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1.1. Introduction: Embedded Systems + Design of Digital
Systems. The ARM Cortex-M3

1.2. LPC1768: Block Diagram, Memory Map, Busses, Pinout

1.3. LPC1768 exceptions: Types and Vectors, NVIC, Enter+EXxit,
Priority, CMSIS functions.

O 1.4. LPC1768 system control modules: Clocking Features,
RESET, FAULTs, SYSTICK, Power Management.
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?'e ! 1.1. Embedded Systems

[0 What is an Embedded System?

B Interacts with the environment

B [s divided into three stages: 1 INPUT + 2 PROCESS + 3
OUTPUT
[0 The processing is based on:

Combinational logic and sequential circuits

Microprocessors (MP) - Microcontrollers (uC)

Digital Signal Processor (DSP)

Programmable Logic Devices (PLDSs)

O Programmable Logic Controllers (PLCs)

B In general, they are real-time reactive systems:
O They react to external events and keep continuous interaction
O Thev are continuouslv running

O
O
O
O
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1.1. Design of Digital Systems

[0 A microcontroller (pC) is a chip that includes in a
single chip all elements needed in a digital system
B the processor (P, CPU)
B different types and amounts of memory and
B various input/output interfaces and peripherals
B All of them interconnected by uni/bidirectional busses

[0 Therefore:

B Achieving more integration and lower price
B Lower time to marked when implementing a project
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6'5, 1.1. Design of Digital Systems: What is
Microcontroller?

Microprocessor

- Microcontroller

<
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%e: 1.1. The ARM Cortex-M3

[0 ARM is a:
m RISC pP

B 17//18 32 bits visible registers in its programmer’s model
(37 total)

Caché Memory (upon version)
Von Neuman architecture (ARM7)
Harvard architecture (ARM9S and forward)

he Cortex-M3 uC builds on the success of the ARM7
Nonmaskable interrupts for critical tasks
Deterministic nested vector exceptions
Atomic bit manipulation

[]
[]
[]
T
[]
[]
]

NanakiAam~al NMMA
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**  1.1. ARM Cortex Advanced Processors

Alc

NXP ARM Cortex-M Continuum

Entry level
Cortex-MO

$0.65*

Fully featured
Cortex-M4

$7.00*

Cortex-M0 Cortex-M4

/\ﬂrﬁ \fN

True 8/16-bit High performance for Advanced Digital

Cortex-M3

4 )

replacement

more performance

- low power, low cost,

communication and

control
- LCD, USB, Ethernet,
CAN and much more

\

/

Signal control
- Floating point unit
- Dual-core options

\
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% 1.1. Manufacturers that incorporate Cortex-M3:
Differences?

Data
SRAM
& kBytes
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i e N e
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eC 1.2. Cortex-M3: Busses

Interrupts Nested Vectored External Private

/| Interrupt Controller Peripheral Bus

| Additional
Cortex-M3 N—/| Debug

Components

Instruction ] V| S)’Stem Bus Advanced High-performance Bus
|
Bus [ 7 Ot‘?ﬁ?o | System Bus (AHB)

Bus multiplexer : External : -
Static Memor Device||Device

or
- y
AHB Bus Matrix RAM Tl #1 #2

i | i 1 17

Flash Additional S=ne I Peripheral Bus (APB)
Memory Static RAM RAM
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eC 1.2. LPC17xx: Busses

N | oC1768/66/65/64. 32-bit ARM Cortex-M3

Interrupts microcontroller; 512 kB flash and 64 kB SRAM
— | Nested Vectored with Ethernet, USB 2.0 Host/Device/OTG, CAN,

— ] Interrupt Controller 12-bit ADC, and 10-bit DAC.

Objective data sheet. NXP,

Rev. 00.04 — 14 October 2008, fig.1

Cortex-M3 ‘

USB Host/
Ethernet :
DMA Controller Device/OTG

Instruction Memory Data System | Controller : Controller
Bus ProLtJ%ci:Pon Bus 3I,E%us with DMA 11 \iith DMA

' N F N F N
master master master

Bus multiplexer
or _ System Bus (AHB)
AHB Bus Matrix

N N y N slave slave slave  pq
slave slave slave h h b _d
b _d b _d b AHB to AHB to High-

‘ Flash H APB APB Speed <>
Accelerator SRAM Rnnt erdﬂg N Dridnao 1
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1.2. LPC17xx: Block Diagram

bl

Ethernet USB Host/
MAC OTG/Device

3xIPC 3 x - 4 x UARTs
FM+ SSP/SPI RS486/IrDA/Modem

————

Motor Quad
C°’“"°' Encoder

B
Bl
Bep >

o
— e P 2
- e
Amr
!
m
e
A

- R

CLAS S PARTICULARES TUTORIAS TECNICAS ONLINE
LLAMA O ENVIA WHATSAPP: 689 45 44 70

cartagena9 9 ONLINE PRIVATE I:IééSONS IZC4)I$OSCIENCE STUDENTS

CALL OR WHATSAPP:689 45

www.cartagena99.com no se hace res onsable de la informacion contenida en el presente documento en V|rtud al
rticulo e la Ley de Servicios de la Sociedad. de Ta Informacion omercio Elecironico, de € Julio
Si la informacion contenida en el documento es ilicita o lesiona bienes o derechos de un tercero’haganoslo saber y sera retirada.




Clectronica

1.2. LPC17xx: Block Diagram

LPC1700 Block Diagram

Up to 64 KB | Upto 512 KB CPU PLL
SRAM FLASH

Brown Out Detect
SRAM FLASH
Controller Accelerator Power On Reset

! ! ! !

Multi-layer AHB Matrix

!
| Eemetwac | oua |
o
|

!

Advanced Peripheral Bus
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1.2. LPC17xx: Memory

[0 On-chip Flash

B Maximum 512 KB.

B Zero wait-state performance with Flash Accelerator.
[0 On-Chip SRAM

B Maximun 64 KB:

O

O

O

32 KB SRAM - accessible by the CPU and DMA controller on a
higher speed bus.
Two additional 16 KB SRAM - separate slave port on the AHB
multilayer matrix.

Allows CPU and DMA accesses to be spread over 3 separate
RAMs that can be accessed simultaneously.

0 On-Chip ROM

Cartagena99
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2 1.2. LPC17xx: Family

Max Clock Flash | SRAM
Part Number Ethernet Package
(MHz) (KB) (KB}

LPC1769 Device/Host/OTG LOFP100
LPC1768 100 512 64 Device/Host/OTG 70 LOFP100
LPC1767 100 517 64 70 LOFP100
LPC1766 100 256 64 70 LQFP100
LPC1765 100 256 64 70 LOFP100
LPC1764 100 128 32 70 LOFP100
LPC1759 120 512 64 52 LOFP80
LPC1758 100 5z 64 52 LOFP80
LPC1756 100 256 32 52 LOFP80
LPC1754 100 128 32 57 LOFP80
LPC1752 100 64 16 52 LOFP80
BG5S 100 32 8 57 LOFP80

2

2

None 0
Device/Host/OTG 2
Device/Host/OTG 2
Device 2
Device/Host/OTG 2
Device/Host/OTG 2
Device/Host/OTG 2
Device/Host/OTG

Device

zZ 2z < << z/ =< </|=<|=<]=
o~ o~ o~ O~ O~ O~ 0o o o o o joo
zE<BE<BEzE < Bl <=
RN N RN R W W w Wwlwlw

Y
Y
Y
Y
N
Y
N
Y
N
N
N
N

Device

Cartagena99

www.cartagena99.com no se hace responsable de la informacién contenida en el presente documento en virtud al
Articulo 17% de TaLey de Servicios de la Sociedad. de Ta Tnformacion y de Comercio Electronico, de 11 de quIO de 2002
Si la informacion contenida en el documento es ilicita o lesiona bien epgrmalm@nw dedriddtanpsitesabigAfdera retirada.




Clectronica

a(C 1.2. Cortex-M3: Memory Map

OXEOOFFFFF OXFFFFFFFF
0XEOOFF000 ROM table \

0%E0042000 External PPB ¥ eodor Speciic

0XE0041000 ETM

Private Peripheral Bus - External |g.c00400000

R 1PV o Private Peripheral Bus - Internal g:ggg:ﬁ:ﬁ:

0xDFFFFFFF

OxEOO3FFFF
0xE000F000

Reserved

0xEO00E000 NVIC / External Device

Reserved

FPB

0xE0003000

s . 0xA0000000
0xE0001000 BWE Ox9FFFFFFF
IT™ '

0xE0000000

External RAM

0x43FFFFFF

Bit band alias
0x42000000 0x60000000
0x41FFFFFF X Ox5FFFFFFF

tina : . \ Peripheral
0x40000000 Bit band region 1

0x40000000
0x3FFFFFFF
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1.2. LPC17xx: Memory Map

Table 3. LPC17xx memory usage and details

Address range

0x0000 0000 to
Ox1FFF FFFF

0x2000 0000 to
0X3FFF FFFF

0x4000 0000 to
OX5FFF FFFF

artagenaq

General Use

Address range details and description

On-chip non-volatile
memory

Ox0D000 0000 - Ox000T FFFF
Ox0D000 0000 - OxD003 FFFF
Ox0D000 0000 - OxD001 FFFF
Ox0D000 0000 - OxD000 FFFF
0x0D0D00 0000 - 0x0000 7FFF

For devices with 512 kB of flash memory.
For devices with 256 kB of flash memory.
For devices with 128 kB of flash memory.
For devices with 64 kB of flash memory.
For devices with 32 kB of flash memory.

