CAN
SPI (3); 75MHz LPC2294* | *. 3V regulated 3V regulated
256K/16K U Flash Security Flash Security
LPC2214 =S
256K/16K R 7 LPC23xx LPC24xx
L 1" 512K/64K 512K/64K
LPC2212 LPC2292 use 0TG CAN/Ethernet
128K/16K 256K/16K Ethernet
LPC2210 LPC2290 LPC23xx LPC24xx
0K/16K 0K/16K thditbd thd/tbd
10-b ADC CAN (2) SPI (2) USB OTG CANIEthernet
SPI(2) 10-b ADC Ethernet
LPC22xx LPC229x LPC23xx LPC24xx
144-pin 144-pin 144/tbd-pin  144/tbd-pin

TDII - ARM7 - LPC21xx

La familia LPC2xxx

ARMY7 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 fabricacion 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 seleccién de periféricos internos.

Versiones con reducido numero de pines y pequenos
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 (< 1mW/ MHz)

» 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
anos) .

« Sistema de proteccion del codigo 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 ejecucion del
programa en memoria interna.

TDII - ARM7 - LPC21xx 10




Excepciones y prioridades

Reset Supervisor 0x00000000 Highest 1

Raset
Undefined instruction Undefined 0x00000004 2 Data Abort
Software interrupt (SWI) Supervisor 0x00000008 3 Fla
Prefeteh Abort (instruction fetch memary abort) Abort 0x0000000C 4 IRa
Data Abort (data access memory abort) Abort 0x00000010
& Prefetch Abort
IRQ (interrupt) IRQ 0x00000018 —
Undefined instruction
Lowest 6 swi
FIQ (fast interrupt) FIQ Ox0000001C
|
1
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 IRQ

I Save PC into

link register

2: Save CPSR mto
SPSR_exeep

RiI3

Ri4

| o onto stack

CPSA |

3R code pushes regsters

Copia de multiples registros
// Ro
Mo STM //*:%
///ﬁa \Fhs




Modificacion CPSR

| MSR o
CSPR
SPSR
No valido para
Modo Usuario e
I MRS R
CSPR
SPSR
Ri5
TDII - ARM7 - LPC21xx 15
31 28 27 24 23
Cond 1111 Ordinal
SWI #3
switch( *(R14-4) & OxO0FFFFFF)
case ( SWI-1)
#define SWicall2 asm { swi #2}

TDII - ARM7 - LPC21xx 16




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 endiar
Bit 31 Bit 0 NXP
LSB MSB

Big endian
Bit 31 Bit 0

TDII - ARM7 - LPC21xx 18




Thumb

» 16 bit gy Instruction + Thumb + ARM *
Pipeline Decompressor] Instruction

Thumb code Decoder

ARM Instruction THUMB Instruction

ADD RO, RO,R1 ADD RO,R1 RO = RO+R1

TDII - ARM7 - LPC21xx

Thumb

Reset

BLX

THUMB

L} exception

/[

¢ — end of exception

THUMB
BX

TDII - ARM7 - LPC21xx
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Thumb

Ro Push (Ao - R3) Pop (Ro - Ra) Ro

R1 R1

Rz Rz
0 %8000

R3 d R3
H13 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
{

3

}
IOSET1 =1i; //Set the next LED
}
}

TDII - ARM7 - LPC21xx
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Startup

A A s the sty

wnde to the dut sddress

Asvrmible a5 32 bet code

Interropt vecton table. Load 3
2ot coustimt e te PC

Vismied bept vectoe
padled with s KO, Thes
L e p——

TR0 vrctos roqaret 3
differet mtrmition | see

dhopter 3}

A table of condtante

sdibecs o earhy
exception bandes

A oot of tight oops which
pronvide trps ushsmdled
exseptions

* AREA  RESET, CODE READONLY
ARM

_
Vet LDR PC. Resat_Adk

LDR  PC, Usdel_Adds

LDR PCSWIAMk

r LDR PC.PAb Add

LDR PC.DAb_Akk

» NP

LDE P IR0 _Adk

» LR P[P, &00FF0

LR PCFIO_Akk

Reoet Akl DCD Reoet_Handle
Undef Add IMD  Undef Handler
SWLAM  DCD SV Haode
PAM Add DCD PAM Haoda

wlabpoide e jup % puy e DCD DA Heder

(1%
RO Ak DCD RO Hadr
IO Al DD P _Haodlea

Unded Haolls B Vndel_Haodler
597 Huda B SV Hmla
PAb Haollr B FAbe Hadkr
Dalkt Huwdr B Db Hiodo
RO Huds B IR0 Huol
PO Hiodls B FIQ Hudler

+ Reserved Vestor

Vestor from VicVest Add

Reserved Addvess

TDII - ARM7 - LPC21xx 23
+ First: setup inferrupt vectors N ;l;'l;:,capy initialized data from ROM to
Vectors: ldr rl;s etext 41 +» ROM data start
b start /f remet . _start ldr  rl,s_data 4] o= data start
Mr  pe,_undf // undefined - _undf Lér  zl,= sdita /) -x ead of data
ldr  pe, svi Jf SWI - _ewi i cup ¥R £i chesk iE data te mave
ldr  pe._pabt // progran abort - pabt Ldrle xi, [21), M /] eopy it
ldr  pe,_dab /f data abert - _dabt atcl cl, |=2] M
bls 1k 1 loep until dane
nop /f reserved
ldr  pe, [pe.#-0xFF0] // TRQ - read the VIC
e pe, fig /f P1Q - _Eig + Fourth: clear the BSS segment
mov 10,80 /gt a zers
+ Gecond: setup stacks for all processor modes e 1l bes_stars 4/ - bas ataze
lar 1Z,m_bas f{ =» bas end
ld:  x0.s_stack 2 ap  rlzl /1 check if data to clesr
:: ::ﬂ:n!.llﬂnl IND| X BIT/F BIT // Uadefined Instrusties Nods atrlo 10, [rl].84 // olesr & bytas
wsb  50.c0, 8UND_STACH_St2E | ST Y /4 logp uaril dens
Bar  EDER_s. ANADE_ABY|T BIT|P BIT // Aboce Msdi
= + Fifth: Call main()
nar P_AT? /] PIQ Mads
Lad o 0,80 /1l no arguments (arge = 0/
ah srze R
=, 4MADE_IRQ|I_BIT|F_BDIT // IRQ Mods s 2,50
T — wor Lpuld A mall Praws poduter
5, #MADE_GVE|T_BIT|P_BIT // Gapervisc: Mode wor  KT,10 #/ null frame peinter for Thumb
ldr  gl0,=main
- BIVE_ITACE_BISE v lrpe
- .F'r;..m. svs| 1 _BrT|F 817 // Spatem Hods . P
resars
// esde to resst the processor gees here
TDII - ARM7 - LPC21xx 24
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ARM Procedure Call Standard

Parameter Parsing -

Respetar el APCS, permite
Vincular médulos generados
Con distintos compiladores |

Language / Code Generation

[¥ Enable ARM/Thumh Interworking I~ StictANSIC Warmings: \
Optimization: |Level 0[-00] + I Erum Container abays int cunspecifieds ¥ \\
™ Dptimize for Time I Plain Char is Signed I Thunb Hode . A
I~ Split Load and Stare Multiple I ReadOnly Pasition Independent Scratch Reg!stef
I One ELF Section per Function I™ ReadWhite Postion Independent Stack Hegister
Link Register
Program Counter
TDII - ARM7 - LPC21xx 25
. . *
int fputc(int ch, FILE *f) {
return (sendchar(ch));
1 *
int fgetc(FILE *f) {
return (sendchar(getkey()));
TDII - ARM7 - LPC21xx 26
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STDIO

int sendchar (int ch) { /* Enviar al puerto serie */
if (ch =="\n") {
while ((U1LSR & 0x20));
U1THR = CR; /* output CR */
}
while ((U1LSR & 0x20));
return (U1THR = ch);
}
int getkey (void) { /* Leer del puerto serie */
while ((U1LSR & 0x01));
return (U1RBR);

TDII - ARM7 - LPC21xx

27

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 = 0xO0FFO0000; //Set pines LED

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

TDII - ARM7 - LPC21xx 29

Vectores

Vectors LDR PC, Reset_Addr
LDR PC, Undef Addr
LDR PC, SUI_Addr
LDR PC, Pibt_Addr
LDR PC, Dibt Addr

HOP
LDR PC, IRQ Add:
LDR PC, [PC, §-0x0OFFO]
Import the external declaration of FIQ_Handler. LDR BC, FIQ iddr

This is your C function void FIQ_Handler {void) __IRQ p [NPORT FIQ Handler

Reset hddr DeD Reset Handler
Undef Addr DD Undef Handler
SWI_Addr i1} SWI_Handler
PABE_Addr DeD PAbT Handler
Dibt_Lddr s} Dibt Handler
DCD 0
IRQ hddr DCD IRQ_Handler
FIQ Addr DCD FIQ Handler
Undef Handler B Undef Handler
SUI_Handler B SWI_Handler
Pibt_Handler B Pibt_Handler
Dibt_Handler B Dibt Handler
IRQ Handler B IRQ_Handler
Comment aut the default trap in the startup code N \FTQ Handler 8 FIQ Handler
TDII - ARM7 - LPC21xx 30
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Ubicacion del cédigo

Memary Azsignment
. |IROM1 [0x0-043FFFF] -
En Flash Code / Const: | J
Zero Initalized Data: |IHAM1 [0x40000000-Ced0003FFF] j
Other Data;

Memom Aszignment
Code / Const: |IH;’-'«M1 |04 0000000-0x40003FFF] j
SR Zen Iritialized D ata: |<d3faU"> j
Other Data: |<d8faU|t> j

TDII - ARM7 - LPC21xx 31
|— PIPESTATE 0
Part |— PIPESTATE 1
e — TRACESYNC
— TRACEPKT 0
e — TRAGEPKT 1
— TRACEPKT 2
I— TRACEPKT 3
JTAG D o~ T?Sg = =
Interface 00— =
] W
RTCK— I—veez
TDI— L vee
RST— —EXTTRIG
I—DBGACK
— I—TRACECLK
TDII - ARM7 - LPC21xx 32
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Buses Internos

