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1. Introduction

2. Features

LPC2364/6/8/78 is an ARM-based microcontroller for applications requiring serial
communications for a variety of purposes. These microcontrollers incorporate a 10/100
Ethernet MAC, USB 2.0 Full Speed interface, four UARTS, two CAN channels, an SPI
interface, two Synchronous Serial Ports (SSP), three 12C interfaces, an 12S interface, and
a MiniBus (LPC2378 only: 8-bit data/16-bit address parallel bus).

Important: Term “LPC2300" in the following text will be used as a generic nhame for all
four parts covered with this user manual: LPC2364, LPC2366, LPC2368, and LPC2378.
Only when needed, a specific device name will be used to single out one of them.

UM10211_1

* ARM7TDMI-S processor, running at up to 72 MHz.

* Up to 512 kB on-chip Flash Program Memory with In-System Programming (ISP) and
In-Application Programming (IAP) capabilities. Single Flash sector or full chip erase in
400 ms and 256 bytes programming in 1 ms. Flash program memory is on the ARM
local bus for high performance CPU access.

* Up to 32 kB of SRAM on the ARM local bus for high performance CPU access.
* 16 kB Static RAM for Ethernet interface. Can also be used as general purpose SRAM.
* 8 kB Static RAM for USB interface. Can also be used as general purpose SRAM.

¢ Dual AHB system that provides for simultaneous Ethernet DMA, USB DMA, and
program execution from on-chip Flash with no contention between those functions. A
bus bridge allows the Ethernet DMA to access the other AHB subsystem.

¢ External memory controller that supports static devices such as Flash and SRAM. An
8-bit data/16-bit address parallel bus is available in LPC2378 only.

¢ Advanced Vectored Interrupt Controller, supporting up to 32 vectored interrupts.

* General Purpose AHB DMA controller (GPDMA) that can be used with the SSP serial
interfaces, the 12S port, and the SD/MMC card port, as well as for memory-to-memory
transfers.

¢ Serial Interfaces:

— Ethernet MAC with associated DMA controller. These functions reside on an
independent AHB bus.

— USB 2.0 Device with on-chip PHY and associated DMA controller.

— Four UARTSs with fractional baud rate generation, one with modem control 1/O, one
with IrDA support, all with FIFO. These reside on the APB bus.

— Two CAN channels with Acceptance Filter/FullCAN mode reside on the APB bus.
— SPI controller, residing on the APB bus.

— Two SSP controllers with FIFO and multi-protocol capabilities. One is an alternate
for the SPI port, sharing its interrupt and pins. The SSP controllers can be used
with the GPDMA controller and reside on the APB bus.
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— Three 12C Interfaces reside on the APB bus. The second and third 12C interfaces
are expansion 12Cs with standard port pins rather than special open drain I12C pins.

— 12S (Inter-IC Sound) interface for digital audio input or output, residing on the APB
bus. The I2S interface can be used with the GPDMA.

Other APB Peripherals:
— Secure Digital (SD) / MultiMediaCard (MMC) memory card interface.
— Upto 70 (LPC2364/6/8) or 104 (LPC2378) general purpose I/O pins.

— 10 hit A/D converter with input multiplexing among 6 pins (LPC2364/66/68) or 8
pins LPC2378).

— 10 bit D/A converter.

— Four general purpose Timers with two capture inputs each and up to four compare
output pins each. Each Timer block has an external count input.

— One PWM/Timer block with support for 3 phase motor control. The PWM has two
external count inputs.

— Real Time Clock with separate power pin, clock source can be the RTC oscillator
or the APB clock.

— 2 kB Static RAM powered from the RTC power pin, allowing data to be stored
when the rest of the chip is powered off.

— Watchdog Timer. The watchdog timer can be clocked from the internal RC
oscillator, the RTC oscillator, or the APB clock.

Standard ARM Test/Debug interface for compatibility with existing tools.
Emulation Trace Module.

Support for real-time trace.

Single 3.3 V power supply (3.0 Vto 3.6 V).

Four reduced power modes: Idle, Sleep, Power Down, and Deep Power down.

Four external interrupt inputs. In addition every PORTO/2 pin can be configured as an
edge sensing interrupt.

Processor wakeup from Power Down mode via any interrupt able to operate during
Power Down mode (includes external interrupts, RTC interrupt, and Ethernet wakeup
interrupt).

Two independent power domains allow fine tuning of power consumption based on
needed features.

Brownout detect with separate thresholds for interrupt and forced reset.
On-chip Power On Reset.
On-chip crystal oscillator with an operating range of 1 MHz to 24 MHz.

4 MHz internal RC oscillator that can optionally be used as the system clock. For USB
and CAN application, an external clock source is suggested to be used.

On-chip PLL allows CPU operation up to the maximum CPU rate without the need for
a high frequency crystal. May be run from the main oscillator, the internal RC
oscillator, or the RTC oscillator.

Boundary scan for simplified board testing. (LPC2378 only).
Versatile pin function selections allow more possibilities for using on-chip peripheral
functions.
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3. Applications

¢ Industrial control

¢ Medical systems

4. Ordering options

Table 1. LPC2364/6/8/78 ordering options

Type number  Flash
(kB)

LPC2364FB100 128

LPC2366FB100 256

LPC2368FB100 512

SRAM(kB) Ethernet USB CAN SD/ GP ADC DAC Temp
Local Ether. GP/ RTC Total dev+ MMC DMA range
bus buff USB 4kB
FIFO
8 16 8 2 34 RMII yes 2ch no yes 6c¢ch 1ch -40°Cto
+85 °C
32 16 8 2 58 RMII yes 2ch no yes 6ch 1ch -40°Cto
+85 °C
32 16 8 2 58 RMII yes 2ch yes yes 6c¢ch 1ch -40°Cto
+85 °C

Table 2. LPC2378 ordering options

Type number Flash SRAM(KB) Ext Bus Ether USB CAN SD/ GP ADC DAC Temp
(kB) — net dev + MMC DMA range
S 5 4kB
o =©2 m
) FIFO
S © 2 o0 ©
& £ & £ 5
4 w O x
LPC2378FBD144 512 32 16 8 2 58 MiniBus: RMII yes 2ch yes yes 8ch 1ch -40°Cto
8 data, +85 °C
16 addr
&2cs

5. Architectural overview

UM10211_1

The LPC2300 consists of an ARM7TDMI-S CPU with emulation support, the ARM7 Local
Bus for closely coupled, high speed access to the majority of on-chip memory, the AMBA
Advanced High-performance Bus (AHB) interfacing to high speed on-chip peripherals and
external memory, and the AMBA Advanced Peripheral Bus (APB) for connection to other
on-chip peripheral functions. The microcontroller permanently configures the
ARM7TDMI-S processor for little-endian byte order.

The microcontroller implements two AHB buses in order to allow the Ethernet block to
operate without interference caused by other system activity. The primary AHB, referred
to as AHBL, includes the Vectored Interrupt Controller, General Purpose DMA Controller,
External Memory Controller, USB interface, and a 8 kB SRAM primarily intended for use
by the USB.

The second AHB, referred to as AHB2, includes only the Ethernet block and an
associated 16 kB SRAM. In addition, a bus bridge is provided that allows the secondary
AHB to be a bus master on AHB1, allowing expansion of Ethernet buffer space into
off-chip memory or unused space in memory residing on AHB1.
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In summary, bus masters with access to AHB1 are the ARM?7 itself, the USB block, the
General Purpose DMA function, and the Ethernet block (via the bus bridge from AHB?2).
Bus masters with access to AHB2 are the ARM7 and the Ethernet block.

AHB peripherals are allocated a 2 MB range of addresses at the very top of the 4 GB
ARM memory space. Each AHB peripheral is allocated a 16 kB address space within the
AHB address space. Lower speed peripheral functions are connected to the APB bus.
The AHB to APB bridge interfaces the APB bus to the AHB bus. APB peripherals are also
allocated a 2 MB range of addresses, beginning at the 3.5 GB address point. Each APB
peripheral is allocated a 16 kB address space within the APB address space.

6. ARMY7TDMI-S processor

The ARM7TDMI-S is a general purpose 32 bit microprocessor, which offers high
performance and very low power consumption. The ARM architecture is based on
Reduced Instruction Set Computer (RISC) principles, and the instruction set and related
decode mechanism are much simpler than those of microprogrammed Complex
Instruction Set Computers. This simplicity results in a high instruction throughput and
impressive real-time interrupt response from a small and cost-effective processor core.

Pipeline techniques are employed so that all parts of the processing and memory systems
can operate continuously. Typically, while one instruction is being executed, its successor
is being decoded, and a third instruction is being fetched from memory.

The ARM7TDMI-S processor also employs a unique architectural strategy known as
THUMB, which makes it ideally suited to high-volume applications with memory
restrictions, or applications where code density is an issue.

The key idea behind THUMB is that of a super-reduced instruction set. Essentially, the
ARM7TDMI-S processor has two instruction sets:

¢ The standard 32 bit ARM instruction set.

* A 16 bit THUMB instruction set.
The THUMB set’s 16 bit instruction length allows it to approach twice the density of
standard ARM code while retaining most of the ARM’s performance advantage over a

traditional 16 bit processor using 16 bit registers. This is possible because THUMB code
operates on the same 32 bit register set as ARM code.

THUMB code is able to provide up to 65% of the code size of ARM, and 160% of the
performance of an equivalent ARM processor connected to a 16 bit memory system.

The ARM7TDMI-S processor is described in detail in the ARM7TDMI-S Datasheet that
can be found on official ARM website.

7. On-Chip flash memory system

UM10211_1

The LPC2300 includes a Flash memory system with up to 512 kB. This memory may be
used for both code and data storage. Programming of the Flash memory may be
accomplished in several ways. It may be programmed In System via the serial port. The
application program may also erase and/or program the Flash while the application is
running, allowing a great degree of flexibility for data storage field firmware upgrades, etc.
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The Flash is 128 bits wide and includes pre-fetching and buffering techniques to allow it to
operate at SRAM speeds.

8. On-Chip Static RAM

The LPC2300 includes a static RAM memory up to 32 kB in size, that may be used for
code and/or data storage.

The SRAM controller incorporates a write-back buffer in order to prevent CPU stalls
during back-to-back writes. The write-back buffer always holds the last data sent by
software to the SRAM. The data is only written to the SRAM when software does another
write. After a "warm" chip reset, the SRAM does not reflect the last write operation. Two
identical writes to a location guarantee that the data will be present after a Reset.
Alternatively, a dummy write operation before entering idle or power-down mode will
similarly guarantee that the last data written will be present after a subsequent Reset.
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9. Block diagram

XTAL1
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(1) LPC2368 only.
Fig 1. LPC2364/6/8 block diagram
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Fig 2. LPC2378 block diagram
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1. Memory map and peripheral addressing

Table 3.

ARM processors have a single 4 GB address space. The following table shows how this
space is used on NXP embedded ARM devices.

LPC2300 memory usage

Address range

0x0000 0000 to
OX3FFF FFFF

0x4000 0000 to
OX7FFF FFFF

0x8000 0000 to
OXDFFF FFFF

0XE000 0000 to
OXEFFF FFFF

0xF000 0000 to
OXFFFF FFFF

Flash Memory (up to 512 kB)
Fast GPIO registers

General use Address range details and description
On-Chip 0x0000 0000 - 0x0007 FFFF
:r\]{j'\f";’z‘l‘;g O0X3FFF C000 - OX3FFF FFFF

On-Chip RAM 0x4000 0000 - 0x4000 7FFF

Ox7FDO0 0000 - 0x7FDO 1FFF

Ox7FEO 0000 - OX7FEO 3FFF
Off-Chip Memory
0x8000 0000 - 0x8000 FFFF
0x8100 0000 - 0x8100 FFFF
OxEOO00 0000 - OXEQ08 FFFF
OxXEO1F CO000 - OXEOL1F FFFF
OxFFEO 0000 - OXxFFEO 3FFF
OxFFEO 4000 - OxFFEO 7FFF
OxFFEO 8000 - OXxFFEO BFFF
OxFFEO CO000 - OXFFEO FFFF
OxFFFF FOO0O - OXFFFF FFFF

APB Peripherals

AHB Peripherals

2. Memory maps

RAM (up to 32 kB)
USB RAM (8 kB)
Ethernet RAM (16 kB)

Two static memory banks, 64 KB each:

Static memory bank 0, 64 KB

Static memory bank 1, 64 KB

36 peripheral blocks, 16 kB each (some unused).
System Control Block

Ethernet Controller

General Purpose DMA Controller

External Memory Controller (EMC)

USB Controller

Vectored Interrupt Controller (VIC)

UM10211_1

The LPC2300 incorporates several distinct memory regions, shown in the following
figures. Figure 2—3 shows the overall map of the entire address space from the user
program viewpoint following reset. The interrupt vector area supports address remapping,

which is described later in this section.
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40GB

3.75 GB

3.5GB

3.0GB

20GB

1.0 GB

0.0GB

OXFFFF FFFF

AHB PERIPHERALS

0xFO000 0000

APB PERIPHERALS

0xE000 0000

RESERVED ADDRESS SPACE

— 0xC000 0000

0x8000 0000

BOOT ROM AND BOOT FLASH
(BOOT FLASH REMAPPED FROM ON-CHIP FLASH)

RESERVED ADDRESS SPACE

ETHERNET RAM (16 kB)

0x7FEOQ 3FFF
0x7FEOQ 0000

USB RAM (8 KB)

0x7FDO 1FFF
0x7FDO 0000

RESERVED ADDRESS SPACE

0x4000 8000

32 kB LOCAL ON-CHIP STATIC RAM (LPC2366/LPC2368)

0x4000 7FFF

0x4000 2000

8 kB LOCAL ON-CHIP STATIC RAM (LPC2364)

0x4000 1FFF

0x4000 0000

RESERVED FOR ON-CHIP MEMORY

0x0008 0000

TOTAL OF 512 kB ON-CHIP NON-VOLATILE MEMORY (LPC2368)

0x0007 FFFF
0x0004 0000

TOTAL OF 256 kB ON-CHIP NON-VOLATILE MEMORY (LPC2366)

0x0003 FFFF
0x0002 0000

TOTAL OF 128 kB ON-CHIP NON-VOLATILE MEMORY (LPC2364)

0x0001 FFFF
0x0000 0000

002aac577

Fig 3. LPC2364/66/68 system memory map
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40GB

3.75 GB

3.5GB

3.0GB

20GB

1.0 GB

0.0GB

OXFFFF FFFF

AHB PERIPHERALS

0xFO000 0000

APB PERIPHERALS

RESERVED ADDRESS SPACE

0xE000 0000

— 0xC000 0000

EXTERNAL MEMORY BANK 1 (64 kB)

0x8100 FFFF
0x8100 0000

EXTERNAL MEMORY BANK 0 (64 kB)

0x8000 FFFF
0x8000 0000

BOOT ROM AND BOOT FLASH

(BOOT FLASH REMAPPED FROM ON-CHIP FLASH)

RESERVED ADDRESS SPACE

ETHERNET RAM (16 kB)

0x7FEOQ 3FFF
0x7FEO 0000

USB RAM (8 kB)

0x7FDO 1FFF
0x7FDO 0000

RESERVED ADDRESS SPACE

0x4000 8000

32 kB LOCAL ON-CHIP STATIC RAM

0x4000 7FFF
0x4000 0000

RESERVED ADDRESS SPACE

0x0008 0000

TOTAL OF 512 kB ON-CHIP NON-VOLATILE MEMORY

0x0007 FFFF

0x0000 0000

Fig 4. LPC2378 system memory map

002aac585
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4.0 GB

4.0GB-2MB

3.75 GB

35GB+2MB

3.5GB

AHB PERIPHERALS

RESERVED

RESERVED

APB PERIPHERALS

Fig 5. Peripheral memory map

OXFFFF FFFF

0xFFEO 0000
OXFFDF FFFF

0xF000 0000
OXEFFF FFFF

0xE020 0000
OXEO1F FFFF

0xE000 0000

Figure 6 and Table 2—4 show different views of the peripheral address space. Both the
AHB and APB peripheral areas are 2 megabyte spaces which are divided up into 128
peripherals. Each peripheral space is 16 kilobytes in size. This allows simplifying the
address decoding for each peripheral.
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All peripheral register addresses are word aligned (to 32 bit boundaries) regardless of
their size. This eliminates the need for byte lane mapping hardware that would be required
to allow byte (8 bit) or half-word (16 bit) accesses to occur at smaller boundaries. An
implication of this is that word and half-word registers must be accessed all at once. For
example, it is not possible to read or write the upper byte of a word register separately.

VECTORED INTERRUPT CONTROLLER

OXFFFF FO00 (4G - 4K)

OxFFFF C000

(AHB PERIPHERAL #126)

OxFFFF 8000

A\

\\

A\

/
/

O0xFFE1 8000

NOT USED

(AHB PERIPHERAL #5)

O0xFFE1 4000

NOT USED

(AHB PERIPHERAL #4)

O0xFFE1 0000

USB CONTROLLER
(AHB PERIPHERAL #3)

OxFFEO C000

EXTERNAL MEMORY CONTROLLER
(AHB PERIPHERAL #2)

0xFFEO 8000

GENERAL PURPOSE DMA CONTROLLER

(AHB PERIPHERAL #1)

O0xFFEO 4000

ETHERNET CONTROLLER
(AHB PERIPHERAL #0)

O0xFFEO 0000

Fig 6. AHB peripheral map

UM10211_1
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The following table shows the APB address map. No APB peripheral uses all of the 16 kB
space allocated to it. Typically each device’s registers are "aliased" or repeated at multiple

locations within each 16 kB range.

Table 4.  APB peripherals and base addresses

APB Peripheral

© 0 N O o0~ W N PP O

R A A =
N o 0 W NP O

18

19to 22
23

24

25

26

27

28

29

30

31

32

33

34

35

36 to 126
127

Base Address

0xE000 0000
O0xE000 4000
0xE000 8000
0xE000 C000
0xE001 0000
O0xE001 4000
0xE001 8000
0xE001 C000
0xE002 0000
O0xE002 4000
0xE002 8000
0xE002 C000
0xE003 0000
O0xE003 4000
0xE003 8000
0xE003 C000
0xE004 0000
O0xE004 4000
0xE004 8000

0xE004 C000 to 0XxE005 8000

0xE005 C000
0xE006 0000
0xE006 4000
O0xE006 8000
0xE006 C000
O0xEO007 0000
0xE007 4000
OxEO007 8000
0xE007 C000
O0xE008 0000
0xE008 4000
0xE008 8000
0xE008 C000

0xE009 0000 to OXEO1F BFFF

OxEO1F C000

Peripheral Name
Watchdog Timer

Timer O

Timer 1

UARTO

UART1

Not used

PWM1

12CO

SPI

RTC

GPIO

Pin Connect Block
SSP1

ADC

CAN Acceptance Filter RAM
CAN Acceptance Filter Registers
CAN Common Registers
CAN Controller 1

CAN Controller 2

Not used

12C1

Not used

Not used

SSPO

DAC

Timer 2

Timer 3

UART2

UART3

12C2

Battery RAM

12S

SD/MMC Card Interface
Not used

System Control Block

© NXP B.V. 2007. All rights reserved.

User manual

Rev. 01 — 6 July 2007

15 of 617



NXP Semiconductors UMlOle

Chapter 2: LPC2300 Memory map

4. LPC2300 memory re-mapping and boot ROM

UM10211_1

4.1 Memory map concepts and operating modes

The basic concept on the LPC2300 is that each memory area has a "natural” location in
the memory map. This is the address range for which code residing in that area is written.
The bulk of each memory space remains permanently fixed in the same location,
eliminating the need to have portions of the code designed to run in different address
ranges.

Because of the location of the interrupt vectors on the ARM7 processor (at addresses
0x0000 0000 through 0x0000 001C, as shown in Table 2-5 below), a small portion of the
Boot ROM and SRAM spaces need to be re-mapped in order to allow alternative uses of
interrupts in the different operating modes described in Table 2—6. Re-mapping of the
interrupts is accomplished via the Memory Mapping Control feature (Section 2-5 “Memory
mapping control” on page 17).

Table 5. ARM exception vector locations

Address Exception

0x0000 0000 Reset

0x0000 0004 Undefined Instruction

0x0000 0008 Software Interrupt

0x0000 000C Prefetch Abort (instruction fetch memory fault)
0x0000 0010 Data Abort (data access memory fault)
0x0000 0014 Reserved

Note: Identified as reserved in ARM documentation, this location is used
by the Boot Loader as the Valid User Program key. This is described in
detail in "Flash Memory System and Programming" chapter on page 517.

0x0000 0018 IRQ
0x0000 001C FIQ

Table 6. LPC2300 Memory mapping modes

Mode Activation Usage

Boot Hardware The Boot Loader always executes after any reset. The Boot ROM
Loader activation by  interrupt vectors are mapped to the bottom of memory to allow
mode any Reset handling exceptions and using interrupts during the Boot Loading

process. A sector of the Flash memory (the Boot Flash) is available to
hold part of the Boot Code.

User Software Activated by the Boot Loader when a valid User Program Signature is

Flash activation by  recognized in memory and Boot Loader operation is not forced.

mode Boot code Interrupt vectors are not re-mapped and are found in the bottom of the
Flash memory.

User RAM Software Activated by a User Program as desired. Interrupt vectors are

mode activation by  re-mapped to the bottom of the Static RAM.

User program
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Memory re-mapping

In order to allow for compatibility with future derivatives, the entire Boot ROM is mapped
to the top of the on-chip memory space. In this manner, the use of larger or smaller flash
modules will not require changing the location of the Boot ROM (which would require
changing the Boot Loader code itself) or changing the mapping of the Boot ROM interrupt
vectors. Memory spaces other than the interrupt vectors remain in fixed locations.

Figure 2—7 shows the on-chip memory mapping in the modes defined above.

The portion of memory that is re-mapped to allow interrupt processing in different modes
includes the interrupt vector area (32 bytes) and an additional 32 bytes for a total of

64 bytes, that facilitates branching to interrupt handlers at distant physical addresses. The
remapped code locations overlay addresses 0x0000 0000 through 0x0000 003F. A typical
user program in the Flash memory can place the entire FIQ handler at address

0x0000 001C without any need to consider memory boundaries. The vector contained in
the SRAM, external memory, and Boot ROM must contain branches to the actual interrupt
handlers, or to other instructions that accomplish the branch to the interrupt handlers.

There are three reasons this configuration was chosen:

1. To give the FIQ handler in the Flash memory the advantage of not having to take a
memory boundary caused by the remapping into account.

2. Minimize the need to for the SRAM and Boot ROM vectors to deal with arbitrary
boundaries in the middle of code space.

3. To provide space to store constants for jumping beyond the range of single word
branch instructions.

Re-mapped memory areas, including the Boot ROM and interrupt vectors, continue to
appear in their original location in addition to the re-mapped address.

Details on re-mapping and examples can be found in Section 2-5 “Memory mapping
control” on page 17.

5. Memory mapping control

UM10211_1

5.1

The Memory Mapping Control alters the mapping of the interrupt vectors that appear
beginning at address 0x0000 0000. This allows code running in different memory spaces
to have control of the interrupts.

Memory Mapping Control Register (MEMMAP - OxEO1F C040)

Whenever an exception handling is necessary, microcontroller will fetch an instruction
residing on exception corresponding address as described in Table 2-5 “ARM exception
vector locations” on page 16. The MEMMAP register determines the source of data that
will fill this table.

Table 7. Memory mapping control registers

Name Description Access Reset Address
value
MEMMAP Memory mapping control. Selects whether the R/W 0x00 OxEO1F C0O40

ARM interrupt vectors are read from the Boot
ROM, User Flash, or RAM.
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Table 8.  Memory Mapping control register (MEMMAP - address OXEO1F C040) bit
description

Bit Symbol Value Description Reset
value

1:0 MAP 00 Boot Loader Mode. Interrupt vectors are re-mapped to Boot ROM. 00

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.
11 User External Memory Mode (available on LPC2378 only).

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

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

5.2 Memory mapping control usage notes

Memory Mapping Control simply selects one out of three available sources of data (sets of
64 bytes each) necessary for handling ARM exceptions (interrupts).