On-chip SRAM

0x1000 D0OO - Ox1000 YFFF
0x1000 0000 - 0x1000 3FFF
0x1000 0000 - Ox1000 1FFF

For devices with 32 kB of local SRAM.
For devices with 16 kB of local SRAM.
For devices with 8 kB of local SRAM.

Boot ROM

Ox1FFF D000 - Ox1FFF 1FFF

8 kB Boot ROM with flash senvices.

On-chip SRAM
(typically used for
peripheral data)

0x2007 CO00 - Dx2007 FFFF

0x2008 0000 - 0x2008 3FFF

AHB SRAM - bank 0 (16 kB), present on
devices with 32 kB or 64 kB of total SRAM.

AHB SRAM - bank 1 (16 kB), present on
devices with 64 kB of total SRAM.

GPIO
APB Peripherals

0x2005 CO00 - Dx2009 FFFF
Ox4000 0000 - Ox4007 FFFF

Ox4008 0000 - Ox400F FFFF

GRIO.

APBO Peripherals, up to 32 peripheral blocks,
16 kB each.

APB1 Peripherals, up to 32 peripheral blocks,
16 kB each.
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% 1.2.LPC1768: Memory (Peripherals map)

0x4010 000D APBA1 peripherals LPCA768 memory space

0x400F cooo [31] system control
reserved -~

30 - 16 reserved -
0x400C 0000 DxE010 D000 AHB peripherals , 0x5020 000D

15 QEl -
0x400B CO00 private peripheral bus 127- 4 reserved Z

0x4006 8oop |14} motor contral PAVM 0xEDO0 0000 — -

= S fi
Dx4008 4000 |13 __reserved reserved =B confrofier 0x5000 €000
0x4008 0pop |12 jrepetitive interupt timer 0x5020 0000 reserved 0x5000 8000
Ox400A COOD reserved

25
Dx400A 6000

o reserved = Ethermnst controller
x4004 4000 reserved 7 Dx4400 0000 05000 0000
4004 DODD 1262 peripheral bit band alias addressing
(%4009 CO0D UARTS reserved

-
(%4009 8000 UART2 0x4010 0000 APBO peripheral
APEB1 peripherals peripherals 0x4008 D000
(%4009 4000 [

Timer 3 D008 D000
31- 24 reserved 04006 000D
(%4009 DOOO

APBD peripherals
0x4008 CO00 DAC

reserved = 23 12C1 0%4005 COO0
0x2400 D000 22 - 19 reserved
Dx4004 CO0
(%4008 8000 S5P0 AHB SRAM bit band alias addressing
1 - 0 reserved
0x4008 D000 z p—

| OXFFFF FFFF

-
ka2

AHB perinerals 0x5000 D000 GPDMA controller 0%5000 4000

i |
[=] ]

Dx4200 DODO

Timer 2

Py Jta J &= Jn | | =1 oo |2

0x2200 0000 18 CAN2 Dx4004 8000
= 2004 0000 17 CANT 04004 4000
GPIO 16 CAN common 0x4004 000D
02008 o0 15 { CANAFregisters | 0x4003 coOD
3/0x2008 4000 14 CANAFRAM w4003 8000

02007 COO0 13 4003 4000

-
7 0x1FFF 2000 12 0x4003 0000
in connect
7 K5 boot ROM 0x1FFF 0000 1 GIZIO — 0x4002 CO00
10 interru -
resenved 01000 8000 : 04002 000
RTC + backup registers | n.anoo an00

32 kB local static RAM g
01000 DODO
I-code/D-code " SPI 0x4002 0000

5
Memory space —
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reserved
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eC 1.2. LPC1768: Bus structure

Ethemet
JTAG PHY usB
interface interface  interface

T I 0

Test/Debug Interface

Clock Generation,
101100 Clocks Power Control,
ARM Cortex-M3 I MAC and <— Brownout Detect,
Controls and other
system funciions

28

Flash Flash
Accelerator 512 kB

- 5!
Trace Module [—3 ' 2

High Speed GPIO Multilayer AHB Matrix %Eﬁkg‘

ROM
8 kB

AHB to
APB bridge

APB slave group 0 APB slave group 1

S5P1 S5P0

UARTs 0 & 1 UARTs 2 &3

12C 0 &1 I’C2

SPI0

i

.| Capture/Compare |
" Timers 0 & 1 B

Y

h 4

Capture/Compare
Timers 2 & 3

‘Watchdog Timer

PWM1

Extemnal Interrupts

|

12-bit ADC
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T 1.2. LPC1768: Bus structure (Multilayer AHB
C Matrix)

Ethernet
JTAG PHY UsB
interface Debug Port interface interface

1l I L]

TESTIDEBUG USE Clock Generation,
INTERFACE Dvicel Power Control,
host and other
controller System Functions

ARM Cortex-M3

EMULATION |
TRACE MODULE [¥¥]

MAM

I
SRAM
32 kB

1
SRAM
16 kB

1
SRAM
16 kB

| |
‘Ethemet HS

Pt i Pt
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% 1.2. LPC1768: Bus structure (Peripheral)

[ 1EUS | [ EuUs | | 1Eus |

! Multilayer
| AHB Matrix
L

APB slave group 0 APB slave group 1
S5P1 SSP0

UARTs 0 & 1 UARTs 2 &3

CAN1E&2 25
“C 0 &1 I2C2

SPI0 Capturefcompare
timers 2 &3

Capturefcompare |,
timers 0 & 1 " Repetitive interrupt

- timer

Watchdoqg timer

PWM1 l«——»| Extemnal interrupts je———
R DAC I

12-bit ADC !
«——» System confrol
| Pin connect block J&——»f
l«——»| Motor control PWM J¢———»

| GPIO interrupt control I-d—b
l«—»] Quadrature encoder j¢——— >

r
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Clectronica

1.2. LPC1768: Pins

IC1A

t PO.O/RDI/TXD3/SDA1 P1.O/ENET_TXDO |
t P0.1/TDI/RXD3/SCL1 P1.I/ENET_TXD1 |
t P0.2/TXDO0/ADO.7 P14/ENET_TX_EN |
t P0.3/RXD0/AD0.6 P1.8/ENET_CRS |
1 PO.412SRX_CLK/RD2/CAP2.0 P1.9/ENET_RXDO |
t PO.S/I2SRX_WS/TD2/CAP2.1 P1.10/ENET_RXDI1 |
t P0O.6/I2SRX_SDA/SSEL1/MAT2.0 P1.1I4ENET_RX ER |
t PO.7MI2STX_CLK/SCK1/MAT2.1 P1.15/ENET_REF_CLK |
P1.16/ENET_MDC |
t PO.8MI2STX_WS/MISO1/MAT2.2 P1.17/ENET_MDIO
t P0.9T2STX_SDA/MOSII/MAT23

t PO.10/TXD2/SDA2/MAT3.0 P1.18/USB_UP_LED/PWMI.1/CAP10 |
t PO.11I/RXD2/SCL2Y/MAT3.1 P1.19/ MCOAnbbB PPWR/CAPL.1 |
t P0.15/TXD1/SCKO/SCK P1.20/MCFBO/PWM1.2/SCKO |
P1.21/MCABORT/PWM1.3/SSELO |
t P0.16/RXD1/SSELO/SSEL P1.22/MCOB/USB_PWRD/MATI1.0 |
t P0O.17/CTSI/MISOOMISO P1.23/MCFB1/PWMI1 4/MISO0 |
t P0.18/DCD1/MOSIO/MOSI P1.24/MCFB2/PWM1.5/MOSIO |
t P0.19/DSR1/SDA1 P1.25MCIA/MATI.1 |
t P0.20/DTR1/SCL1 P1.26/ MC1B/PWMI1.6/CAP0.0 |
t P0.21/RII/RD1 P1.27/CLKOUT/nUSB_OVRCR/CAPO.1 |
t P0.22/RTS1/ID1 P1.28/MC2A1.0/MAT0.0 |
t P0.23/ADO0.0/I2SRX_CLK/CAP3.0  P1.29MC2B/PCAP1.1/MATO.1 |
P1.30/VBUS/ADO0 4 |
t P0.24/ADO0.1/T2SRX_WS/CAP3.1 P1.31/SCKI/ADO.5 |
1 P0.25/AD0.2/12SRX_SDA/TXD3