» AHB. Advance High Performance Bus.
« VPB. VLSI Peripherall Bus

Vectored
ARM 7 Inderrupt
Controler
'y Y
Local B
- Y ¥
A A
Advance High Performance Bus
¥
Y
Progrem AHBVPB
Brid
Code/Dala e
T vusiperipheraiBus

ON Chip
Peripherals

TDII - ARM7 - LPC21xx

Mapa de Memoria

40GB : 0xFFFF FFFF|
AHB Peripherals

3.75GB . 0xF000 0000
VPB Peripherals

3.5GB 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




Mapa de Memoria

System Control Block
- OxFFFF FFFF
AHB Peripherals | o, ¢eeq o000 - 3
0xFFDF FFFF
Reserved
Pin Connect Block
0xF000 0000 GPIO
OXEFFF FFFF RTC
SPI
I’C
not used
Reserved PWMO
UART 1
UART 0
0xE020 0000 l!mer 1
VPB Peripherals 0:01F 0000 imer 0
0XE000 0000 > Watchdog Timer
TDII - ARM7 - LPC21xx 35

Memory Accelerator Module

» Esta presente en el bus local y se situa 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 numero 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

MAM
] Bank 0 Bank 1 64K % 128 uni
FLASH
Addr 128 128
16.5 P N
12 14
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

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

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

ARM 7 ARM 7 ARM 7 Fully Enabled
Saquoncial Code Buarches & Coda Dsta Ml code & data
prasent in laiches
MAM ] MAM Disabled MAM ] Instruction preteich enabled MAM Teatragtion protateh ensbiad|

FLASH FLASH

TDII - ARM7 - LPC21xx 38
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MAM

Trata de tener la proxima 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).

La memoria de programa esta interpolada entre 2 bancos de memoria, haciendo que
durante la ejecucion de un codigo 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 donde el uso de los codigos de
condicién 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

Bark 0 Bank 1 64k x 128 unit
oy ,dj " }m ﬁ’ %12&
12 L \&
Aq‘m » MAM
TDII - ARM7 - LPC21xx 39

MAM: Registros de configuracion

MAMCR. Seleccién del modo de

fUnCiOnamientO, Bit  Symbol  Value Description Reset
. value
MAMTIM. Control de tiempo. 10 MAMmode 00 MAMnclions dsatied 3
— Selecciona el nimero de ciclos CCLK —eirel gy MAM functions partaly anatied
necesarios para acceder a la flash. 10 MAM functions fll ensbied
— Adapta la frecuencia del MAM a la LI i il ok id e o
frecuenc'a de |a CPU T2 . - Raeserved, user software should not wiite ones to reserved  NA

bits. The value read from a reserved bit is not defined

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

— Recomendacion del fabricante: e —

* Si Fcpu <20 Mhz MAMTIM=001 (1) value
* Si 20 Mhz < Fcpu < 40 Mhz IMAMTIM=010 e - Reverved o
@) d
q 1§ 1« MAM falch cycl 1po lock (COLK) i
«  SiFcpu > 40 Mhz [ MAMTIM=011(3) T AR o "
010 2- MAM foteh eycles are 2 COLKS in dusstion
Mame  Description Access ::::m Address O 3- MAM faich cycles are 3 CCLKs in duration
o] =M fotch cy 1)
MAMCR Memery Accowrator Module Control Register, ~ RW 00 OxEDTF €000 100 4- NAMN feh s a4 LK i daraion
Datarminies the MAM functionsl mods. tht s, 1o 100 5~ MAM felch cycies are 5 CCLKs in durstion
what extent the MAM perfcrmance enhancernents 110 6 - MAM fuich cyches are 5 CCLKS in duraticn
oy anabled. See Table 3-6. 111 7 MAM fatch cycies are T CCLKS in duration
MAMTIM Memory Acceleratar Module Timing cortrol RW 07 O:EQIF COM ‘Warning: Trwse 5is set the duration of MAM Flash fetch operaions
Datarmines the number of ciacks used for Flash 23 listed here. Impreper satting of this valus may resull in incoreet
mamery fetches (110 7 processor clocks) oparation of the device.
T . - Reserved, user schware should not writa cnes 1o reserved  NA
bits. The value read from a reserved bt is not defined
TDII - ARM7 - LPC21xx 40
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Esquema Circuital Flash

RSNy N A

17 defm - wpem

TDII - ARM7 - LPC21xx 41

Eﬂsquema Circuital RAM

" "

N A

RRSET |

TDII - ARM7 - LPC21xx 42
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LPC2104/5/6

Test/Debug | Trace

_TRST

16-64KB 128 KB
FLASH

=
1)
['4

X1
X2

Y k.

Vdd

0
]
>
Y v

PLL

System
Functions

SRAM
ARM 7TDMI-S r'
A System Clock
ARM Local Bus AMBA High-speed Bus (AHB)

A A
A\ 4 ) 4
AHB to VPB Bridge Vectored Interrupt
Real Time Watchdog Controller

Clock Timer

¢ ' '

! R I

¢

{

GPIO TimerQ Timer1 PWM
N Y ©

o Hl < ¥ o| 3|+ & 2 & o sl o 0

2 o 8 52| 8 £ & S| o = z

sf o7 eF5g8 s S E &g g
o| = 6| = T

\4 y Y y
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Secuencia de arranque (Vectores en flash)

Extarnal and
Paripharaks arsa
0x8000.0800

Después del Reset siempre se
mapea el bloque de memoria Boot P
(12Kb) (que reside al final de la
memoria flash, ej. 0x0001.e000) en
la direccion 0x7fff.d000. El vector de e & i <
reset (0x0000.0000) se remapea a la
dir. 0x7fff.d000.

El codigo testea el pin P0.14 y

Saripk POV DO & et

comprueba si hay un programa

valido en la flash.

— Comprueba la clave o firma grabada
en la posicién 0x14 (vector no
utilizado) de la memoria flash. RAM area

— Si el resultado es cero, transfiere el 034000 0000

Power.on Reset

control a la direccion indicada por el

or Exceptian (no Remapping)

vector de Reset normal situado en la

posicion cero de la Flash.
Antes de comenzar con la ejecucion o s g pgcn
del main() el sistema inicializa e
variables de usuario, la pila, etc... ‘3

Fiash arsa
b INMBIZANOA & TSR Codé 1 Fiash

Esncutn fom formal
or 0 (Fiash)

0200000000

Exoase g

Raset veciaf at O (Flagh)

TDII - ARM7 - LPC21xx
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Secuencia de Arranque (Vectores mapeados en RAM)

External and

[Peripherals arsa
+ Con objeto de

facilitar las tareas de E
depuracion cuando
se trabaja con (ocuod o s agom) =
interrupciones, es A
posible mapear la R | el 01
tabla de vectores y i abie
el codigo de usuario
que reside en Flash, wﬂ;;g;;;--)
en la RAM interna. eS|

RAM arsa

+ Paraelloes
necesario acceder al
registro MEMMAP
(Memory Mapping
Control Register).

© Users SR code i RAML. 4]

v | ]

B main * Braech in main '

") ,/.

User's infializaton & 157 code in Flash

Flash aren

TDII - ARM7 - LPC21xx 45

PLL

10MHz - 60 MHZ PLL Register

PLL 8 —
—

+ + PLLCFG if T

PLL
FEED

10MHz - 25 MHz

TDII - ARM7 - LPC21xx 46
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Fosc

10 Mhz -25 Mhz

Divisor VPB

10 Mhz - 60 Mhz Processor clock
» CCLK

Processor clock
PCLK]
2.5- 60 Mhz

TDII - ARM7 - LPC21xx
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Periféricos Generales

[ am7Tom |

Ext Int E —|:] 12

Timer 0

Timer 1
GPIO

pcoN I 11111}

PWMO

Watchdog

RTC
Pin Connect Block l:}/-v

System Control

TDII - ARM7 - LPC21xx
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Seleccion de funcion de patas

Pinsel 0
[

GP10

TXD
PO-0

PWM 1 Power
Reserved Control

T b

PINSEL

TDII - ARM7 - LPC21xx 49

Interrupciones

ARM tiene dos fuentes de interrupcion (FIQ, IRQ)

AHB

nFIQ nIRG

TDII - ARM7 - LPC21xx 50
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Interrupciones

* En el LPC21xx se anade el VIC, esencial para poder atender mas
interrupciones rapidamente.

Vector Interrupt 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 eleccion)
» Asignacién dinamica de prioridades (16 niveles)
para las interrupciones IRQ vectorizadas.

* Interrupcion software (SWI)

nFIQ
¢ ——Fi0 =g

ARMTTOML | oo | VIC e Vectoed IR0
p——a—Non Vectored mclm

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

Address Name Description Access | Rest
Value*
= 5
oxFFFF Fo00 | vicIRQStatus IRQ Status Register. This register reads out the state of those interrupt RO
requests that are enabled and classified as IRQ.
OxFFFF FO04 | VICFIQStatus FIQ Status Reguests. This register reads out the state of those intermupt RO
requests that are enabled and classified as FIQ.
Raw Interrupt Status Register. This register reads out the state of the 32
0xFFFFFO08 | VICRawinir | interrupt requests / software interrupts, regardless of enabling or RO
classification.
3 i ifies
OXFFFFFO0C | VICIntSelect Interrupt Select Register. This register classifies each of the 32 interrupt RW
requests as contributing to FIQ or IRQ.
Interrupt Enable Register. This register conirols which of the 32 interrupt
0xFFFF FO10 | VICIntEnable |reguests and software interrupts are enabled to confribute to FIQ or RW
IRQ
" Interrupt Enable Clear Register. This register allows software to clear "
DFFFFFOM4 VICIntEnCir one cr more bits in the Interrupt Enable register. w
5 is regis
OxFFEF £018 VICSoftint .-oﬂ\!::x_re Interrupt Register. The contents of this reglJ_Erare ORed with RIW
the 32 interrupt requests from various peripheral functions.
5 i s regis s
OXFFFF FOIC | VICSoftintClear Software \niar.rupl Clear Register. This register allows software to clear W
one cr more bits in the Software Interrupt register.
OxFFFF F020 | viCProtecton Protection enable register Thlsrsg.ls.leral ows limiting access fo the VIC RW
registers by software running in privileged mode
OXFFFFE030 | VICVectadgr | /SoiorAddress Register. When an IRQ interrupt occurs, the IRQ service |
routine can read this register and jump to the value read.