For example, whenever a Software Interrupt request is generated, ARM core will always
fetch 32 bit data "residing" on 0x0000 0008 see Table 2-5 “ARM exception vector
locations” on page 16. This means that when MEMMAP[1:0] = 10 (User RAM Mode),
read/fetch from 0x0000 0008 will provide data stored in 0x4000 0008. In case of
MEMMAP[1:0] = 00 (Boot Loader Mode), read/fetch from 0x0000 0008 will provide data
available also at Ox7FFF E008 (Boot ROM remapped from on-chip Bootloader).
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2.0GB

2.0GB-8kB
2.0GB-64 kB

2.0GB-72kB

1.0GB

0.0 GB

EXTERNAL MEMORY INTERRUPT VECTORS

8 kB BOOT ROM

(BOOT ROM INTERRUPT VECTORS)

8 kB BOOT FLASH
(RE-MAPPED FROM TOP OF FLASH MEMORY)

RESERVED FOR ON-CHIP MEMORY

STATIC RAM

(SRAM INTERRUPT VECTORS)

FAST GPIO REGISTERS

PARTCFG REGISTERS

RESERVED FOR ON-CHIP MEMORY

BOOT FLASH

ACTIVE INTERRUPT VECTORS
(FROM FLASH, SRAM, BOOT ROM, OR EXT MEMORY)

0x8000 0000
Ox7FFF FFFF

0x7FFF E000
Ox7FFE FFFF

0x7FFE E000

upper limit depends on
specific part number

0x4000 0000
Ox3FFF FFFF

O0x3FFF C000
Ox3FFF BFFF

O0x3FFF 8000

upper limit depends on
specific part number

0x0000 0000

Fig 7. Map of lower memory is showing re-mapped and re-mappable areas
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6. Prefetch abort and data abort exceptions

The LPC2300 generates the appropriate bus cycle abort exception if an access is
attempted for an address that is in a reserved or unassigned address region. The regions
are:

¢ Areas of the memory map that are not implemented for a specific ARM derivative. For
the LPC2300, this is:

— Address space between On-Chip Non-Volatile Memory and the Special Register
space. Labelled "Reserved for On-Chip Memory" in Figure 2—3.

— Address space between On-Chip Static RAM and the Boot ROM. Labelled
"Reserved Address Space" in Figure 2—3.

— External Memory

— Reserved regions of the AHB and APB spaces. See Figure 2-5.
* Unassigned AHB peripheral spaces. See Figure 2—6.
¢ Unassigned APB peripheral spaces. See Table 2—4.

For these areas, both attempted data access and instruction fetch generate an exception.
In addition, a Prefetch Abort exception is generated for any instruction fetch that maps to
an AHB or APB peripheral address, or to the Special Register space located just below
the SRAM at addresses 0x3FFF8000 through Ox3FFFFFFF.

Within the address space of an existing APB peripheral, a data abort exception is not
generated in response to an access to an undefined address. Address decoding within
each peripheral is limited to that needed to distinguish defined registers within the
peripheral itself. For example, an access to address OXxEO00 D000 (an undefined address
within the UARTO space) may result in an access to the register defined at address
0xEO000 C000. Details of such address aliasing within a peripheral space are not defined
in the LPC2300 documentation and are not a supported feature.

If software executes a write directly to the Flash memory, the MAM generates a data abort
exception. Flash programming must be accomplished using the specified Flash
programming interface provided by the Boot Code.

Note that the ARM core stores the Prefetch Abort flag along with the associated
instruction (which will be meaningless) in the pipeline and processes the abort only if an
attempt is made to execute the instruction fetched from the illegal address. This prevents
accidental aborts that could be caused by prefetches that occur when code is executed
very near a memory boundary.
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1. Summary of system control block functions

The System Control Block includes several system features and control registers for a
number of functions that are not related to specific peripheral devices. These include:
* Reset
* Brown-Out Detection
¢ External Interrupt Inputs
* Miscellaneous System Controls and Status
¢ Code Security vs. Debugging
* AHB Configuration
Each type of function has its own register(s) if any are required and unneeded bits are

defined as reserved in order to allow future expansion. Unrelated functions never share
the same register addresses

2. Pin description

Table 3-9 shows pins that are associated with System Control block functions.

Table 9.  Pin summary

Pin name Pin Pin description
direction
EINTO Input External Interrupt Input O - An active low/high level or

falling/rising edge general purpose interrupt input. This pin may be
used to wake up the processor from Idle or Power down modes.

EINT1 Input External Interrupt Input 1 - See the EINTO description above.
EINT2 Input External Interrupt Input 2 - See the EINTO description above.
EINT3 Input External Interrupt Input 3 - See the EINTO description above.
RESET Input External Reset input - A LOW on this pin resets the chip, causing

I/O ports and peripherals to take on their default states, and the
processor to begin execution at address 0x0000 0000.

3. Register description

All registers, regardless of size, are on word address boundaries. Details of the registers
appear in the description of each function.

Table 10. Summary of system control registers

Name Description Access Reset Address
value

External Interrupts

EXTINT External Interrupt Flag Register R/W 0x00 OXEO1F C140
EXTMODE External Interrupt Mode register R/W 0x00 OXEO1F C148
UM10211_1 © NXP B.V. 2007. All rights reserved.
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Table 10. Summary of system control registers

Name Description Access Reset Address
value

EXTPOLAR External Interrupt Polarity Register R/W 0x00 OxEO1F C14C

Reset

RSID Reset Source Identification Register R/W see text OXEO1F C180

Chip Security

CSPR Code Security Protection Register WO 0x00 OXEO1F C184

AHB Configuration

AHBCFG1 AHBL1 Arbiter Configuration Registerl R/W 0x00 OxEO1F C188

AHBCFG2 AHB2 Arbiter Configuration Register2 R/W 0x00 OxEO1F C18C

Syscon Miscellaneous Registers

SCSs System Control and Status R/W 0x00 OXEO1F C1A0

UM10211_1

Reset has four sources on the LPC2300: the RESET pin, the Watchdog Reset, Power On
Reset (POR) and the Brown Out Detection circuit (BOD). The RESET pin is a Schmitt
trigger input pin. Assertion of chip Reset by any source, once the operating voltage attains
a usable level, starts the Wakeup Timer (see description in Section 4-8 “Wakeup timer” in
this chapter), causing reset to remain asserted until the external Reset is de-asserted, the
oscillator is running, a fixed number of clocks have passed, and the Flash controller has
completed its initialization. The relationship between Reset, the oscillator, and the
Wakeup Timer are shown in Figure 3-8.

On the assertion of any of reset sources (POR, BOD reset, External reset and Watchdog
reset), the following two sequences start simultaneously:

1. After IRC-start-up time (maximum of 60 us on power-up), IRC provides stable clock
output, the reset signal is latched and synchronized on the IRC clock. The 2-bit IRC
wakeup timer starts counting when the synchronized reset is de-asserted. The boot
code in the ROM starts when the 2-bit IRC wakeup timer times out. The boot code
performs the boot tasks and may jump to the Flash. If the Flash is not ready to
access, the MAM will insert wait cycles until the Flash is ready.

2. After IRC-start-up time (maximum of 60 ps on power-up), IRC provides stable clock
output, the reset signal is synchronized on the IRC clock. The Flash wakeup-timer
(9-bit) starts counting when the synchronized reset is de-asserted. The Flash
wakeup-timer generates the 100 us Flash start-up time. Once it times out, the Flash
initialization sequence is started, which takes about 250 cycles. When it's done, the
MAM will be granted access to the Flash.

When the internal Reset is removed, the processor begins executing at address 0, which
is initially the Reset vector mapped from the Boot Block. At that point, all of the processor
and peripheral registers have been initialized to predetermined values.

The various Resets have some small differences. For example, a Power On Reset causes
the value of certain pins to be latched to configure the part.

For more details on Reset, PLL and startup/boot code interaction see Section 4-5.2 “PLL
and startup/boot code interaction”.

© NXP B.V. 2007. All rights reserved.

User manual

Rev. 01 — 6 July 2007 22 of 617



NXP Semiconductors

UM10211

external
reset

power
down

watchdog
reset

POR
BOD ——

Chapter 3: LPC2300 System control

EINTO wakeup
EINT1 wakeup

EINT2 wakeup

EINT3 wakeup

RTC wakeup

BOD wakeup

Ethernet MAC wakeup
USB need_clk wakeup
CAN wakeup

GPIOO0 port wakeup
GPIO2 port wakeup

internal RC
oscillator

Fig 8. Reset block diagram including the wakeup timer

-—D an

Reset to the
on-chip circuitry
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COUNT2" —@— C
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APB read of
PDBIT
in PCON
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to other

blocks

4.1 Reset Source ldentification Register (RSIR - OXEOLF C180)

This register contains one bit for each source of Reset. Writing a 1 to any of these bits
clears the corresponding read-side bit to 0. The interactions among the four sources are
described below.

Table 11.

Reset Source Identification register (RSID - address OxEO1F C180) bit description

Bit Symbol Description

0 POR

1 EXTR

UM10211_1

Reset
value

Assertion of the POR signal sets this bit, and clears all of the other bits in See text
this register. But if another Reset signal (e.g., External Reset) remains
asserted after the POR signal is negated, then its bit is set. This bit is not

affected by any of the other sources of Reset.

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

See text
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Table 11. Reset Source Identification register (RSID - address OxEOL1F C180) bit description

Bit Symbol Description Reset
value

2 WDTR  This bit is set when the Watchdog Timer times out and the WDTRESET See text
bit in the Watchdog Mode Register is 1. It is cleared by any of the other
sources of Reset.

3 BODR  This bit is set when the 3.3 V power reaches a level below 2.6 V. See text

If the Vpp voltage dips from 3.3 V to 2.5 V and backs up, the BODR bit
will be set to 1.

If the Vpp(av3) voltage dips from 3.3 V to 2.5 V and continues to decline
to the level at which POR is asserted (nominally 1 V), the BODR bit is
cleared.

if the Vpp(av3) voltage rises continuously from below 1 V to a level above
2.6 V, the BODR will be set to 1.

This bit is not affected by External Reset nor Watchdog Reset.

Note: Only in case when a reset occurs and the POR = 0, the BODR bit
indicates if the Vpp(ay3) voltage was below 2.6 V or not.

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

5. Brown-out detection

UM10211_1

The LPC2300 includes 2-stage monitoring of the voltage on the Vppyz) pins. If this
voltage falls below 2.95 V, the Brown-Out Detector (BOD) asserts an interrupt signal to
the Vectored Interrupt Controller. This signal can be enabled for interrupt in the Interrupt
Enable Register in the VIC (see Section 6—4.4 “Interrupt Enable Register (VICIntEnable -
OxFFFF F010)") in order to cause a CPU interrupt; if not, software can monitor the signal
by reading the Raw Interrupt Status Register (see Section 6—4.3 “Raw Interrupt Status
Register (VICRawIntr - OxFFFF F008)").

The second stage of low-voltage detection asserts Reset to inactivate the LPC2300 when
the voltage on the Vppvz) pins falls below 2.65 V. This Reset prevents alteration of the
Flash as operation of the various elements of the chip would otherwise become unreliable
due to low voltage. The BOD circuit maintains this reset down below 1 V, at which point
the Power-On Reset circuitry maintains the overall Reset.

Both the 2.95 V and 2.65 V thresholds include some hysteresis. In normal operation, this
hysteresis allows the 2.95 V detection to reliably interrupt, or a regularly-executed event
loop to sense the condition.

But when Brown-Out Detection is enabled to bring the LPC2300 out of Power-Down mode
(which is itself not a guaranteed operation -- see Section 4—7.6 “Power Mode Control
register (PCON - OXEO1F COCQ)"), the supply voltage may recover from a transient before
the Wakeup Timer has completed its delay. In this case, the net result of the transient
BOD is that the part wakes up and continues operation after the instructions that set
Power-Down Mode, without any interrupt occurring and with the BOD bit in the RSID
being 0. Since all other wakeup conditions have latching flags (see Section 3-6.2
“External Interrupt flag register (EXTINT - OXEOQ1F C140)” and Section 26—4.2), a wakeup
of this type, without any apparent cause, can be assumed to be a Brown-Out that has
gone away.
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6. External interrupt inputs

UM10211_1

6.1

6.2

The LPC2300 includes four External Interrupt Inputs as selectable pin functions. In
addition, external interrupts have the ability to wake up the CPU from Power down mode.
This is controlled by the register INTWAKE, which is described in the Clocking and Power
Control chapter under the Power Control heading

Register description

The external interrupt function has four registers associated with it. The EXTINT register
contains the interrupt flags. The EXTMODE and EXTPOLAR registers specify the level
and edge sensitivity parameters.

Table 12. External Interrupt registers

Name Description Access Reset Address
valuelll
EXTINT The External Interrupt Flag Register contains R/W 0x00 OxXEO1F C140

interrupt flags for EINTO, EINT1, EINT2 and
EINT3. See Table 3-13.

EXTMODE The External Interrupt Mode Register controls  R/W 0x00 OXEO1F C148
whether each pin is edge- or level-sensitive.
See Table 3-14.

EXTPOLAR The External Interrupt Polarity Register controls R/W 0x00 OXEO1F C14C
which level or edge on each pin will cause an
interrupt. See Table 3-15.

[1] Reset Value reflects the data stored in used bits only. It does not include reserved bits content.

External Interrupt flag register (EXTINT - OXEOL1F C140)

When a pin is selected for its external interrupt function, the level or edge on that pin
(selected by its bits in the EXTPOLAR and EXTMODE registers) will set its interrupt flag in
this register. This asserts the corresponding interrupt request to the VIC, which will cause
an interrupt if interrupts from the pin are enabled.

Writing ones to bits EINTO through EINT3 in EXTINT register clears the corresponding
bits. In level-sensitive mode the interrupt is cleared only when the pin is in its inactive
state.

Once a bit from EINTO to EINT3 is set and an appropriate code starts to execute (handling
wakeup and/or external interrupt), this bit in EXTINT register must be cleared. Otherwise
event that was just triggered by activity on the EINT pin will not be recognized in future.

Important: whenever a change of external interrupt operating mode (i.e. active
level/edge) is performed (including the initialization of an external interrupt),
corresponding bit in the EXTINT register must be cleared! For details see Section
3-6.3 “External Interrupt Mode register (EXTMODE - OXEO1F C148)” and Section 3-6.4
“External Interrupt Polarity register (EXTPOLAR - OXEOL1F C14QC)".

For example, if a system wakes up from power-down using low level on external interrupt
0 pin, its post-wakeup code must reset EINTO bit in order to allow future entry into the
power-down mode. If EINTO bit is left set to 1, subsequent attempt(s) to invoke
power-down mode will fail. The same goes for external interrupt handling.
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More details on power-down mode will be discussed in the following chapters.

Table 13. External Interrupt Flag register (EXTINT - address OXEO1F C140) bit description

Bit Symbol Description Reset
value

0 EINTO Inlevel-sensitive mode, this bit is set if the EINTO function is selected for its 0
pin, and the pin is in its active state. In edge-sensitive mode, this bit is set if
the EINTO function is selected for its pin, and the selected edge occurs on
the pin.

This bit is cleared by writing a one to it, except in level sensitive mode when
the pin is in its active state.[]

1 EINT1 Inlevel-sensitive mode, this bit is set if the EINT1 function is selected forits 0
pin, and the pin is in its active state. In edge-sensitive mode, this bit is set if
the EINT1 function is selected for its pin, and the selected edge occurs on
the pin.

This bit is cleared by writing a one to it, except in level sensitive mode when
the pin is in its active state.[]

2 EINT2 Inlevel-sensitive mode, this bit is set if the EINT2 function is selected forits 0
pin, and the pin is in its active state. In edge-sensitive mode, this bit is set if
the EINT2 function is selected for its pin, and the selected edge occurs on
the pin.

This bit is cleared by writing a one to it, except in level sensitive mode when
the pin is in its active state.[1]

3 EINT3 Inlevel-sensitive mode, this bit is set if the EINT3 function is selected forits 0
pin, and the pin is in its active state. In edge-sensitive mode, this bit is set if
the EINT3 function is selected for its pin, and the selected edge occurs on
the pin.

This bit is cleared by writing a one to it, except in level sensitive mode when
the pin is in its active state.[1]

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

[1] Example: e.g. if the EINTX is selected to be low level sensitive and low level is present on
corresponding pin, this bit can not be cleared; this bit can be cleared only when signal on the
pin becomes high.

External Interrupt Mode register (EXTMODE - OXEOL1F C148)

The bits in this register select whether each EINT pin is level- or edge-sensitive. Only pins
that are selected for the EINT function (see chapter Pin Connect Block on page 109) and
enabled in the VICIntEnable register (Section 6—4.4 “Interrupt Enable Register
(VICIntEnable - OXFFFF F010)") can cause interrupts from the External Interrupt function
(though of course pins selected for other functions may cause interrupts from those
functions).

Note: Software should only change a bit in this register when its interrupt is
disabled in VICIntEnable, and should write the corresponding 1 to EXTINT before
enabling (initializing) or re-enabling the interrupt. An extraneous interrupt(s) could
be set by changing the mode and not having the EXTINT cleared.
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Table 14. External Interrupt Mode register (EXTMODE - address OXxEOQ1F C148) bit

description
Bit Symbol Value Description Reset
value

0 EXTMODEO O Level-sensitivity is selected for EINTO. 0

1 EINTO is edge sensitive.
1 EXTMODE1 0 Level-sensitivity is selected for EINTL. 0

1 EINT1 is edge sensitive.
2 EXTMODE2 0 Level-sensitivity is selected for EINT2. 0

1 EINT2 is edge sensitive.
3 EXTMODE3 0 Level-sensitivity is selected for EINTS. 0

1 EINT3is edge sensitive.
74 - - Reserved, user software should not write ones to reserved NA

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

6.4 External Interrupt Polarity register (EXTPOLAR - OXEO1F C14C)

In level-sensitive mode, the bits in this register select whether the corresponding pin is
high- or low-active. In edge-sensitive mode, they select whether the pin is rising- or
falling-edge sensitive. Only pins that are selected for the EINT function (see "Pin Connect
Block" chapter on page 109) and enabled in the VICIntEnable register (Section 6-4.4
“Interrupt Enable Register (VICIntEnable - OxFFFF F010)") can cause interrupts from the
External Interrupt function (though of course pins selected for other functions may cause
interrupts from those functions).

Note: Software should only change a bit in this register when its interrupt is
disabled in VICIntEnable, and should write the corresponding 1 to EXTINT before
enabling (initializing) or re-enabling the interrupt. An extraneous interrupt(s) could
be set by changing the polarity and not having the EXTINT cleared.

Table 15. External Interrupt Polarity register (EXTPOLAR - address OxEO1F C14C) bit

description
Bit Symbol Value Description Reset
value
0 EXTPOLARO O EINTO is low-active or falling-edge sensitive (depending on 0
EXTMODEDO).
1 EINTO is high-active or rising-edge sensitive (depending on
EXTMODEDO).
1 EXTPOLAR1 O EINT1 is low-active or falling-edge sensitive (depending on 0
EXTMODEL).
1 EINT1 is high-active or rising-edge sensitive (depending on
EXTMODEL1).
2 EXTPOLAR2 0 EINT2 is low-active or falling-edge sensitive (depending on 0
EXTMODE2).
1 EINT2 is high-active or rising-edge sensitive (depending on
EXTMODE2).
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Table 15. External Interrupt Polarity register (EXTPOLAR - address OXEOL1F C14C) bit
description
Bit Symbol Value Description Reset
value
3 EXTPOLAR3 0 EINT3 is low-active or falling-edge sensitive (depending on 0
EXTMODER3).
1 EINT3 is high-active or rising-edge sensitive (depending on
EXTMODES3).
74 - - Reserved, user software should not write ones to reserved NA

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

7. Other system controls and status flags

Some aspects of controlling LPC2300 operation that do not fit into peripheral or other
registers are grouped here.

7.1 System Controls and Status register (SCS - OXEO1F C1A0)

Table 16. System Controls and Status register (SCS - address OxEO1F C1AO0) bit description

Bit Symbol

0 GPIOM

1 EMC Reset

Disablell
2 -
3 MCIPWR
Active
Levelll

4 OSCRANGE

5 OSCEN

UM10211_1

Value Description

GPIO access mode selection. R/W

GPIO ports 0 and 1 are accessed via APB addresses in a fashion
compatible with previous LPC2000 devices.

High speed GPIO is enabled on ports 0 and 1, accessed via addresses in
the on-chip memory range. This mode includes the port masking feature
described in the GPIO chapter.

External Memory Controller Reset Disable. R/W

Both EMC resets are asserted when any type of reset event occurs. In this
mode, all registers and functions of the EMC are initialized upon any reset
condition.

Many portions of the EMC are only reset by a power-on or brown-out event,
in order to allow the EMC to retain its state through a warm reset (external
reset or watchdog reset). If the EMC is configured correctly, auto-refresh can
be maintained through a warm reset.

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

MCIPWR pin control. R/W
The MCIPWR pin is low.

The MCIPWR pin is high.

Main oscillator range select. R/W
The frequency range of the main oscillator is 1 MHz to 20 MHz.

The frequency range of the main oscillator is 15 MHz to 24 MHz.

Main oscillator enable. R/W
The main oscillator is disabled.

The main oscillator is enabled, and will start up if the correct external
circuitry is connected to the XTAL1 and XTAL2 pins.

Access Reset

value
0

NA
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Table 16. System Controls and Status register (SCS - address 0xEO1F C1A0) bit description

Bit Symbol Value Description Access Reset
value
6 OSCSTAT Main oscillator status. RO 0

The main oscillator is not ready to be used as a clock source.

The main oscillator is ready to be used as a clock source. The main
oscillator must be enabled via the OSCEN bit.

317 - - Reserved. User software should not write ones to reserved bits. The value - NA
read from a reserved bit is not defined.

[1] The state of this bit is preserved through a software reset, and only a POR or a BOD event will reset it to its default value.

8. Code security vs. debugging

Applications in development typically need the debugging and tracing facilities in the
LPC2300. Later in the life cycle of an application, it may be more important to protect the
application code from observation by hostile or competitive eyes. The following feature of
the LPC2300 allows an application to control whether it can be debugged or protected
from observation.

Details on the way Code Read Protection works can be found in "Flash Memory
Programming Hardware" chapter on page 517.

Table 17. Code security register map

Name Description Access Reset Address
value
CPSR Controls whether debugging features are R/W 0 OxEO1F C184
enabled.

8.1 Code Security Protection Register (CSPR - OXEO1F C184)

Table 18. Code Security Protection Register (CSPR - address OxEO1F C184) bit description

Bit Symbol Description Reset
value

31:0 CPSR Ifthe value 0x8765 4321 is written to this register within the first 256 clocks 0
of execution of the Boot Code, the debugging features of the LPC2300 will
be disabled, making the application code in Flash memory secure from
observation. If that value is not written to this register within that time
period, debugging features will be enabled.

If the Boot Code detects a valid checksum in Flash (see the Boot Code
description in the Flash Memory Programming Firmware chapter), it will
access the contents of the word at Flash address 0x0000 01FC and write
that value to this register. Thus, if the application contains the value
0x8765 4321 at address 0x0000 01FC, debugging will be disabled and
thus the code in Flash will be protected from observation.

9. AHB configuration

The AHB Configuration Registers allows changing AHB scheduling and arbitration
strategies.
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Table 19. AHB configuration register map

Name Description Access Reset Address
value

AHBCFG1 Configures the AHB1 arbiter. R/W 0 OxEO1F C188

AHBCFG2 Configures the AHB2 arbiter. R/W 0 OxEO1F C18C

AHB Arbiter Configuration register 1 (AHBCFG1 - OXEO1F C188)

Table 20. AHB Arbiter Configuration register 1 (AHBCFGL1 - address OxEO1F C188) bit

description
Bit Symbol Value Description Reset
value
0 scheduler Priority scheduling. 0
1 Uniform (round-robin) scheduling.
2:1 break_burst 00 Break all defined length bursts (the CPU does not create 00
defined bursts).
01 Break all defined length bursts greater than four-beat.
10 Break all defined length bursts greater than eight-beat.
11 Never break defined length bursts.
3 quantum_type O A quantum is an AHB clock. 1
A quantum is an AHB bus cycle.
7:4 guantum_size Controls the type of arbitration and the number of quanta
before re-arbitration occurs.
0000 Preemptive, re-arbitrate after 1 AHB quantum.
0001 Preemptive, re-arbitrate after 2 AHB quanta.
0010 Preemptive, re-arbitrate after 4 AHB quanta.
0011 Preemptive, re-arbitrate after 8 AHB quanta.
0100 Preemptive, re-arbitrate after 16 AHB quanta.
0101 Preemptive, re-arbitrate after 32 AHB quanta.
0110 Preemptive, re-arbitrate after 64 AHB quanta.
0111 Preemptive, re-arbitrate after 128 AHB quanta.
1000 Preemptive, re-arbitrate after 256 AHB quanta.
1001 Preemptive, re-arbitrate after 512 AHB quanta.
1010 Preemptive, re-arbitrate after 1024 AHB quanta.
1011 Preemptive, re-arbitrate after 2048 AHB quanta.
1100 Preemptive, re-arbitrate after 4096 AHB quanta.
1101 Preemptive, re-arbitrate after 8192 AHB quanta.
1110 Preemptive, re-arbitrate after 16384 AHB quanta.
1111 Non- preemptive, infinite AHB quanta.
11:8 default_master 0001 Master 1 (CPU) is the default master. 0001
15:12 EP1 0010 External priority for master 1 (CPU) is tbd. thd
19:16 EP2 0001 External priority for master 2 (AHB1) is tbd. thd
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Table 20. AHB Arbiter Configuration register 1 (AHBCFGL1 - address OXEOL1F C188) bit
description
Bit Symbol Value Description Reset
value
23:20 EP3 nnnn  External priority for master 3 (USB) is tbd. thd
27:24 EP4 nnnn  External priority for master 4 (GPDMA) is thd. thbd
31:28 - - Reserved. User software should not write ones to NA

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

9.2 AHB Arbiter Configuration register 2 (AHBCFG2 - OXEOL1F C18C)

Table 21. AHB Arbiter Configuration register 2 (AHBCFG2 - address OxEO1F C18C) bit
description
Bit Symbol Value Description Reset
value
0 scheduler Priority scheduling. 0
1 Uniform (round-robin) scheduling.
2:1 break_burst 00 Break all defined length bursts (the CPU does not create 00
defined bursts).
01 Break all defined length bursts greater than four-beat.
10 Break all defined length bursts greater than eight-beat.
11 Never break defined length bursts.
3 quantum_type O A quantum is an AHB clock. 1
A quantum is an AHB bus cycle.
7:4 guantum_size Controls the type of arbitration and the number of quanta tbd
before re-arbitration occurs.
0000 Preemptive, re-arbitrate after 1 AHB quantum.
0001 Preemptive, re-arbitrate after 2 AHB quanta.
0010 Preemptive, re-arbitrate after 4 AHB quanta.
0011 Preemptive, re-arbitrate after 8 AHB quanta.
0100 Preemptive, re-arbitrate after 16 AHB quanta.
0101 Preemptive, re-arbitrate after 32 AHB quanta.
0110 Preemptive, re-arbitrate after 64 AHB quanta.
0111  Preemptive, re-arbitrate after 128 AHB quanta.
1000 Preemptive, re-arbitrate after 256 AHB quanta.
1001 Preemptive, re-arbitrate after 512 AHB quanta.
1010 Preemptive, re-arbitrate after 1024 AHB quanta.
1011 Preemptive, re-arbitrate after 2048 AHB quanta.
1100 Preemptive, re-arbitrate after 4096 AHB quanta.
1101 Preemptive, re-arbitrate after 8192 AHB quanta.
1110 Preemptive, re-arbitrate after 16384 AHB quanta.
1111  Non- preemptive, infinite AHB quanta.
11:8 default_master 0010 Master 2 (Ethernet) is the default master. 0010
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Table 21. AHB Arbiter Configuration register 2 (AHBCFG2 - address OXEOL1F C18C) bit

description
Bit Symbol Value Description Reset
value
15:12 EP1 0010 External priority for master 1 (CPU) is tbd. thd
19:16 EP2 0001 External priority for master 2 (Ethernet) is tbhd. thd
31:20 - - Reserved. User software should not write ones to NA
reserved bits. The value read from a reserved bit is not
defined.
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1. Summary of clocking and power control functions

This section describes the generation of the various clocks needed by the LPC2300 and
options of clock source selection, as well as power control and wakeup from reduced
power modes. Functions described in the following subsections include:

* Oscillators

* Clock Source Selection

e PLL

¢ Clock Dividers

* APB Divider

* Power Control

* Wakeup Timer
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Fig 9. Clock generation for the LPC2300
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2. Register description

3. Oscillators

All registers, regardless of size, are on word address boundaries. Details of the registers
appear in the description of each function.