1 P0.26/AD0.3/AOUT/RXD3

t P0.27/SDAO0/USB_SDA P2.0/PWML.I/TXD1 |
t P0.28/SCLO/USB_SCL P2.1/PWMI1.2/RXD1 |

P1.0
P1.1
P14
P18
P19
P1.10
P1.14
P1.15
P1.16
P1.17

P1.18
P1.19
P1.20
P1.21
P1.22
P1.23
P1.24
P1.25
P1.26
P1.27
P1.28

45 P1.29

75 P2.0
74 P2.1
73 P2.2

P2 5/PWMI1.6/DTRI/TRACEDATAO
t P3.25/MAT0.0/PWM1.2 P26/

artagena

70
69
68

t P0.29/USB_D+ P2.2/PWMIL.3/CTSI/TRACEDATA3 ———s5+
t P0.30/USB_D- P23/PWM1.4DCDI/TRACEDATA2 b—r—F51
P2 4/PWM1.5/DSRI/TRACEDATAL |

P23
P24
P2.5

67

P26

LORW

6/PCAPL ORII/TRACECLK |
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Clectronica

1.2. LPC1768: Pin Connect Block

LPCAIT68 Pin functions

Fumnc 1 Func 2 Func 3 Func 4 Pin Fune 1 [Fune 2 Func 3 Func 4
TOO S0 a1 EIMT2N [28TH WS
DI 52 EIMTIN [25TH CLK
WS SWDIO 53 EINTON Pl
nTRST ol |
TCHK 55
[ ] | I ] 56 RTS1
I25RE_SDA a7 RI1

25 WS i 58 DOTR1
WI2SRX_CLK 59 DER1

1] DecMm

WEEA 61 CTS1

WREFP G2 TaD1

M.C. b3 R0

nRSTOUT G4 USB COMMECT
WREFN 3]

RTCE] GG

nRESET 6T ) TRACECLK
RTCX2 i) TRACEDATAD
WVEAT 6% TRACEDATAI
| Fill} TRACEDATAZ

e | e B B A L

| [ |
RTAL iz
HTALZ 73 TRACEDATAZ
SCLO 74
sSDAD [k TRACECLK

Table 75. Pin function select register bits
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Clectronica

e 1.2. LPC17xx: Pin Connect Block

Ex: P0.26 is ADO0.3 (AIN3 in ADC)

Table 80. Pin function select register 1 (PINSEL1 - address 0x4002 C004) bit description

PINSEL1 Pin name Function when | Function Function Function Reset
00 when 01 when 10 when 11 value

1:0 P0.16 GPIO Port 0.16 |RXD1 SSELO SSEL 00
3:2 P0.17 GPIO Port 0.17 |CTSH MISO0 MISO 00
54 P0.18 GPIO Port 0.18 | DCD1 MOSIO MOSI 00
76 P0.191  GPIO Port 0.19 |DSR1 Reserved SDA1 00
9:8 P0.201  GPIO Port 0.20 |DTR1 Reserved SCL1 00
11:10 P0.2101  GPIO Port 0.21 |RI1 Reserved RD1 00
13:12 P0.22 GPIO Port 0.22 |RTS1 Reserved TD1 00
15:14 P0.23[1  GPIO Port 0.23 |AD0.0 I2SRX_CLK CAP3.0 00
17:16 P0.24[1  GPIO Port 0.24 |ADO.1 I2SRX_WS CAP3.1 00
19:18 P0.25 GPIO Port 0.25 |ADO.2 I2SRX_SDA TXD3 00
21:20 P0.26 GPIO Port 0.26 |ADO.3 AOUT RXD3 00
23:22 P0.270121 GPIO Port 0.27 | SDAO USB_SDA Reserved 00
25:24 P0.28llZ] GPIO Port 0.28 | SCLO USB_SCL Reserved 00
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Clectronica

?'e ;? 1.3. Cortex-M3: Exceptions

OO0 What is an exception?

B Any event (internal or external) that stops pUP current process to switch
to different task.

B The exception priority is used to manage when an it is attended by the
MP, and to nest them.

O In Cortex-M3

System Exceptions are numbered 1-15.

External Interrupt (to the pP, known as Interrupt Requests, IRQs) are
numbered 16 and above.

Cortex-M3 chips can have different numbers of IRQs (from 1 to 240) and
different numbers of priority levels according to them.

Cortex-M3 in LPC17XX has 35 vectored exceptions.

Most of the exceptions have programmable priority, and a few have fixed
priority (normally 3, like in LPC17XX).
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Clectronica

a(C 1.3. Cortex-M3: Exceptions

Exception | Exception Type | Priority Description
Number

Reset -3 (Highest) Reset

NMI S Nonmaskable interrupt (external NMI
input)

Hard Fault -1 All fault conditions, if the corresponding
fault handler is not enabled

MemManage Programmable | Memory management fault; MPU
Fault violation or access to illegal locations

Bus Fault Programmable | Bus error, like Prefetch abort

Usage Fault Programmable | Exceptions due to program error or trying
to access coprocessor

NICAS ONLINE
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Clectronica

a(C 1.3. Cortex-M3: Exceptions

Reserved

N/A

PendSV

Programmable

Pendable request for system device

SYSTICK

Programmable

System Tick Timer

External Interrupt #0

Programmable

External Interrupt

External Interrupt #1

Programmable

External Interrupt

External Interrupt #239

Programmable

External Interrupt

Cartagena99
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Clectronica

%

1.3. LPC17xx: Interrupt Number
Definition

O LPC17xx.h

typedef enwm IROn

{

f***tt*
Feset IROn

HonMaskshleInt IRQn
HardFault IROn

Memor yManagement IROn
BusFault IROn
UsageFault IROn

gVCcall IROn

Fend3V IROn

= -5,
DebugMonitor IROn = =4,

= -z

SysTick IROn -1

f******
UDT IRQn
TIMERO IROQn
TIMERL IRQn
TIMERZ IRQn
TIMER3 IRQn
UARTO IRQn
UARTL IRQn
UARTZ IRQn
UART3 IRQn
PUM1 IRQn
IzCO0_IRQm
IzC1 IRQm
Izcz IRQm
SPI_IRQn
S5P0_IROn
55P1 IROm
PLLO_IRQn
RTC IRQn

LPC17%xx Specific

Dl’

Wodn -1 o ok L o
T M oMo omomomowom

[ T =
i o T = AV I N R S oy |

-

r

r

Interrupt Nunbers

-

-

-

-

-

-

17,

Table 50.

Connection of interrupt sources to the Vectored Interrupt Controller

Interrupt Exception Vector Function

1D

Cortex-M3 Processor Exceptions Numbers #&F#@saadsasssaasaasy 0
-15,
= -14,
-13,
-1z,
-11,
=10,

f#1e 1 Heset Wector, invo 1
f#le 2 Non Maskable Inter
f*l< 3 Hard Fault, all o
SHle 4 Cortex-M3 Memory M
f#1e 5 Cortex-M3 Bus Faul
f*le 6 Cortex-M3 Usage Fa
fEle 11 Cortex-M3 3V Call
S#le 12 Cortex-M3 Debug M
fEle 14 Cortex-M3 Pend 3V
FS#1< 15 Cortex-M3 Svystem

e i e o e o

JS#le Watchdog Timer Inter

Sl TimerDd Interrupt

FS#le Timerl Interrupt

Sl TimerZ Interrupt

Sl Timerd Interrupt

JS#l< TARTO Interrupt

JS#l< TART1 Interrupt

JS#l< TARTZ Interrupt

JS#1< TART3I Interrupt

FS#1le PTTM1 Interrupt

FS#le TZCO Interrupt

f#le TZC1 Interrupt

f#le TZCZ Interrupt

JS#le SPI Interrupt

FS#le 33P0 Interrupt

FS#le 33P1 Interrupt

JS#1l< PLLO Lock (Main PLL) Interrupt
FS#l< Real Time Clock Interrupt

Number

16

17

18

19

20

Offset

0x40

Ox44

0x48

0x4C

0x50

0x54

wWDT
Timer 0

Timer 1

Timer 2

Timer 3

UARTO

=
*f’

Flag(s)

Watchdog Interrupt (WDINT)
Match 0 - 1 (MRO, MR1)

Capture 0 - 1 (CRO, CR1)

Match 0 - 2 (MRO, MR 1, MR2)
Capture 0 - 1 (CRO, CR1)

Match 0-3

Capture 0-1

Match 0-3

Capture 0-1

Rx Line Status (RLS)

Transmit Holding Register Empty (THRE)
Rx Data Available (RDA)
Character Time-out Indicator (CTI1)
End of Auto-Baud (ABEQ)
Auto-Baud Time-Out (ABTQ)

Rx Line Status (RLS)

Transmit Holding Register Empty (THRE)
Rx Data Available (RDA)
Character Time-out Indicator (CTI)
Modem Control Change

End of Auto-Baud (ABEQ)
Auto-Baud Time-Out (ABTO)
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Clectronica

%  1.3. Cortex-M3: Exceptions (Vector Table)

Exception number IRQ number Offset Vector

1640 . T [0 Vector Table contains addresses
0x0040+4n -
| (vectors) of exception handlers
) ; and ISRs.

0x004C RO2 Main Stack Pointer initial value in

0x0048 .
030044 IRQ1 location O.