TDII - ARM7 - LPC21xx 53
VECTORED INTERRUPT
CONTROLLER (VIC)
D i ey I I
ector address 0 regisier. Vector Address Registers 0-15 hold the
0xFFFF F100 | VICVectAddrD | addresses of the Interrupt Service routines {ISRg) for the 16 vectored RW 0
IRQ slots.
OxFFFF F104 | VICVectAddr! | Vector address 1 register RAY <
0xFFFF F108 | VICVectddar2 | Vector address 2 register RIW 0
OxFFFF F10C | VICVectAddrd | Vector address 3 register RIW 0
OxFFFF F110 | VICVectAddrd | Vector address 4 register RIW 0
0xFFFF F114 | VICVectAddrS | Vector address 5 register RIW 0
OxFFFFF113 | VICVectAddré | Vector address 6 register RW 0
OxFFFF F11C | VICVectAddr? | Vector address 7 register RIW 0
0xFFFF F120 | VICVectAddrd | Vector address 8 register RIW 0
OxFFFF F124 | VICVectAddrd | Vector address § register RAY <
TDII - ARM7 - LPC21xx 54
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VECTORED INTERRUPT

CONTROLLER (VIC)

Address Name Description Access | Feset
Value'|
OFFFF 7125 | VICVectAddriD | Vestor address 10 register R 0
0FFFF F12C | VICVectAddri1 | Vector address 11 register RW | 0
QFFFF F130 | VICVectadarI2 | Vector address 12 register RW | 0
OXFFFF F134 | VICVectAddr13 | Vector address 13 register RW | 0
QFFFF F133 | VICVectaddrid | Vector address 14 register RW | 0
OAFFFF F13C | VICVectAddr5 | Vector address 15 register RW | 0
Vector confrol O register. Vector Control Registers 0-15 each controlone
OFFFF F200 VeetCntlD | of the 18 vectored IRQ slots. Slot 0 has the highest priorty and siot 15 | RAY | 0
the lawest.
OFFFF F204 /ectCnt1 | Vector control 1 register RW [ 0
QFFFF F203 | VICVectCnt2 | Vector control 2 register RW | 0
0:FFFF F20C | VICVestCntd | Vector control 3 register 0
OFFFF F210 /eciCntd | Vector control 4 register 0
WFFFF 214 /2iCNtS | Vector control § register RW [ 0
OFFFF 213 VeetCntis | Vector control € register RW [ 0
QFFFF F21C | VICVeciCnt7 | Vector control 7 register RW | 0
OFFFF F220 | VICVectCntd | Vector control 8 register RW [ 0
QFFFF F224 | VICVectCntd | Vector control § register RW | 0
0XFFFF F223 | VICVectCni0 | Vector control 10 register RW | 0
0FFFF F22C | VICVecICni11 | Vector control 11 register RW | 0
OXFFFF F230 | VICVectont12 | Vector conirol 12 register RW | 0
OXFFFF F234 | VICVectCni3 | Vector control 13 register RW | 0
QXFFFF F233 | VICVectonii4 | Vector conirol 14 register RW | 0
0:FFFF F23C | VICVecICni15 | Vector control 15 register RW | 0
TDII - ARM7 - LPC21xx 55
VICSoftint Function Reset Valug
1:foree the interrupt request with this bit numier,
310 0: do not foree the interrupt request with this bit number. Writing zeroes to bits in VICSoftint has 0
no effect, see VICSoRtintClear.
VICSoftintClear Function Reset Value|
1: wriing a 1 clears the corresponding bit in the Software Interrupt register, thus releasing
310 the farcing of this request. 0
0: virifing & O leaves the corresponding bit in VICSoftint unchanged
VICRawintr Function Reset Valug|
310 1: the inferrupt request or softwars interrupt with this bit number is asserted. 2
0: the interrupt request or software interrupt with this bit number is negated
VICIntEnable Function Reset Valuz
When this register is read, 13 indicate interrupt requests or software interrupts that are
310 enabled to confribute to FIQ or IRQ. When this register is written, enes enable interrupt reguests 2
: or software interrupts to contribute to FIQ or IRQ, zeroes have no effect. See the VICINENClzar
register (Table 48 below), for how to disable interrupts.
VICIntEnClear Function
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|
10 1: the interrupt request with this bit number is agsigned to the FIQ category. 5
N 0: the inferrupt request with this bit number i assigned to the IRQ category.
VICIRQStatus Function Reset Valug
310 1: the interrupt request with this bit number is enabled, classified as IRQ, and asserted 0
—

CFIQStatus Function Reset Valug
310 1: the inferrupt request with this bit number is enabled, classified as FIQ, and asseried 1]
VICVectCntio-15 Function Reset Valug|

c 1: this vectored IRQ slotis enabled, and can produce a unique ISR address when its 0
- assigned interrupt request or software interrupt is enabled, classified as IRQ, and asserted
The number of the interrupt request or software interrupt assigned to this vectored IRQ slot
Az a matter of good programming practice, software should not azsign the same interrupt
40 number to more than one enabled vectored IRQ slot. But if this does cccur, the lower- 0
numberad siot will be used when the interrupt request or software interrupt is enabled,
classified as IRQ, and asserted
VICVectAddr(-15 Function Reset Valug
‘When one or mare interrupt request or software interrupt is (are) enabled, classified as IRQ,
310 asserted, and assigned to an enabled vectored IRQ slof, the value from this register for the a
highest-pricrity such slot will be provided when the IRQ service routine reads the Vector
Address register (VICVectAddr)

TDII - ARM7 - LPC21xx 57
VICDefVectAddr Function Reset Valug|
110 When an IRQ service routine reads the Vector Address register (VICVectAddr), and ne IRQ 2
: slot responds as described above, this address is retumed.
VICVectAddr Function Reset Valug
If any of the interrupt requests or software interrupts that are assigned to a vectored IRQ slot
iz (are) enabled, classified as IRQ, and asserted, reading from this register retums the
address in the Vector Addrees Register for the highest-priority such slot. Otherwise it refurns
310 the address in the Default Vector Address Register. 0
‘Writing to this register doss not set the value for future reads from it. Rather, this register
should be wiritten near the end of an ISR, to update the priority hardware.
VICProtection Function Reset Value|
o 1: the VIC registers can only be accessed in privileged mode 0
- 0: VIC registers can be accessad in User or privileged mods.
TDII - ARM7 - LPC21xx 58
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uentes de interrupcion

Block Flag(s) VIC Channel #
WOT Watchdog Interrupt (WDINT) [1]
- Resarved for software interrupts only 1
ARM Cere | Embedded ICE, DigCommRx 2
ARM Cere | Embedded ICE, DbgCommTx 3
) ) 4
Timer 1 Match 0 - 3 (MRD, MR1, MR2, MR3) 5
Capture 0 - 3 (CRO, CR1, CR2, CR3)
Rx Line Status (RLS)
UART O Transmit Holding Register empty (THRE) 5

RxData Available (RDA)
Character Time-out Indicator (CTI)

R Line Status (RLS)
Transmit Holding Register empty (THRE)
UART 1 | Rx Data Avallable (RDA) 7
Character Time-out Indieator (CTI)
Modem Status Intermupt (MS)

Match 0- 8 (MRO, MR1, MR2, MR3, MR4, MRS, MRE) 8

PAMO. | Coptune 0- 3 (CRO, CRY, CR2, CRY)
12C |3l state change) B
SPI SPIF, MODF 10
T [ resened n
FLL | PLL Lock (PLOCK) B
RTC | RTCCIF (Counter Increment), RTCALF (Alam) [E]
SYSIEM | b mal Inferrupt 0 (EINTO) 14
Contrl
SYSEM o el Interrupt 1 (EINT1) 15
Control
System -
oy | Extemal interupt 2 EINT2) 1
TDII - ARM7 - LPC21xx 59
t d . t Te
nVICFIQIN
********* a Non-vectored FIQ infemypt Logic
B it -
WICFD
| FiQS=ws "
| B
|
[
T VICIRQ
|
Address Selectfor |
Highest Prio
rtemup |
|
|
,,,,,,,, J
VICIRQI VICVECTADDRING31:0]
TDII - ARM7 - LPC21xx 60
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Interrupciones Vectorizadas

I Vector Address
| Default Vector Address
I Vector Address 0

Vector Control n

Y IVecior Address 15

| Vector Control 0

Y I Vector Gontrol 15
Write —»| Vector Address Register
Clear — | Peripheral Interrupt Register

0-4 5
Channel 0
Channel 4 —— > Slotn
Channel 5 —
IChannel 15
TDII - ARM7 - LPC21xx 61

APB peripheral Base address

0

1
2
3

0xE000 0000
0xE000 4000
0xE000 8000
0xE000 Coo0

Peripheral name
Watchdog timer
Timer 0

Timer 1

UARTO

TDII - ARM7 - LPC21xx
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Timers y VIC

Bit 3 30 29 28 27 26 25 24
Symbel | - - - - - -
Access | RW RW RIW RW RW RW RIW RW
Bit 23 22 21 20 19 18 17 16
Symbol - - - - - - EINT2
Access | RW RW RIW RW RW RW RIW RW
Bit 15 14 13 12 1 10 9 8
Symbol EINT1 EINTO RTC PLL - SPISSP 12C PWMO
Access RW RAW RIW RW RW RW RIW RIW
Bit 7 6 3 2 1 0
Symbol UART1 UARTOD ARMCore! | ARMCore0 - WDT
Access RW RAW RW RW RW RIW
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

que permiten:
— Operacién continua con opcion de generacién
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 Inout Capture Signals- A transition on a capture pin can be configured to load one of the
CAP1.3.0 P Capture Registers with the value in the Timer Counter and optionally generate an interrupt.
MATO.0 External Match Output 0/1- When match register 0/1 (MR0/1) equals the timer counter
MAT1 -O Output (TC) this output can either toggle, go low, go high, or do nothing. The External Match
: Register (EMR) confrols the functionality of this output.
MATO.1 y -
MAT11 Output External Match Output 1- See the MATO/MAT1 description above.
MATD.2 . -,
MAT1 2 Output External Match Output 2- See the MATO/MAT1 description above.
MAT1.3 Output External Match OQutput 3- See the MAT1 description above