Table 22.  Summary of system control registers
Name Description Access Resetvalue Address
Clock source selection

CLKSRCSEL Clock Source Select Register R/W 0 OxXEO1F C10C
Phase Locked Loop

PLLCON PLL Control Register R/W 0 OxEO1F C080
PLLCFG PLL Configuration Register R/W 0 OxXEO1F C084
PLLSTAT PLL Status Register RO 0 OxEO1F C088
PLLFEED PLL Feed Register WO NA OxXEO1F C08C
Clock dividers

CCLKCFG CPU Clock Configuration Register R/W 0 OXEO1F C104
USBCLKCFG USB Clock Configuration Register R/W 0 OxEO1F C108
IRCTRIM IRC Trim Register R/W 0xAOQ OXEO1FC1A4

PCLKSELO Peripheral Clock Selection register 0. R/W 0 OxEO1F C1A8
PCLKSEL1 Peripheral Clock Selection register 1. R/W 0 OxXEO1F C1AC
Power control

PCON Power Control Register R/W 0 OxEO1F COCO
INTWAKE Interrupt Wakeup Register R/W 0 OxEO1F C144

PCONP Power Control for Peripherals Register R/W 0x03BE OxEO1F C0OC4

UM10211_1

3.1

The LPC2300 includes three independent oscillators. These are the Main Oscillator, the
Internal RC Oscillator, and the RTC oscillator. Each oscillator can be used for more than
one purpose as required in a particular application.

Following Reset, the LPC2300 will operate from the Internal RC Oscillator until switched
by software. This allows systems to operate without any external crystal, and allows the
Boot Loader code to operate at a known frequency. When Boot Block will branch to a user
program, there could be an option to activate the main oscillator prior to entering user
code.

Internal RC oscillator

The Internal RC Oscillator (IRC) may be used as the clock source for the watchdog timer,
and/or as the clock that drives the PLL and subsequently the CPU. The precision of the
IRC does not allow for use of the USB interface, which requires a much more precise time
base. The nominal IRC frequency is 4 MHz.

Upon power up or any chip reset, the LPC2300 uses the IRC as the clock source.
Software may later switch to one of the other available clock sources.
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Main oscillator

The main oscillator can be used as the clock source for the CPU, with or without using the
PLL. The main oscillator operates at frequencies of 1 MHz to 24 MHz. This frequency can
be boosted to a higher frequency, up to the maximum CPU operating frequency, by the
PLL. The oscillator output is called OSCCLK. The clock selected as the PLL input is
PLLCLKIN and the ARM processor clock frequency is referred to as CCLK for purposes of
rate equations, etc. elsewhere in this document. The frequencies of PLLCLKIN and CCLK
are the same value unless the PLL is active and connected. Refer to the PLL description
in this chapter for details.

Since chip operation always begins using the Internal RC Oscillator, and the main
oscillator may never be used in some applications, it will only be started by software
request. This is accomplished by setting the OSCEN bit in the SCS register, as described
in the System Control Block chapter. The main oscillator provides a status flag (the
OSCSTAT bit in the SCS register) so that software can determine when the oscillator is
running and stable. At that point, software can control switching to the main oscillator as a
clock source. Prior to starting the main oscillator, a frequency range must be selected by
configuring the OSCRANGE bit in the SCS register.

RTC oscillator

The RTC oscillator can be used as the clock source for the RTC, and/or the watchdog
timer. Also, the RTC oscillator can be used to drive the PLL and the CPU.

4. Clock source selection multiplexer

UM10211_1

4.1

Several clock sources may be chosen to drive the PLL and ultimately the CPU and
on-chip peripheral devices. The clock sources available are the main oscillator, the RTC
oscillator, and the Internal RC oscillator.

The clock source selection can only be changed safely when the PLL is not connected.
For a detailed description of how to change the clock source in a system using the PLL
see Section 4-5.14 “PLL setup sequence”.

Clock Source Select register (CLKSRCSEL - 0xEO1F C10C)
The PCLKSRCSEL register contains the bits that select the clock source for the PLL.
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Table 23. Clock Source Select register (CLKSRCSEL - address OxEO1F C10C) bit

description
Bit Symbol Value Description Reset
value
1:0 CLKSRC Selects the clock source for the PLL as follows: 0
00 Selects the Internal RC oscillator as the PLL clock source
(default).
01 Selects the main oscillator as the PLL clock source.
10 Selects the RTC oscillator as the PLL clock source.
11 Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.
Warning: Improper setting of this value, or an incorrect sequence of
changing this value may result in incorrect operation of the device.
72 - 0 Unused, always 0. 0

5. PLL (Phase Locked Loop)

UM10211_1

5.1

The PLL accepts an input clock frequency in the range of 32 kHz to 50 MHz . The input
frequency is multiplied up to a high frequency, then divided down to provide the actual
clock used by the CPU and the USB block.

PLL operation

The PLL input, in the range of 32 kHZ to 50 MHz, may initially be divided down by a value
"N", which may be in the range of 1 to 256. This input division provides a greater number
of possibilities in providing a wide range of output frequencies from the same input
frequency.

Following the PLL input divider is the PLL multiplier. This can multiply the input divider
output through the use of a Current Controlled Oscillator (CCO) by a value "M", in the
range of 1 through 32768. The resulting frequency must be in the range of 275 MHz to
550 MHz. The multiplier works by dividing the CCO output by the value of M, then using a
phase-frequency detector to compare the divided CCO output to the multiplier input. The
error value is used to adjust the CCO frequency.

There are additional dividers at the PLL output to bring the frequency down to what is
needed for the CPU, USB, and other peripherals. The PLL output dividers are described
in the Clock Dividers section following the PLL description. A block diagram of the PLL is

shown in Figure 4-10

PLL activation is controlled via the PLLCON register. The PLL multiplier and divider
values are controlled by the PLLCFG register. These two registers are protected in order
to prevent accidental alteration of PLL parameters or deactivation of the PLL. Since all
chip operations, including the Watchdog Timer, could be dependent on the PLL if so
configured (for example when it is providing the chip clock), accidental changes to the PLL
setup could result in unexpected or fatal behavior of the microcontroller. The protection is
accomplished by a feed sequence similar to that of the Watchdog Timer. Details are
provided in the description of the PLLFEED register.

The PLL is turned off and bypassed following a chip Reset and by entering power Down
mode. PLL is enabled by software only.
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It is important that the setup procedure described in Section 4-5.14 “PLL setup sequence”
is followed as is or the PLL might not operate at all'.

PLL and startup/boot code interaction

The boot code for the LPC2300 is a little different from those for the previous NXP ARM7
LPC2000 chips. When there's no valid code (determined by the checksum word) in the
user flash or the ISP enable pin (P2.10) is pulled low on startup, the ISP mode will be
entered and the boot code will setup the PLL with the IRC. Therefore it can not be
assumed that the PLL is disabled when the user opens a debug session to debug the
application code. The user startup code must follow the steps described in this chapter to
disconnect the PLL.

The boot code may also change the values for some registers when the chip enters ISP
mode. For example, the GPIOM bit in the SCS register is set in the ISP mode. If the user
doesn't notice it and clears the GPIOM bit in the application code, the application code will
not be able to operate with the traditional GPIO function on PORTO and PORTL1.

Register description

The PLL is controlled by the registers shown in Table 4—24. More detailed descriptions
follow. Writes to any unused bits are ignored. A read of any unused bits will return a logic
zero.

Warning: Improper setting of PLL values may result in incorrect operation of the
device!

Table 24. PLL registers

Name Description Access Reset Address
valuelll
PLLCON PLL Control Register. Holding register for R/W 0 OxEO1F C080

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

PLLCFG PLL Configuration Register. Holding register for R/W 0 OxXEO1F C084
updating PLL configuration values. Values
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 0 OxEO1F C088
PLL control and configuration information. If
PLLCON or PLLCFG have been written to, but
a PLL feed sequence has not yet occurred, they
will not reflect the current PLL state. Reading
this register provides the actual values
controlling the PLL, as well as the PLL status.

PLLFEED PLL Feed Register. This register enables WO NA OxEO1F C08C
loading of the PLL control and configuration
information from the PLLCON and PLLCFG
registers into the shadow registers that actually
affect PLL operation.

[1] Reset Value reflects the data stored in used bits only. It does not include reserved bits content.
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Fig 10. PLL block diagram
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5.4 PLL Control register (PLLCON - OXxEO1F C080)

The PLLCON register contains the bits that enable and connect the PLL. Enabling the
PLL allows it to attempt to lock to the current settings of the multiplier and divider values.
Connecting the PLL causes the processor and all chip functions to run from the PLL
output clock. Changes to the PLLCON register do not take effect until a correct PLL feed
sequence has been given (see Section 4-5.9 “PLL Feed register (PLLFEED -

OXEO1F CO8CY)").

Table 25. PLL Control register (PLLCON - address OXxEO1F C080) bit description

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

activate the PLL and allow it to lock to the requested frequency. See
PLLSTAT register, Table 4-28.

1 PLLC PLL Connect. Having both PLLC and PLLE set to one followed by a 0
valid PLL feed sequence, the PLL becomes the clock source for the
CPU, as well as the USB subsystem and. Otherwise, the clock
selected by the Clock Source Selection Multiplexer is used directly
by the LPC2300. See PLLSTAT register, Table 4-28.

7:2 - Reserved, user software should not write ones to reserved bits. The NA
value read from a reserved bit is not defined.

The PLL must be set up, enabled, and Lock established before it may be used as a clock
source. When switching from the oscillator clock to the PLL output or vice versa, internal
circuitry synchronizes the operation in order to ensure that glitches are not generated.
Hardware does not insure that the PLL is locked before it is connected or automatically
disconnect the PLL if lock is lost during operation. In the event of loss of PLL lock, it is
likely that the oscillator clock has become unstable and disconnecting the PLL will not
remedy the situation.
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The PLLCFG register contains the PLL multiplier and divider values. Changes to the
PLLCFG register do not take effect until a correct PLL feed sequence has been given (see
Section 4-5.9 “PLL Feed register (PLLFEED - OxEQ1F C08C)"). Calculations for the PLL

frequency, and multiplier and divider values are found in the Section 4-5.11 “PLL

frequency calculation”.

Table 26. PLL Configuration register (PLLCFG - address OXxEOL1F C084) bit description

Bit Symbol

14:0 MSEL

15 -

23:16 NSEL

31:24 -

Description Reset
value
PLL Multiplier value. Supplies the value "M" in the PLL frequency 0

calculations. The value stored here is M - 1. Supported values for M
are 6 through 512 and those listed in Table 4-27

Note: Not all values of M are needed, and therefore some are not
supported by hardware. For details on selecting values for MSEL see
Section 4-5.11 “PLL frequency calculation”.

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

PLL Pre-Divider value. Supplies the value "N" in the PLL frequency 0
calculations. Supported values for N are 1 through 32.

Note: For details on selecting the right value for NSEL see Section
4-5.11 “PLL frequency calculation”.

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

Table 27. Multiplier values for 32 kHz oscillator

Multiplier (M)
4272
4395
4578
4725
4807
5127
5188
5400
5493
5859
6042
6075
6104
6409
6592
6750
6836
6866
6958

Pre-divide (N)

P R R R R R R P R R R R R R R R R R PR

Fcco
279.9698

288.0307
300.0238
309.6576
315.0316
336.0031
340.0008
353.8944
359.9892
383.9754
395.9685
398.1312
400.0317
420.0202
432.0133
442.3680
448.0041
449.9702
455.9995
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Table 27. Multiplier values for 32 kHz oscillator

Multiplier (M) Pre-divide (N) Fcco
7050 1 462.0288
7324 1 479.9857
7425 1 486.6048
7690 1 503.9718
7813 1 512.0328
7935 1 520.0282
8057 1 528.0236
8100 1 530.8416
8545 2 280.0026
8789 2 287.9980
9155 2 299.9910
9613 2 314.9988
10254 2 336.0031
10376 2 340.0008
10986 2 359.9892
11719 2 384.0082
12085 2 396.0013
12207 2 399.9990
12817 2 419.9875
12817 3 279.9916
13184 2 432.0133
13184 3 288.0089
13672 2 448.0041
13733 2 450.0029
13733 3 300.0020
13916 2 455.9995
14099 2 461.9960
14420 3 315.0097
14648 2 479.9857
15381 2 504.0046
15381 3 336.0031
15564 3 340.0008
15625 2 512.0000
15869 2 519.9954
16113 2 527.9908
16479 3 359.9892
17578 3 383.9973
18127 3 395.9904
18311 3 400.0099
19226 3 419.9984
19775 3 431.9915
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Table 27. Multiplier values for 32 kHz oscillator

Multiplier (M) Pre-divide (N) Fcco

20508 3 448.0041
20599 3 449.9920
20874 3 455.9995
21149 3 462.0070
21973 3 480.0075
23071 3 503.9937
23438 3 512.0109
23804 3 520.0063
24170 3 528.0017

PLL Status register (PLLSTAT - OxEO1F C088)

The read-only PLLSTAT register provides the actual PLL parameters that are in effect at
the time it is read, as well as the PLL status. PLLSTAT may disagree with values found in
PLLCON and PLLCFG because changes to those registers do not take effect until a
proper PLL feed has occurred (see Section 4-5.9 “PLL Feed register (PLLFEED -

OxEOQ1F C08C)").

Table 28. PLL Status register (PLLSTAT - address OxEO1F C088) bit description

Bit Symbol Description Reset
value

14:0 MSEL Read-back for the PLL Multiplier value. This is the value currently 0
used by the PLL, and is one less than the actual multiplier.

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

23:16 NSEL Read-back for the PLL Pre-Divider value. This is the value currently 0
used by the PLL, and is one less than the actual divider.

24 PLLE Read-back for the PLL Enable bit. When one, the PLL is currently 0

activated. When zero, the PLL is turned off. This bit is automatically
cleared when Power Down mode is activated.

25 PLLC Read-back for the PLL Connect bit. When PLLC and PLLE are both 0
one, the PLL is connected as the clock source for the LPC2300.
When either PLLC or PLLE is zero, the PLL is bypassed. This bit is
automatically cleared when Power Down mode is activated.

26 PLOCK Reflects the PLL Lock status. When zero, the PLL is not locked. 0
When one, the PLL is locked onto the requested frequency. See
text for details.

31:27 - Reserved, user software should not write ones to reserved bits. The NA
value read from a reserved bit is not defined.

PLL Interrupt: PLOCK

The PLOCK bit in the PLLSTAT register reflects the lock status of the PLL. When the PLL
is enabled, or parameters are changed, the PLL requires some time to establish lock
under the new conditions. PLOCK can be monitored to determine when the PLL may be
connected for use. The value of PLOCK may not be stable when the PLL reference
frequency (Frer, the frequency of REFCLK, which is equal to the PLL input frequency
divided by the pre-divider value) is less than 100 kHz or greater than 20 MHz. In these
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cases, the PLL may be assumed to be stable after a start-up time has passed. This time is
500 us when FREF is greater than 400 kHz and 200 / FREF seconds when FREF is less
than 400 kHz

PLOCK is connected to the interrupt controller. This allows for software to turn on the PLL
and continue with other functions without having to wait for the PLL to achieve lock. When
the interrupt occurs, the PLL may be connected, and the interrupt disabled.

PLL Modes
The combinations of PLLE and PLLC are shown in Table 4—-29.

Table 29. PLL control bit combinations
PLLC PLLE PLL Function

0 0 PLL is turned off and disconnected. The PLL outputs the unmodified clock
input.

0 1 The PLL is active, but not yet connected. The PLL can be connected after
PLOCK is asserted.

1 0 Same as 00 combination. This prevents the possibility of the PLL being

connected without also being enabled.
1 1 The PLL is active and has been connected as the system clock source.

PLL Feed register (PLLFEED - OXEO1F C08C)

A correct feed sequence must be written to the PLLFEED register in order for changes to
the PLLCON and PLLCFG registers to take effect. The feed sequence is:

1. Write the value OxAA to PLLFEED.
2. Write the value 0x55 to PLLFEED.

The two writes must be in the correct sequence, and must be consecutive APB bus
cycles. The latter requirement implies that interrupts must be disabled for the duration of
the PLL feed operation. If either of the feed values is incorrect, or one of the previously
mentioned conditions is not met, any changes to the PLLCON or PLLCFG register will not
become effective.

Table 30. PLL Feed register (PLLFEED - address OXEOL1F C08C) bit description

Bit Symbol Description Reset
value

7:0 PLLFEED The PLL feed sequence must be written to this register in order for 0x00
PLL configuration and control register changes to take effect.

PLL and Power down mode

Power Down mode automatically turns off and disconnects the PLL. Wakeup from Power
Down mode does not automatically restore the PLL settings, this must be done in
software. Typically, a routine to activate the PLL, wait for lock, and then connect the PLL
can be called at the beginning of any interrupt service routine that might be called due to
the wakeup. It is important not to attempt to restart the PLL by simply feeding it when
execution resumes after a wakeup from Power Down mode. This would enable and
connect the PLL at the same time, before PLL lock is established.
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5.11 PLL frequency calculation

The PLL equations use the following parameters:

Table 31. PLL frequency parameter

Parameter Description

Fin the frequency of PLLCLKIN from the Clock Source Selection Multiplexer.

Fcco the frequency of the SYSCLK (output of the PLL Current Controlled Oscillator)

N PLL Pre-divider value from the NSEL bits in the PLLCFG register (PLLCFG
NSEL field + 1). N is an integer from 1 through 32.

M PLL Multiplier value from the MSEL bits in the PLLCFG register (PLLCFG

MSEL field + 1). Not all potential values are supported. See below.
Frer PLL internal reference frequency, FIN divided by N.

The PLL output frequency (when the PLL is both active and connected) is given by:
FCCOZ(ZXMXFW)/N
The PLL inputs and settings must meet the following:

* Fnisin the range of 32 kHz to 50 MHz.
* Fccois in the range of 275 MHz to 550 MHz.

The PLL equation can be solved for other PLL parameters:
M = (Fcco x N) /(2 x Fin)

N=(2xMxFpn)/Fcco

Fin = (Fcco x N) /(2 x M)

Allowed values for M:

At higher oscillator frequencies, in the MHz range, values of M from 6 through 512 are
allowed. This supports the entire useful range of both the main oscillator and the IRC.

For lower frequencies, specifically when the RTC is used to clock the PLL, a set of 65
additional M values have been selected for supporting baud rate generation, CAN/USB
operation, and attaining even MHz frequencies. These values are shown in Table 4-32

Table 32. Additional Multiplier Values for use with a Low Frequency Clock Input
Low Frequency PLL Multipliers

4272 4395 4578 4725 4807

5127 5188 5400 5493 5859

6042 6075 6104 6409 6592

6750 6836 6866 6958 7050

7324 7425 7690 7813 7935

8057 8100 8545 8789 9155

9613 10254 10376 10986 11719

12085 12207 12817 13184 13672

13733 13916 14099 14420 14648

15381 15564 15625 15869 16113
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Table 32. Additional Multiplier Values for use with a Low Frequency Clock Input

Low Frequency PLL Multipliers

16479 17578 18127 18311 19226
19775 20508 20599 20874 21149
21973 23071 23438 23804 24170

Procedure for determining PLL settings

PLL parameter determination can be simplified by using a spreadsheet available from
NXP. To determine PLL parameters by hand, the following general procedure may be
used:

1. Determine if the application requires use of the USB interface. The USB requires a
50% duty cycle clock of 48 MHz within a very small tolerance, which means that Fcco
must be an even integer multiple of 48 MHz (i.e. an integer multiple of 96 MHz), within
a very small tolerance.

2. Choose the desired processor operating frequency (CCLK). This may be based on
processor throughput requirements, need to support a specific set of UART baud
rates, etc. Bear in mind that peripheral devices may be running from a lower clock
frequency than that of the processor (see Section 4-6 “Clock dividers” on page 47
and Section 4-7 “Power control” on page 51). Find a value for Fcco that is close to a
multiple of the desired CCLK frequency, bearing in mind the requirement for USB
support in [1] above, and that lower values of Fcco result in lower power dissipation.

3. Choose a value for the PLL input frequency (F\). This can be a clock obtained from
the main oscillator, the RTC oscillator, or the on-chip RC oscillator. For USB support,
the main oscillator should be used.

4. Calculate values for M and N to produce a sufficiently accurate Fcco frequency. The
desired M value -1 will be written to the MSEL field in PLLCFG. The desired N value -1
will be written to the NSEL field in PLLCFG.

In general, it is better to use a smaller value for N, to reduce the level of multiplication that
must be accomplished by the CCO. Due to the difficulty in finding the best values in some
cases, it is recommended to use a spreadsheet or similar method to show many
possibilities at once, from which an overall best choice may be selected. A spreadsheet is
available from NXP for this purpose.

Examples of PLL settings

The following examples illustrate selecting PLL values based on different system
requirements.

Example 1)
Assumptions:

* The USB interface will be used in the application. The lowest integer multiple of
96 MHz that falls within the PLL operating range (288 MHz) will be targeted.

® The desired CPU rate = 60 MHz.
* An external 4 MHz crystal or clock source will be used as the system clock source.

Calculations:
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M = (Fcco x N) / (2 x Fn)

Start by assuming N = 1, since this produces the smallest multiplier needed for the PLL.
So, M =288 x 106/ (2 x 4 x 105) = 36. Since the result is an integer, there is no need to
look further for a good set of PLL configuration values. The value written to PLLCFG
would be 0x23 (N-1=0; M - 1 = 35 = 0x23).

The potential CPU clock rate can be determined by dividing Fcco by the desired CPU
frequency: 288 x 106/ 60 x 10° = 4.8. The nearest integer value for the CPU Clock
Divider is then 5, giving us 57.6 MHz as the nearest value to the desired CPU clock rate.

If it is important to obtain exactly 60 MHz, an Fcco rate must be found that can be divided
down to both 48 MHz and 60 MHz. The only possibility is 480 MHz. Divided by 10, this
gives the 48 MHz with a 50% duty cycle needed by the USB block. Divided by 8, it gives
60 MHz for the CPU clock. PLL settings for 480 MHz are N = 1 and M = 60.

Example 2)
Assumptions:

* The USB interface will not be used in the application.
* The desired CPU rate = 72 MHz
* The 32.768 kHz RTC clock source will be used as the system clock source

Calculations:
M = (Fcco x N) / (2 x F)

The smallest frequency for Fcco that can produce our desired CPU clock rate and is
within the PLL operating range is 288 MHz (4 x 72 MHz). Start by assuming N = 1, since
this produces the smallest multiplier needed for the PLL.