0x0040 i B Set up by hardware during Reset.
Systick

PendSV
Reserved Vector Table can be relocated to
Reserved for Debug S RA M

SVCall
: B Via the Vector Table Offset (Register
contained in the NVIC)

0x003C
0x0038

Reserved

O The least-significant bit of each
"9 ox0018 e vector must be 1, indicating that

11 Bus fault i i
O T T CIASES PARTICULARES, TUTORIAS TECNICAS ONLINE
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Clectronica

e 1.3. LPC17xx: Vector Table definition

D Stal‘tup_LPC17xx_s ARER RESET, DATA, READONLY

EXPORT  Vecrtors

_ Wectors LD __initisal =p : Top of Stack
DCh Feset Handler : BEeset Handler
DCh HNMI Handler : WMI Handler
DCh HardFault Handler ; Hard Fault Handler
LD HemManage Handler : MPU Fault Handler
DCh BusFaulrt Handler : Bus Fault Handler
LD UsageFault Handler : Usage Fault Handler
DCh u] : BEeserwved
DCh u] : BEeserwved
DCh u] : BEeserwved
DCh u] : BEeserwved
DCh SVC_Handler : 8VWCall Handler
LD DebugMon Handler : Debug Monitor Handler
DCh u] : BEeserwved
DCh Pendd3V Handler : Pend3V Handler
LD SysTick Handler : SysTick Handler

;: External Interrupts

LD WDT IRQHandler : 16: Watchdog Timer
DCh TIMERO TIRQHandler : 17 Timer0O
DCh TIMER1 TRQHandler : 18: Timerl
DCh TIMERZ IRQHandler ;19 Timerz
DCh TIMER3 IRQHandler ;o o20: Timers3
DCD TARTO TRQHandler ; Z1: TARTO
DCD TART1 TRQHandler ; Z2Z: TART1
DCD UARTZ TRQHandler ; Z3: ULRTZ
DCD TART3 TRQHandler ; Z4: TULRT3
DCD FPUM1 TRQHandler ; Z5: PUM1
DCD I2C0_TEQHandler ;o ZaA: I2COo
DCD I2C1 TREQHandler ;27 Iz2cC1
DCD I2C2 TEQHandler Zg: Iz2cCz

RTICULARES, TUTORIAS ECNICAS ONLINE
ENVIAWHATSAPP 689 45 44 70
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Clectronica

e 1.3. LPC17xx: Vector Table definition

0 Example of program with exceptions

S Funcicon de inicializacion

void Configivoid)

1

{ S Configuracion del P2.13 como EINTI ——> PINSEL:
SéfFuncion de iniciglizacion LPC PINCCN->PINSEL4 |= 1 << (12%Z);
Configl):

A& Programa principal
int main(void)

J4 Configurar el pin P1.E29 como salicda --» GPIO1 F.

// Programa principal LPC GPIO1->FIQDIR [= 1<<i3;

while (1 . .
(1) 4 A Interrupcidn gctiva por Flanco de bajada

LPC 3C->EXTHMODE |= 1<< &;

A Configuramos prioriclad 1 2 1a interrupcion EINT
NVIC->IP[EINTZ IRQn] Ox01 << 3:
NWIC->IP[EINT3_ TIROn] Ox02 << 3:

_ — _ S Habilitar la interrupcion EINTS —-» ISERO.Z21
ol INT: IRQHandler)wvoid]
WNWIC-»I3ER[O] 1 << EINTZ IRQn:; /#* enable interru)

NWIC-»>I3ER[O] 1 << EINTS:IRQH: #* enakle interru)

A Boprpar el falg de 13 EINT? —-»> ENTINT.

LPC 3C-=EETINT = 1 << Z: LPC_GPIQINT->IC0IntEnR |= 3<< 21; // P0.21 ¥ PO, 2
activo 44: LFC_GPIOINT->IOO0IntEnF |= 3<< 21; //P0.21 v PO.2

¥

vo1dCEINT3_IRQHandleDivoid]
{
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e 1.3« LPC17XxX: Vector Table definition (keil

%

example)

[0 Keil example vectors inicializ.

Ha
RE
k7
RE
R
R10
R11
R12
R13[5F)
R14 [LR]
R15[PC)

Cartagena99

HELINE T IEIN
Ow0007 0004
C00000000
Ow00000000
C100007 o
0000007 40
C00000000
01 0000050
O 0000270
1 FEFOA5E

Ow000007 B

1

I
I
I
I
1

-

v =kl

a

activo

b

Config

EINTZ_IRGHandler

EINT3_IRGEH andler

mair

startup_LPCT s
__asm_0x2FC

startup_LPCT s

BusFault_Handler

Debugkdon_Handler

Default_Handler

HardF ault_Handler

M emtd anage_Handler
tI_Handler

Pend5y_Handler

Rezet Handler

Brnote
Copviright (C)

* % * * %

Ao

Address: |0=0

Ox00000000:
Ox00000004 :
Ox00000005 :
Ox000o000oc:
Ox00000010:
Ox00000014:
Ox000o001s:
Ox0000001c:
Ox000000z0:

T T T T

01 0000003
01 O000004
=1 000000C
O=000001ER
0000007 A5
O=00000EBE
Ox00000252

OxO0000ZFC

0000007 74,
(000007 80
O=0000017 56
0000000 76
O=000007 75
0000001 74
O=000001 52
0x000001 6C

LY A R R R S S

CLASES PARTIC
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>
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* 1.3. NVIC: Characteristics

Nested Vector Interrupt Controller.

NVIC is integrated into Cortex-M3 core.
Supports 240 interrupt sources.

256 priority levels for each interrupt.

NVIC hardware supports nested interrupts.
Fast context switch.

12-cycle typical.

Advanced features:
u Priority pre-emplion  ragserw sl
B Tail-chaining

Cartagena99
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?'e ;' 1.3. NVIC: Characteristics

SysTick
(System Tick
Timer)

v Cortex' -M

Processor
Core

Peripheral

NVIC

Peripherals

_ System
Configuration | 4 exceptions

registers Bus interface

t $

Internal bus interconnect
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1.3. NVIC: Interrupt sequence (enter +
exit)

Pre-emption & EXxit Pre SP(N)
Stacking - Unstacking N-4
O PC, xPSR, r0-r3, r12, LR NEE
Vector fetch. N-12

. ] N-16
Register update: Neoe
O SP,PSR,PC,LR

Interrupt cleared
Interrupt occur by ISR N-28

Interrupt | New SP
Exception (N-SE)

N-24

Handler L
mode

Cartagena99
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?"e . 1.3. NVIC: Interrupt Latency

[0 Deterministic interrupt latency
B Cortex-M3 has an interrupt latency of 12 cycles and
12 cycles to return from servicing.

O ARMY7 does not have deterministic interrupt latency (24
to 42 cycles )

Latency includes stacking the registers, vector fetch,
and fetching instructions for the interrupt handler.

IRQ /

Cortex-M3 PUSH

! 12 !
NICAS ONLINE
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?"e | 1.3. NVIC: Exception States

0 Inactive:
B The exception is not active and not pending.
O Pending:
B The exception is waiting to be serviced by the processor.

B An interrupt request from a peripheral or from software can
change the state of the corresponding interrupt to pending.

0 Active:
B An exception that is being serviced by the processor but has not
completed.

An exception handler can interrupt the execution of another
exception handler. In this case both exceptions are in the active
state.

A r~kivia nrard mnan

Cartagena99
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?e; 1.3. NVIC: Registers (I)

[0 Each interrupt input has several registers to control it:

B Enable/Disable Bit (ISERn/ICERN)
[0 Enable or disable the interrupt
O Can be set, cleared or read
B Pending Bit (ISPRn/ICPRN)
O If the pending bit is set, then the interrupt is pending
O An interrupt can be “pended” by setting the pending bit
O Pending bit can be set, cleared or read
B Active Bit (IABRN)
O A bitis set if the interrupt is executing or “active-stacked”
O Active register is normally read only
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1.3. NVIC: Registers (1I)

pdes _ame _Livoe loescipten

OxEOOOEO04  ICTR Interrupt Controller Type Register

OxEOOOET00 - NVIC_ISERO- RW Interrupt Set-Enable Registers
OXEOOOE10B  NVIC_ISER2

OXEOOOE180 - NVIC_ICERO- RW Interrupt Clear-Enable Registers
OxEOOOE18B NVIC_ICER?2

OXEOOOE200 - NVIC_ISPRO- RW Interrupt Set-Pending Registers
OXEOOOE20B  NVIC_ISPR2

OxEOOOE280 - NVIC_ICPRO- RW Interrupt Clear-Pending Registers
OXEOOOE28B  NVIC_ICPR2

OxEOOOE300 - NVIC_IABRO- RO Interrupt Active Bit Register
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e 1.3. NVIC: Registers (III)

[0 To disable exceptions:

B PRIMASK

O A 1-bit register, when this is set, it allows nonmaskable
interrupt (NMI) and the hard fault exception; all other
interrupts are disabled.

FAULTMASK

O A 1-bit register, when this is set, it allows only the NMI and all
other interrupts and fault handling exceptions are disabled.