TDII - ARM7 - LPC21xx 67
Pat lad | i 0
P0.3/SDA/MATO.0 21 o] P0.3 — Port 0 bit 3. The output is open-drain.
lle} SDA — I°C-bus data inputoutput. Open-drain output (for PC-bus compliance).
clifput ls open-r:
P0.4/SCKICAPO.1 2211 o] P0.4—Port 0 bit 4.
110 SCK — Serial clock for SPI/SSPEL Clock output from master or input to slave
—
—
PO.S/MISO/MATO.1 23011 o] . X [0)
o] MISO — Master In Slave Out for SPI/SSPLEL Data input to SPI/SSP master or ‘g
data output from SPI/SSP slave i
[)
PO6MOSICAPO.2 2401 lle} P0.6 — Port 0 bit 6. ®
o] MQSI — Master Out Slave In for SPI/SSPLL Data output from SPI/SSP master S
or data input to SPI/SSP slave. ©
£
PO.7/SSEL/PWM2 2811 o] P0.7 —Port 0 bit 7 (/_)
| SSEL — Slave Select for SPUSSPEL Selects the SPI/SSP interface as a slave
PO.8/TXD1/PWM4 2911 o] P0.8 — Port 0 bit 8.
o] TXD1 — Transmitter output for UART 1.
TDII - ARM7 - LPC21xx 68
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Temporizadores

J_l_CAP Pin

Timer Counter

Capture Register

Capture control

register
TDII - ARM7 - LPC21xx 69
Regist lad
. Timer 0 Timer 1
G;:;T Address & | Address & Description Access 5;::'
Name Name
Inferrupt Register. The IR can be written fo clear interrupts. The IR
IR 0xE0004000 | 0xE0008000 can be read to identify which of eight (Timer 1) or seven (Timer 0) | RMW 0
TOIR TIR N
possible interrupt sources are pending.
Timer Control Register. The TCR is used to control the Timer
TCR LR UL L Counter functions. The Timer Counter can be disabled or reset RW 0
TOTCR TITCR
through the TCR
TC 0OxE0004008 | 0xE0008008 | Timer Counter. The 32-bit TC is incremented every PR+1 cycles of aw 0
TOTC TITC | pelk The TC is controlled through the TCR.
PR 0xE000400C| OXEDD0B00C| Prescale Register. The TC is incremented every PR+1 cycles of W 0
TOPR TIPR pelk.
Prescale Counter. The 32-bit PC is a counter which s incremented
pc | (ED00A010) OXEODBOIO 1o e vajue storedin PR, When the value n PRis reached, he TG | RW | 0
TOPC TIPC h
is incremented.
MCR 0xE0004014 | 0xE0008014 | 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.
v Match Register 0. MRO can be enabled through the MCR fo reset
mro | O¥EQ004018 | OXEO0ORDR | o e ciop ot the TC and PC, andior generale aninterrupt. | RW | 0
TOMRO TIMRO :
every time MR0O matches the TC.
TDII - ARM7 - LPC21xx 70
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Registros asociados

.| Timero Timer 1
Ghel::'lrem Address & | Address & Description Access 5:‘:;‘,
Name Name
UXEUUUAU U] UXEUUUBU 1L - .
MR1 TOMR1 TiMR1 | Match Register 1. See MRO descripfion. RW 0

MR2 D"Eg(h’fégm D*E??fggm Match Register 2. See MRO description. RW | 0

0xE0004024 | 0xE0008024

MR3 TOMR3 TIMR3 Match Register 3. See MRO description. RW 0
y Capture Control Register. The CCR controls which edges of the
CCR Dxl]E_gch-‘l'gZS DXE?%%BSZS capture inputs are used to load the Capture Registers and whether | RW 0

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 TICRO  |is an event on the capture[0] signal = L
0xE0004030 | 0xE000B030 A

CR1 TOCRA TICR1 Capture Register 1. See CRO description. RO 0

cro | XEO04034) OXEQOD8034 Capture Register 2. See CRO description RO 0

TOCR2 TICR2

0xE0004038 | 0xE0008038

CR3 TOCR3 TiCR3 | Capture Register 3. See CRO description. Not usable on Timer 0. RO 0
EMR 0xE000403C| 0xE0D0B03C| External Match Register. The EMR confrols the external match AW 0
TOEMR TIEMR | pins MATn
TDII - ARM7 - LPC21xx 71

Registros asociados

Timer Control Register (TCR: Timer 0 - TOTCR: 0xE0004004; Timer 1 -
T1TCR: 0xE0008004)

" . 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.
. Counter Reset When one, the Timer Counter and the Prescale Counter are synchronously resef on the 0
next positive edge of pelk. The counters remain reset until TCR[1] is retumed to zero

Timer Counter (TC: Timer 0 - TOTC: OxE0004008; Timer 1 - TLTC: 0xE0008008)

Prescale Register (PR: Timer 0 - TOPC: 0xE000400C; Timer 1 - T1IPC: OxE000800C)
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Timers: el contador

* Modo temporizador:

Tick=1/PCLK*(preescaler+1)

Contador de 32 bits y preescaler de 32 bits.
Fcia timer counter=PCLK/(valor preescaler+1)

Tickmax=1/PCLKmin*(preescalermax+1)=286,33s (para 60Mhz CCLK)
— Tickmin=1/PCLKmax*(preescalermin+1)=16ns (para 60Mhz CCLK)

PeLe ——p| Prescaler |}/ Tmer Counter

Reset Enable

TDII - ARM7 - LPC21xx

Captura de flancos

« Captura configurable de flanco de subida,

bajada o toggle

J—LCA:PIH I

Logic

Timer Counter

Capture Register|

Capture control
register

TDII - ARM7 - LPC21xx
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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)TOQisr; // Set the timer ISR vector
address

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

}

TDII - ARM7 - LPC21xx
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ISR Timer

void TQOisr (void) __irq

{

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

TOIR |= 0x00000001; // Clear match O interrupt

VICVectAddr = 0x00000000; // Dummy write to

// signal end of interrupt

TDII - ARM7 - LPC21xx
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Comparacion

Timer Counter
Reset Tc < — ‘ > I
Stop Te ; :
bt | External Match Register

Match Control Register

TDII - ARM7 - LPC21xx 77

Comparacion: generacion de
sefales

External Match 3

External Match 2

Extenal Match 1
I External Match 0
Ell T a

EMR Contact Bits \
00 Do Nothing
01 Clear Pin
10 Set Pin
1 Toggle Pin External Match 0 -3

TDII - ARM7 - LPC21xx 78
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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; /I Reset del contador
T1MCR=0x06; /I Stop at match and clear
T1MRO0=(15000-1)*mseg;
T1TCR=0x01; /[Start
while(!I(T1IR&0x01));  // Espera hasta que pase el tiempo
T1IR=0x01; /[clear flag
TDII - ARM7 - LPC21xx 79
Ejemplo comparacion
» Generacion de una sefal PWM.

— Reg comp 0 para Ty Reg comp 1 para TH

— Configuracion:

— int main(void)
{
VPBDIV = 0x00000002; /I Configure the VPB divi
PINSELO |= 0x00000800; //Match1 as output
TOPR = 0x0000001E; //Load 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; //On match clear MAT1
TOTCR = 0x00000001; /lenable timer
VICVectAddr4 = (unsigned)TOisr; //Set the timer ISR vector address
VICVectCntl4 = 0x00000024; //Set channel
VICIntEnable |= 0x00000010; //[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;

}

//Set MAT1 high for begining
/lof the cycle

/lIncrement PWM Duty cycle
//Limit duty cycle

/[Clear match 0 interrupt
/[Dummy write to signal end
/I of interrupt

TDII - ARM7 - LPC21xx 81

PWM: esquema general

[Tretataregs | [Tt

TDII - ARM7 - LPC21x; 82
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PWM

» Es un médulo timer con algunas funciones

anadidas.

* 6 canales PWM

Match Cortrol -

»

Malch Register 0 - 6 PWM »
Module »

Extornal Match Register :

Latch Enable Register

Capture Control Register

Capture Regisier 0 - 4

Interupt Malch 0 -6
@ Capture 0- 3
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Mateh 0 4 &
= —>—PWit1
* Salldas de Match 1
.y R EN [—6—PWM ENA 1
comparacion pasadas
i PWM SEL2
por biestables
MUX s Q —pwme2
Match 2
R EN F—PWMENA2
liFWM SEL2
MUX s Q [—»—PWM3
bl R EN | PWMENAZ
TDII - ARM7 - LPC21xx 84
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PWM ejemplo

void main(void)
PINSELD |= 0xl ) //Enable pin 0.7  az PWM2
PWMER = 0x00000001 //Load prescaler
PWMECR. = 0x0000404; //EWM channel 2 double edge control, output enabled
PWMMCR = 0x00000003; //0n match with timer reset the counter
PWMMRO = 0x 0010; //set cycle rate to si n ticks
PWMMRL = 0z //set rising edge of PWMZ2 to 2 ticks
PWMMR2 = 0x000000( //zet falling edge of PWM2 to 8 ticks
PWMLER = //enable shadow latch for match 0 - 2
PWMEME. = //Match 1 and Match 2 outputs set high
PWMTCER. = //Rezet counter and prescals
PWMTCE. = 0x00000009; //enable counter and PWM, release counter from reset
while (1) // main loop
{
/. //Modulate PWMMRL and PWMMR2
1
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T e I *Periodos configurables de hasta
e YV 1145 s (15 MHz de PCLK)
L 32
nex *’_ T — (TpoLk X 296 x 4) to (TpoLk X 27 x 4)
= | | *Modos de funcionamiento:
| e i *Reset
! w sInterrupcion.
' J *Se habilita por software, pero soélo
yj— se puede deshabilitar tras un reset
_ 0 una interrupcion por
e Ll L= desbordamiento del watchdog.
| [ -"... et