So, M =288 x 106/ (2 x 32,768) = 4,394.53125. This is not an integer, so the CPU
frequency will not be exactly 288 MHz with this setting. Since this case is less obvious, it
may be useful to make a table of possibilities for different values of N (see Table 4-33).

Table 33. Potential values for PLL example

N M M Rounded Fgregr (Hz) Fcco (Hz) Actual % Error
CCLK (Hz)

1 439453125 4395 32768 288.0307 72.0077 0.0107

2 8789.0625 8789 16384 287.9980 71.9995 -0.0007

3 13183.59375 13184 10922.67  288.0089 72.0022 0.0031

4 17578.125 17578 8192 287.9980 71.9995 -0.0007

5 21972.65625 21973 6553.6 288.0045 72.0011 0.0016

Beyond N = 7, the value of M is out of range or not supported, so the table stops there. In
the table, the calculated M value is rounded to the nearest integer. If this results in CCLK
being above the maximum operating frequency (72 MHz), it is allowed if it is not more than
2% above the maximum frequency.
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In general, larger vlaues of Frer result in a more stable PLL when the input clock is a low
frequency. Even the first table entry shows a very small error of just over 1 hundredth of a
percent, or 107 parts per million (ppm). If that is not accurate enough in the application,
the second case gives a much smaller error of 7 ppm.

Remember that when a frequency below about 1 MHz is used as the PLL clock source,
not all multiplier values are available. As it turns out, all of the rounded M values found in
Table 4-33 of this exmaple are supported, as may be confirmed in Table 4-32.

If PLL calculations suggest use of unsupported multiplier values, those values must be
disregarded and other values examined to find the best fit. Multiplier values one count off
from calculated values may also be good possibilities..

The value written to PLLCFG for the second table entry would be 0x12254
(N-1=1=0x1; M-1=_8788 = 0x2254).

PLL setup sequence

The following sequence must be followed step by step in order to have the PLL initialized
an running:

1. Disconnect the PLL with one feed sequence if PLL is already connected.
2. Disable the PLL with one feed sequence.

3. Change the CPU Clock Divider setting to speed up operation without the PLL, if
desired.

4. Write to the Clock Source Selection Control register to change the clock source.

5. Write to the PLLCFG and make it effective with one feed sequence. The PLLCFG can
only be updated when the PLL is disabled.

6. Enable the PLL with one feed sequence.

7. Change the CPU Clock Divider setting for the operation with the PLL. It's critical to do
this before connecting the PLL.

8. Wait for the PLL to achieve lock by monitoring the PLOCK bit in the PLLSTAT register,
or using the PLOCK interrupt, or wait for a fixed time when the input clock to PLL is
slow (i.e. 32 kHz). The value of PLOCK may not be stable when the PLL reference
frequency (FREF, the frequency of REFCLK, which is equal to the PLL input
frequency divided by the pre-divider value) is less than 100 kHz or greater than
20 MHz. In these cases, the PLL may be assumed to be stable after a start-up time
has passed. This time is 500 yus when FREF is greater than 400 kHz and 200 / FREF
seconds when FREF is less than 400 kHz.

9. Connect the PLL with one feed sequence.

It's very important not to merge any steps above. For example, don't update the PLLCFG
and enable the PLL simultaneously with the same feed sequence.

6. Clock dividers

UM10211_1

The output of the PLL must be divided down for use by the CPU and the USB block.
Separate dividers are provided such that the CPU frequency can be determined
independently from the USB block, which always requires 48 MHz with a 50% duty cycle
for proper operation.
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CPU Clock Configuration register (CCLKCFG - OxEO1F C104)

The CCLKCFG register controls the division of the PLL output before it is used by the
CPU. When the PLL is bypassed, the division may be by 1. When the PLL is running, the
output must be divided in order to bring the CPU clock frequency (CCLK) within operating
limits. An 8 bit divider allows a range of options, including slowing CPU operation to a low
rate for temporary power savings without turning off the PLL.

Note: when the USB interface is used in an application, CCLK must be at least 18 MHz in
order to support internal operations of the USB block.

Table 34. CPU Clock Configuration register (CCLKCFG - address OXxEO1F C104) bit

description
Bit Symbol Description Reset
value
7:0 CCLKSEL Selects the divide value for creating the CPU clock (CCLK) from the 0x00
PLL output.

Only 0 and odd values (1, 3, 5, ..., 255) are supported and can be
used when programming the CCLKSEL bits.

Warning: Using an even value (2, 4, 6, ..., 254) when setting the
CCLKSEL bits may result in incorrect operation of the device.

The CCLK is derived from the PLL output signal, divided by CCLKSEL + 1. Having
CCLKSEL =1 results in CCLK being one half the PLL output, CCLKSEL = 3 results in
CCLK being one quarter of the PLL output, etc..

USB Clock Configuration register (USBCLKCFG - OxEO1F C108)

The USBCLKCFG register controls the division of the PLL output before it is used by the
USB block. If the PLL is bypassed, the division may be by 1. In that case, the PLL input
frequency must be 48 MHz, with a 500 ppm tolerance. When the PLL is running, the
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output must be divided in order to bring the USB clock frequency to 48 MHz with a 50%
duty cycle. A 4-bit divider allows obtaining the correct USB clock from any even multiple of
48 MHz (i.e. any mutliple of 96 MHz) within the PLL operating range.

Table 35. USB Clock Configuration register (USBCLKCFG - address OXEOLF C108) bit
description

Bit Symbol Description Reset
value

3:0 USBSEL Selects the divide value for creating the USB clock from the PLL output. 0

Warning: Improper setting of this value will result in incorrect operation
of the USB interface.

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

The USB clock is derived from the PLL output signal, divided by USBSEL + 1. Having
USBSEL =1 results in USB’s clock being one half the PLL output.

IRC Trim Register (IRCTRIM - OXEO1F C1A4)

This register is used to trim the on - chip 4 MHz oscillator.

Table 36. IRC Trim register (IRCTRIM - address OXEO1F C1A4) bit description

Bit Symbol Description Reset
value

7:0 IRCtrim IRC trim value. It controls the on-chip 4 MHz IRC frequency. OxAO0

15:8 - Reserved. Software must write 0 into these bits. NA

Peripheral Clock Selection registers 0 and 1 (PCLKSELDO -
OxEO1F C1A8 and PCLKSEL1 - OXEO1F C1ACQC)
A pair of bits in a Peripheral Clock Selection register controls the rate of the clock signal

that will be supplied to the corresponding peripheral as specified in Table 4-37,
Table 4-38 and Table 4-39. For details on the HCLK clock see Figure 4-11.

Table 37. Peripheral Clock Selection register 0 (PCLKSELO - address OxEOLF C1A8) bit

description
Bit Symbol Description Reset
value
1:0 PCLK_WDT Peripheral clock selection for WDT. 00
3:2 PCLK_TIMERO Peripheral clock selection for TIMERO. 00
5:4 PCLK_TIMER1 Peripheral clock selection for TIMERL1. 00
7:6 PCLK_UARTO Peripheral clock selection for UARTO. 00
9:8 PCLK_UART1 Peripheral clock selection for UART1. 00
11:10 - Unused, always read as 0. 00
13:12 PCLK_PWM1 Peripheral clock selection for PWM1. 00
15:14 PCLK_I2CO Peripheral clock selection for 12CO0. 00
17:16 PCLK_SPI Peripheral clock selection for SPI. 00
19:18 PCLK_RTCl Peripheral clock selection for RTC. 00
21:20 PCLK_SSP1 Peripheral clock selection for SSP1. 00
23:22 PCLK_DAC Peripheral clock selection for DAC. 00
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Table 37. Peripheral Clock Selection register 0 (PCLKSELO - address OXEOLF C1A8) bit
description

Bit Symbol Description Reset
value

25:24 PCLK_ADC Peripheral clock selection for ADC. 00

27:26 PCLK_CAN1 Peripheral clock selection for CAN1. 00

29:28 PCLK_CAN2 Peripheral clock selection for CAN2. 00

31:30 PCLK_ACF Peripheral clock selection for CAN filtering. 00

[1] For PCLK_RTC only, the value '01’ is illegal. Do not write '01’ to the PCLK_RTC. Attempting to write ‘01’
results in the previous value being unchanged.

Table 38. Peripheral Clock Selection register 1 (PCLKSEL1 - address OxEO1F C1AC) bit
description
Bit Symbol Description Reset
value
1.0 PCLK_BAT_RAM  Peripheral clock selection for the battery supported RAM. 00
3:2 PCLK_GPIO Peripheral clock selection for GPIOs. 00
5:4 PCLK_PCB Peripheral clock selection for the Pin Connect block. 00
7:6 PCLK_I2C1 Peripheral clock selection for 12C1. 00
9:8 - Unused, always read as O. 00
11:10 PCLK_SSPO Peripheral clock selection for SSPO. 00
13:12 PCLK_TIMER2 Peripheral clock selection for TIMER2. 00
15:14 PCLK_TIMER3 Peripheral clock selection for TIMERS. 00
17:16 PCLK_UART2 Peripheral clock selection for UART2. 00
19:18 PCLK_UART3 Peripheral clock selection for UART3. 00
21:20 PCLK_I2C2 Peripheral clock selection for 12C2. 00
23:22 PCLK_I2S Peripheral clock selection for 12S. 00
25:24 PCLK_MCI Peripheral clock selection for MCI. 00
2726 - Unused, always read as 0. 00
29:28 PCLK_SYSCON Peripheral clock selection for the System Control block. 00
31:30 - Unused, always read as 0. 00
Table 39. Peripheral Clock Selection register bit values
PCLKSELO and PCLKSEL1 Function Reset
individual peripheral’s clock value
select options
00 PCLK_xyz = CCLK/4 00
01 PCLK_xyz = CCLK[I
10 PCLK_xyz = CCLK/2
11 Peripheral’s clock is selected to PCLK_xyz = HCLK/8

except for CAN1, CAN2, and CAN filtering when "11’
selects PCLK_xyz = HCLK/6.

[1] For PCLK_RTC only, the value '01’ is illegal. Do not write 01’ to the PCLK_RTC. Attempting to write ‘01’

results in the previous value being unchanged.
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7. Power control

UM10211_1

7.1

7.2

The LPC2300 supports a variety of power control features. There are four special modes
of processor power reduction: Idle mode, Sleep mode, and Power down. The CPU clock
rate may also be controlled as needed by changing clock sources, re-configuring PLL
values, and/or altering the CPU clock divider value. This allows a trade-off of power
versus processing speed based on application requirements. In addition, Peripheral
Power Control allows shutting down the clocks to individual on-chip peripherals, allowing
fine tuning of power consumption by eliminating all dynamic power use in any peripherals
that are not required for the application.

The LPC2300 also implements a separate power domain in order to allow turning off
power to the bulk of the device while maintaining operation of the Real Time Clock and a
small static RAM, referred to as the Battery RAM. This feature is described in more detail
later in this chapter under the heading Power Domains, and in the Real Time Clock and
Battery RAM chapter.

Idle mode

When Idle mode is entered, the clock to the core is stopped. Resumption from the Idle
mode does not need any special sequence but re-enabling the clock to the ARM core.

In Idle mode, execution of instructions is suspended until either a Reset or interrupt
occurs. Peripheral functions continue operation during Idle mode and may generate
interrupts to cause the processor to resume execution. ldle mode eliminates dynamic
power used by the processor itself, memory systems and related controllers, and internal
buses.

Sleep mode

When the chip enters the Sleep mode, the main oscillator is powered down and all clocks
are stopped. The output of the IRC is disabled but the IRC is not powered down for a fast
wakeup later. The 32 kHz RTC oscillator is not stopped because the RTC interrupts may
be used as the wakeup source. The Flash is left in the standby mode allowing a very quick
wakeup. The PLL is automatically turned off and disconnected. The CCLK and USBCLK
clock dividers automatically get reset to zero.

The processor state and registers, peripheral registers, and internal SRAM values are
preserved throughout Sleep mode and the logic levels of chip pins remain static. The
Sleep mode can be terminated and normal operation resumed by either a Reset or certain
specific interrupts that are able to function without clocks. Since all dynamic operation of
the chip is suspended, Sleep mode reduces chip power consumption to a very low value.

On the wakeup of sleep mode, if the IRC was used before entering sleep mode, the 2-bit
IRC timer starts counting and the code execution and peripherals activities will resume
after the timer expires (4 cycles). If the main external oscillator was used, the 12-bit main
oscillator timer starts counting and the code execution will resume when the timer expires
(4096 cycles). Customer must not forget to re-configure the PLL and clock dividers after
the wakeup.
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Power Down mode

Power Down mode does everything that Sleep mode does, but also turns off the Flash
memory. This saves more power, but requires waiting for resumption of Flash operation
before execution of code or data access in the Flash memory can be accomplished.

When the chip enters power-down mode, the IRC, the main oscillator and all clocks are
stopped. The 32Khz RTC oscillator is not stopped because the RTC interrupts may be
used as the wakeup source. The flash is forced into power-down mode. The PLL is
automatically turned off and disconnected. The CCLK and USBCLK clock dividers
automatically get reset to zero.

On the wakeup of power-down mode, if the IRC was used before entering power-down
mode, after IRC-start-up time (60 us), the 2-bit IRC timer starts counting and expires in 4
cycles. The code execution can then be resumed immediately upon the expiration of the
IRC timer if the code was running from SRAM. In the meantime, the Flash wakeup-timer
generates Flash start-up time 100 pus. When it times out, access to the Flash is enabled.
Customer must not forget to re-configure the PLL and clock dividers after the wakeup.

Peripheral power control

A Power Control for Peripherals feature allows individual peripherals to be turned off if
they are not needed in the application, resulting in additional power savings. This is
detailed in the description of the PCONP register.

Register description

The Power Control function uses registers shown in Table 4-40. More detailed
descriptions follow.

Table 40. Power Control registers

Name Description Access Reset Address
valuelll
PCON Power Control Register. This register R/W 0x00 OxEO1F COCO

contains control bits that enable the two
reduced power operating modes of the
LPC2300. See Table 4-41.

INTWAKE Interrupt Wakeup Register. Controls which R/W 0x00 OXEO1F C144
interrupts will wake the LPC2300 from
power-down mode. See Table 4-43

PCONP  Power Control for Peripherals Register. This R/W OxXEO1F COC4
register contains control bits that enable and
disable individual peripheral functions,
allowing elimination of power consumption by
peripherals that are not needed.

[1] Reset Value reflects the data stored in used bits only. It does not include reserved bits content.

Power Mode Control register (PCON - OXEO1F COCO)

Reduced power modes are controlled via the PCON register, as described in Table 4-41.
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Table 41. Power Mode Control register (PCON - address OXEO1F COCO) bit description

Bit Symbol Description Reset
value

0 PMO (IDL) Power mode control bit 0. See text and table below for details. 0

1 PM1 (PD) Power mode control bit 1. See text and table below for details. 0

2 BODPDM Brown-Out Power Down Mode. When BODPDM is 1, the Brown-Out 0
Detect circuitry will turn off when chip Power Down mode is entered,
resulting in a further reduction in power usage. However, the possibility
of using Brown-Out Detect as a wakeup source from Power Down mode
will be lost.

When 0, the Brown-Out Detect function remains active during Power
Down mode.

See the System Control Block chapter for details of Brown-Out
detection.

3 BOGD Brown-Out Global Disable. When BOGD is 1, the Brown-Out Detect 0
circuitry is fully disabled at all times, and does not consume power.

When 0, the Brown-Out Detect circuitry is enabled.

See the System Control Block chapter for details of Brown-Out
detection.

4 BORD Brown-Out Reset Disable. When BORD is 1, the second stage of low 0
voltage detection (2.6 V) will not cause a chip reset.

When BORD is 0, the reset is enabled. The first stage of low voltage
detection (2.9 V) Brown-Out interrupt is not affected.

See the System Control Block chapter for details of Brown-Out
detection.

6:3 - Reserved, user software should not write ones to reserved bits. The NA
value read from a reserved bit is not defined.

7 PM2 Power mode control bit 2. See text and table below for details. 0

Encoding of Reduced Power Modes

The PM2, PM1, and PMO bits in PCON allow entering reduced power modes as needed.
The encoding of these bits allows backward compatibility with devices that previously only
supported Idle and Power Down modes. Table 4-42 below shows the encoding for the
four reduced power modes supported by the LPC2300.

Table 42. Encoding of reduced power modes
PM2, PM1, PMO Description
000 Normal operation

001 Idle mode. Causes the processor clock to be stopped, while on-chip peripherals
remain active. Any enabled interrupt from a peripheral or an external interrupt
source will cause the processor to resume execution. See text for details.

101 Sleep mode. This mode is similar to Power Down mode (the oscillator and all
on-chip clocks are stopped), but the Flash memory is left in Standby mode. This
allows a more rapid wakeup than Power Down mode because the Flash
reference voltage regulator start-up time is not needed. See text for details.
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Table 42. Encoding of reduced power modes
PM2, PM1, PMO Description

010 Power Down mode. Causes the oscillator and all on-chip clocks to be stopped.
A wakeup condition from an external interrupt can cause the oscillator to
re-start, the PD bit to be cleared, and the processor to resume execution. See
text for details.

110 Reserved.
Others Reserved, not currently used.

Interrupt Wakeup Register (INTWAKE - OXEO1F C144)

Enable bits in the INTWAKE register allow the external interrupts to wake up the
processor if it is in Power Down mode. The related EINTn function must be mapped to the
pin in order for the wakeup process to take place. It is not necessary for the interrupt to be
enabled in the Vectored Interrupt Controller for a wakeup to take place. This arrangement
allows additional capabilities, such as having an external interrupt input wake up the
processor from Power Down mode without causing an interrupt (simply resuming
operation), or allowing an interrupt to be enabled during Power Down without waking the
processor up if it is asserted (eliminating the need to disable the interrupt if the wakeup
feature is not desirable in the application). Details of the wakeup operations are shown in
Table 4-43.

For an external interrupt pin to be a source that would wake up the microcontroller from
Power-down mode, it is also necessary to clear the corresponding interrupt flag (see
Section 3-6.2 “External Interrupt flag register (EXTINT - OXEQ1F C140)").

Table 43. Interrupt Wakeup register (INTWAKE - address OxEO1F C144) bit description

Bit Symbol Description Reset
value
0 EXTWAKEO When one, assertion of EINTO will wake up the processor from 0
Power Down mode.
1 EXTWAKEL1 When one, assertion of EINT1 will wake up the processor from 0
Power Down mode.
2 EXTWAKE2 When one, assertion of EINT2 will wake up the processor from 0
Power Down mode.
3 EXTWAKE3 When one, assertion of EINT3 will wake up the processor from 0
Power Down mode.
4 ETHWAKE  When one, assertion of the Wake-up on LAN interrupt 0

(Wakeuplnt) of the Ethernet block will wake up the processor
from Power Down mode.

5 USBWAKE  When one, activity on the USB bus will wake up the processor 0
from Power Down mode. Any change of state on the USB data
pins will cause a wakeup when this bit is set. For details on the
relationship of USB to Power Down Mode and wakeup, see the
relevant USB chapter(s).

6 CANWAKE  When one, activity of the CAN bus will wake up the processor 0
from Power Down mode. Any change of state on the CAN
receive pins will cause a wakeup when this bit is set.

7 GPIOWAKE When one, specified activity on GPIO pins enabled for wakeup 0
will wake up the processor from Power Down mode. See the
GPIO chapter for details.
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Table 43. Interrupt Wakeup register (INTWAKE - address OXEOL1F C144) bit description

Bit Symbol Description Reset
value
13:8 - Reserved, user software should not write ones to reserved bits. NA
The value read from a reserved bit is not defined.
14 BODWAKE  When one, Brown-Out Detect interrupt will wake up the 0

processor from Power Down mode.

Note: since there is a delay before execution begins, there is
no guarantee that execution will resume before Vppays) has
fallen below the lower BOD threshold, which prevents
execution. If execution does resume, there is no guarantee of
how long the processor will continue execution before the lower
BOD threshold terminates execution. These issues depend on
the slope of the decline of Vppsvz). High decoupling
capacitance (between Vppsyz) and ground) in the vicinity of the
LPC2300 will improve the likelihood that software will be able to
do what needs to be done when power is in the process of
being lost.

15 RTCWAKE  When one, assertion of an RTC interrupt will wake up the 0
processor from Power Down mode.

Power Control for Peripherals register (PCONP - OXEOL1F COC4)

The PCONP register allows turning off selected peripheral functions for the purpose of
saving power. This is accomplished by gating off the clock source to the specified
peripheral blocks. A few peripheral functions cannot be turned off (i.e. the Watchdog timer,
GPIO, the Pin Connect block, and the System Control block).

Some peripherals, particularly those that include analog functions, may consume power
that is not clock dependent. These peripherals may contain a separate disable control that
turns off additional circuitry to reduce power. Information on peripheral specific power
saving features may be found in the chapter describing that peripheral.

Each bit in PCONP controls one peripheral as shown in Table 4-44. The bit numbers
correspond to the related peripheral number as shown in the APB peripheral map Table
2—-4 “APB peripherals and base addresses” in the "LPC2300 Memory Addressing"
chapter.

If a peripheral control bit is 1, that peripheral is enabled. If a peripheral bit is 0, that
peripheral’s clock is disabled (gated off) to conserve power. For example if bit 19 is 1, the
I2C1 interface is enabled. If bit 19 is 0, the 12C1 interface is disabled.

Important: valid read from a peripheral register and valid write to a peripheral
register is possible only if that peripheral is enabled in the PCONP register!

Table 44. Power Control for Peripherals register (PCONP - address OxEOQ1F COC4) bit

description
Bit Symbol Description Reset
value
0 - Unused, always 0. 0
1 PCTIMO Timer/Counter O power/clock control bit. 1
2 PCTIM1 Timer/Counter 1 power/clock control bit. 1
3 PCUARTO UARTO power/clock control bit. 1
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Table 44. Power Control for Peripherals register (PCONP - address OxEOL1F COCA4) bit

description
Bit Symbol Description Reset
value

4 PCUART1 UART1 power/clock control bit. 1
5 - Unused, always 0. 1
6 PCPWM1 PWM1power/clock control bit. 1
7 PCI2CO The I12C0 interface power/clock control bit. 1
8 PCSPI The SPI interface power/clock control bit. 1
9 PCRTC The RTC power/clock control bit. 1
10 PCSSP1 The SSP 1 interface power/clock control bit. 1
11 PCEMC External Memory Controller 1
12 PCAD A/D converter (ADC) power/clock control bit. 0

Note: Clear the PDN bit in the ADOCR before clearing this bit, and set

this bit before setting PDN.
13 PCAN1 CAN Controller 1 power/clock control bit.
14 PCAN2 CAN Controller 2 power/clock control bit.
18:15 - Reserved, user software should not write ones to reserved bits. The  NA

value read from a reserved bit is not defined.
19 PCi2C1 The 12C1 interface power/clock control bit. 1
20 - Unused, always 0 0
21 PCSSPO The SSPO interface power/clock control bit. 1
22 PCTIM2 Timer 2 power/clock control bit. 0
23 PCTIM3 Timer 3 power/clock control bit. 0
24 PCUART2 UART 2 power/clock control bit. 0
25 PCUART3 UART 3 power/clock control bit. 0
26 PCl2C2 12S interface 2 power/clock control bit. 1
27 PCI2S 12S interface power/clock control bit. 0
28 PCSDC SD card interface power/clock control bit. 0
29 PCGPDMA GP DMA function power/clock control bit. 0
30 PCENET  Ethernet block power/clock control bit. 0
31 PCUSB USB interface power/clock control bit. 0

7.9 Power control usage notes

After every reset, the PCONP register contains the value that enables selected interfaces
and peripherals controlled by the PCONP to be enabled. Therefore, apart from proper
configuring via peripheral dedicated registers, the user’s application might have to access
the PCONP in order to start using some of the on-board peripherals.

Power saving oriented systems should have 1s in the PCONP register only in positions
that match peripherals really used in the application. All other bits, declared to be
"Reserved" or dedicated to the peripherals not used in the current application, must be
cleared to O.
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7.10 Power domains

The LPC2300 provides two independent power domains that allow the bulk of the device
to have power removed while maintaining operation of the Real Time Clock and the
Battery RAM.

The VBAT pin supplies power only to the RTC and the Battery RAM. These two functions
require a minimum of power to operate, which can be supplied by an external battery.
When the CPU and the rest of chip functions are stopped and power removed, the RTC
can supply an alarm output that may be used by external hardware to restore chip power
and resume operation. Details may be found in the Real Time Clock and Battery RAM
chapter on page 503.

Note: The RTC and the battery RAM operate independently from each other. Therefore,
the battery RAM can be accessed at any time, regardless of whether the RTC is enabled
or disabled via a dedicated bit in the PCONP register.

8. Wakeup timer

The LPC2300 begins operation at power-up and when awakened from Power-down mode
by using the 4 MHz IRC oscillator as the clock source. This allows chip operation quickly
in these cases. If the main oscillator or the PLL is needed by the application, software will
need to enable these features and wait for them to stabilize before they are used as a
clock source.