BASEPRI
O A register of up to 8-bits (depending on the bit-width

imnlamant

ad for tha nrinritv laval)l It dafinac tha macl.
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1.3. Cortex-M3: Exceptions (Priority
a(C Level)

0 A higher-priority exception can preempt a lower-priority
exception.

[0 Reset, NMI, and hard fault have fixed priority levels.
[0 Supports 256 levels of programmable priority.
O]

The reduction of priority levels can be implemented by cutting
out several lowest bits of the priority configuration register:

m 3 bits of priority level

Bit7 |Bit6 |BitS5 |Bit4 |Bit3 |Bit2 |Bitl

Implemented Not implemented, read as zero

B 4 bits of priority level

NICAS ONLINE
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1.3. System Control Block (SCB)

Exception enables.

Setting or clearing exceptions to/from the
pending state.

Exception status (Inactive, Pending, or Active).
Inactive is when an exception is neither Pending nor
Active.

Priority setting (for configurable system
exceptions)

The exception number of the currently executing
code and highest pending exception.

NICAS ONLINE
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65‘ 1.3. Cortex-M3: Exceptions (Priority Level
A !
Register)

[0 This register is further divided into two parts: preempt
priority and subpriority.

[0 Using a Priority Group register, the priority-level configuration
register can be divided into two halves, i.e., the upper half
(preempt priority ) and the lower half (subpriority).

B Preempt priority: an interrupt or exception with a higher preempt
priority can preempt one with a lower preempt priority.

L] : the order when multiple interrupts or exceptions with the
same preempt priority occur at the same time.

Priority Group Preempt Priority Field Subpriority Field
] Bit [O]

Bit [1:0]

Bit [ 2:0]

Bit [3:0]

Bit [4:0]
IAS TE%NICAS ONLINE
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%

1.3. NVIC: LPC17xx

EI

LPC17xx supports 35 vectored interrupts.

B ARM allows manufacturers flexibility to implement fewer than 240
32 interrupt priority levels.

B ARM allows flexibility to implement fewer than 256 levels
Priority.

B A programmable priority level of 0-31 for each interrupt.

B A higher level corresponds to a lower priority, so level 0 is the highest
interrupt priority.

B Grouping of priority values into group priority and sub-priority fields.
Stack Operations.

B The processor automatically stacks its state on exception entry and
unstacks this state on exception exit, with no instruction overhead.

An External Non-Maskable Interrupt (NMI).
Includes Wake-up Interrunt Controller (WIC)
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2(C 1.3. LPC17xx: Config. Interrupts priority

Each priority register is divided into four eight bit priority fields,
each field being assigned to an individual interrupt vector.

LPC176x Interrupt Vectors starts at ISR #16 (vector offset
0x40)

Lower numbers are higher priority.

The LPC17xx only uses 5 bits of this field to implement 32
levels of priority.

B However, you should note that the active priority bits are in the upper 5
bits of each priority field.

By default the priority field defines levels of priority with level
zero the highest and 32 the lowest.

[0 Format the priority field into priority groups (pre-emption) and
subgroups (sub-levels).

Cartagenagg ‘“momnse
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2(C 1.3. LPC17xx: Config. Interrupts priority

[0 Interrupt source has an 5=bits interrupt priority value.

[0 The 5 bits are divided into preempting priority levels and
non-preempting “sub-priority” levels.
B Sub-priority levels only have an effect if the pre-empting priority levels are
the same.

B The software programmable PRIGROUP register field of the NVIC chooses
how many of the 5-bits are used for “group-priority” and how many are
used for “sub-priority”.

Group priority is the pre-empting priority.

Interrupt priority level value, PRI_N[7:0] Number of

PRIGROUP Binary pointll Group priority Subpriority bits  Group priorities Subpriorities
bits

b010 bxxxxx.000 [7:3] none 32 1
b011 bxxxx.y000 [7:4] 16 2
b100 bxxx. nyOD [7:5] : 4

Cartagena99
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e‘y 1.3. CMSIS: Cortex Microcontroller Software Interface
c
, Standard

0 CMSIS is a vendor-independent GMSIS
hardware abstraction layer (HAL)
for the Cortex-M processor series. EPCMP.!.‘&ANF

Software Interface Standard

CMSIS enables consistent and simple software interfaces to
the processor and the peripherals, simplifying software re-
use, reducing the learning curve for new microcontroller
developers and reducing the time to market for new devices.

Standardizing the software interfaces across all Cortex-M
silicon vendor products.

NICAS ONLINE

Cartagena99

www.cartagena99.com no se hace responsable de la informacién contenida en el presente documento en virtud al
Articulo 17% deTaLey de Servicios de la Sociedad_ de la Im‘ormamor&g de Comercio Electronico, de 11 de quIO de 2002

e Y
Si la informacion contenida en el documento es ilicita o lesiona bien

ependinsento dedrddetadnstesabgiAtdera retirada.



e'y 1.3. CMSIS: Cortex Microcontroller Software Interface
.e : Standard

[0 The CMSIS consists of the following components:

B CMSIS-CORE: provides an interface to Cortex-M0, Cortex-M3, Cortex-
M4, SC000, and SC300 processors and peripheral registers.

B CMSIS-DSP: DSP library with over 60 functions in fixed-point
(fractional g7, q15, g31) and single precision floating-point (32-bit)
implementation.

CMSIS-RTOS API: standardized programming interface for real-time
operating systems for thread control, resource, and time management.

CMSIS-SVD: System View Description XML files that contain the
programmer's view of a complete microcontroller system including
peripherals.

Application Code Peripheral

View
4 4

CMSIS-DSP cnsas-aros /

W-Lbln
| i Debugger
Real-Time Kernel
EC
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es; 1.3. CMSIS: Cortex Microcontroller Software Interface
<)
Standard

[0 Hardware Abstraction Layer (HAL) for Cortex-M processor
registers:
m  NVIC, MPU
[0 Standardized system exception names. For example:
B void SVC_Handler()
B void UARTO_IRQHandler()

Standardized method of header file organization.

Common method for system initialization.
m SystemlInit()

Standardized intrinsic functions. For example:
B void ___disable_irq(void), void __enable_irq(void)

Common access functions for communication.
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2 1.3. CMSIS: Accessing Core Registers

Function Defimtion Core Register Description

void __enable_irg (void) PRIMASK =0 Global Interrupt enable (using the instruction CPSIE i)

void _ disable irq (void) PRIMASK =1 Global Interrupt disable (using the instruction CPSID i)

void set PRIMASK (uint32 t | PRIMASK = value Assign value to Priority Mask Register (using the instruction MSR)
value)

uint32_ t  get PRIMASK return PRIMASK Return Priority Mask Register (using the instruction MRS)
(void)

void  set CONTROL CONTROL = value Set CONTROL register value (using the instruction MSR)
(uint32_t value)

uint32 t  get CONTROL return CONTROL Return Control Register Value (using the instruction MRS)
(void)

void _ set PSP (uint32 t PSP = Set Process Stack Pointer value (using the instruction MSR)
TopOfProcStack) TopOfProcStack

uint32 t  get PSP (void) return PSP Return Process Stack Pointer (using the instruction MRS)

TICULARES, TUTORIAS TE%NICAS ONLINE
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%

1.3. CMSIS:

NVIC functions

0 In addition, the CMSIS provides a number of functions for NVIC

control:

Only Ext.
Interrupt.

artagenaq

Function Name

void NVIC_SetPriorityGrouping (uint32_t
PriorityGroup)

Parameter
Priority Grouping Value

Description

Set the Priority Grouping (Groups .
Subgroups)

void NVIC_EnablelRQ (IRQn_Type IRQnN)

IRGQ Number

Enable IRQn

void NVIC_DisablelRQ (IRQn_Type IRQnN)

IRQ Number

Disable IRQN

uint32_t NVIC GetPendinglRQ (IRQn_Type
IRQnN)

IRQ Number

Return 1 if IRQn is pending else 0

void NVIC_SetPendinglRQ (IRQn_Type IRQN)

IRQ Number

Set IRQn Pending

void NVIC_ClearPendinglRQ (IRQn_Type IRQnN)

IRQ Number

Clear IRQn Pending Status

void NVIC_SetPriority (IRQn_Type IRQN,
uint32_t priority)

IRQ Number, Priority

Set Priority for IRQn

uint32_t NVIC_GetPriority (IRQn_Type IRQN)

IRQ Number

Get Priority for IRQn

uint32_t NVIC_EncodePriority (uint32_t
PriorityGroup, uint32_t PreemptPriority,
uint32_t SubPriority)

IRQ Number, Priority Group,
Preemptive Priority,
Sub Priority

Encode priority for given group,
preemptive and sub priority

NVIC_DecodePriority (uint32_t Priority, uint32_t
PriorityGroup, uint32_t* pPreemptPriority,
uint32_t* pSubPriority)

IRQ Number, Priority,
pointer to Priority
Group, pointer to
Preemptive Priority,
pointer to Sub Priority

Decode given priority to group,
preemptive and sub priority

void NVIC_SystemReset (void)

Resets the System

IAS TECNICAS ONLINE
54470

CIENCE STUDENTS

cartagena99.com no se hace responsable de la informacién contenida en el presente documento en virtud al

WWW. g
rtacuio alLe

e y de Servicios de Ta Sociedad, de Ta Informacion
Si la informacion contenida en el documento es ilicita o lesiona bien

de Comercio Electronic de 11 de quIO de 2002
D ng

eperctdni@nto @&

tesablgiAtdera retirada.