TDII - ARM7 - LPC21xx 86

43



Watchdog: Ejemplo

#define WDEN 0x00000001
#define WDRESET 0x00000002
#define WDTOF 0x00000004
#define WDINT 0x00000008
#define WDT_FEED_VALUE 0x003FFFFF

void WDTInit( void )
{
WDTC = WDT_FEED_VALUE;
WDMOD = WDEN | WDRESET;
WDFEED = 0xAA; /* Feeding sequence */
WDFEED = 0x55;
}
void WDTFeed( void )

{
WDFEED = 0xAA; /* Feeding sequence */
WDFEED = 0x55;

TDII - ARM7 - LPC21xx

SCB: Mapeo de la memoria
(MEMMAP)

Address Name Description Access \F:;Iizt’
External Interrupts
EDTFCI40 | EXTIMT [ External interrupt flag register, 1}
EXTWAKE [ External interrupt wakes i

OxEQTFCO80 | PLLCON |PLL control register. RW 0
0xEDTFCO84 | PLLCFG | PLL configuration register. RV o
OxEDTFCO88 | PLLSTAT [PLL status register. RO 1}
DxE01FCOEC | PLLFEED (PLL feed register. WO NA

Power Control

OxE01FCOCO PCON Power control register. RW 0
DxE01FCOC4 | PCONF | Power control for peripherals. RW | Ox3BE
VPB Divider
IKEDIFCH00 | VPBLIV | VPB divider cantral [ rw ] 0
Address Name Description Access

Memory mapping conirol. Selects whether the ARM interrupt vectors are read

E01ECO40 )
OxEDIFCD4 MEMMAP from the Flash Boot Block, User Flash or RAM.

RIW
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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 Symbel Value Description Reset
value
1:0 MAP 00 Boot Loader Mode. Interrupt vectors are re-mapped fo 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 - - Reserved, user software should not write ones to reserved ~ NA
bits. The value read from a reserved bit is not defined.
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SCB: Mapeo de la memoria
(MEMMAP)

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

: Ram Mode

Vector Table 0x4000 0000

J 0x20 000
LLD
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PLL: Phase Locked

Loop

10MHz - 25 MHz
« Permite por software ~
seleccionar la frecuencia de

la CPU.

10MHz - 60 MHz|

PLL

CCLK

PHASE-
-— FREDUENCY
ook DETECTOR 5 ek

westilan)

TDII - ARM7 - LPC21xx

91

PLL - Registros

PLLCON PLL Control Register. Holding register for RIW

updating PLL control bits. Values written to this
OxE01FCO080 register do not take effect until a valid PLL feed
sequence has taken place.

PLLCFG PLL Configuration Register. Holding register for R/
updating PLL configuration values. Values

OxE01FCO084 written to this register do not take effect until a

valid PLL feed sequence has taken place.

PLLSTAT PLL Status Register. Read-back register for RO
PLL control and configuration information. If
PLLCON or PLLCFG have been written to, but
a PLL feed sequence has notyet occurred, they
OxE01FC088 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.

PLLFEED PLL Feed Register. This register enables Wo

loading of the PLL contrel and configuration
OxEO1FCO08C information from the PLLCON and PLLCFG
registers into the shadow registers that actually
affect PLL operation

Name Description Access Reset Address

valuelll
0 OxEO1F C080

0 OxED1F CO84

0 0OxEQ1F CO&8

NA OxED1F CO8C

TDII - ARM7 - LPC21xx
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PLL: Diagrama de bloques logico

PLLCFG OXEOTFCO84 PLLCON OxEO1FCO80
e LI e ] ] e
PSEL —4 =—MSEL PLLC LLE

e Phase Locked Loop
xz O
cclk
PLOCK—[D
PLLSTAT 0xE01FCO88
oo [T [ [ e o [ ] 22
Mote 1: When using the PLL. 10to 25 MHz input required * After the required feed sequence, shows the
value of MSEL, PSEL, PLLE & PLLC
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PLL: Registros de config. y control (PLLCFG y PLLCON)

Bit Symbol Description Reset
value

40 MSEL PLL Multiplier value. Supplies the value "M" in the PLL frequency a

calculations
OX EO]_FCO84 Note: For details on selecting the right value for MSEL see Section

4-8.9 "PLL frequency calculation” on page 38.

65 PSEL PLL Divider value. Supplies the value "P" in the PLL frequency 1]
calculations

Note: For details on selecting the right value for PSEL see Section
4-8.9 "PLL freguency calculation” on page 38.

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

Bit Symbel 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 to the requested frequency. See
PLLSTAT register, Table 4-23

OX EO]-FCOBO 1 PLLC PLL Connect. When PLLC and PLLE are both set to one, and after a
valid PLL feed, connects the PLL as the clack source for the
microcontroller. 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.

o
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PLL: Registros de control y estado (PLLFEED y PLLSTAT)

Bit

OXEO1FCO08C =

=

Bit
10

65

OXEO1FC088

1511

Symbol
PLLFEED

Symbol
MSEL

PSEL

PLLE

PLLC

PLOCK

Description

Tha PLL feed sequence must ba writtan to this register in ordar for
PLL configuration and control register changes to take effect.

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
microconirolier. When either PLLC or PLLE is zero, the PLL is
bypassed and the oscillater 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 is 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

Resat
valus

0x00

Reset
value

=)

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 (I1)

Table 1:  PLL labale

Label Name Min Max.

Lsue oscillator frequency 1 Mhz 50 Mhz
(stave)
oscillator fraquency 1 Mhz 30 Mhz
(oscillation mode)
oscillator frequency 10 Mhz 25 Mhz
(PLL Mode)

Feeo current controfled 156 Mhz 320 Mhz
ascillator frequency

eclk CPU etk 1Mhz €0 Mhz

MSEL PLL mubtiplier value  0w0 [

PSEL PLL divider 00 0

Table 2 PLL multiplier values

MSEL hex Multiplier value decimal

] 1

1 2

2 3

3 4

4 5

£ L]

Table 3:  PLL divider values

| PSEL Hox Divider Values decimal

a 1

1 2

2 4

3 (]
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PLL: Programacion (lII)

Table 4 Calevkied epersting vahves for 10 Mz 18 13 Mz

Table 51 Cakulated

1 Wl 1 30 M

usie

[P} |PSEL fhex)

Nota de aplicacion: AN10331

TDII - ARM7 - LPC21xx
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PLL: Programacion (Ejemplo)
. XTAL =12 Mhz [ Fopu = 60 Mhz =5 Erm oo [BET
- 1°) M =Fcclk/Fosc = 5 o E .

Fcco = Fosc'M-2-P = 120-P
— SiP=1 0 Fcco =120 Mhz < Fmin !l
— SiP=2 (] Fcco = 240 Mhz (valido) A
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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 = 0x55; b 8=,
while((PLLSTAT & (1 << 10)) == 0); // Wait for PLL lock
PLLCON=PLL_PLLE|PLL_PLLC<<1; //connect PLL
PLLFEED = OxAA;

PLLFEED = 0x55;

PLLFEED = OxAA,

|
—<
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SCB: Divisor de frecuencia APB

» Determina la relacién entre la frecuencia de la CPU
(Cclk) y la frecuencia de bus de los periféricos (Pclk).

0sC
10 Mhz 25 Mhz

10 Mhz - 60 Mhz Processor clock
cox

i Paut
o 25-s0Mn

L Cclk/4 >Reset

Bit  Symbol Value Description

Reset
value

10 APBDIV 00 APB bus clock Is ona fourth of the processer clock 00
3} APB bus clock Is the same as the processor clock.
10 APB bus clock is one half of the processor clock.
" Reserved. If this value Is written to the APBDIV register, it
has no effect (the previous setting is retained).
72 - - Reserved. user software should not write ones to reserved  NA

bits. The value read from a reserved bit is not defined.
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Modos de bajo consumo (I)

Soporta 2 modos de bajo consumo:
+ IDLE.

La ejecucion queda suspendida (CPU parada)
hasta que se produce un Reset 0 una interrupcion
externa.

Los periféricos siguen funcionando y las rutinas
de interrupcién también.

El consumo se reduce considerablemente y
depende de los periféricos que estén activos y de
la frecuencia del bus.

+ POWER-DOWN.

El oscilador se desconecta de la CPU y de los
periféricos.

Los datos se mantienen en la RAM y en los
registros internos.

Para salir de este modo es necesario un Reset o
determinada fuente de interrupcion que no haga
uso del reloj.

El consumo de reduce practicamente a cero.

TDII - ARM7 - LPC21xx
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Modos de bajo consumo (Il)

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

Core Memory-  Offset @

Additional power Power

mode State 1 MHz [mA] 10 MHz [mA] “‘;"‘“”"“Ifl‘ll““ “&’;’&“‘l‘mﬁ

Activel’Flash -Thumb  ~5.6 ~10.3 ~0.52
Active! Flash - ARM ~B4 ~11.6 ~0.58
Activel SRAMZ ~5.5 ~11.8 ~0.71
Idle - ~13 - ~017

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

e
Peripheral  Configuration PCLK 40 MHz
divider

z]
TimerPWIM“_ Continuously counting 1 24.0
ADCELUL 40 channel burst mode - 15.8
UART Receiver mode 16 30.0
12C Master transmitter mode - 13.0
[SPI Slave receiver mode 8 14.9
ISSP Slave receiver mode 2 14.8

111 Pulse-width-modulaior (FWM ). Only imer regesters ame achive
21 10 channels ADC with a sample rate of 400 kiHz

3] Value for only PCLK at 4Mhz and 8 MHz

[4] Running on maximum oulpul clock rate (400 kHz)

-36.3
-406
~474
~11.3

ToMHzS peLics

20 MHz [m]
[uA/MHz]
240 240
104 82
0.0 00
102 63
85 50
85 50
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Efecucién normal en Flash. Todos los periféricos Habilitades (PCLK=CCLK/4) Modo Idle. Todos los periféricos Habilitades (PCLK=CCLE/4)
R I 7
- + 4 ! +—ad
- 1 4 + 1
- [ =
—
Powet o
|
‘a = = = 0 O e
Modo Power-Down, Todos los periféricos | (PCLK=CCLK/4) Ejempla modos de bajo consuma
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Modos de bajo consumo (Registros)

Table 29.