When the main oscillator is initially activated, the wakeup timer allows software to ensure
that the main oscillator is fully functional before the processor uses it as a clock source
and starts to execute instructions. This is important at power on, all types of Reset, and
whenever any of the aforementioned functions are turned off for any reason. Since the
oscillator and other functions are turned off during Power Down mode, any wakeup of the
processor from Power Down mode makes use of the Wakeup Timer.

The Wakeup Timer monitors the crystal oscillator as the means of checking whether it is
safe to begin code execution. When power is applied to the chip, or some event caused
the chip to exit Power down mode, some time is required for the oscillator to produce a
signal of sufficient amplitude to drive the clock logic. The amount of time depends on
many factors, including the rate of Vpp(sy3) ramp (in the case of power on), the type of
crystal and its electrical characteristics (if a quartz crystal is used), as well as any other
external circuitry (e.g. capacitors), and the characteristics of the oscillator itself under the
existing ambient conditions.

Once a clock is detected, the Wakeup Timer counts a fixed number of clocks (4096), then
sets the flag (OSCSTAT bit in the SCS register) that indicates that the main oscillator is
ready for use. Software can then switch to the main oscillator and, if needed, start the
PLL. Refer to the Main Oscillator description in this chapter for details.
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1. Introduction

The LPC2378 External Memory Controller (EMC) is an ARM PrimeCell™ MultiPort
Memory Controller peripheral offering support for asynchronous static memory devices
such as RAM, ROM and Flash. The EMC is an Advanced Microcontroller Bus Architecture
(AMBA) compliant peripheral.

2. Features

¢ Asynchronous static memory device support including RAM, ROM, and Flash, with or
without asynchronous page mode.

* Low transaction latency.

* Read and write buffers to reduce latency and to improve performance.
¢ 8 bit bit wide static memory support.

* Can be used as an interface to some external I/O devices.

* Two chip selects for chip selects for static memory devices.

3. Functional overview

This chapter describes the major functional blocks of the EMC.

4. EMC functional description

Figure 5-12 shows a block diagram of the EMC.
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Fig 12. EMC block diagram

The functions of the EMC blocks are described in the following sections:

* AHB slave register interface.

AHB slave memory interfaces.

Data buffers.
* Memory controller state machine.

Pad interface.

5. AHB Slave register interface

The AHB slave register interface block enables the registers of the EMC to be
programmed. This module also contains most of the registers and performs the majority of
the register address decoding.

To eliminate the possibility of endianness problems, all data transfers to and from the
registers of the EMC must be 32 bits wide.

Note: If an access is attempted with a size other than a word (32 bits), it causes an

ERROR response to the AHB bus and the transfer is terminated.

5.1 AHB Slave memory interface

The AHB slave memory interface allows access to external memories.
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Memory transaction endianness
The endianness of the data transfers to and from the external memories is determined by
the Endian mode (N) bit in the EMCConfig Register.

Note: The memory controller must be idle (see the busy field of the EMCStatus Register)
before endianness is changed, so that the data is transferred correctly.

Memory transaction size

For the LPC23xx, memory transactions must be 8 bits wide. Any access attempted with a
size greater than 8 bits causes an ERROR response to the AHB bus and the transfer is
terminated.

Write protected memory areas

Write transactions to write-protected memory areas generate an ERROR response to the
AHB bus and the transfer is terminated.

Data buffers

The AHB interface reads and writes via buffers to improve memory bandwidth and reduce
transaction latency. The EMC contains four 16-word buffers. The buffers can be used as
read buffers, write buffers, or a combination of both. The buffers are allocated
automatically.

They can be enabled or disabled for static memory using the EMCStaticConfig Registers.

Write buffers

Write buffers are used to:

* Merge write transactions so that the number of external transactions are minimized.

Buffer data until the EMC can complete the write transaction, improving AHB write
latency.

Convert all dynamic memory write transactions into quadword bursts on the external
memory interface. This enhances transfer efficiency for dynamic memory.

* Reduce external memory traffic. This improves memory bandwidth and reduces
power consumption.

Write buffer operation:

¢ If the buffers are enabled, an AHB write operation writes into the Least Recently Used
(LRU) buffer, if empty.
If the LRU buffer is not empty, the contents of the buffer are flushed to memory to
make space for the AHB write data.

¢ |f a buffer contains write data it is marked as dirty, and its contents are written to
memory before the buffer can be reallocated.

The write buffers are flushed whenever:

* The memory controller state machine is not busy performing accesses to external
memory.
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The memory controller state machine is not busy performing accesses to external
memory, and an AHB interface is writing to a different buffer.

Note: For dynamic memory, the smallest buffer flush is a quadword of data. For static
memory, the smallest buffer flush is a byte of data.
Read buffers
Read buffers are used to:
¢ Buffer read requests from memory. Future read requests that hit the buffer read the
data from the buffer rather than memory, reducing transaction latency.

Convert all read transactions into quadword bursts on the external memory interface.
This enhances transfer efficiency for dynamic memory.

* Reduce external memory traffic. This improves memory bandwidth and reduces
power consumption.

Read buffer operation:
¢ |f the buffers are enabled and the read data is contained in one of the buffers, the read
data is provided directly from the buffer.

* |f the read data is not contained in a buffer, the LRU buffer is selected. If the buffer is
dirty (contains write data), the write data is flushed to memory. When an empty buffer
is available the read command is posted to the memory.

A buffer filled by performing a read from memory is marked as not-dirty (not containing
write data) and its contents are not flushed back to the memory controller unless a
subsequent AHB transfer performs a write that hits the buffer.

Memory controller state machine

The memory controller state machine comprises a static memory controller and a dynamic
memory controller.

Pad interface

The pad interface block provides the interface to the pads.

6. Memory bank select

UM10211_1

Two independently-configurable memory chip selects are supported. Pins CS1 and CS0
are used to select static memory devices.

Static memory chip select ranges are each 64 kilobytes in size. Table 5-45 shows the
address ranges of the chip selects.

Table 45. Memory bank selection

Chip Select Pin Address Range Memory Type Size of Range
CSO 0x8000 000 - 0x8000 FFFF Static 64 kB
Cs1 0x8100 000 - 0x8100 FFFF Static 64 kB
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The EMC receives two reset signals. One is Power-On Reset (POR), asserted when chip
power is applied, and when a brown-out condition is detected (see Section 3-5
“Brown-out detection” for details). The other reset is from the external Reset pin and the
Watchdog Timer.

A configuration bit in the SCS register, called EMC_Reset_Disable, allows control of how
the EMC is reset. The default configuration (EMC_Reset_Disable = 0) is that both EMC
resets are asserted when any type of reset event occurs. In this mode, all registers and
functions of the EMC are initialized upon any reset condition.

If EMC_Reset_Disable is set to 1, many portions of the EMC are only reset by a power-on
or brown-out event, in order to allow the EMC to retain its state through a warm reset
(external reset or watchdog reset). If the EMC is configured correctly, auto-refresh can be
maintained through a warm reset.

8. Pin description

Table 5-46 shows the interface and control signal pins for the EMC.

Table 46. Pad interface and control signal descriptions

Name Type Valueon POR Description
reset
A[15:0] Output 0x0000 0000  External memory address output.
D[7:0] Input/ Data outputs = External memory data lines. These are inputs when

Output 0x0000 0000 data is read from external memory and outputs when
data is written to external memory.

OE Output 1 Low active output enable for static memory devices.
WE Output 1 Low active write enable.
E[l:O] Output 0x3 Static memory chip selects. Default active LOW.

Used for static memory devices.

9. Register description

This chapter describes the EMC registers and provides details required when
programming the microcontroller. The EMC registers are shown in Table 5—47.

Table 47. EMC register summary

Address

OxFFEO 8000
OxFFEO 8004
OxFFEO 8008
OxFFEO 8200
OxXFFEO 8204
OxFFEO 8208

UM10211_1

Register Name Description Warm POR Type

Reset Reset
Value Value

EMCControl Controls operation of the memory controller. 0x1 0x3 R/W
EMCStatus Provides EMC status information. - 0x5 RO

EMCConfig Configures operation of the memory controller - 0x0 R/W
EMCStaticConfig0 Selects the memory configuration for static chip select 0. - 0x0 R/W
EMCStaticWaitWen0 Selects the delay from chip select 0 to write enable. - 0x0 R/W
EMCStaticWaitOen0 Selects the delay from chip select 0 or address change, - 0x0 R/W

whichever is later, to output enable.
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Table 47. EMC register summary

Address Register Name Description Warm POR Type
Reset Reset
Value Value

OxFFEO 820C EMCStaticWaitRd0 Selects the delay from chip select 0 to a read access. - Ox1F R/W

OxFFEO 8210 EMCStaticWaitPage0 Selects the delay for asynchronous page mode - Ox1F R/W
sequential accesses for chip select 0.

OxFFEO 8214 EMCStaticWaitWr0 Selects the delay from chip select 0 to a write access. - Ox1F R/W

OxFFEO 8218 EMCStaticWaitTurn0 Selects the number of bus turnaround cycles for chip - OxF R/W
select 0.

OxFFEO 8220 EMCStaticConfigl Selects the memory configuration for static chip select 1. - 0x0 R/W

OxFFEO 8224 EMCStatic\WaitWen1l Selects the delay from chip select 1 to write enable. - 0x0 R/W

OxFFEO 8228 EMCStaticWaitOenl Selects the delay from chip select 1 or address change, - 0x0 R/W
whichever is later, to output enable.

OxFFEO 822C EMCStaticWaitRd1 Selects the delay from chip select 1 to a read access. - Ox1F R/W

OxFFEO 8230 EMCStaticWaitPagel Selects the delay for asynchronous page mode - Ox1F R/W
sequential accesses for chip select 1.

OxFFEO 8234 EMCStaticWaitWrl Selects the delay from chip select 1 to a write access. - O0x1F R/W

OxFFEO 8238 EMCStaticWaitTurnl Selects the number of bus turnaround cycles for chip - OxF R/W
select 1.

OxFFEO 8880 EMCStaticExtendedWait Time long static memory read and write transfers. - 0x0 R/W

9.1 EMC Control Register (EMCControl - OxFFEO 8000)

The EMCControl Register is a read/write register that controls operation of the memory
controller. The control bits can be altered during normal operation. Table 5-48 shows the
bit assignments for the EMCControl Register.

Table 48. EMC Control register (EMCControl - address OxFFEO 8000) bit description

Bit  Symbol Value Description POR
Reset
Value
0 E EMC Enable control. Indicates if the EMC is enabled or disabled: 1
0 Disabled

Enabled (POR and warm reset value).

Note: Disabling the EMC reduces power consumption. When the memory controller is
disabled the memory is not refreshed. The memory controller is enabled by setting the
enable bit or by reset.

This bit must only be modified when the EMC is in idle state.[]
1 M Address mirror control. Indicates normal or reset memory map: 1
Normal memory map.

Reset memory map. Static memory chip select 1 is mirrored onto chip select 0 (POR
reset value).

Note: On POR, chip select 1 is mirrored to both chip select 0 and chip select 1 memory
areas. Clearing the M bit enables chip select 0 memory to be accessed.
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Table 48. EMC Control register (EMCControl - address OxFFEO 8000) bit description

Bit  Symbol Value Description POR
Reset
Value
2 L Low-power mode control. Indicates normal, or low-power mode: 0
0 Normal mode (warm reset value).

Low-power mode.

Note: Entering low-power mode reduces memory controller power consumption.
Dynamic memory is refreshed as necessary. The memory controller returns to normal
functional mode by clearing the low-power mode bit (L), or by POR.

This bit must only be modified when the EMC is in idle state.[]

31:3 - - Reserved, user software should not write ones to reserved bits. The value read froma NA
reserved bit is not defined.

[1] The external memory cannot be accessed in low-power or disabled state. If a memory access is performed an AHB error response is
generated. The EMC registers can be programmed in low-power and/or disabled state.

9.2 EMC Status Register (EMCStatus - OXxFFEO 8004)

The read-only EMCStatus Register provides EMC status information. Table 5—49 shows
the bit assignments for the EMCStatus Register.

Table 49. EMC Status register (EMCStatus - address OxFFEO 8008) bit description

Bit Symbol Value Description POR
Reset
Value
0 B Busy. This bit is used to ensure that the memory controller enters the low-power or 1

disabled mode cleanly by determining if the memory controller is busy or not:
EMC is idle (warm reset value).

EMC is busy performing memory transactions, commands, auto-refresh cycles, or
is in self-refresh mode (POR reset value).

1 S Write buffer status. This bit enables the EMC to enter low-power mode or disabled 0
mode cleanly:

Write buffers empty (POR reset value)
Write buffers contain data.
2 SA Self-refresh acknowledge. This bit indicates the operating mode of the EMC: 1
Normal mode
Self-refresh mode (POR reset value).

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

9.3 EMC Configuration Register (EMCConfig - OxFFEO 8008)

The EMCConfig Register configures the operation of the memory controller. It is
recommended that this register is modified during system initialization, or when there are
no current or outstanding transactions. This can be ensured by waiting until the EMC is
idle, and then entering low-power or disabled mode. This register is accessed with one
wait state. Table 5-50 shows the bit assignments for the EMCConfig Register.
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Table 50. EMC Configuration register (EMCConfig - address OxFFEO 8008) bit description

Bit Symbol Value Description POR
Reset
Value
0 Endian_mode Endian mode: 0
0 Little-endian mode (POR reset value).

Big-endian mode.

On power-on reset, the value of the endian bit is 0. All data must be flushed in the
EMC before switching between little-endian and big-endian modes.

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

8 - - Reserved, user software should not write ones to reserved bits. The value read from 0
a reserved bit is not defined.

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

9.4 Static Memory Configuration Registers (EMCStaticConfigO-1 -
OxFFEO 8200, 220)

The EMCStaticConfig0-1 Registers configure the static memory configuration. It is
recommended that these registers are modified during system initialization, or when there
are no current or outstanding transactions. This can be ensured by waiting until the EMC
is idle, and then entering low-power, or disabled mode. These registers are accessed with
one wait state.

Table 5-51 shows the bit assignments for the EMCStaticConfig0-1 Registers. Note that
synchronous burst mode memory devices are not supported.

Table 51. Static Memory Configuration registers (EMCStaticConfig0-1 - addresses OxFFEO 8200, OxFFEOQ 8220) bit

description
Bit Symbol Value Description POR
Reset
Value
1.0 MW Memory width. 00
00 8 bit (POR reset value).
01 Reserved.
10 Reserved.
11 Reserved.

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

3 PM Page mode. In page mode the EMC can burst up to four external accesses. 0
Therefore devices with asynchronous page mode burst four or higher devices are
supported. Asynchronous page mode burst two devices are not supported and must
be accessed normally.

Disabled (POR reset value).
Async page mode enabled (page length four).

5:4 - - Reserved, user software should not write ones to reserved bits. The value read from NA
a reserved bit is not defined.
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Table 51. Static Memory Configuration registers (EMCStaticConfig0-1 - addresses OxFFEO 8200, OxFFEO 8220) bit

description
Bit Symbol Value Description POR
Reset
Value
6 PC Chip select polarity. The value of the chip select polarity on power-on reset is 0. 0
Active LOW chip select.
Active HIGH chip select.
7 - - Reserved, user software should not write ones to reserved bits. The value read from NA
a reserved bit is not defined.
8 EW Extended wait. Extended wait (EW) uses the EMCStaticExtendedWait Registerto 0
time both the read and write transfers rather than the EMCStaticWaitRd and
EMCStaticWaitWr Registers. This enables much longer transactions.[2]
Extended wait disabled (POR reset value).
Extended wait enabled.
1819 - - Reserved, user software should not write ones to reserved bits. The value read from NA
a reserved bit is not defined.
19 B Buffer enable control. 0

Write buffer disabled (POR reset value).
Write buffer enabled.
20 P Write protect control. 0
Writes not protected (POR reset value).
Write protected.

31:21 - - Reserved, user software should not write ones to reserved bits. The value read from NA
a reserved bit is not defined.

[1] Extended wait and page mode cannot be selected simultaneously.

9.5 Static Memory Write Enable Delay Registers (EMCStaticWaitWenO0-1 -
OXFFEO 8204, 224)

The EMCStaticWaitWen0-1 Registers enable you to program the delay from the chip
select to the write enable. It is recommended that these registers are modified during
system initialization, or when there are no current or outstanding transactions. This can be
ensured by waiting until the EMC is idle, and then entering low-power, or disabled mode.
These registers are accessed with one wait state.

Table 5-52 shows the bit assignments for the EMCStaticWaitWen0-1 Registers.
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Table 52. Static Memory Write Enable Delay registers (EMCStaticWaitWenO-1 - addresses
OxFFEO 8204,0xFFEO 8224) bit description

Bit Symbol Value Description POR Reset
Value
3:0 WAITWEN Wait write enable. Delay from chip select assertion 0

to write enable in terms of the CCLK clock cycles.
The delay is: (WAITWEN + 1) X tcopk-

0 One CCLK cycle delay between assertion of chip
select and write enable (POR reset value).

n (n + 1) CCLK clock cycles delay.
OxF 16 CCLK cycle delay.
314 - - Reserved, user software should not write ones to NA
reserved bits. The value read from a reserved bit is
not defined.

Static Memory Output Enable Delay Registers (EMCStaticWaitOen0-1
- OXFFEO 8208, 228)

The EMCStaticWaitOen0-1 Registers enable you to program the delay from the chip
select or address change, whichever is later, to the output enable. It is recommended that
these registers are modified during system initialization, or when there are no current or
outstanding transactions. This can be ensured by waiting until the EMC is idle, and then
entering low-power, or disabled mode. These registers are accessed with one wait state.

Table 5-53 shows the bit assignments for the EMCStaticWaitOenO-1 Registers.

Table 53. Static Memory Output Enable delay registers (EMCStaticWaitOen0-1 - addresses
OxFFEO 8208, OxFFEO 8228) bit description

Bit Symbol Value Description POR Reset
Value
3:0 WAITOEN Wait output enable. Delay from chip select assertion 0x0

to output enable in terms of the CCLK cycles. The
delay is: (WAITOEN X tcek)-

0x0 No delay (POR reset value).

n n CCLK clock cycles delay.
OxF 15 CCLK clock cycles delay.
314 - - Reserved, user software should not write ones to NA
reserved bits. The value read from a reserved bit is
not defined.

Static Memory Read Delay Registers (EMCStaticWaitRd0-1 -
OxFFEO 820C, 22C)

The EMCStaticWaitRd0-1 Registers enable you to program the delay from the chip select
to the read access. It is recommended that these registers are modified during system
initialization, or when there are no current or outstanding transactions. This can be
ensured by waiting until the EMC is idle, and then entering low-power, or disabled mode. It
is not used if the extended wait bit is enabled in the EMCStaticConfig0-1 Registers. These
registers are accessed with one wait state.

Table 5-54 shows the bit assignments for the EMCStaticWaitRd0-1 Registers.
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Table 54. Static Memory Read Delay registers (EMCStaticWaitRd0-1 - addresses
OxFFEO 820C, OXFFEO 822C) bit description

Bit  Symbol Value Description Reset
Value
4:0 WAITRD Non-page mode read wait states or asynchronous page Ox1F

mode readfirst access wait state expressed in terms of
the CCLK clock cycles. Non-page mode read or
asynchronous page mode read, first read only wait state
time is: (WAITRD + 1) X tccrk

0x0 1 CCLK clock cycle for read accesses.
n (n + 1) CCLK cycles for read accesses.
Ox1F 32 CCLK cycles for read accesses (POR reset value).

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

Static Memory Page Mode Read Delay Registers
(EMCStaticwaitPage0-1 - OXFFEO 8210, 230)

The EMCStaticWaitPage0-1 Registers enable you to program the delay for asynchronous
page mode sequential accesses. It is recommended that these registers are modified
during system initialization, or when there are no current or outstanding transactions. This
can be ensured by waiting until the EMC is idle, and then entering low-power, or disabled
mode. This register is accessed with one wait state.

Table 5-55 shows the bit assignments for the EMCStaticWaitPage0-1 Registers.

Table 55. Static Memory Page Mode Read Delay registers0-1 (EMCStaticWaitPage0-1 -
addresses OxFFEO 8210, OxFFEO 8230) bit description

Bit Symbol Value Description POR Reset
Value
4:0 WAITPAGE Asynchronous page mode read after the first read wait O0x1F

states. Number of wait states for asynchronous page
mode read accesses after the first read is:
(WAITPAGE + 1) X tccrk

0x0 1 CCLK cycle read access time.
n (n+ 1) CCLK cycle read access time.
0x1F 32 CCLK cycle read access time (POR reset value).

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

Static Memory Write Delay Registers (EMCStaticWaitwrO-1 -
OxFFEOQ 8214, 234)

The EMCStaticWaitWr0-1 Registers enable you to program the delay from the chip select
to the write access. It is recommended that these registers are modified during system
initialization, or when there are no current or outstanding transactions. This can be
ensured by waiting until the EMC is idle, and then entering low-power, or disabled
mode.These registers are not used if the extended wait (EW) bit is enabled in the
EMCStaticConfig Register. These registers are accessed with one wait state.
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Table 5-56 shows the bit assignments for the EMCStaticWaitWr0-1 Registers.

Table 56. Static Memory Write Delay registers0-1 (EMCStaticWaitWr - addresses
OxFFEO 8214, OxFFEOQ 8234) bit description

Bit Symbol Value Description Reset
Value
4:0 WAITWR SRAM Write wait states. SRAM wait state time for write  Ox1F

accesses after the first read in terms of the CCLK clock
cycles. The wait state time for write accesses after the
first read is (WAITWR + 2) X tcork:

0x0 2 CCLK cycles write access time.
n (n + 2) CCLK cycle write access time.
Ox1F 33 CCLK cycle write access time (POR reset value).

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

Static Memory Extended Wait Register (EMCStaticExtendedWait -
OxFFEO 8880)

The EMCStaticExtendedWait register times long static memory read and write transfers
(which are longer that can be supported by the EMCStaticWaitRd[n] or
EMCStaticWaitWr[n] registers) when the EW bit of one of the EMCStaticConfig registers is
enabled. There is only a single EMCStaticExtendedWait Register. This is used by the
relevant static memory chip select if the appropriate ExtendedWait (EW) bit in the
EMCStaticConfig Register is set. It is recommended that this register is modified during
system initialization, or when there are no current or outstanding transactions. However, if
necessary, these control bits can be altered during normal operation. This register is
accessed with one wait state.

Table 5-57 shows the bit assignments for the EMCStaticExtendedWait register.

Table 57. Static Memory Extended Wait register (EMCStaticExtendedWait - address
OxFFEO 8880) bit description

Bit Symbol Value Description Reset
Value
9:0 EXTENDEDWAIT External wait time out in terms of the CCLK clock 0x000

cycles. The delay is (EXTENDWAIT + 1) x 16 X tcerk
0x0 16 CCLK clock cycles (POR reset value).

n (n+1) x 16 CCLK clock cycles.
0x3F (Ox3F+1) x 16 CCLK clock cycles.
31:10 - - Reserved, user software should not write ones to NA
reserved bits. The value read from a reserved bit is
not defined.

For example, for a static memory read/write transfer time of 16 us, and a CCLK frequency
of 50 MHz, the following value must be programmed into this register:

16 x 10~° x 50 x 10°
16

1 =49
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9.11 Static Memory Turn Round Delay Registers (EMCStaticWaitTurn0-1 -

OxFFEO 8218, 238, 258, 278)

The EMCStaticWaitTurn0-1 Registers enable you to program the number of bus
turnaround cycles. It is recommended that these registers are modified during system
initialization, or when there are no current or outstanding transactions. This can be
ensured by waiting until the EMC is idle, and then entering low-power, or disabled mode.
These registers are accessed with one wait state.

Table 5-58 shows the bit assignments for the EMCStaticWaitTurn0-1 Registers.
Table 58. Static Memory Turn Round Delay registers0-1 (EMCStaticWaitTurn0-1- addresses

OxFFEO 8218, OxFFEO 8238) bit description

Bit Symbol Value Description Reset
Value

3.0 WAITTURN Bus turnaround cycles in terms of the CCLK clock cycles.
Bus turnaround time is (WAITTURN + 1) X tcc k-

0 1 CCLK clock cycle turnaround cycles

n (n + 1) CCLK clock cycles turnaround cycle. OxF
OxF 16 CCLK turnaround cycles (POR reset value).

31:4 - - Reserved, user software should not write ones to NA
reserved bits. The value read from a reserved bit is not
defined.

To prevent bus contention on the external memory data bus, the WAITTURN field controls
the number of bus turnaround cycles added between static memory read and write
accesses. The WAITTURN field also controls the number of turnaround cycles between
static memory and dynamic memory accesses.

10. External memory interface

UM10211_1

Shown in Figure 5-13 is the external memory interfacing for an 8 bit bank width .

8 bit wide memory banks do require all address lines down to AO. Configuring A1 and/or
A0 line(s) to provide address or non-address function is accomplished using the Pin
Function Select Register (see Section 9-6.9).