Clectronica

%

#include

nintiz_t
nintiz_t
nintiz_t
uint3iZ_t

int main

1.3. NVIC access: CMSIS examples (I)

"LPCLT7Hx. I

priorityGroup;
priority:
preemptPriority:
subPriority:

[wvoid)

MWIC SetPriorityGrouping(5);

priorityGroup = NVIC_GetPriorityGroupingi)

priority = NVIC EncodePriority(priorityGroup, 1, &):

IWIC SetPriority (UDARTO_TROn, priority):

priority = NVIC GetPriority(UTARTO_TROn) ;

MUTE NernderPrinritarinrinritysr . nrinri by

Cartagena99

WVariahles to store priority group and prioritcy */

Get priority group to 5:
Bit[7..6] preempt priority Bits,
Bit[5..3] subpriority Bits

[walid for fiwve priority bits) */4
et used priority grouping *F

Encode priority with & for subpriority and 1 for preempt priority
Note: priority depends on the used priority grouping */

Set new priority *f

Fetrieve priority again */
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2(C 1.3. NVIC access: CMSIS examples (1I)

[0 CMSIS NVIC functions NVIC_EnableIRQ(), NVIC_GetActive()

#ginclude "LPC17xx. 0"

uint3iZ_t active:

void TIMERD IRQHandler{void) {
if (LEC_TIMO->IR & (1 << 0))

LPC_TIMO->IF [= (1 << 0);

'
active = NVIC Getictive (TIMEROD _IRQn):

'

int main (woid)
LFC_TIMO--MEO [{(oystenCoreClock # 1000y ¢ 4) - 1):
LPC_TIMO->MCE 13 == 0);

NVIC EnableIRQ(TIMERO_IROn):

Wariable to store interrupt active state */

Timer 0 interrupt handler */

Check if interrupt for match channel 0 occured */
Acknowledge interrupt for match channel 0 occured */

et interrupt active state of timer 0 +/

et match chanmel register MEO to 1 millisecond */
1 mz? %5

Enahle interrupt and reset for match channel MRO */

Enable NVIC interrupt for timer 0O %/

PARTI
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a(C 1.3. CMSIS: Peripheral Access

[0 Describes naming conventions, requirements, and optional
features for accessing peripherals.

[0 Each peripheral provides a data type definition with a name that
is composed of a prefix <device abbreviation>_ and the
<peripheral name>_

m for example, LPC_UART for the device LPC and the peripheral UART.

B The intention is to avoid name collisions caused by short names.

B If more peripherals exist of the same type, identifiers have a postfix
consisting of a digit or letter, for example LPC_UARTO, LPC_UART1.

[0 The data type definition uses the standard C data types from
the ANSI C header file <stdint.h>.

m IO Type Qualifiers are used to specify the access to peripheral variables.

m IO Type Qualifiers are indented to be used for automatic generation of

debug information of peripheral registers and are defined as shown below:
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%  1.3. CMSIS: Peripheral Access (example)

0 The following typedef is an example for a UART.

| <device abbreviation>_UART_TypeDef: defines the generic register layout for all UART channels
in a device.

fypedef STruct
{
union {
~ I wuint8 t RER; Off=et: Feceiver Buffer Register
9@ uintg t THR; Off=set: Transmit Holding Register
__Io uints t DLL; Off=set: Diwvisor Latch L3E
uint3z_t RESERVEDO;
}:
union {
_ I uintd © : Offzet: [E/W) Divisor Latch NMSE
IO uint3Z ¢ H Off=et: [RAT) Interrupt Enable Register
¥
union f{
I uint3z t IIR; Qffset: 0Ox003 (RS ) Interrupt ID Eegister
O uint3_ t FCR; Qff=zet: Ox00S ( F) FIFDO Control Register

}:

__I0 uint8_t LCE: Offzet: Ox00C (RS Line Control Register
uints t RESERVEDLI[V] !
uintd t L3R; Qffzet: 0x014 (B/ | Line 3tatus Register
uints t REIERVEDZ[V]:

IO uintd t SCR: Qffzet: Ox01C (RS Soeratch Pad Register
uintd t RESERVED3I[3]:

_ IO uint3iz_ t ACER; JS* offset: 0x0Z0 (RS Lutobaud Control Register
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% 1.3. CMSIS: Peripheral Access (ex.: cont.)

[0 To access the registers of the UART defined above, pointers to a
register structure are defined.

In this example <device abbreviation>_UART# are two pointers to
UARTSs defined with above register structure:

m  #define LPC_UART2 ((LPC_UART_TypeDef  *) LPC_UART2_BASE )

m  #define LPC_UART3 ((LPC_UART_TypeDef  *) LPC_UART3_BASE )

The registers in the various UARTs can now be referred in the user
code as shown below:
B LPC_UART1->DR // is the data register of UART1.

NICAS ONLINE
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[0 To access the peripheral registers and related function in a device, the
files device.h and core_cm3.h define as a minimum:

The Register Layout Typedef for each peripheral that defines all register names.
RESERVED is used to introduce space into the structure for adjusting the addresses
of the peripheral registers.

typedef struct

{
__I0 uint3z_t CTRL: Offzet: 0x000 (ESW)  3vsTick Control and 3tatus Register &7
__I0 uint3z_t LOAD: Offset: 0x004 (ESW)  3vs3Tick Reload Value Begister wF
__I0 uint3z_t VAL; Offset: 0x003 (E/W)  3vysTick Current Value Register wF
_ I uint3Z r CALIE; Offset: 0x00C (R/ ) 5%sTick Calibration Register *7

V GysTick_Twype:

Base Address for each peripheral.
O  #define SysTick_BASE (SCS_BASE + 0x0010) /* SysTick Base Address  */

Access Definitions for each peripheral. In case of multiple peripherals that are using
the same register layout typdef, multiple access definitions exist (LPC_UARTO,
LPC_UART2).

O  #define SysTick ((SysTick_Type *) Systick_BASE) /* SysTick access definition */

CLASES PARTICULARES, TUTORIAS TE%NICAS ONLINE
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No anadir en la

nueva version !! \

LPC17xx.h

<device>.h

Startup_LPC17xx.s

Startup code files

7

*  1.3. CMSIS: Files for the LPC17xx (NXP)

core_cmlnstr.h

Core peripheral

core_cm3.h
access layer

core_cmFunc.h

Core intrinsic function
implementations

System_LPC 17xx.h

Y Interrupt number and
peripheral registers
- o y, definitions

System LPC17xx -

system_<device>.h

System functions

system_<device>.c : P T
y it including initialization

Cartﬁagena99
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2 1.3. CMSIS: Files for LPC17xx (NXP)

#include "core cm3.h”
#include "system LPCl17xoc. h”

Include dependency graph for LPC 7x h:

Device/MNAPALPCT  xx
Anclude/LPCT 7 3. h

system LPC1 % h core_cmd.h

stdint. h care_cmlinstr.h care_cmFunc.h

CLASES PARTICULARES, TU'%OBQW)NLINE
Cartagena99
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e 1.3. CMSIS: core_cm3.h file

0 As the LPC17xx is CortexM3 based, the core files are “core_cm3.h”
and “core_cm3.c”.

The files “core_cm3.h” and “core_cm3.c” are standard across all
vendor devices that have the CortexM3 at their core.

A fragment of “core_cm3.h” is shown in the figure:

|/** \brief Set Interrupt Pricrity
The functicn sets the pricrity of an interrupt.
\note The pricrity cannot be zet for every core interrupt.
‘param [in] IEQn Interrupt number. 5 bits
‘param [in] priority Priocrity to =et. (LPC:17XX)

*f
___BTATIC INLINE void NVIC SetPriority(IRQn Type IRQn, uint3Z2 t priority)

CLASES PARTICULARES, TUTORIAS TECNICAS ONLINE
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- 1.3. CMSIS: startup_LPC17xx.s %@%

Alc

AbAL
AAAAA

[0 The key variations in startup_LPC17xx.s for the different compilers:

DCD SysTick_Handler SysTick_Handler PROC IMPORT SystemInit EXPORT _ Vectors
EXPORT SysTick_Handler [WEAK]
B -
ENDP

iar DCD SysTick_Handler PUBWEAK SysTick_Handler EXTERN SystemInit PUBLIC __vector_table
SECTION .text:CODE:REORDER(1)
SysTick_Handler
B SysTick_Handler

gce .long SysTick_Handler .weak  SysTick_Handler EXTERN SystemInit .globl
.type  SysTick_Handler, %function _«cs3_interrupt_vector_cor
SysTick_Handler: tex_m

B
.size  SysTick_Handler, . -
SysTick_Handler

Alsoin startup_LPC17xx.s we have the Reset Handlers. Shown below are the examples for ARM:

EXPORT Reset Handler [WEAK ]
TMPORT SvstemTnit
PARTICULARTES, TU_TOBQIAS TECNICAS ONLINE
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‘ Reset Handler  PROC

ENDP
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1.4. Clocking Features (I)

Operating Frequency - 100 MHz

The LPC1700 includes three independent oscillators
(same as LPC236x).