Power control registers

Name

PCON

PCONP

Description

Access Reset

Power Control Register. This register contains R/W
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.

Address
valuelll

0x00 0xEQ1F COCO

0x0008 17BE O0xEO1F C0OC4
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Modos de bajo consumo (PCON y PCONP)

Bit Symbol Value Description Reset
value 4 -
0oL Iche mode contol 0
0 die mode isoft Bit  Symbol Description Resat
1 Theprocesser cack is sicpped, whis onchip periphersls temain il
actve, Any enabled Inarupt from a perighera or an extemal o Resarved, user softwate should not wiite ones 1o reserved bits. The  NA
intemapt soues Wil cause the processcr to resume sxecuion. vaiue read from & reserved bitis not defined
' PD Fower-down made contrl 0 1 PCTIMO  TimarCounter 0 powericlock contal bt 1
0 Power-gown mace (s off 2 PCTIM1  Timer/Counier 1 powsriclock control bt 1
- 3 PCUARTO UARTO powsriclock control bit 1
1 The cacillator and all on-chip cocks are stopped. A wakeup
‘eandition from an extamal intemapt can cause the eacllater b 4 PCUARTI UARTI powericlock conirol bit 1
restart. the PO bl to be cleared. and the processcr 19 resume 5 PCPWMO FAWMO powericiock control bit 1
bsanal 0 Resarved. user softwars should not writs ones 12 reserved bits. The  NA
2 BODPOM Brown Out Pawar<down Mode: 0 value read from a reserved bit is not defined.
0 Brown Out Detection (BOD) remaing cparativg durng PCI2CO  The PCO interface pawericiock control bil 1
Porwer-down mode, and s Reset can release e microcoiroller 8  PCSPID  The SPID intertace powericiock contl bt 1
from Power-gown modelll ] PCRTC  The RTC powericiock control b, 1
The BOD circiary wil ga into power down moda when PD = 1 10 PSSP The S5P inferface powericlock control bit 1
fesulting In 8 fthar fecction n powac. In his case e BOD can (g Resarved, usar software should nt wrth onds 1o reserved bits. The  NA
not be used s B wakeup saurce from Fower Down mode wo)e read frorn & reserved bit Is not dadined.
3 BOGDE Brown 0t Globa! Disable. 0 12 PCADD  AD converier O (ADCO) powsticlock control bit 1
[ The BOD circuiry is enabled. Note: Clear the PON bit in the ADOCR bafore chearing this be, and st
1 TheBODIs fuly cisabled at al imes, consuming no paver, o anthy
+  BoRoa B &1t Raset Disabh 0 813 Reserved, user software should not write ones 1o reserved bits. The  NA
e T T T, value read from a resarvec bit s not defined.
0 The rese! is enabled. Tha first stage of low voltage detection 18 PCI2C1  The FCI interface pawericlock control biL 1
[28Y) Brown OuA ket ol i, 20 PCADI  AD converier 1 (ADC1) powericiock conirod biL 0
T The second stage of low votage delection (2.6 V) wil not cause Note: Clear the PON i in the AD1CR batore clearing tis b2, anc set
8 chip resal this bt bafore setling PON.
5 Reserved, user software should not write ones 10 reserved b, NA m2 Resarved, user software should not write ones 10 reserved bits. The  NA
The valug read from a reserved bit s not defined value read from a resarved bitis not defined
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SBC: Reset

Causas de Reset:
— Pin/RESET. (nivel bajo).
— Watchdog.
—  Brown-Out Detect.

. « mal
La activacion del Reset causa el i
arranque de Wakeup Timer, esperando .
a:
— 1. La entrada externa retorne a nivel alto.

— 2. El oscilador comience a funcionar.
— 3. Transcurran un nimero de ciclos de reloj de espera.

Flesetto the
an-chip dicuity

Resetto
PCONFD

WAKEUP TIMER

pawer

— 4. El circuito interno se inicialice correctamente. ‘dosn
Después del POWER-ON el pin de reset o it
necesita mantenerse a nivel bajo al et i

menos durante 10 ms. ol

— Si el 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

— P0.14 = Modo In-System-Programming

Fose
toother blocks
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SBC: Reset (identificacion)

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

Bit Symbol Description Reset
value

0 POR  Assertion of the POR signal sets this bit, and clears all of the other bits in - see fext
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 s not
affected by any of the other sources of Reset

1 EXTR  Assertion of the RESET signal sets this bit. Ths bitis cleared by POR,  see text
butis not affected by WDT or BOD reset

2 WDTR  This bitis set when the Watchdog Timer times out and the WDTRESET  see fext
bitin the Watchdog Mode Register is 1. ltis cleared by any of the other
sources of Reset

3 BODR  This bitis set when the 3.3 V power reaches a level below 26 V. Ifthe  seet text
Vyp voltage dips from 3.3V to 2.5V and backs up, the BODR bit will be
setto 1. Also, if the Vpp voltage rises continuously from below 1Vio a
level above 2.6V, the BODR will be setto 1, too. This bit is not affected
by External Reset nor Watchdog Reset
Note: only in case a reset oceurs and the POR = 0, the BODR bit
indicates if the Vpp voltage was below 2.6 V or not.

T4 - Reserved, user software should nat write anes to reserved bits. The NA
value read from a reserved bit is not defined.
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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 del
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
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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.
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Configuracion de

| Sistema: Ej. programacion

|/ * NTAL=12Mhz 2

#define PLL_ M 5
fdefine PLL_P 2

ICVect Addr:
ICIntSelect=

if (PLL_PLLE) {
PLLCFG= (PLL_M-1)
PLLCON=PLL_PLLE;
PLLFEED = Oxii:
PLLFEED = Ox55;

[PLLCON=PLL_PLLE|
[PLLFEED = Oxas;

[PLLFEED Ox55;
i

Fendif
fendif

fendif
i

#define PLL_PLLE 1 //PLL enable (1)or disable(d)
fdefine PLL_PLLC 1 //PLL conzmect(l) or disconnect(d)
[fdefine VPE DIVIDER O //the divider of VEE

|/ * System Imitialization =/

0id InitLPC2000(voeid) ¢

[WDMOD=0; //cdisable WOT
ICIntEnClr=0xffffffff: Jrdisable 211 interrupts

|/ * PLL configuration */

frhile [ (PLLSTAT & (1 << 10)) == 0}; // Wait for PLL lock

PEDIV=VFE_DIVIDER:; //peripheral clock config

|+ MemRemap Config </
f#ifdef Ram_HMode
MEMMAP = 0Ox2: J/remsp to 040000000

#ifdef _ Flash Mode
MEMMAP = Ox1: //remap tp Ox0

#ifdef  ExtMem mode
MEMMAP = 0x3: //remap to OxS0000000, only for 1poffzx

Fopu=6tMhz *+/

S/PLL Multiplier value
F/PLL divider walue: p

| ({PLL_P-1) << 5):

PLL_PLLC<<l; /(/conmect FLL
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Configuracién de

// Device header (from Xeil)
#include <lpcZlxx.hs
// Oscillator / resonator freguency (in Hz)

| Sistema: Ej. programacion

7
// Interrupt mapping set through the "target" settings in the IDE
#ifndef RAN

#define MAP Ox01

#else

- Private constants

S4oeg. (10000000UL) when using 10 MHz cscillator #define MAP Ox02

#define FOIC (12000000ULY

// Between 1 and 32

#define PLL_MULTIPLIER (51)

A1, 2, 4 or #

fdefine PLL_DIVIDER (2U)

A1, Bord

#define VPE_DIVIDER (1U)

/7 CPU clock

#define CCLE (FOSC 7 PLL_MULTIPLIER]
// Peripheral clock

#define PCLK (CCLE / VPE_DIVIDER)
fdefine PLL_FCCO NIN [156000000UL}
#define PLL_FCCO MAX (320000000UL)
#define CCLE MIN (10000000UL)
fdefine CCLE MAX [£0000000UL)

// Function prototypes

Ivuid Systew_Init(void);

int PLL_Init (void);

int VPE_Init (void):

void MAM Initiveid);

void Set Interrupt Mapping(veid);

#endif

/
System Init()

Configures!

- PLL

- VPE divider

- Memory accelerator module
- Interrupt mapping

void Fystem Init(veid)

{

// Set up the PLL

if (PLL_Init{) '= 0)

{

while(1); // FLL error - stop
i

/7 Set up the VP bus

if (VFD_Init() != O)

{

while (1) // VPB divider error - stop

+

// Set up the memory accelerater module
HEN Init();

// Control interrupt mapping
det_Interrupt_Mapping();

1
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Configuracion del Sistema: Ej. programacion

inb PLL_Tnit (vaid)
0
uneigned int I

return 1;

retumn 0;

PLLFEED

return 0; w4 ser_tovar
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Configuracion del Sistema: Ej. programacion

/;(- -
MAM Init()

Set up the memory accelerator module.

NOTE: Here we DISABLE the MAM, for maximas predictability.

Adapt a3 needed Ifor vour application.

- -/
void MAN Init(void)

¢

£/ Tarn off MAM

HAMCR = 0O;

}

£* =
Set_Interrupt Mapping()

Remaps interrupts to RAM or Flash memory, 28 reguirsd.

For Flask, MAP = 0x01

For RAM, MAD = 0x02

Hers, value is set through Keil wWision

(depending on target built).

_ -7
void Fet_Interrupt Mappingiveid)

{

I{lEI{M.ﬂ.P = MAP;

}
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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:

— La frecuencia 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.
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RTC: Diagrama de bloques

Generador de reloj.

— Frecuencia de entrada de 32768 Hz T
(CLK32k) derivada de:
* Un cristal externo de 32,768 KHz.