Symbol "a_b" in the following figures refers to the highest order address line in the data
bus. Symbol "a_m" refers to the highest order address line of the memory chip used in the
external memory interface.
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CE
OE
BLS[0] — WE

D[7:0] — 10[7:0]
Ala_m:0]

B

Ala_b:0]

Fig 13. 8 bit bank external memory interface
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* ARM PrimeCell Vectored Interrupt Controller

* Mapped to AHB address space for fast access

* Supports 32 vectored IRQ interrupts

¢ 16 programmable interrupt priority levels

* Fixed hardware priority within each programmable priority level
¢ Hardware priority level masking

* Any input can be assigned as an FIQ interrupt

¢ Software interrupt generation

2. Description

The ARM processor core has two interrupt inputs called Interrupt Request (IRQ) and Fast
Interrupt reQuest (FIQ). The Vectored Interrupt Controller (VIC) takes 32 interrupt request
inputs and programmably assigns them as FIQ or vectored IRQ types. The programmable
assignment scheme means that priorities of interrupts from the various peripherals can be
dynamically assigned and adjusted.

Fast Interrupt reQuest (FIQ) requests have the highest priority. If more than one request is
assigned to FIQ, the VIC ORs the requests to produce the FIQ signal to the ARM
processor. The fastest possible FIQ latency is achieved when only one request is
classified as FIQ, because then the FIQ service routine can simply start dealing with that
device. But if more than one request is assigned to the FIQ class, the FIQ service routine
can read a word from the VIC that identifies which FIQ source(s) is (are) requesting an
interrupt.

Vectored IRQ’s, which include all interrupt requests that are not classified as FIQs, have a
programmable interrupt priority. When more than one interrupt is assigned the same
priority and occur simultaneously, the one connected to the lowest numbered VIC channel
(see Table 6—73 on page 79) will be serviced first.

The VIC ORs the requests from all of the vectored IRQs to produce the IRQ signal to the
ARM processor. The IRQ service routine can start by reading a register from the VIC and
jumping to the address supplied by that register.

3. Register description

UM10211_1

The VIC implements the registers shown in Table 6-59. More detailed descriptions follow.
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Name

VICIRQStatus

VICFIQStatus

VICRawIntr

VICIntSelect

VICIntEnable

VICIntEnClIr

VICSoftInt

VICSoftIntClear

VICProtection

VICSWPriorityMask

VICVectAddrO

VICVectAddrl
VICVectAddr2
VICVectAddr3
VICVectAddr4
VICVectAddr5
VICVectAddr6
VICVectAddr7
VICVectAddr8
VICVectAddr9
VICVectAddr10
VICVectAddril
VICVectAddr12
VICVectAddri3
VICVectAddrl4
VICVectAddrl5
VICVectAddrl6
VICVectAddrl17
VICVectAddr18

UM10211_1

Description

IRQ Status Register. This register reads out the state of those
interrupt requests that are enabled and classified as IRQ.

FIQ Status Requests. This register reads out the state of those
interrupt requests that are enabled and classified as FIQ.

Raw Interrupt Status Register. This register reads out the state of
the 32 interrupt requests / software interrupts, regardless of
enabling or classification.

Interrupt Select Register. This register classifies each of the 32
interrupt requests as contributing to FIQ or IRQ.

Interrupt Enable Register. This register controls which of the 32
interrupt requests and software interrupts are enabled to
contribute to FIQ or IRQ.

Interrupt Enable Clear Register. This register allows software to
clear one or more bits in the Interrupt Enable register.

Software Interrupt Register. The contents of this register are
ORed with the 32 interrupt requests from various peripheral
functions.

Software Interrupt Clear Register. This register allows software
to clear one or more bits in the Software Interrupt register.

Protection enable register. This register allows limiting access to
the VIC registers by software running in privileged mode.

Software Priority Mask Register. Allows masking individual
interrupt priority levels in any combination.

Vector address 0 register. Vector Address Registers 0-31 hold
the addresses of the Interrupt Service routines (ISRs) for the 32
vectored IRQ slots.

Vector address 1 register.
Vector address 2 register.
Vector address 3 register.
Vector address 4 register.
Vector address 5 register.
Vector address 6 register.
Vector address 7 register.
Vector address 8 register.
Vector address 9 register.
Vector address 10 register.
Vector address 11 register.
Vector address 12 register.
Vector address 13 register.
Vector address 14 register.
Vector address 15 register.
Vector address 16 register.
Vector address 17 register.
Vector address 18 register.

Access Reset

RO

RO

RO

R/W

R/W

woO

R/W

WO

R/W

R/W

R/W

R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W

valuelll
0

OXFFFF

O O O O O O O 0O O o O o oo o o o o

© NXP B.V. 2007. All rights reserved.

Address

OxFFFF FO0O0

OXFFFF F004

OxFFFF FO08

OxFFFF FOOC

OxFFFF FO10

OXFFFF F014

OxFFFF FO18

OxFFFF FO1C

OxFFFF F020

OXFFFF FO24

OxFFFF F100

OXFFFF F104
OxFFFF F108
OXFFFF F10C
OxFFFF F110
OxFFFF F114
OxFFFF F118
OxFFFF F11C
OxFFFF F120
OXFFFF F124
OXFFFF F128
OxFFFF F12C
OXFFFF F130
OxFFFF F134
OxFFFF F138
OXFFFF F13C
OXFFFF F140
OxFFFF F144
OXFFFF F148
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Name

VICVectAddr19
VICVectAddr20
VICVectAddr21
VICVectAddr22
VICVectAddr23
VICVectAddr24
VICVectAddr25
VICVectAddr26
VICVectAddr27
VICVectAddr28
VICVectAddr29
VICVectAddr30
VICVectAddr31
VICVectPriorityO

VICVectPriorityl
VICVectPriority2
VICVectPriority3
VICVectPriority4
VICVectPriority5
VICVectPriority6
VICVectPriority7
VICVectPriority8
VICVectPriority9
VICVectPriority10
VICVectPriority1l
VICVectPriority12
VICVectPriority13
VICVectPriority14
VICVectPriorityl5
VICVectPriority16
VICVectPriorityl7
VICVectPriority18
VICVectPriority19
VICVectPriority20
VICVectPriority21
VICVectPriority22
VICVectPriority23
VICVectPriority24
VICVectPriority25

UM10211_1

Description

Vector address 19 register.
Vector address 20 register.
Vector address 21 register.
Vector address 22 register.
Vector address 23 register.
Vector address 24 register.
Vector address 25 register.
Vector address 26 register.
Vector address 27 register.
Vector address 28 register.
Vector address 29 register.
Vector address 30 register.
Vector address 31 register.

Vector priority O register. Vector Priority Registers 0-31. Each of
these registers designates the priority of the corresponding

vectored IRQ slot.

Vector priority 1 register.
Vector priority 2 register.
Vector priority 3 register.
Vector priority 4 register.
Vector priority 5 register.
Vector priority 6 register.
Vector priority 7 register.
Vector priority 8 register.
Vector priority 9 register.
Vector priority 10 register.
Vector priority 11 register.
Vector priority 12 register.
Vector priority 13 register.
Vector priority 14 register.
Vector priority 15 register.
Vector priority 16 register.
Vector priority 17 register.
Vector priority 18 register.
Vector priority 19 register.
Vector priority 20 register.
Vector priority 21 register.
Vector priority 22 register.
Vector priority 23 register.
Vector priority 24 register.
Vector priority 25 register.

Access Reset
valuelll

R/W 0
R/W 0
R/W 0
R/W 0
R/W 0
R/W 0
R/W 0
R/W 0
R/W 0
R/W 0
R/W 0
R/W 0
R/W 0
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF
R/W OxF

Address

OXFFFF F14C
OXFFFF F150
OXFFFF F154
OXFFFF F158
OXFFFF F15C
OXFFFF F160
OXFFFF F164
OXFFFF F168
OXFFFF F16C
OXFFFF F170
OXFFFF F174
OXFFFF F178
OXFFFF F17C
OXFFFF F200

OxFFFF F204
OxFFFF F208
OxFFFF F20C
OXFFFF F210
OXFFFF F214
OXFFFF F218
OxFFFF F21C
OXFFFF F220
OXFFFF F224
OXFFFF F228
OXFFFF F22C
OxFFFF F230
OXFFFF F234
OxFFFF F238
OXFFFF F23C
OxFFFF F240
OXFFFF F244
OxFFFF F248
OXFFFF F24C
OxFFFF F250
OXFFFF F254
OxFFFF F258
OXFFFF F25C
OxFFFF F260
OXFFFF F264
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Table 59. VIC register map

Name Description Access Reset Address
valuelll

VICVectPriority26 ~ Vector priority 26 register. R/W OxF OxFFFF F268
VICVectPriority27  Vector priority 27 register. R/W OxF OxFFFF F26C
VICVectPriority28  Vector priority 28 register. R/W OxF OxFFFF F270
VICVectPriority29  Vector priority 29 register. R/W OxF OxFFFF F274
VICVectPriority30  Vector priority 30 register. R/W OxF OxFFFF F278
VICVectPriority31  Vector priority 31 register. R/W OxF OXFFFF F27C
VICAddress Vector address register. When an IRQ interrupt occurs, the R/W 0 OxFFFF FFOO0

Vector Address Register holds the address of the currently
active interrupt.

[1] Reset Value reflects the data stored in used bits only. It does not include reserved bits content.

4. VIC registers

The following section describes the VIC registers in the order in which they are used in the
VIC logic, from those closest to the interrupt request inputs to those most abstracted for
use by software. For most people, this is also the best order to read about the registers
when learning the VIC.

4.1 Software Interrupt Register (VICSoftIint - OxFFFF F018)

The VICSoftInt register is used to generate software interrupts. The contents of this
register are ORed with the 32 interrupt requests from the various peripherals, before any
other logic is applied.

Table 60. Software Interrupt register (VICSoftInt - address OxFFFF F018) bit description

Bit Symbol Value  Description Reset
value
31:0 See Table 6-74 0 Do not force the interrupt request with this bit number. Writing zeroes to bits 0
“Interrupt sources in VICSoftint has no effect, see VICSoftIntClear (Section 6—4.2).
bit allocation 1 Force the interrupt request with this bit number.

table”.

4.2 Software Interrupt Clear Register (VICSoftintClear - OXFFFF FO1C)

The VICSoftIntClear register is a 'Write Only’ register. This register allows software to
clear one or more bits in the Software Interrupt register, without having to first read it.

Table 61. Software Interrupt Clear register (VICSoftIintClear - address OxFFFF FOL1C) bit description

Bit Symbol Value  Description Reset
value
31:0 See Table 6-74 0 Writing a O leaves the corresponding bit in VICSoftint unchanged. 0

“Interrupt sources
bit allocation table”.

Writing a 1 clears the corresponding bit in the Software Interrupt register,
removing any interrupt that may have been generated by that bit.
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4.3 Raw Interrupt Status Register (VICRawIntr - OxFFFF FO08)

This is a read only register. This register reads out the state of the 32 interrupt requests
and software interrupts, regardless of enabling or classification.

Table 62. Raw Interrupt Status register (VICRawIntr - address OxFFFF F0O08) bit description

Bit Symbol Value Description Reset
value
31:0 See Table 0 Neither the hardware nor software interrupt request with this -
6-74 bit number are asserted.
M_ 1 The hardware or software interrupt request with this bit
sources bit number is asserted.
allocation
table”.

4.4 Interrupt Enable Register (VICIntEnable - OxFFFF F010)

This is a read/write accessible register. This register controls which of the 32 combined
hardware and software interrupt requests are enabled to contribute to FIQ or IRQ.

Table 63. Interrupt Enable register (VICIntEnable - address OxFFFF FO10) bit description

Bit Symbol Description Reset
value
31:0 See Table When this register is read, 1s indicate interrupt requests or software 0
6-74 interrupts that are enabled to contribute to FIQ or IRQ.
M_ When this register is written, ones enable interrupt requests or
w software interrupts to contribute to FIQ or IRQ, zeroes have no
M effect. See Section 6-4.5 “Interrupt Enable Clear Register
table”. (VICIntEnClear - OXFFFF F014)” on page 76 and Table 6—64 below

for how to disable interrupts.

4.5 Interrupt Enable Clear Register (VICIntEnClear - OXFFFF F014)

This is a write only register. This register allows software to clear one or more bits in the
Interrupt Enable register (see Section 6—4.4 “Interrupt Enable Register (VICIntEnable -
OxFFFF F010)” on page 76), without having to first read it.

Table 64. Interrupt Enable Clear register (VICIntEnClear - address OxFFFF F014) bit

description
Bit Symbol Value Description Reset
value

31:0 See Table 0 Writing a O leaves the corresponding bit in VICIntEnable -

6-74 unchanged.

M_ 1 Writing a 1 clears the corresponding bit in the Interrupt

w Enable register, thus disabling interrupts for this request.

allocation

table”.

4.6 Interrupt Select Register (VICIntSelect - OxFFFF FOOC)

This is a read/write accessible register. This register classifies each of the 32 interrupt
requests as contributing to FIQ or IRQ.
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Table 65. Interrupt Select register (VICIntSelect - address OxFFFF FOOC) bit description

Bit Symbol Value Description Reset
value
31:0 See Table 0 The interrupt request with this bit number is assigned to the 0
6-74 IRQ category.
“Interrupt 1 The interrupt request with this bit number is assigned to the
sources bit FIQ category.
allocation
table”.

IRQ Status Register (VICIRQStatus - OxFFFF FO0O0)

This is a read only register. This register reads out the state of those interrupt requests
that are enabled and classified as IRQ.

Table 66. IRQ Status register (VICIRQStatus - address OxFFFF FO00) bit description

Bit Symbol Description Reset
value

31:0 See Table A bit read as 1 indicates a corresponding interrupt request being 0
6-74 enabled, classified as IRQ, and asserted

‘Interrupt
sources bit

allocation
table”.

FIQ Status Register (VICFIQStatus - OxFFFF FO04)

This is a read only register. This register reads out the state of those interrupt requests
that are enabled and classified as FIQ. If more than one request is classified as FIQ, the
FIQ service routine can read this register to see which request(s) is (are) active.

Table 67. FIQ Status register (VICFIQStatus - address OxFFFF FO04) bit description

Bit Symbol Description Reset
value

31:0 See Table A bit read as 1 indicates a corresponding interrupt request being 0
6-74 enabled, classified as IRQ, and asserted
“Interrupt
sources bit
allocation
table”.

Vector Address Registers 0-31 (VICVectAddr0-31 - OxFFFF F100 to
17C)

These are read/write accessible registers. These registers hold the addresses of the
Interrupt Service routines (ISRs) for the 32 vectored IRQ slots.
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Table 68. Vector Address registers 0-31 (VICVectAddr0-31 - addresses OxFFFF F100 to
OxFFFF F17C) bit description

Bit Symbol Description Reset value

31:0 VICVectAddr The VIC provides the contents of one of these registers in 0x0000 0000
response to a read of the Vector Address register (VICAddress
see Section 6—4.9). The contents of the specific VICVectAddr
register (one of the 32 VICVectAddr registers) that
corresponds to the interrupt that is to be serviced is read from
VICAddress whenever an interrupt occurs.

Vector Priority Registers 0-31 (VICVectPriority0-31 - OxFFFF F200 to
27C)

These registers select a priority level for the 32 vectored IRQs. There are 16 priority
levels, corresponding to the values 0 through 15 decimal, of which 15 is the lowest priority.
The reset value of these registers defaults all interrupt to the lowest priority, allowing a
single write to elevate the priority of an individual interrupt.

Table 69. Vector Priority registers 0-31 (VICVectPriority0-31 - addresses OxFFFF F200 to
OxFFFF F27C) bit description

Bit Symbol Description Reset
value
3:0 VICVectPriority Selects one of 16 priority levels for the corresponding vectored OxF
interrupt.
314 - Reserved, user software should not write ones to reserved bits. The NA

value read from a reserved bit is not defined.

Vector Address Register (VICAddress - OxFFFF FF0O0)

When an IRQ interrupt occurs, the address of the Interrupt Service Routine (ISR) for the
interrupt that is to be serviced can be read from this register. The address supplied is from
one of the Vector Address Registers (VICVectAddr0-31).

Table 70. Vector Address register (VICAddress - address OxFFFF FF0O0) bit description

Bit Symbol Description Reset
value

31:0 VICAddress Contains the address of the ISR for the currently active interrupt. This 0
register must be written (with any value) at the end of an ISR, to
update the VIC priority hardware. Writing to the register at any other
time can cause incorrect operation.

Software Priority Mask Register (VICSWPriorityMask - OxFFFF F024)

The Software Priority Mask Register contains individual mask bits for the 16 interrupt
priority levels.
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Table 71. Software Priority Mask register (VICSWPriorityMask - address OxFFFF F024) bit

description
Bit Symbol Value Description Reset
value
15:0 VICSWPriorityMask 0 Interrupt priority level is masked. OXFFFF
1 Interrupt priority level is not masked.

31:16 - - Reserved, user software should not write ones to NA
reserved bits. The value read from a reserved bit is
not defined.

4.13 Protection Enable Register (VICProtection - OXxFFFF F020)

This is a read/write accessible register. This one bit register controls access to the VIC
registers by software running in User mode. The VICProtection register itself can only be
accessed in privileged mode.

Table 72. Protection Enable register (VICProtection - address OxFFFF F020) bit description

Bit Symbol Value Description Reset
value
0 VIC access O VIC registers can be accessed in User or privileged mode. 0

The VIC registers can only be accessed in privileged mode.

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

5. Interrupt sources

Table 6—73 lists the interrupt sources for each peripheral function. Each peripheral device
may have one or more interrupt lines to the Vectored Interrupt Controller. Each line may

represent more than one interrupt source. There is no significance or priority about what

line is connected where, except for certain standards from ARM.

Table 73. Connection of interrupt sources to the Vectored Interrupt Controller

Block Flag(s) VIC Channel # and
Hex Mask

WDT Watchdog Interrupt (WDINT) 0  0x0000 0001

- Reserved for Software Interrupts only 1  0x0000 0002

ARM Core Embedded ICE, DbgCommRx 2 0x0000 0004

ARM Core Embedded ICE, DbgCommTX 3 0x0000 0008

TIMERO Match 0 - 1 (MRO, MR1) 4 0x0000 0010
Capture 0 - 1 (CRO, CR1)

TIMER1 Match 0 - 2 (MRO, MR1, MR2) 5  0x0000 0020
Capture 0 - 1 (CRO, CR1)

UARTO Rx Line Status (RLS) 6  0x0000 0040
Transmit Holding Register Empty (THRE)
Rx Data Available (RDA)
Character Time-out Indicator (CTI)
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Table 73. Connection of interrupt sources to the Vectored Interrupt Controller

Block Flag(s) VIC Channel # and
Hex Mask
UART1 Rx Line Status (RLS) 7  0x0000 0080

Transmit Holding Register Empty (THRE)
Rx Data Available (RDA)

Character Time-out Indicator (CTI)
Modem Control Change

PWM1 Match 0 - 6 of PWM1 8  0x0000 0100
Capture 0-1 of PWM1

12CO Sl (state change) 9  0x0000 0200

SPI, SSPO SPI Interrupt Flag of SPI (SPIF) 10 0x0000 0400

Mode Fault of SPIO (MODF)
Tx FIFO half empty of SSP1
Rx FIFO half full of SSP1
Rx Timeout of SSP1
Rx Overrun of SSP1
SSP 1 Tx FIFO half empty 11  0x0000 0800
Rx FIFO half full
Rx Timeout
Rx Overrun
PLL PLL Lock (PLOCK) 12 0x0000 1000
RTC Counter Increment (RTCCIF) 13 0x0000 2000
Alarm (RTCALF)
Subsecond Int (RTCSSF)

System External Interrupt O (EINTO) 14 0x0000 4000

Control External Interrupt 1 (EINT1) 15 0x0000 8000

(External

Interrupts) External Interrupt 2 (EINT2) 16 0x0001 0000
External Interrupt 3 (EINT3). 17 0x0002 0000
Note: EINT3 channel is shared with GPIO interrupts

ADCO A/D Converter 0 end of conversion 18 0x0004 0000

12C1 Sl (state change) 19 0x0008 0000

BOD Brown Out detect 20 0x0010 0000

Ethernet Wakeuplnt, Softint, TxDonelnt, TxFinishedInt, 21 0x0020 0000

TxErrorint, TxUnderrunint, RxDonelnt,
RxFinishedInt, RxErrorInt, RxOverrunint.

usB USB_INT_REQ_LP, USB_INT_REQ_HP, 22 0x0040 0000
USB_INT_REQ_DMA

CAN CAN Common, CAN 0 Tx, CAN 0 Rx, CAN 1 Tx, 23 0x0080 0000
CAN 1 Rx

SD/ MMC RxDataAvlbl, TxDataAvlbl, RxFifoEmpty, TxFifoEmpty, 24 0x0100 0000

interface RxFifoFull, TxFifoFull, RxFifoHalfFull, TxFifoHalfEmpty,

RxActive, TxActive, CmdActive, DataBlockEnd, StartBitErr,
DataEnd, CmdSent, CmdRespEnd, RxOverrun,
TxUnderrun, DataTimeOut, CmdTimeOut, DataCrcFail,
CmdCrcFail
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Table 73. Connection of interrupt sources to the Vectored Interrupt Controller

Block Flag(s) VIC Channel # and
Hex Mask

GP DMA IntStatus of DMA channel O, IntStatus of DMA channel 1 25 0x0200 0000

Timer 2 Match 0-3 26 0x0400 0000
Capture 0-1

Timer 3 Match 0-3 27 0x0800 0000
Capture 0-1

UART 2 Rx Line Status (RLS) 28 0x1000 0000

Transmit Holding Register Empty (THRE)

Rx Data Available (RDA)

Character Time-out Indicator (CTI)

UART 3 Rx Line Status (RLS) 29 0x2000 0000
Transmit Holding Register Empty (THRE)
Rx Data Available (RDA)
Character Time-out Indicator (CTI)
12C2 Sl (state change) 30 0x4000 0000
12S irq_rx 31 0x8000 0000
irg_tx
Table 74. Interrupt sources bit allocation table
Bit 31 30 29 28 27 26 25 24
Symbol ‘ 12S 12C2 UART3 UART2 TIMER3 TIMER2 GPDMA SD/MMC
Bit 23 22 21 20 19 18 17 16
Symbol ‘ CAN1&2 uUsB Ethernet BOD 12C1 ADO EINT3 EINT2
Bit 15 14 13 12 11 10 9 8
Symbol ‘ EINT1 EINTO RTC PLL SSP1 SPI/SSPO 12C0O PWM1
Bit 7 6 5 4 3 2 1 0
Symbol ‘ UART1 UARTO TIMER1 TIMERO  ARMCorel ARMCore0 - WDT
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interrupt request, masking, and selection
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| Softint IntEnable | FIQStatus
e | [31:0] [31:0] 1 [31:0] | FIQStatus {>c FIQ
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310] | IRQStatus
I [31:0] I IRQStatus
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| Rawintr IntSelect I
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Fig 14. Block diagram of the Vectored Interrupt Controller
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1. Introduction

2. Operation

The MAM block in the LPC2300 maximizes the performance of the ARM processor when
it is running code in Flash memory using a single Flash bank.

UM10211_1

Simply put, the Memory Accelerator Module (MAM) attempts to have the next ARM
instruction that will be needed in its latches in time to prevent CPU fetch stalls. The
LPC2300 uses one bank of Flash memory, compared to the two banks used on
predecessor devices. It includes three 128 bit buffers called the Prefetch buffer, the
Branch Trail Buffer and the data buffer. When an Instruction Fetch is not satisfied by either
the Prefetch or Branch Trail buffer, nor has a prefetch been initiated for that line, the ARM
is stalled while a fetch is initiated for the 128 bit line. If a prefetch has been initiated but not
yet completed, the ARM is stalled for a shorter time. Unless aborted by a data access, a
prefetch is initiated as soon as the Flash has completed the previous access. The
prefetched line is latched by the Flash module, but the MAM does not capture the line in
its prefetch buffer until the ARM core presents the address from which the prefetch has
been made. If the core presents a different address from the one from which the prefetch
has been made, the prefetched line is discarded.

The prefetch and Branch Trail buffers each include four 32 bit ARM instructions or eight
16 bit Thumb instructions. During sequential code execution, typically the prefetch buffer
contains the current instruction and the entire Flash line that contains it.

The MAM uses the LPROTI[0] line to differentiate between instruction and data accesses.
Code and data accesses use separate 128 bit buffers. 3 of every 4 sequential 32 bit code
or data accesses "hit" in the buffer without requiring a Flash access (7 of 8 sequential

16 bit accesses, 15 of every 16 sequential byte accesses). The fourth (eighth, 16th)
sequential data access must access Flash, aborting any prefetch in progress. When a
Flash data access is concluded, any prefetch that had been in progress is re-initiated.

Timing of Flash read operations is programmable and is described later in this section.

In this manner, there is no code fetch penalty for sequential instruction execution when the
CPU clock period is greater than or equal to one fourth of the Flash access time. The
average amount of time spent doing program branches is relatively small (less than 25%)
and may be minimized in ARM (rather than Thumb) code through the use of the
conditional execution feature present in all ARM instructions. This conditional execution
may often be used to avoid small forward branches that would otherwise be necessary.