B Main Oscillator

B Internal RC oscillator (Default after Reset)

B RTC oscillator

Any of the three clock sources can be chosen by
software to drive the main PLL and ultimately the
CPU.

NICAS ONLINE
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%e: 1.4. Clocking Features (II)

[0 Internal RC oscillator

B Clock source for the WDT, and/or as the clock that drives the PLL and
subsequently the CPU.

B The nominal IRC frequency is 4 MHz + 1% accuracy over the entire temp
and voltage range.

Main oscillator

B Clock source for the CPU, with or without using the PLL.

B The main oscillator also provides the clock source for USB PLL.
B Operates at frequencies of 1 MHz to 24 MHz.

RTC oscillator

B Clock source for the RTC block, the main PLL, and subsequently the CPU.
B 1 Hz clock to RTC.

pelk CPU Clock
Diivrider
RTICULARES, TUTORIAS TECNICAS ONLINE
NVIA WHATSAPP: 689 45 44 70
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1.4. Clocking Features (I1I)

Main PLL (PPLO)
B Input clock frequency in the range of 32 kHz to 50 MHz.

B May run from the main oscillator, the internal RC oscillator, or the
RTC oscillator.

Second PLL (PLL1)

B Dedicated to provide clocking for the USB interface to allow added
flexibility for the main PLL settings.

Peripheral Clock Selection Register(s)

B Used to control the rate of the clock signal that will be supplied to
the individual peripheral(s).

B Each Peripheral can have its own clock setting where it can be
individually set equal to CPU clock or divided down.

Clock output function

Cartagena99
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2(C 1.4. Clocking Features (III)

USB PLL settings USB PLL

(PLL1...) select
(PLL1CON)

| USBPLL .
(PLL1) >

USB
: CPU PLL i J
Lzl L celect Divider

settings
(PLLO'“_:’__) _1 (PLLOCON)

osc _clk
rtc_clk \I sysclk [ Main PLL

- > > CPU
irc_osc (PLLO) pliclk )1 Glock
-;J Divider

system clock select T . :
CLKSRCSEL[1:0] CPU clock divider setting
CCLKCFG[7:0] A 4 pclk1

USB clock divider setting
USBCLKCFGI[3:0]

Peripheral pclk2
Clock pclk4

Divider oclk8

watchdog clock select
WDCLKSEL[1:0]

wd_clk
AS TECNICAS ONLINE
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T 1.4, System Clock: PLLO Config. registers

Y AdAAA

[0 Registros de configuracion del PLLO

Name Description Access Reset value address
PLLOCON PLLO Control Register. Holding register for updating PLLO control bits. Values R/W 0 0x400FC080
written to this register do not take effect until a valid PLLO feed sequence

has taken place.

PLLOCFG PLLO Configuration Register. Holding register for updating PLLO configuration R/W 0x400FC084
values. Values written to this register do not take effect until a valid PLLO
feed sequence has taken place.

PLLOSTAT PLLO Status Register. Read-back register for PLLO control and configuration RO 0x400FC088
information. If PLLOCON or PLLOCFG have been written to, but a PLLO feed
sequence has not yet occurred, they will not reflect the current PLLO state.

Reading this register provides the actual values controlling the PLLO, as well
as the PLLO status.
PLLOFEED  PLLO Feed Register. This register enables loading of the PLLO control and WO NA 0x400FC08C
configuration information from the PLLOCON and PLLOCFG registers into the
shadow registers that actually affect PLLO operation.

Cartagena99
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T 1.4, System Clock: PLLO Config. registers

[0 CCLKCFG: Registro de configuracion del reloj de la
CPU

Bit Symbol Value Description Reset Value

7:0  CCLKSEL Selectsthe divide value for creatingthe CPU clock (CCLK) 0x00
from the PLLO output.

Not allowed, the CPU clock will always be greater than 100
MHz.

PLLO outputis divided by 3 to produce the CPU clock.
PLLO outputis divided by 4 to produce the CPU clock.
PLLO outputis divided by 5 to produce the CPU clock.

PLLO outputis divided by 256 to produce the CPU clock.

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

Cartagena99
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T 1.4, System Clock: PLLO Config. registers

-

A A
AL AL
AdA L)
YY) aAdAA

Y AdAAA

O PLLOCFG: Registro de configuracion del PLLO

TPLDCK

Phase Charge
freuency controlled

detector. oscillator.

Ihz 12
CPU Clock 2]

Divider.

Simbol Description Reset value
MSELO PLLO Multiplier value. Supplies the value “M” in PLLO frequency 0
calculations. The value stored here is M - 1. Supported values for M are 6
through 512. Note: Not all values of M are needed, and therefore some are
not supported by hardware.
15 Reserved, user software should not write ones to reserved bits. Thevalue NA
read from a reserved bit is not defined.

CLASES PARTICULARES, UTORIAS TE%NICAS ONLINE
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2 1.4. System Clock: Keil Config.

L] system LPC17xXx.c

#idefine /% Oscillator freguency

#define O3C CLE [ XTAL) f% Main oscillator frequency
#define RETC_CLE [ J27eSTL) S% BTC oacillator frequency

#define IRC_03C [ 40000001TL) f% Internal RC oscillator frequency

/* F oool = (2 # M % F din) / N #/

#define M [ { {(PLLOCFG Val | & Ox7FFF) + 1)
#define . { { (PLLOCFG Val »» 16) & Ox00FF) + 1)
#define  FCCO({_F_IN) ({2ULL * M * F IN) / M)

#define  CCLE DIV [ [ (CCLECFG Val | & OxOOFF) + 1)

S Determine core clock frequency according to settings */

#if (PLLO_SETUF) uint32_t SystemCoreClock
Hif { (CLESECSEL Val & 0x03) == 1)
:> #dEfini_FCCOiOSC_CLK] / _ CCLE_DIV) = CORE_CLK;
#eli i T x ==
l gdéfigiiﬁfCORf_ciK&(D_gzl?:O(RTi]_CLK] / _ CCLE_DIV) /*I< SyStem CIOCk
#eloe Frequency (Core Clock)*/

#define  CORE CLE | FCCO(IRC 03C) / _ CCLE DIV)
#endif
#el=se

Cartagena99
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2(C 1.4. System Clock: Keil debug windows

[0 Peripherals->Clocking & Power Control

Clock Generation Schematic E]

USB PLL settings USB PLL
{PLL1...) select
* {(PLL1COM)

LISBECLE. 45.000 Hz
USB PLL F’ *
" (PL160M) "

USB
SYSCLE | 12000 pHz Clock

CPU PLL e USECLKDIY | 400.000 MHz
IRC 4.000 MHz select 1

(PLLOCON) USE clock divider setting
MOSC | 12000 MH
E> : 3 r (USBCLKCFG) PLLCLK 400,000 MHz

RTCX | 32788 kHz
/ N CCLK [ 100,000 MHz
Main PLL M Slock

1 (PL550M) D'TE’

Systemn clock f CPU clock divider setting
main PLLM =100

selact {CCLKCFG) + pekn [ 100000 MH:

(CLKSRCSEL) SE“'"QS N 6 -.
FCLE./2 a0.000 MHz

P
ASES PARTI TECNICAS ONLINE
M OE : 45 44 70
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2(C 1.4. System Clock: Keil debug windows

[0 Peripherals->Clocking & Power Control

Phase Locked Loop 0 (PLLO) X Clock Dividers X
Control Register CPU Clack Configuration

PLLOCOM: |0<00000003 v PLLE v PLLC CCLKCFG: |0=03 CCLESEL: |0=03
Configuration B egister CCLE: | 100.000000 MHz
PLLOCFG: [0x00050063 CMSEL:[0x0083  NSEL:|0:05_D)

1SE Clack Configuration

Status Register USBCLKCFG: [0x00  USBSEL: 00
PLLOSTAT: |0+07050063  MSEL: 020063  NSEL:|0x05
USBCLE: | 48.000000 MHz

[+ PLLE [~ PLLC [~ PLOCK

Feed Register Peripheral Clock Selection

PLLOFEED: (0400  Feed Sequence: Write Duéds, Wwirite 0x55 Peripheral | e | Clock [MHz] | =

WiOT CCLE./4 25 000000
. . TIMERQD CCLE./4 25 000000
STSCLE: 12000000 MHz PLL input frequency TIMEE1 COLE /4 55 000000
PLLCLE: 400.000000 MH PLL output frequency UARTO CCLE /4 25 Q00000
LARTI CCLE./4 25 000000
Phafhd 1 CCLE./4 25 000000
[2C0 CCLE./4 25 000000
Clock Source Selection S CCLE /4 25 000000

Clock Source Select

Selected Peripheral
R == M- b i M cillzbe ) P

Cartagenagg o
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T 1.4. System Clock: system_LPC17xx.c file

L] system LPC17xXx.c

#idefine /% Oscillator freguency

#define O3C CLE [ XTAL) f% Main oscillator frequency
#define RETC_CLE [ J27eSTL) S% BTC oacillator frequency

#define IRC_03C [ 40000001TL) f% Internal RC oscillator frequency

/* F oool = (2 # M % F din) / N #/

#define M [ { {(PLLOCFG Val | & Ox7FFF) + 1)
#define . { { (PLLOCFG Val »» 16) & Ox00FF) + 1)
#define  FCCO({_F_IN) ({2ULL * M * F IN) / M)

#define  CCLE DIV [ [ (CCLECFG Val | & OxOOFF) + 1)

S Determine core clock frequency according to settings */

#if (PLLO_SETUF) uint32_t SystemCoreClock
Hif { (CLESECSEL Val & 0x03) == 1)
:> #dEfini_FCCOiOSC_CLK] / _ CCLE_DIV) = CORE_CLK;
#eli i T x ==
l gdéfigiiﬁfCORf_ciK&(D_gzl?:O(RTi]_CLK] / _ CCLE_DIV) /*I< SyStem CIOCk
#eloe Frequency (Core Clock)*/

#define  CORE CLE | FCCO(IRC 03C) / _ CCLE DIV)
#endif
#el=se

Cartagena99
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%e: 1.4. Reset (I)

[0 The most urgent exception in any pP.