» La frecuencia de bus de los periféricos ot ww
(Pclk), mediante un prescaler interno
configurable mediante los registros e counrs e [
PREINT y PREFRAC. )

Registros contadores de tiempo:
- Segundos, minutos, hora, dia, dia de la o | | P st
semana, mes y afio.
Registros de alarma. *,Mmmmmn '
Sistema de gestion de interrupcion:
— Periédicas cada 1/32768 seg.
— Periddicas cada segundo, minuto, hora,

— A una hora-fecha determinada (modo
alarma).
* Registro de mascara de la alarma.
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RTC: Prescaler interno

« La frecuencia de funcionamiento del
RTC es de 32768 Hz.

+ Silafuente de reloj es Pclk, es ﬁ
necesario programar el prescaler
interno para obtener con exactitud la i 1

PCLK 32-768
RTC Prescaler
RTC Clock

frecuencia de trabajo.

| prENT | [ PREFRAC |

» 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 = 0x00000392; //set RTC prescaler for 20.000 MHz Peclk
PREFRAC = 0x00004380;

CCR = 0x00000001; //Start the RTC
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RTC: Prescaler interno (esquema)

PeLK
- t0 clock fick counter 1P ok
’- e ﬂ—]
ax UNDERFLOW 15 BT ERACTION GOUNTER
13 BIT INTEGER COUNTER
{DOWN COUNTER)
HELOAD
16
]_@ GOMBINATORIAL LOGIG
19 oond
reloat
i5
P
13 BIT RELOAD INTEGER 15 BIT FRACTION REGISTER
REGISTER (PREFRAC)
(PREINT)
i
A #PB bus
G )
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RTC: Alarmas e interrupciones

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

— El registro AMR permite seleccionar (mascara local) qué registros se compararan para
generar la alarma.

Seconds Seconds Alarm
Minutes. Minute Atarm
Hours. Hour Alarm
Interrupt available Day of menth Day of marth Alam
on increment
of register value Day of week Day of wosk Alarm
Day of yaar Doy of year Alarm
Month Honth Alarn
Year Yoar Alern
Interrupt
‘on match
TDII - ARM7 - LPC21xx 119

RTC: Registros de control

Name Size Description Access Reset  Address

valuel!]

LR 2 Interrupt Location Register RW 1 OxEQ02 4000
CIC 15 Clock Tiek Counter RO w DxEDO2 4004
CCR 4 Clock Control Register RW . OEQ02 4008
CIR B Counter Increment Interrupt Register W 3 DxEDOZ 400C
AMR 8 Alam Mask Regsler RW ’ OxEDO2 4010
CTIMED 37 Consousated Time Register 0 RO B DXEQ02 4014
CTIME! 32  Consolidated Time Register 1 RO 2 DxEQ02 4018
SINEZ 37 Consolidated Time Regisier 2 RO 2 DED02 401C

BEC 6 Sevonds Counter RW ¥ OxED02 4020
AN 8 Minutes Register RW . OxE002 4024

HOUR & Hours Register RW i OxED02 4028
JOM 5 Dayol Month Register W J DxEDO2 402C]

3 Dayof Week Register RW * OxE002 4030

Ve 9 Dayof Yesr Register W . DxEDO2 4034

MONTH 4 Months Register RW " OxE002 4038
EAR 12 Years Regater W v DREDO2 403C]

LSEC B Alam value for Seconds RW 2 OxEQ02 4060

LMIN 6 Al value for Minutes W b DEDQ2 4064

PLHOUR & Alam valué for Seconds. RW . DWEDO2 4068
LBOM 5 Alamm value for Diay of Month RW L DxEDA2 405C)

PLDOW 3 Alam value for Day of Week RW 2 OKED02 4070
PLOOY 9 Alaen vilue for Dy of Year RW " OmEQ02 4074
JLMON 4 Alam value for Months. RW b OxED02 4078
PLYEAR 12 Alarm value foe Year RW # DxED02 407C]
e —
FREINT 13 Prescaler value, integer portion RW ] OED02 4080
PREFRAC 15 Prescaler value, inleger portion RW 0 OxEDOZ 4084
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RTC:

Registros de propésito general

Name Size Description Access Address
ILR 2 Interrupt Location. Reading this location RIW 0xE002 4000
indicates the source of an interrupt. Writing a
one to the appropriate bit at this location clears
the associated interrupt.
CTC 15 Clock Tick Counter. Value from the clock RO 0xE002 4004
divider.
CCR 4 Clock Control Register. Controls the function of R/W 0xE002 4008
the clock divider.
ClIR 8 Counter Increment Interrupt. Selects which RIW 0xE002 400C
counters will generate an interrupt when they
are incremented.
AMR 8 Alarm Mask Register. Controls which of the RIW 0xE002 4010
alarm registers are masked.
CTIMEO 32  Consolidated Time Register 0 RO 0xE002 4014
CTIME1 32  Consolidated Time Register 1 RO 0xE002 4018
CTIME2 32  Consolidated Time Register 2 RO 0xE002 401C

Permiten leer el reloj-calendario con sélo 3 lecturas !!
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RTC: Registros de tiempo (solo lectura)

50
7%

138

symbol

Seconds

Mnutes

i -

016

221

2624

e

nazs

10
iz

Hours

Deseription

Seconds vakie n the range of 010 58

Reserved, user saftware should not wrte ones 1 resarved b
The valus read from a reserved i I ot sefned.

Ministes valug In e range of 010 89

Reserved, user software sould not write ones 10 reserved bi,
TG VAIGS 1480 TS 8 raLarved bl i At E4TRa0.

Day O Wik Dy of wedk Va8 I 1 IAGR BT 010§

Symbol

Bescription

Day of Month Day of manth valus in #e range of 11228, 29, 30, o 31

Month

ear

Symbal

{epending on the month and whatner I s & leap year).

Resarved, user oMare shouild not wite ones 13 reserved bits
The value read fram & reserved bilIs not defined,

Menih vaie in e range of 112 12
Resarved,

wafe 3hould not wite ones 1o reserved bis.
8 7936rv8d B 15 MOt S410G,

10104098,

Athera

read

B reserved bl Is not defined,

Bescilption

Doy of Yoar  Day of year vaive In fhe range of 1 1 358 (366 for oap years)

Reserved. user software should not wiite 0nes 10 reserved bis.
The value read from & reserved Bit is not defined

TDII - ARM7 - LPC21xx

e saftuare Should not wrth ones 10 reserved BIS, N

Resat
valus
NA
A

NA

Reset
valus

HA
HA
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RTC: Registros contadores de tiempo (R/W)

Size Enabled by Minimum valus  Maximum valua

Counter
Second & Clk1 (see 0 59
Figure 18~58)
Minute & Second 0 54
Heur H Minute 0 23
Day ofMonth 5 Hour 1 28,29,300r31
Day of Week 3 Hour 0 [
Day of Yaar L] Hour 1 365 or 366 (for leap year)
Manth 4 Day of Month 1 12
Year 12 Monihordayof Year 0 4095
k| counter registers

Name  Size Description Accoss Address
SEC [ Seconds value in the range of 0 to 59 R (0xE002 4020
MIN [] Minutes value in the range of 0to 59 RW 0xEDD2 4024
HOUR &5 Hours value in the range of 0 fo 23 RW OxEQ0Z 4025
DoMm 5 Day of month valus In the range of 1te 28, 29, 30. RW 0xEDOZ 402C

or 31 (depending on the menth and whether itis a

teap year) 'l
pow 3 Day of week valua In the range of 0 ta &l RW DxED0O2 4030
ooy 9 Day of year value In the range of 1 to 365 (366 for RW (OxXECD2 4034

leap years)i!l
MONTH 4 Month value in the range of 1 to 12 RW 0xE002 4038
YEAR 12 Year value in the range of 0 1o 4085 RW 0xE002 403C
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RTC: Registros ILR, CTCR, CCR

Bit

10

Symbel Destription Resat

RTCCIE  When ne, the Counter Increment Infesrupt block generated an imtermipt.  NA
Witing -ona to this b kecation clears the counter increment intormupt
RTCALF  When one, the alarm regisiers generated an intemupt Wiiingaone to - NA
1hes bit bocabion clears the alam intermupt
Reserver, user software shoukd not wite ones 1o reserved bits The  NA
value read from a reserved bil is nol defined

Symbol  Description Reset

value
Clock Tick  Prior to the Seconds counter, the CTC counts 32,788 clocks per HA
Counter  second. Due to the RTC Prescaler, thase 12,768 tme increments may
not all b of the same durabon. Refer to the Section 18- Telersnce
ock drver [prescaler’ on page 229 for delars,
Rasenved, user saftware shoukd not wifle ancs o resened bits. The . NA
value read from a reserved bitéis not defined

Symbol  Description Resat

value

CLKEN  Clock Enable, YWhen this bit 15 3 cne the tme counlers are enabled.  NA
VWhen it 15 3 28, thay are disabled 5o that they may be inalized

CTCRST  CTC Resel. When one, the esements in the Clack Tick Courtes are

reeset, This elements remain reset unil CCR{T) is changed 10 2e0

CTTEST  Tast Enable. These tits shoukd aiways be zero during nomal
an.