Branches and other program flow changes cause a break in the sequential flow of
instruction fetches described above. The Branch Trail buffer captures the line to which
such a non-sequential break occurs. If the same branch is taken again, the next
instruction is taken from the Branch Trail buffer. When a branch outside the contents of the
prefetch and Branch Trail buffer is taken, a stall of several clocks is needed to load the
Branch Trail buffer. Subsequently, there will typically be no further instruction fetch delays
until a new and different branch occurs.
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If an attempt is made to write directly to the Flash memory, without using the normal Flash
programming interface, the MAM generates a data abort.

3. Memory Acceleration Module blocks

UM10211_1

3.1

The Memory Accelerator Module is divided into several functional blocks:

* A Flash Address Latch and an incrementor function to form prefetch addresses
* A 128 bit prefetch buffer and an associated Address latch and comparator

¢ A 128 bit Branch Trail buffer and an associated Address latch and comparator
* A 128 bit Data buffer and an associated Address latch and comparator

¢ Control logic

¢ Wait logic

Figure 7-15 shows a simplified block diagram of the Memory Accelerator Module data
paths.

In the following descriptions, the term “fetch” applies to an explicit Flash read request from
the ARM. “Pre-fetch” is used to denote a Flash read of instructions beyond the current
processor fetch address.

Flash memory bank
There is one bank of Flash memory with the LPC2300 MAM.

Flash programming operations are not controlled by the MAM, but are handled as a
separate function. A “boot block” sector contains Flash programming algorithms that may
be called as part of the application program, and a loader that may be run to allow serial
programming of the Flash memory.

MEMORY ADDRESS

I

FLASH MEMORY BANK

'\ BUS
ARM LOCAL BUS ‘/ INTERFACE I |

BUFFERS

/
\

Fig 15. Simplified block diagram of the Memory Accelerator Module
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Instruction latches and data latches

Code and Data accesses are treated separately by the Memory Accelerator Module.
There is a 128 bit Latch, a 15 bit Address Latch, and a 15 bit comparator associated with
each buffer (prefetch, branch trail, and data). Each 128 bit latch holds 4 words (4 ARM
instructions, or 8 Thumb instructions).

Also associated with each buffer are 32 4:1 Multiplexers that select the requested word
from the 128 bit line.

Flash programming Issues

Since the Flash memory does not allow accesses during programming and erase
operations, it is necessary for the MAM to force the CPU to wait if a memory access to a
Flash address is requested while the Flash module is busy. (This is accomplished by
asserting the ARM7TDMI-S local bus signal CLKEN.) Under some conditions, this delay
could result in a Watchdog time-out. The user will need to be aware of this possibility and
take steps to insure that an unwanted Watchdog reset does not cause a system failure
while programming or erasing the Flash memory.

In order to preclude the possibility of stale data being read from the Flash memory, the
LPC2300 MAM holding latches are automatically invalidated at the beginning of any Flash
programming or erase operation. Any subsequent read from a Flash address will cause a
new fetch to be initiated after the Flash operation has completed.

4. Memory Accelerator Module Operating modes

UM10211_1

Three modes of operation are defined for the MAM, trading off performance for ease of
predictability:

Mode 0: MAM off. All memory requests result in a Flash read operation (see note 2
below). There are no instruction prefetches.

Mode 1: MAM partially enabled. Sequential instruction accesses are fulfilled from the
holding latches if the data is present. Instruction prefetch is enabled. Non-sequential
instruction accesses initiate Flash read operations (see Table note 7—2). This means
that all branches cause memory fetches. All data operations cause a Flash read
because buffered data access timing is hard to predict and is very situation dependent.

Mode 2: MAM fully enabled. Any memory request (code or data) for a value that is
contained in one of the corresponding holding latches is fulfilled from the latch.
Instruction prefetch is enabled. Flash read operations are initiated for instruction
prefetch and code or data values not available in the corresponding holding latches.

Table 75. MAM responses to program accesses of various types

Program Memory Request Type MAM Mode
0 1 2
Sequential access, data in latches Initiate Fetchl2 Use Latched Use Latched

Datalll Datalll
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Table 75. MAM responses to program accesses of various types

Program Memory Request Type MAM Mode
0 1 2
Sequential access, data not in latches Initiate Fetch Initiate Fetchlll Initiate Fetchlll
Non-sequential access, data in latches  Initiate Fetchl2] Initiate FetchlXll2l Use Latched
Datalll
Non-sequential access, data not in Initiate Fetch Initiate Fetchlil Initiate Fetchll
latches

[1] Instruction prefetch is enabled in modes 1 and 2.

[2] The MAM actually uses latched data if it is available, but mimics the timing of a Flash read operation. This
saves power while resulting in the same execution timing. The MAM can truly be turned off by setting the
fetch timing value in MAMTIM to one clock.

Table 76. MAM responses to data and DMA accesses of various types

Data Memory Request Type MAM Mode
0 1 2
Sequential access, data in latches Initiate FetchXl  Initiate Fetch2l  Use Latched
Data
Sequential access, data not in latches Initiate Fetch Initiate Fetch Initiate Fetch
Non-sequential access, data in latches Initiate FetchXl  Initiate FetchXl ~ Use Latched
Data
Non-sequential access, data not in latches Initiate Fetch Initiate Fetch Initiate Fetch

[1] The MAM actually uses latched data if it is available, but mimics the timing of a Flash read operation. This
saves power while resulting in the same execution timing. The MAM can truly be turned off by setting the
fetch timing value in MAMTIM to one clock.

5. MAM configuration

After reset the MAM defaults to the disabled state. Software can turn memory access
acceleration on or off at any time. This allows most of an application to be run at the
highest possible performance, while certain functions can be run at a somewhat slower
but more predictable rate if more precise timing is required.

6. Register description

The MAM is controlled by the registers shown in Table 7—77. More detailed descriptions
follow. Writes to any unused bits are ignored. A read of any unused bits will return a logic
zero.
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Table 77. Summary of Memory Acceleration Module registers

Name Description Access Reset Address
valuell
MAMCR Memory Accelerator Module Control Register. R/W 0x0 OXEO1F CO00

Determines the MAM functional mode, that is, to
what extent the MAM performance enhancements
are enabled. See Table 7-78.

MAMTIM Memory Accelerator Module Timing control. R/W 0x07 OXEO1F C004
Determines the number of clocks used for Flash
memory fetches (1 to 7 processor clocks).

[1] Reset Value reflects the data stored in used bits only. It does not include reserved bits content.

7. MAM Control Register (MAMCR - OxEO1F C000)

Two configuration bits select the three MAM operating modes, as shown in Table 7-78.

Following any reset, MAM functions are disabled. Software can turn memory access
acceleration on or off at any time allowing most of an application to be run at the highest
possible performance, while certain functions can be run at a somewhat slower but more
predictable rate if more precise timing is required.

Changing the MAM operating mode causes the MAM to invalidate all of the holding
latches, resulting in new reads of Flash information as required. This guarantees
synchronization of the MAM to CPU operation.

Table 78. MAM Control Register (MAMCR - address OxEO1F C000) bit description

Bit Symbol Value Description Reset
value
1:0 MAM_mode These bits determine the operating mode of the MAM. 0
_control 00 MAM functions disabled

01 MAM functions partially enabled
10 MAM functions fully enabled
11 Reserved. Not to be used in the application.

7:2 - - Unused, always 0. 0

8. MAM Timing Register (MAMTIM - OXEO1F C004)

The MAM Timing register determines how many CCLK cycles are used to access the
Flash memory. This allows tuning MAM timing to match the processor operating
frequency. Flash access times from 1 clock to 7 clocks are possible. Single clock Flash
accesses would essentially remove the MAM from timing calculations. In this case the
MAM mode may be selected to optimize power usage.
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Table 79. MAM Timing register (MAMTIM - address OXEO1F C004) bit description

Bit Symbol Value Description Reset
value
2.0 MAM_fetch These bits set the duration of MAM fetch operations. 07

cycle_timing g9 . Reserved

001 1 - MAM fetch cycles are 1 processor clock (CCLK) in
duration

010 2 - MAM fetch cycles are 2 CCLKs in duration
011 3 - MAM fetch cycles are 3 CCLKs in duration
100 4 - MAM fetch cycles are 4 CCLKs in duration
101 5 - MAM fetch cycles are 5 CCLKs in duration
110 6 - MAM fetch cycles are 6 CCLKSs in duration
111 7 - MAM fetch cycles are 7 CCLKs in duration

Warning: These bits set the duration of MAM Flash fetch operations
as listed here. Improper setting of this value may result in incorrect
operation of the device.

73 - - Unused, always 0 0
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J XFFEO | XFFE4 | XFFE8 | XFFEC
INCREMENTOR
‘ 30000 | 30004 | 30008 | 3000C
20000 | 20004 | 20008 | 2000C
MUX D Q
ENALO| 10000 | 10004 | 10008 | 1000C
ADDR —T1 OFFFO | OFFF4 | OFFF8 | OFFFC
cclk
—1
[184] L 00020 | 00024 | 00028 | 0002C
00010 | 00014 | 00018 | 0001C
_ 00000 | 00004 | 00008 | 0000C
EQAO
128//
ENP ENBT | END |
| ADDR PREFETCH LATCH| | ADDR BT LATCH | | ADDR DATA LATCH |
[ 128 | 128 | 128}
EQPREF EQBT EQD
LA[3:2] —__PREFETCH MUX _} { BT MUX } [ DATAMUX
32// 3%/ 32//
[ FINAL MUX ]
DI[31:0] (to ARM core)
Fig 16. Block diagram of the Memory Accelerator Module

9. MAM usage notes

When changing MAM timing, the MAM must first be turned off by writing a zero to
MAMCR. A new value may then be written to MAMTIM. Finally, the MAM may be turned
on again by writing a value (1 or 2) corresponding to the desired operating mode to
MAMCR.

For system clock slower than 20 MHz, MAMTIM can be 001. For system clock between
20 MHz and 40 MHz, Flash access time is suggested to be 2 CCLKs, while in systems
with system clock faster than 40 MHz, 3 CCLKs are proposed.
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1. LPC2364/6/8 100-pin package

E &

/ N\
]© 75
LPC2364FBD100
LPC2366FBD100
LPC2368FBD100
25 51
\. /

£ B
b 002aac576

Fig 17. LPC2364/6/8 100 - pin packages

2. Pin description for LPC2364/6/8

Pin description for LPC2364/6/8 and a brief explanation of corresponding functions are
shown in the following table.

Table 80. LPC2364/66/68 pin description
Symbol Pin Type Description

PO[0] to PO[31] 110 Port 0: Port 0 is a 32-bit I/0 port with individual direction controls for each bit. The
operation of port 0 pins depends upon the pin function selected via the Pin Connect
block. Pins 12, 13, 14, and 31 of this port are not available.

PO[0)/RD1/TXD3/ 46l 1/0 PO[0] — General purpose digital input/output pin.
SDA1 | RD1 — CANL1 receiver input.
(@) TXD3 — Transmitter output for UART3.
110 SDA1 — I2C1 data input/output (this is not an open-drain pin).
PO[1/TD1/RXD3/ 47l 110 PO[1] — General purpose digital input/output pin.
SCL1 @) TD1 — CANL1 transmitter output.

| RXD3 — Receiver input for UART3.
110 SCL1 — I2C1 clock input/output (this is not an open-drain pin).

PO[2]/TXDO 9slil 110 PO[2] — General purpose digital input/output pin.
@) TXDO — Transmitter output for UARTO.
PO[3]/RXDO 99l 110 PO[3] — General purpose digital input/output pin.
| RXDO0 — Receiver input for UARTO.
PO[4]/ 810l 110 PO[4] — General purpose digital input/output pin.
I2SRX_CLK/ 110 I2SRX_CLK — Receive Clock. It is driven by the master and received by the slave.
RD2/CAP2[0] Corresponds to the signal SCK in the 12S-bus specification.
| RD2 — CAN2 receiver input.
| CAP2[0] — Capture input for Timer 2, channel 0.
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Table 80. LPC2364/66/68 pin description ...continued
Symbol Pin Type Description
PO[5)/ 80l 110 PO[5] — General purpose digital input/output pin.
12SRX_WS/ /0 I2SRX_WS — Receive Word Select. It is driven by the master and received by the
TD2/CAP2[1] slave. Corresponds to the signal WS in the 12S-bus specification.
(0] TD2 — CANZ2 transmitter output.
| CAP2[1] — Capture input for Timer 2, channel 1.
PoO[6]/ 79U 110 PO[6] — General purpose digital input/output pin.
I2SRX_SDA/ 110 I2SRX_SDA — Receive data. It is driven by the transmitter and read by the receiver.
SSEL1/MATZ[0] Corresponds to the signal SD in the I2S-bus specification.
I/0 SSEL1 — Slave Select for SSP1.
@) MAT2[0] — Match output for Timer 2, channel 0.
PO[7]/ 780 110 PO[7] — General purpose digital input/output pin.
12STX_CLK/ 110 I2STX_CLK — Transmit Clock. It is driven by the master and received by the slave.
SCK1/MAT2[1] Corresponds to the signal SCK in the 12S-bus specification.
1/0 SCK1 — Serial Clock for SSP1.
@) MATZ2[1] — Match output for Timer 2, channel 1.
Po[8]/ 7714 110 PO[8] — General purpose digital input/output pin.
12STX_WS/ 110 I2STX_WS — Transmit Word Select. It is driven by the master and received by the
MISO1/MAT2[2] slave. Corresponds to the signal WS in the 12S-bus specification.
110 MISO1 — Master In Slave Out for SSP1.
(0] MAT2[2] — Match output for Timer 2, channel 2.
PO[9)/ 76l 110 PO[9] — General purpose digital input/output pin.
12STX_SDA/ 1/0 I2STX_SDA — Transmit data. It is driven by the transmitter and read by the receiver.
MOSI1/MATZ[3] Corresponds to the signal SD in the 12S-bus specification.
110 MOSI1 — Master Out Slave In for SSP1.
(@) MAT2[3] — Match output for Timer 2, channel 3.
PO[10])/TXD2/ 4811 110 P0[10] — General purpose digital input/output pin.
SDA2/MAT3[0] (0] TXD2 — Transmitter output for UART2.
110 SDA2 — I2C2 data input/output (this is not an open-drain pin).
(0] MAT3[0] — Match output for Timer 3, channel 0.
PO[11]/RXD2/ 491l 110 PO[11] — General purpose digital input/output pin.
SCL2/MAT3[1] | RXD2 — Receiver input for UART2.
110 SCL2 — 12C2 clock input/output (this is not an open-drain pin).
(0] MAT3[1] — Match output for Timer 3, channel 1.
PO[15])/TXD1/ 621 110 PO[15] — General purpose digital input/output pin.
SCKO/SCK (0] TXD1 — Transmitter output for UART1.
110 SCKO — Serial clock for SSPO.
I/0 SCK — Serial clock for SPI.
PO[16]/RXD1/ 63 110 PO[16] — General purpose digital input/output pin.
SSELO/SSEL | RXD1 — Receiver input for UARTL.
110 SSELO — Slave Select for SSPO.
I/0 SSEL — Slave Select for SPI.
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Table 80. LPC2364/66/68 pin description ...continued
Symbol Pin Type Description
PO[17]/CTS1/ 610 110 PO[17] — General purpose digital input/output pin.
MISOO/MISO | CTS1 — Clear to Send input for UARTL.
110 MISOO — Master In Slave Out for SS1
1/0 MISO — Master In Slave Out for SPI.
PO[18]/DCD1/ 600 110 PO[18] — General purpose digital input/output pin.
MOSIO/MOSI | DCD1 — Data Carrier Detect input for UART1.
110 MOSIO — Master Out Slave In for SSPO.
1/0 MOSI — Master Out Slave In for SPI.
PO[19]/DSR1/ 5901 110 PO[19] — General purpose digital input/output pin.
MCICLK/SDA1 | DSR1 — Data Set Ready input for UARTL.
@) MCICLK — Clock output line for SD/MMC interface. (LPC2368 only)
1/0 SDA1 — I2C1 data input/output (this is not an open-drain pin).
PO[20]/DTR1/ 58l 110 PO[20] — General purpose digital input/output pin.
MCICMD/SCL1 o DTR1 — Data Terminal Ready output for UART1.
| MCICMD — Command line for SD/MMC interface. (LPC2368 only)
/0 SCL1 — I2C1 clock input/output (this is not an open-drain pin).
PO[21)/RI1/ 5701 110 PO[21] — General purpose digital input/output pin.
MCIPWR/RD1 | RI1 — Ring Indicator input for UARTL1.
@) MCIPWR — Power Supply Enable for external SD/MMC power supply. (LPC2368
only)
| RD1 — CANL1 receiver input.
PO[22]/RTS1/ 56l 110 P0[22] — General purpose digital input/output pin.
MCIDATO/TD1 @) RTS1 — Request to Send output for UART1.
(0] MCIDATO — Data line for SD/MMC interface. (LPC2368 only)
@) TD1 — CANL1 transmitter output.
PO[23]/ADO[0]/ ol2 110 P0[23] — General purpose digital input/output pin.
Ic?iEBX[G]CLK/ | ADO[0] — A/D converter 0, input O.
110 I2SRX_CLK — Receive Clock. It is driven by the master and received by the slave.
Corresponds to the signal SCK in the 12S-bus specification.
| CAP3[0] — Capture input for Timer 3, channel 0.
PO[24]/ADO[1)/ 82 110 P0[24] — General purpose digital input/output pin.
IgiPR;([I}NS/ | ADO[1] — A/D converter 0, input 1.
110 I2SRX_WS — Receive Word Select. It is driven by the master and received by the
slave. Corresponds to the signal WS in the 12S-bus specification.
| CAP3[1] — Capture input for Timer 3, channel 1.
PO[25]/ADO[2)/ 712 110 PO[25] — General purpose digital input/output pin.
!I_2)<S[I;2;(_SDA/ | ADO[2] — A/D converter 0, input 2.
110 I2SRX_SDA — Receive data. It is driven by the transmitter and read by the receiver.
Corresponds to the signal SD in the 12S-bus specification.
@) TXD3 — Transmitter output for UART3.
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Table 80. LPC2364/66/68 pin description ...continued

Symbol Pin Type Description

PO[26]/ADO[3])/ 6Ll 110 PO[26] — General purpose digital input/output pin.

AOUT/RXD3 | ADO[3] — A/D converter 0, input 3.

@) AOUT — D/A converter output.
| RXD3 — Receiver input for UART3.

PO[27]/SDAO 254 110 PO[27] — General purpose digital input/output pin.

110 SDAO — I12C0 data input/output. Open-drain output (for 12C-bus compliance).

PO[28]/SCLO 244 110 P0[28] — General purpose digital input/output pin.

110 SCLO — 12C0 clock input/output. Open-drain output (for 12C-bus compliance).

PO[29]/USB_D+ 29[ 110 PO[29] — General purpose digital input/output pin.

110 USB_D+ — USB bidirectional D+ line.

PO[30)/USB_D- 300! 110 PO[30] — General purpose digital input/output pin.

110 USB_D- — USB bidirectional D- line.

P1[0] to P1[31] 110 Port 1: Port 1 is a 32-bit I/0 port with individual direction controls for each bit. The
operation of port 1 pins depends upon the pin function selected via the Pin Connect
block. Pins 2, 3, 5, 6, 7, 11, 12, and 13 of this port are not available.

P1[o)/ 95(1 110 P1[0] — General purpose digital input/output pin.

ENET_TXDO (0] ENET_TXDO — Ethernet transmit data 0.

P1[1)/ 941 110 P1[1] — General purpose digital input/output pin.

ENET_TXD1 (0] ENET_TXD1 — Ethernet transmit data 1.

P1[4)/ 93t 110 P1[4] — General purpose digital input/output pin.

ENET_TX_EN (0] ENET_TX_EN — Ethernet transmit data enable.

P1[8)/ 921 110 P1[8] — General purpose digital input/output pin.

ENET_CRS | ENET_CRS — Ethernet carrier sense.

P1[9)/ 9101 110 P1[9] — General purpose digital input/output pin.

ENET_RXDO | ENET_RXDO0 — Ethernet receive data.

P1[10)/ 9ol 110 P1[10] — General purpose digital input/output pin.

ENET_RXD1 | ENET_RXD1 — Ethernet receive data.

P1[14)/ 89t 110 P1[14] — General purpose digital input/output pin.

ENET_RX_ER | ENET_RX_ER — Ethernet receive error.

P1[15)/ 8glil 110 P1[15] — General purpose digital input/output pin.

ENET_REF_CLK | ENET_REF_CLK/ENET RX_CLK — Ethernet receiver clock.

P1[16])/ 87l 110 P1[16] — General purpose digital input/output pin.

ENET_MDC | ENET_MDC — Ethernet MIIM clock.

P1[17)/ 86l 110 P1[17] — General purpose digital input/output pin.

ENET_MDIO 110 ENET_MDIO — Ethernet Ml data input and output.

pP1[18)/ 3201 110 P1[18] — General purpose digital input/output pin.

USB_UP_LED/ (0] USB_UP_LED — USB GoodLink LED indicator. It is LOW when device is configured

PWML[1}/ (non-control endpoints enabled). It is HIGH when the device is not configured or

CAP1[0] during global suspend.

@) PWM1[1] — Pulse Width Modulator 1, channel 1 output.
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Table 80. LPC2364/66/68 pin description ...continued
Symbol Pin Type Description
P1[19])/CAP1[1] 33 110 P1[19] — General purpose digital input/output pin.
| CAP1[1] — Capture input for Timer 1, channel 1.
P1[20)/PWM1[2]/ 34l 110 P1[20] — General purpose digital input/output pin.
SCKO @) PWM1[2] — Pulse Width Modulator 1, channel 2 output.
110 SCKO — Serial clock for SSPO.
P1[21)/PWM1[3])/ 35 /0 P1[21] — General purpose digital input/output pin.
SSELO @) PWM1[3] — Pulse Width Modulator 1, channel 3 output.
I/O SSELO — Slave Select for SSPO.
P1[22]/MAT1[0] 36l 110 P1[22] — General purpose digital input/output pin.
@) MAT1[0] — Match output for Timer 1, channel 0.
P1[23)/PWM1[4]/ 370 110 P1[23] — General purpose digital input/output pin.
MISO0 @) PWM1[4] — Pulse Width Modulator 1, channel 4 output.
110 MISOO0 — Master In Slave Out for SSPO.
P1[24)/PWM1[5])/ 38l /0 P1[24] — General purpose digital input/output pin.
MOSIO @) PWM1[5] — Pulse Width Modulator 1, channel 5 output.
I/O MOSIO — Master Out Slave in for SSPO.
P1[25]/MAT1[1] 39l 110 P1[25] — General purpose digital input/output pin.
@) MAT1[1] — Match output for Timer 1, channel 1.
P1[26]/PWM1[6]/ 40 110 P1[26] — General purpose digital input/output pin.
CAPO[0] @) PWM1[6] — Pulse Width Modulator 1, channel 6 output.
| CAPO[0] — Capture input for Timer 0, channel 0.
P1[27])/CAPO[1] 43 /0 P1[27] — General purpose digital input/output pin.
| CAPO[1] — Capture input for Timer 0, channel 1.
P1[28]/ 4411 110 P1[28] — General purpose digital input/output pin.
EA%?OP[%)EO]/ | PCAP1[0] — Capture input for PWM1, channel 0.
@) MATO[0] — Match output for Timer 0, channel 0.
P1[29)/ 4501 110 P1[29] — General purpose digital input/output pin.
l?/li?g[ll[]l]/ | PCAP1[1] — Capture input for PWM1, channel 1.
@) MATO[1] — Match output for Timer 0, channel 0.
P1[30]/Vgus/ 2102 1/0 P1[30] — General purpose digital input/output pin.
ADO[4] | Vgus — Indicates the presence of USB bus power.
Note: This signal must be HIGH for USB reset to occur.
| ADO[4] — A/D converter 0, input 4.
P1[31])/SCK1/ 2012 110 P1[31] — General purpose digital input/output pin.
ADO[3] I/0 SCK1 — Serial Clock for SSP1.
| ADO[5] — A/D converter 0O, input 5.
P2[0] to P2[31] 110 Port 2: Port 2 is a 32-bit I/0 port with individual direction controls for each bit. The
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Table 80. LPC2364/66/68 pin description ...continued
Symbol Pin Type Description
P2[0)/PWM1[1)/ 75 110 P2[0] — General purpose digital input/output pin.
XDV @) PWM1[1] — Pulse Width Modulator 1, channel 1 output.
TRACECLK

@) TXD1 — Transmitter output for UART1.

o TRACECLK — Trace Clock.
P2[1)/PWM1[2)/ 741 110 P2[1] — General purpose digital input/output pin.
RXD1/ @) PWM1[2] — Pulse Width Modulator 1, channel 2 output.
PIPESTATO

| RXD1 — Receiver input for UART1.