B Reset Sequence: YP will read 2 words from the Vector Table:
O Address 0x00000000: Starting value of R13 (the MSP)

O Address 0x00000004: Reset Vector (VN 1),
starting value of R15 (the PC)

Other memory
Fetch initial Fetch reset Instruction ____Initial SP value = -+——
SP value vector fetch 0x20008000 . N 0x20008000
— 0x20007 FFC 1st stacked item
\‘ T e 0x20007 FF8 2nd stacked item
Address= Address = Address = I I Stack Stack grows
Reset ! ! > downwards
0x00000000 0x00000004 reset vector i | memory
R S ——

_ - SO ————
- | |
) = | ! l
Time 0x20007 CO0 )

Other memory

[0 After the Reset Vector is fetched:
B Cortex-M3 begins normal operations starting

the program from the Reset Vector (VN 1) Flash
B Itis necessary to have the SP initialized from oxoo00100 Ohsoomode R
ther exception eset
that moment. as saome of the excentions \.fectclrsp vector

CLASES PARTICULARES, TUTORIAS TE%\IICAS ONLINE
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Clectronica

2 1.4. Reset (1I)

[0 Reset Types and Signals.

Reset Signal on the
Reset Type Cortex-M3 Processor Description

Power on reset PORESETN Reset that should be asserted when the device is
powered up; resets processor core, peripherals, and
debugging system
Activate by power up sequence of the device

System reset SYSRESETN System reset; affects the whole system including
processor core, NVIC (except debug control registers),
MPU, peripherals but not the debugging system:;
activate by power up sequence of the device, reset
request from debugger through NVIC register "AIRCR”

Processor reset VECTRESET bit in Reset processor core only; affect the processor system
the NVIC AIRCR including processor core, NVIC (except debug control
register registers), MPU, but not the debugging system;

actwate reset request from debugger through NVIC
tn o 1iead by dobiianor
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a(C 1.4. Fault Exceptions

[0 Can be used during software development to determine the
causes of errors in the program and correct them.

What to do with them in final running systems? Fault-
Handling methods:

B Recovery: In some cases, it might be possible to resolve the problem
that caused the fault. For example, in the case of coprocessor
instructions, the problem can be resolved using coprocessor emulation
software.

Task termination: In systems that run an OS, the offending
applications could be terminated and restarted if needed.

Reset: In some other cases, the system might need a reset, with
SYSRESETREQ or VECTRESET (depending on the part of the system
wanted to reset)

Types of Fault Exceptions (ordered by VN, from 3 to 6):
CLASES PARTICULARES, TUTORIAS TECNICAS ONLINE
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1.4. Hard Fault Exception

[0 The hard fault handler can be caused by:

B Usage faults, bus faults, and memory
management faults if their handler cannot be

executed.
B A bus fault during vector fetch.

[0 Hard Fault Status Register (HFSR) is used in the
exception handler to determine the cause of the
fault.

NICAS ONLINE
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1.4. Bus Fault Exception

[0 Bus faults are produced when an error response is
received during a transfer on the AHB interfaces.

[0 Bus fault due to:
B 1. Instruction prefetch abort.
B 2. Data read/write abort.
B 3. Stack PUSH in the beginning of interrupt processing.
]
]

4. Stack POP at the end of interrupt processing.

5. Reading of an interrupt vector address when the
processor starts the interrupt-handling sequence.

[0 Bus Fault Status Register (BFSR) is used in the

CLASES PARTICULARES, TUTORIAS TECNICAS ONLINE
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1.4. Memory Management Fault Exception

[0 Common memory manage faults include:
B 1. Access to memory regions not defined in MPU setup.
B 2. Execute code from nonexecutable memory regions.
B 3. Writing to read-only regions.
B 4. An access in the user state to a region defined as
privileged access only.

Memory Management Fault Status Register
(MFSR) is used in the exception handler to
determine the cause of the fault.

NICAS ONLINE
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?'e | 1.4. Usage Fault Exception

[0 Usage faults can be caused by:
B 1. Undefined instructions.
B 2. Coprocessor instructions.

B 3. Trying to switch to the ARM state (This can happen if
you load a new value to PC with the LSB equal to 0).

4. Invalid interrupt return (Link Register contains
invalid/incorrect values)

5. Unaligned memory accesses using multiple load or
store instructions.

B 6. Divide by zero.

llecaae Falullt
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eC 1.4. SYSTICK Timer

0 SYSTICK timer is a 24-bit down counter. The counter loads the
reload value from the RELOAD register when it reach zero.

0 It always run until the enable bit in the SYSTICK Control and
Status register is cleared.

O 2 configurable Clock L_STea
| sTRELOAD
sources.
load data
STCURR private
cclk I r\] 24-bit down counter pefj?uhseral
= - z v L siclock
[0 Suitable for Real Time OS SRR o -
t 1
or other scheduled tasks.
CLKSOURCE
STCTRL
COUNTFLAG TICKINT
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1.4. SYSTICK configuration (I)
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[0 Initialization (3 steps)
B Stepl: Specify the RELOAD value.
B Step2: Clear the counter via NVIC_CURRENT

B Step3: Set CLK_SRC=1, interrupt action (INTEN), and enable counter
(ENABLE) via NVIC_CTRL.

Address 31-24 | 23-17 16 15-3 2 0 Name

$EO00E010 0 0 COUNT | 0 | CLK SRC(] INTEN ) ENABLE | NVIC ST CTRL R
$E000E014 0 24-bit RELOAD value NVIC ST RELOAD R
$EO00EQ18 0 24-bit CURRENT value of SysTick counter NVIC ST CURRENT R

[0 CMSIS function:
B SysTick_Config(uint32_t ticks)
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2 1.4. SYSTICK configuration (II)

[0 core_cm3.h:

_ BTATIC INLIMNE uint32 t SysTick Config(uint3Z t ticks)
if {({(ticks - 1) > 8ysTick LOAD RELOAD Msk) return (1), Eeload valus impossikle */

SysTick->LOAD = ticks - 1; get reload register */
NVIC SetPriority (SysTick TIRon, (1l<< NVIC PRIO _EITS) - : get Priority for Systick Interrupt */
SyvsTick->VAL = 0; Load the Sv=eTick Counter Value */
SvsTick->CTRL = S}?STick_CTRL_CLKSOURCE_I“IS]{ |

fysTick CTRL TICKINT Msk |

S8ysTick CTRL ENAELE M=k, Enable 2ysTick IRQ and 8ysTick Timer */
return (0} ; Function succezssful */
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e 1.4. Power Modes (I)

[0 Sleep
B CPU execution is suspended. @ @\

B Peripherals continue running.
B  Ireg =2.29 mA (@ 25° C)
B State is preserved. v
Deep-Sleep*

Main oscillator and all internal clocks except the IRC are stopped.

Flash memory is in standby, ready for immediate use.

Ireg = 240 pA (@ 25° C)

State is preserved. *BOD Disable
Power-down*
B Same as Deep-Sleep mode except Flash and IRC are shut down
m Ireg=30pA (@ 25°C)
B State is preserved.

[0 Deep power-down

m  All clocks including IRC are stopped. Internal voltage is turned off.
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2(C 1.4. Power Modes (II)

0 LPC1700 Current Consumption Profile

Active —
100MHz
42mA
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1.4. Power Modes (III)

0 Wake-Up Controller (WIC)

Allows “automatic” system wakeup from any priority interrupt that can
occur while the clocks are stopped in any Power-down mode.

O Does not require a separate enable for wakeup and interrupt.

When the CPU enters Power Down, Sleep or Deep Sleep modes by
executing the WFI (Wait For Interrupt) instruction, the NVIC sends a mask
of the current interrupt situation to the WIC.

This mask includes all of the interrupts that are both enabled and of
sufficient priority to be serviced immediately

O The WIC simply has to notice that one of these interrupts occurred and then wake
up the CPU

O Will also wake from CAN activity or USB activity

Eliminates the need to periodically wake up the controller and poll the
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