CLKSRC  IFthis bt s 0, the Clock Tick Counter takes ts clock from the Prescaler, NA

should not wii eseerved bits. The
waluse resad from  neserved bit & nol defned
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RTC: Reqistros CIIR y AMR

Bit Symbol Description Reset
value

0 IMSEC ~ When 1, an increment of the Second value generates an interrupt. NA

1 IMMIN When 1, an increment of the Minute value generates an interrupt NA

2 IMHOUR  When 1, an increment of the Hour value generates an interrupt NA

3 IMDOM  When 1, an increment of the Day of Month value generates an NA

interrupt

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

5 IMDOY  When 1, an increment of the Day of Year value generates an interrupt.  NA

6 IMMON ~ When 1, an increment of the Month value generates an interrupt NA

Bit  Symbol Description Reset

value

0 AMRSEC ~ When 1, the Second value is not compared for the alarm. NA

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

2 AMRHOUR When 1, the Hour value is not compared for the alarm. NA

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

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

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

6 AMRMON  When 1, the Month value is not compared for the alarm. NA

7 AMRYEAR When 1, the Year value is not compared for the alarm NA
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RTC: Osci
: Oscilador externo
L
LPC213x
RTCK1 ATCX?
= R kHz =
HI o I Ca
Crystal load capacitance Maximum crystal series External load capacitors Cxy, ¢x2
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
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RTC: Ej. Programacion (|

127
[ LI 4
[
RTC: Ej. Programacion (ll)
oid ISR_rte(veid) /+ every second */
i
J* Actioms */
ILR |= 1. J4 Clear interrupt flag
VICVectlddr = 0; /4 Acknowledge Interrupt
PCON = 1; /4 IDLE mode
i
oid init_rtc(void)
i
ILR = 3: /4 Disable 32'768 interrupt
CCR = Oxli; Ff Clock emable + 32'767Hz quartz enable
CIIR = Ox01; /7 Interupt every second
VICVectAddrl = (unsigned lony) ISR _rtc: // set interrupt vector in slot 1
VICVectCntll = Ox0000002D; /7 use it for RTC Interrupt
VICIntEnable = 0x00002000; /¢ Enable RTC Interrupt
i
oid Zet_time (void)
i
YEAR = 2006; S/ Year
MONTH = 5; /7 Month
DOM = 23; /4 Day of month
DOY = 38; // Day of year
DOW = 143; Jf Day of week
HOUR = 23; /7 Hours
HIN = 14; J/ Minutes
SEC = 30; /Y Seconds
i
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RTC: Ej. Programacion (lll

fpitnac _wc_w
idetine _RTC W

bypedet struct |
DNORD RTC_Sec:
DNORD RTC_Min

BYCRD RTC Test:

DUCRD RTC_Wday:

DHORD RTC_taay:
| RTCTine:

msEC
RERI
lidesine THHOUR
fdetine INDON
fdetine DOV
fdetine THDOY
idetine 100N
sartine TNVEAR

ideline AMRIEC
idesine ANRNIN
fdetine ANRUOUR 0x00000004
fdetine MIGDON 0x00000008
fdedine AIDDOY 0800000010 /o
partine AIMDOY
fadet

ideline ANRYEAR

idetine PREINT_KTC
[
fdesine PRIFRAC_RTC

partsne TLR_NTOCTF
idesine ILR_RTCALF

lBdesine CCR_CLEEN  Ox01
paetine [
idetine

EEadad
extern
Exbern
Eaduil
extern
enbern
EEadad
extern
Exbern

fendiz

wold RTCHandler (wodd)  drqr
word RTCInit [ woid )7
woid BTCSuazt] wodd )i
waid RTCStop [ waid )2
worid B'.'Il'_\’_'TL'Jlesetl void
woid RTCHeLTime | BTCTime ):
ATCTime RTCGPETime [ wold )
woid RTCSethlarm] KTCTime |

woid RTC3echlazmBazk( DWORD AlazmMask

44 e
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RTC: Ej.

nt main (void;
i

tniE_VIC[) ;

tacal_t tme, RTC_$ac =
lacal_time RTC_Nin = 0
tacal_t tme, RTC_Houe = 0
lacal s iwe, RTC_Nday =
local t ime RTC Wday =
lacal %1, RTC_Tday = U; oy
Local e ime, RTC_Non =
tacal_t ime, RTC_Tear = 200

BTCSeTTine| local rine ) 4 Sat Joca) time 4

alaem_time, BIC_Sec =
mlaem vime BTC Mim =

ETCSctilarn( alars time |

CIIR = INNIN | INYEAR:

RTCStArL () ;

FTCSerhlarniazk (AMRSEC | AMRNIN| LERHOUR | AHRDCH) AMRDON | ANEDOT | ANRIOOH) ANEYELR) -

Programacion (Il

while [1]

[ i
if ( alarm on !'= 0 )
alnrm_on = 0:

 Gek B s wher Jlaem
& RTCGEETime() .

curreént Eime

TDII - ARM7 - LP
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Ej. Programacion (llI)

rubmrn:
1

voud RTCSEp( wedd |

EOR i ~CCR_CLRER)

[

void AT:BecAlarelase| SVCRD AlarnBask

ALYERR = Alurm. BTC Taac:
PELTR

CTine ATCGatTia| woid

PTCTise LesslTima:

LocwLTies BTC_Baa = FIC)
€ N
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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 bits.
Modo maestro o modo esclavo.

TDII - ARM7 - LPC21xx
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SPI: reloj SCK

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

Bit Symbol Description Reset value
7:0  Counter  SPIO Clock counter setfing 0x00

The SPI0 rate may be calculated as: PCLK / SPCCRO value. The PCLK rate is
CCLK /APB divider rate as determined by the APBDIV register contents

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

VU s
o1 N S B ]
L 000

N
>< | | CPMA=0
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SPI: linea SSEL

SSELOD Input Slave Select. The SPI slave select signal is an active low signal that indicates which slave is
currently selected to participate in a data transfer. Each slave has its own unique 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
/0 under software control
On the LPC213x (unlike earlier Philips ARM devices) the SSELO pin can be used for a
different function when the SPI0 inerface 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 SFI0 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 CLK

CPOL y CPH deciden:

— Cuando se envia el primer bit.
— Cuando se envian los demas.

— Cuando se muestrean los datos.

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 SCKrising 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
. L] [ 4
SPI: configuracion.
Bﬁ Symbol  Value Description Reset
value
Modo maestro/esclavo o Reserved, user sofware should et vt cresto A
- reseved bits. The vahue read from a reserved bit is not
ReIOj SCK. BitEnable 0 The SPI contraller sends and receivies 8 bits of dataper 0
transfer
1 1 The 5P llest sends and receives the number of bit
EnVlO de blts 1 .‘r;LL;uLC::y":;;]Tf_« ds and receives the number of bits
empezando por LSBo  |* ™ g o
when a slave transfer is defined as starting and ending
por MSB @ d on the first fleadmg) clock edge of SCK
0 th activation and
g .y sgnal.
HabllltaC|on general 1 Data 5 samples econd (trading) chock edge of the
SCK. A transfer star e sl clock edge, and ends
with the las! sampling edge when the SSEL sgnal s
active
4 CROL polarity control 0
0 tve high
1 SCK 5 active low.
1] MSTR Master mode select
D The SPlaperat
1 The 5P| aperates.in Master mode.
LSBF LSB Fast controts which direction each byte s shifted 1]
when transfered
[} 5P data is transferred MSB (bit T) first
1 SPI data 1s transferred LSE (bit 0) fiest
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SPI: configuracion.

 Numero de bits a enviar

« Habilitacion de la interrupcion

number of bits per transfer:

1000 8 bits per transfer

1001 9 bits per fransfer

1010 10 bits per transfer
1011 11 bits per transfer
1100 12 bits per transfer
1101 13 bits per transfer
1110 14 bits per transfer
1111 15 bits per transfer
0000 16 bits per transfer

7 SPIE Serial peripheral interrupt enable. 0
0 SPlinterrupts are inhibited.
1 A hardware interrupt is generated each time the SPIF or
MOQDF bits are activated.
11:8  BITS When bit 2 of this register is 1, this field controls the 0000

TDII - ARM7 - LPC21xx
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SPI: registros de estado e

interrupcion

Bit Symbel Description Reset value

Bit Symbol  Description

0 SPlinterupt SPI intermupt fag Set by the SPlinterfate to generate an interupt
Flag Gleared by wriling a 1 1o this bit

PIE = 1 and at leastone of
ta1 Hawever, only when the
Lis erabled in the VIC, SPI
: sed by intemupt handing software
- Reserved, user software should no ones toresenved bits. The
value read from a resarved bit is not defined

bit will be set once when 5
f

TDII - ARM7 - LPC21xx

Reset
value

0

NA
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SPIl: modo maestro.

Configurar modo maestro, velocidad, polaridad, flanco, nimero 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
70 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 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 enviando mas datos, volviendo al paso 2.
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SPIl: 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

#dzfine SPID_SEL 0000060 » Declaracidn de funciones
#dsfine MAX_TIMEOUT 0=FF
#dsfine SPI0_ABORT il
e . extem DWORD SPIInit void )
/" 5PT0 intenupt */ extern void SPISend] BYTE *Buf, DWORD Length );
#dsfine SPI0_MODE_FALLT 02 extern void SPIRecsive( BYTE *Buf, DWORD Length );
#dsfine SPI0_OVERRUN 04 axtern BYTE SPIReceveBytel void i
#dsfine SPI0_OOL =08
#dsfine SPI0_TX_DONE 0wl
#define ABRT 1<=3
1* SPI0 intenupt stetus 5/
#dsfine MODF 1ced
#dafing ROVRE 1<=5
#dafing WOOL 1<<8
#define SPIF 12=7
#dsfine RORIC 0x00000001
#dzfine RTIC 000000002
1* SPT 0 POR. register */
#dfine SPI0_BE 000000004
#dzfine SPI0_CPHA Dx000I0008
#dsfine SPID_CPOL 0x00000010
#dsfine SPI0_MSTR. 0x00000020
#dsfine SPID_LSEF =000I0040
#dsfine SPI0_SPIE 0x00030080
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SPI: spi.c ejemplo
void SPTInY void )
{ avee void SPIReceive] BYTE *buf, DWORD Length |
SOEPCR = 0l {
PINSELO &= OxFFFFOOFF: CAWORD &
PINSELD |= C00001500; i .
I0DIRD = SPI0_SEL: for (1 =0; 1 < Length; i++ )
105ETO = SPI0_SEL; { \ _ i
/* ajuste de la velocidad de transmision®! tuf = SPIReceiveByte();
 SOSPCCR = O buf=+;
[* B bit, CPOL=CPHA=0, master mode, MSE fist, }
interrugt enabled */ ream;
SOSPCR = SPID_SPIE | SPI0_MSTR:
! BYTE SPIReceiveBytel veid )
l{.‘cid SPISand| BYTE *buf, DWORD Langth | \ BYTE deca:
[EJ?T{E]RSJ:':NV' ¥ hay que escibir en SOSPOR para gznerar el relgj */
’ SOSPDR = OxFE:
if { Length == 0] 1
ratmg ) !
for (1= 0;1 < Lengths i++ )
I
N SOSEOR = *hufs vetum | data )i
while  1[S0SPSR & SFTF) J:
Dummy = SOSPDR: (* borado dal flag™/
erf++;
}
return;
1.
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