(@) PIPESTATO — Pipeline Status, bit 0.
P2[2)/PWM1[3)/ 73 110 P2[2] — General purpose digital input/output pin.
cTsy/ (@) PWM1[3] — Pulse Width Modulator 1, channel 3 output.
PIPESTAT1

| CTS1 — Clear to Send input for UARTL.

] PIPESTAT1 — Pipeline Status, bit 1.
P2[3)/PWM1[4])/ 70 110 P2[3] — General purpose digital input/output pin.
bepy/ (@) PWM1[4] — Pulse Width Modulator 1, channel 4 output.
PIPESTAT2 - -

| DCD1 — Data Carrier Detect input for UART1.

] PIPESTAT2 — Pipeline Status, bit 2.
P2[4)/PWM1[5)/ 69 110 P2[4] — General purpose digital input/output pin.
DSR1/ (@) PWM1[5] — Pulse Width Modulator 1, channel 5 output.
TRACESYNC -

| DSR1 — Data Set Ready input for UART1.

o TRACESYNC — Trace Synchronization.
P2[5)/PWM1[6])/  68L 110 P2[5] — General purpose digital input/output pin.
DTRL/ (@) PWM1[6] — Pulse Width Modulator 1, channel 6 output.
TRACEPKTO :

@) DTR1 — Data Terminal Ready output for UART1.

o TRACEPKTO — Trace Packet, bit 0.
P2[6)/PCAP1[0)/ 67 110 P2[6] — General purpose digital input/output pin.
RI1/ | PCAP1[0] — Capture input for PWM1, channel 0.
TRACEPKT1 - - -

| RI1 — Ring Indicator input for UARTL1.

o TRACEPKT1 — Trace Packet, bit 1.
P2[7]/RD2/ 6601 110 P2[7] — General purpose digital input/output pin.
RTS1/ | RD2 — CANZ2 receiver input.
TRACEPKT2

@) RTS1 — Request to Send output for UART1.

o TRACEPKT2 — Trace Packet, bit 2.
P2[8]/TD2/ 6501 110 P2[8] — General purpose digital input/output pin.
TXD2/ (@) TD2 — CANZ2 transmitter output.
TRACEPKT3

O TXD2 — Transmitter output for UART2.

o TRACEPKT3 — Trace Packet, bit 3.
P2[9]/ 64 110 P2[9] — General purpose digital input/output pin.
USB_CONNECT/ (@) USB_CONNECT — Signal used to switch an external 1.5 kQ resistor under software
E)f‘ll?lf\llo control. Used with the SoftConnect USB feature.
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RXD2 — Receiver input for UART2.
EXTINO — External Trigger Input.
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Table 80. LPC2364/66/68 pin description ...continued

Symbol Pin Type Description

P2[10]/EINTO 5316 110 P2[10] — General purpose digital input/output pin.

Note: LOW on this pin while RESET is LOW forces on-chip bootloader to take over
control of the part after a reset.
| EINTO — External interrupt O input.

P2[11]/EINT1/ 52l6 110 P2[11] — General purpose digital input/output pin.

MCIDAT1/ | EINT1 — External interrupt 1 input.

I2STX_CLK - -

@) MCIDAT1 — Data line for SD/MMC interface. (LPC2368 only)
110 I2STX_CLK — Transmit Clock. It is driven by the master and received by the slave.
Corresponds to the signal SCK in the 12S-bus specification.

P2[12)/EINT2/ 5116 110 P2[12] — General purpose digital input/output pin.

MCIDAT2/ | EINT2 — External interrupt 2 input.

I2STX_WS - -

@) MCIDAT2 — Data line for SD/MMC interface. (LPC2368 only)
110 I2STX_WS — Transmit Word Select. It is driven by the master and received by the
slave. Corresponds to the signal WS in the 12S-bus specification.

P2[13]/EINT3/ 50!€l 110 P2[13] — General purpose digital input/output pin.

MCIDAT3/ | EINT3 — External interrupt 3 input.

I2STX_SDA - -

(0] MCIDAT3 — Data line for SD/MMC interface. (LPC2368 only)
110 I2STX_SDA — Transmit data. It is driven by the transmitter and read by the receiver.
Corresponds to the signal SD in the I2S-bus specification.

P3[0] to P3[31] 110 Port 3: Port 3 is a 32-hit I/0 port with individual direction controls for each bit. The
operation of port 3 pins depends upon the pin function selected via the Pin Connect
block. Pins 0 through 24, and 27 through 31 of this port are not available.

P3[25]/MATO[0)/ 27 110 P3[25] — General purpose digital input/output pin.

PWM1[2] @) MATO[0] — Match output for Timer 0, channel 0.

(0] PWM1[2] — Pulse Width Modulator 1, output 2.

P3[26]/MATO[1)/  26[ 110 P3[26] — General purpose digital input/output pin.

PWM1[3] (0] MATO[1] — Match output for Timer 0, channel 1.

@) PWM1[3] — Pulse Width Modulator 1, output 3.

P4[0] to P4[31] 110 Port 4: Port 4 is a 32-hit I/0 port with individual direction controls for each bit. The
operation of port 4 pins depends upon the pin function selected via the Pin Connect
block. Pins 0 through 27, 30, and 31 of this port are not available.

P4[28]/MAT2[0)/ 82l 110 P4[28] — General purpose digital input/output pin.

TXD3 (@) MAT2[0] — Match output for Timer 2, channel 0.

O TXD3 — Transmitter output for UART3.

P4[29)/MAT2[1)/  85[ 110 P4[29] — General purpose digital input/output pin.

RXD3 @) MATZ2[1] — Match output for Timer 2, channel 1.

| RXD3 — Receiver input for UART3.

TDO 10 @) TDO — Test Data out for JTAG interface.

TDI 21l I TDI — Test Data in for JTAG interface.

TMS 30 | TMS — Test Mode Select for JTAG interface.

TRST 41 | TRST — Test Reset for JTAG interface.

TCK 50 | TCK — Test Clock for JTAG interface.
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Table 80. LPC2364/66/68 pin description ...continued

Symbol Pin Type Description
RTCK 1000 110 RTCK — JTAG interface control signal.

Note: LOW on this pin while RESET is LOW enables ETM pins (P2[9:0]) to operate
as Trace port after reset.

RSTOUT 14 (@) RSTOUT — LOW on this pin indicates LPC2300 being in Reset state.

RESET 1771 | external reset input: A LOW on this pin resets the device, causing I/O ports and

peripherals to take on their default states, and processor execution to begin at
address 0. TTL with hysteresis, 5 V tolerant.

The VBAT pin must be powered with 3.3 V for the RESET pin to detect external signal
existence and/or activity.

XTAL1 228l | Input to the oscillator circuit and internal clock generator circuits.
XTAL2 2308 @) Output from the oscillator amplifier.
RTCX1 16l8l I Input to the RTC oscillator circuit.
RTCX2 18081 @) Output from the RTC oscillator circuit.
Vss 15,31, | ground: 0V reference.
41, 55,
72,97,
830l
Vssa 1119 | analog ground: 0 V reference. This should nominally be the same voltage as Vss,
but should be isolated to minimize noise and error.
Vbb(@ava) 28,54, | 3.3 V supply voltage: This is the power supply voltage for the 1/O ports.
71,
96l
Vbp(Debo)@3va) 13,42, | 3.3V DC-to-DC converter supply voltage: This is the supply voltage for the on-chip
84[12] DC-to-DC converter only.
Vbpa 1003] | analog 3.3 V pad supply voltage: This should be nominally the same voltage as

Vpp(ava) but should be isolated to minimize noise and error. This voltage is used to
power the ADC and DAC.

VREF 12013] | ADC reference: This should be nominally the same voltage as Vpp(avz) but should be

isolated to minimize noise and error. Level on this pin is used as a reference for ADC
and DAC.

VBAT 19[13] | RTC and RESET pin power supply: 3.3 V on this pin supplies the power to the RTC

(1]
(2]

(3]

(4]

(5]

(6]
(7]
(8]
El

peripheral and the RESET pin logic.

5 V tolerant pad providing digital 1/0 functions with TTL levels and hysteresis.

5V tolerant pad providing digital 1/0 functions (with TTL levels and hysteresis) and analog input. When configured as a DAC input,
digital section of the pad is disabled.

5V tolerant pad providing digital I/O with TTL levels and hysteresis and analog output function. When configured as the DAC output,
digital section of the pad is disabled.

Open-drain 5 V tolerant digital I/0O 12C-bus 400 kHz specification compatible pad. It requires an external pull-up to provide output
functionality. When power is switched off, this pin connected to the 12C-bus is floating and does not disturb the I12C lines.

Pad provides digital I/O and USB functions. It is designed in accordance with the USB specification, revision 2.0 (Full-speed and
Low-speed mode only).

5V tolerant pad with 5 ns glitch filter providing digital I/O functions with TTL levels and hysteresis
5V tolerant pad with 20 ns glitch filter providing digital I/O function with TTL levels and hysteresis
Pad provides special analog functionality.

Pad provides special analog functionality.

[10] Pad provides special analog functionality.

[11] Pad provides special analog functionality.
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[12] Pad provides special analog functionality.

[13] Pad provides special analog functionality.

3. LPC2378 144-pin package

© @
09]

(1] 108]
LPC2378FBD144
36 | [ 73]
A\ /

Ea

B
002aac584

Fig 18. LPC2378 144 - pin package

4. Pin description for LPC2378

Pin description for LPC2378 and a brief explanation of corresponding functions are shown
in the following table.

Table 81. LPC2378 pin description

Symbol Pin Type Description
PO[0] to PO[31] Ie] Port 0: Port 0 is a 32 bit I/O port with individual direction controls for each bit. The
operation of port O pins depends upon the pin function selected via the Pin Connect
block.
PO[O]/RD1/TXD/ 661 110 PO[0] — General purpose digital input/output pin.
SDAL | RD1 — CAN1 receiver input.
@) TXD3 — Transmitter output for UART3.
1/0 SDA1 — I2C1 data input/output (this is not an open drain pin).
PO[1)/TD1/RXD3/ 67 110 PO[1] — General purpose digital input/output pin.
SCL1 (0] TD1 — CANL1 transmitter output.

| RXD3 — Receiver input for UART3.
1/0 SCL1 — I2C1 clock input/output (this is not an open drain pin).

PO[2]/TXDO 14104 110 PO[2] — General purpose digital input/output pin.
(0] TXDO — Transmitter output for UARTO.
PO[3]/RXDO 14201 110 PO[3] — General purpose digital input/output pin.
| RXDO0 — Receiver input for UARTO.
PO[4]/ 1161l 110 PO[4] — General purpose digital input/output pin.
12SRX_CLK/ 110 I2SRX_CLK — Receive Clock. It is driven by the master and received by the slave.
RD2/CAP2[0] Corresponds to the signal SCK in the 12S-bus specification.
| RD2 — CAN2 receiver input.
| CAP2[0] — Capture input for Timer 2, channel 0.
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Table 81. LPC2378 pin description ...continued
Symbol Pin Type Description
PO[5)/ 1150 110 PO[5] — General purpose digital input/output pin.
12SRX_WS/ /0 I2SRX_WS — Receive Word Select. It is driven by the master and received by the
TD2/CAP2[1] slave. Corresponds to the signal WS in the 12S-bus specification.
(0] TD2 — CAN2 transmitter output.
| CAP2[1] — Capture input for Timer 2, channel 1.
PO[6]/ 1130 110 PO[6] — General purpose digital input/output pin.
I2SRX_SDA/ 110 I2SRX_SDA — Receive data. It is driven by the transmitter and read by the
SSEL1/MATZ[0] receiver. Corresponds to the signal SD in the 12S-bus specification.
110 SSEL1 — Slave Select for SSP1.
@) MAT2[0] — Match output for Timer 2, channel 0.
PO[7]/ 11201 110 PO[7] — General purpose digital input/output pin.
12STX_CLK/ 110 I2STX_CLK — Transmit Clock. It is driven by the master and received by the slave.
SCK1/MAT2[1] Corresponds to the signal SCK in the 12S-bus specification.
/0 SCK1 — Serial Clock for SSP1.
@) MAT2[1] — Match output for Timer 2, channel 1.
Po[8]/ 111021 110 PO[8] — General purpose digital input/output pin.
12STX_WS/ 110 [2STX_WS — Transmit Word Select. It is driven by the master and received by the
MISO1/MATZ[2] slave. Corresponds to the signal WS in the 12S-bus specification.
110 MISO1 — Master In Slave Out for SSP1.
(0] MATZ2[2] — Match output for Timer 2, channel 2.
PO[9)/ 1090 110 PO[9] — General purpose digital input/output pin.
12STX_SDA/ 1/0 I2STX_SDA — Transmit data. It is driven by the transmitter and read by the
MOSI1/MATZ[3] receiver. Corresponds to the signal SD in the 12S-bus specification.
110 MOSI1 — Master Out Slave In for SSP1.
(0] MAT2[3] — Match output for Timer 2, channel 3.
PO[10])/TXD2/ 69t 110 PO[10] — General purpose digital input/output pin.
SDA2/MATS [0] (0] TXD2 — Transmitter output for UART2.
110 SDA2 — [2C2 data input/output (this is not an open drain pin).
(@) MAT3[0] — Match output for Timer 3, channel 0.
PO[11]/RXD2/ 700 110 PO[11] — General purpose digital input/output pin.
SCL2/MAT3[1] | RXD2 — Receiver input for UART2.
110 SCL2 — I12C2 clock input/output (this is not an open drain pin).
(0] MAT3[1] — Match output for Timer 3, channel 1.
PO[12)/MISO1/ 292 110 PO[12] — General purpose digital input/output pin.
ADO[€] /0 MISO1 — Master In Slave Out for SSP1.
| ADOQ[6] — A/D converter 0, input 6.
PO[13]/ 322 110 PO[13] — General purpose digital input/output pin.
USB_UP_LED2/ O  USB_UP_LED2— USB2 Good Link LED indicator. It is LOW when device is
MOSI1/ADO[7] confiaurea (non-control endpoints enabled). It is HIGH when the device is not
configured or during global suspend.
/0 MOSI1 — Master Out Slave In for SSP1.
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ADO[7] — A/D converter 0, input 7.
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Table 81. LPC2378 pin description ...continued
Symbol Pin Type Description
PO[14])/ 4804 110 PO[14] — General purpose digital input/output pin.
USB_CONNECT2/ o USB_CONNECT2 — USB2 Soft Connect control. Signal used to switch an external
SSEL1 1.5 kQ resistor under software control. Used with the SoftConnect USB feature.

/0 SSEL1 — Slave Select for SSP1.
PO[15])/TXD1/ 891l 110 PO[15] — General purpose digital input/output pin.
SCKO/SCK (0] TXD1 — Transmitter output for UART1.

110 SCKO — Serial clock for SSPO.

/0 SCK — Serial clock for SPI.
PO[16]/RXD1/ 9ol 110 PO [16] — General purpose digital input/output pin.
SSELO/SSEL | RXD1 — Receiver input for UARTL.

110 SSELO — Slave Select for SSPO.

/0 SSEL — Slave Select for SPI.
PO[17])/CTS1/ 870l 110 PO[17] — General purpose digital input/output pin.
MISOO/MISO | CTS1 — Clear to Send input for UARTL.

110 MISOO0 — Master In Slave Out for SSPO.

/0 MISO — Master In Slave Out for SPI.
PO[18]/DCD1/ 86l 110 PO[18] — General purpose digital input/output pin.
MOSIO/MOSI | DCD1 — Data Carrier Detect input for UART1.

110 MOSIO — Master Out Slave In for SSPO.

/0 MOSI — Master Out Slave In for SPI.
PO[19]/DSR1/ 851 110 PO[19] — General purpose digital input/output pin.
MCICLK/SDAL | DSR1 — Data Set Ready input for UARTL.

@) MCICLK — Clock output line for SD/MMC interface.

1/0 SDA1 — I2C1 data input/output (this is not an open drain pin).
PO[20]/DTRY/ 83 110 PO[20] — General purpose digital input/output pin.
MCICMD/SCL1 (0] DTR1 — Data Terminal Ready output for UART1.

| MCICMD — Command line for SD/MMC interface.

1/0 SCL1 — I2C1 clock input/output (this is not an open drain pin).
PO[21)/RI1/ 821 110 PO[21] — General purpose digital input/output pin.
MCIPWR/RD1 | RI1 — Ring Indicator input for UARTL1.

@) MCIPWR — Power Supply Enable for external SD/MMC power supply.

| RD1 — CAN1 receiver input.
PO[22])/RTS1/ 8ol 110 P0[22] — General purpose digital input/output pin.
MCIDATO/TD1 (@) RTS1 — Request to Send output for UART1.

@) MCIDATO — Data line for SD/MMC interface.

@) TD1 — CANL1 transmitter output.
PO[23]/ADO[0]/ 1302 110 P0[23] — General purpose digital input/output pin.
Ig/fsgx[B]CLK/ | ADO[0] — A/D converter 0, input 0.

110 I2SRX_CLK — Receive Clock. It is driven by the master and received by the slave.

UM10211_1

Corresponds to the signal SCK in the 12S-bus specification.
CAP3[0] — Capture input for Timer 3, channel 0.
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Table 81. LPC2378 pin description ...continued

Symbol Pin Type Description

PO[24])/ADO[1)/ 1181 110 P0[24] — General purpose digital input/output pin.

IC?EE?),([I}NS/ | ADO[1] — A/D converter O, input 1.

110 I2SRX_WS — Receive Word Select. It is driven by the master and received by the
slave. Corresponds to the signal WS in the 12S-bus specification.
| CAP3[1] — Capture input for Timer 3, channel 1.
PO[25]/ADO[2]/ 102 110 PO[25] — General purpose digital input/output pin.
!|_2><S§3X—SDA/ | ADO[2] — A/D converter 0, input 2.
1/0 I2SRX_SDA — Receive data. It is driven by the transmitter and read by the
receiver. Corresponds to the signal SD in the 12S-bus specification.
@) TXD3 — Transmitter output for UART3.
PO[26]/ADO[3]/ 82l 110 PO[26] — General purpose digital input/output pin.
AOUT/RXD3 | ADO[3] — JA/D converter 0, input 3.
(0] AOUT — D/A converter output.
| RXD3 — Receiver input for UART3.

PO[27]/SDAO 3514 110 PO[27] — General purpose digital input/output pin.

110 SDAO — I2C0 data input/output. Open drain output (for I2C-bus compliance).

PO[28]/SCLO 344 110 P0[28] — General purpose digital input/output pin.

110 SCLO — I2CO clock input/output. Open drain output (for 12C-bus compliance).

PO[29]/USB_D+1 4206 110 PO[29] — General purpose digital input/output pin.

110 USB_D+1 — USBL1 port bidirectional D+ line.

PO[30]/USB_D-1 4306 110 PO[30] — General purpose digital input/output pin.

110 USB_D-1 — USBL1 port bidirectional D- line.
PO[31]/USB_D+2 360 110 PO[31] — General purpose digital input/output pin.
110 USB_D+2 — USB2 port bidirectional D+ line.

P1[0] to P1[31] le] Port 1: Port 1 is a 32 bit I/0 port with individual direction controls for each bit. The
operation of port 1 pins depends upon the pin function selected via the Pin Connect
block. Pins 2, 3,5, 6, 7, 11, 12, and 13 of this port are not available.

P1[o}/ 1360 110 P1[0] — General purpose digital input/output pin.

ENET_TXDO @) ENET_TXDO — Ethernet transmit data 0.

P1[1)/ 1350 110 P1[1] — General purpose digital input/output pin.

ENET_TXD1 @) ENET_TXD1 — Ethernet transmit data 1.

P1[4]/ 1331 110 P1[4] — General purpose digital input/output pin.

ENET_TX_EN @) ENET_TX_EN — Ethernet transmit data enable.

P1[8]/ 1321 110 P1[8] — General purpose digital input/output pin.

ENET_CRS | ENET_CRS — Ethernet carrier sense.

P1[9]/ 131141 110 P1[9] — General purpose digital input/output pin.

ENET_RXDO | ENET_RXDO — Ethernet receive data.

P1[10)/ 1290 110 P1[10] — General purpose digital input/output pin.

ENET_RXD1 | ENET_RXD1 — Ethernet receive data.

P1[14)/ 1280 110 P1[14] — General purpose digital input/output pin.

ENET_RX_ER

UM10211_1

ENET_RX_ER — Ethernet receive error.
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Table 81. LPC2378 pin description ...continued
Symbol Pin Type Description
P1[15)/ 1260 110 P1[15] — General purpose digital input/output pin.
ENET_REF_CLK | ENET_REF_CLK/ENET_RX_CLK — Ethernet receiver clock.
P1[16])/ 1250 110 P1[16] — General purpose digital input/output pin.
ENET_MDC | ENET_MDC — Ethernet MIIM clock.
P1[17)/ 1230 110 P1[17] — General purpose digital input/output pin.
ENET_MDIO 110 ENET_MDIO — Ethernet Ml data input and output.
P1[18)/ 46U 110 P1[18] — General purpose digital input/output pin.
USB_UP_LEDY/ O  USB_UP_LED1— USB1 port Good Link LED indicator. It is LOW when device is
PWML[1) configured (non-control endpoints enabled). It is HIGH when the device is not
CAP1[0] configured or during global suspend.
(0] PWM1[1] — Pulse Width Modulator 1, channel 1 output.
| CAP1[0] — Capture input for Timer 1, channel 0.
P1[19]/CAP1[1] 471 110 P1[19] — General purpose digital input/output pin.
| CAP1[1] — Capture input for Timer 1, channel 1.
P1[20)/PWM1[2]/ 49l 110 P1[20] — General purpose digital input/output pin.
SCKo @) PWM1[2] — Pulse Width Modulator 1, channel 2 output.
/0 SCKO — Serial clock for SSPO.
P1[21)/PWM1[3]/ 50l 110 P1[21] — General purpose digital input/output pin.
SSELO (0] PWM1[3] — Pulse Width Modulator 1, channel 3 output.
110 SSELO — Slave Select for SSPO.
P1[22]/MAT1[0] 510 110 P1[22] — General purpose digital input/output pin.
@) MAT1[0] — Match output for Timer 1, channel O.
P1[23)/PWM1[4]/ 53 110 P1[23] — General purpose digital input/output pin.
MISO0 @) PWM1[4] — Pulse Width Modulator 1, channel 4 output.
/0 MISO0 — Master In Slave Out for SSPO.
P1[24)/PWM1[5]/ 54l 110 P1[24] — General purpose digital input/output pin.
MOSIO (0] PWM1[5] — Pulse Width Modulator 1, channel 5 output.
110 MOSIO — Master Out Slave in for SSPO.
P1[25]/MAT1[1] 5601 110 P1[25] — General purpose digital input/output pin.
@) MAT1[1] — Match output for Timer 1, channel 1.
P1[26)/PWM1[6]/ 57 110 P1[26] — General purpose digital input/output pin.
CAPO[0] @) PWM1[6] — Pulse Width Modulator 1, channel 6 output.
| CAPO[0] — Capture input for Timer 0, channel 0.
P1[27]/CAPO[1] 6101 110 P1[27] — General purpose digital input/output pin.
| CAPO[1] — Capture input for Timer 0, channel 1.
P1[28])/ 63 110 P1[28] — General purpose digital input/output pin.
I\P/lcl-:\l'l-l}(F))[%)[]O]/ | PCAP1[0] — Capture input for PWM1, channel 0.
@) MATO[0] — Match output for Timer 0, channel O.
P1[29]/ 640 110 P1[29] — General purpose digital input/output pin.
IE)/ICA"?OP[ll[]l]/ | PCAP1[1] — Capture input for PWM1, channel 1.
(0] MATO[1] — Match output for Timer 0, channel 0.

UM10211_1
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Table 81. LPC2378 pin description ...continued

Symbol Pin Type Description

P1[30)/ 3002 110 P1[30] — General purpose digital input/output pin.

VBus/ADO[4] [ Vgus — Indicates the presence of USB bus power.
Note: This signal must be HIGH for USB reset to occur.

| ADO[4] — A/D converter 0, input 4.
P1[31])/SCK1/ 2802 110 P1[31] — General purpose digital input/output pin.
ADO[S] IO SCK1— Serial Clock for SSP1.

| ADO[5] — A/D converter 0, input 5.

P2[0] to P2[31] I/0 Port 2: Port 2 is a 32 bit I/O port with individual direction controls for each bit. The
operation of port 2 pins depends upon the pin function selected via the Pin Connect
block. Pins 14 through 31 of this port are not available.

P2[0)/PWM1[1])/ 10701 /0 P2[0] — General purpose digital input/output pin.

XDV @) PWM1[1] — Pulse Width Modulator 1, channel 1 output.

TRACECLK -

o TXD1 — Transmitter output for UART1.
o TRACECLK — Trace Clock.

P2[1)/PWM1[2]/ 1060 /0 P2[1] — General purpose digital input/output pin.

RXD1/ @) PWM1[2] — Pulse Width Modulator 1, channel 2 output.

PIPESTATO

| RXD1 — Receiver input for UART1.
(@] PIPESTATO — Pipeline Status, bit O.

P2[2]/PWML1[3]/ 10501 110 P2[2] — General purpose digital input/output pin.

cTsy/ @) PWM1[3] — Pulse Width Modulator 1, channel 3 output.

PIPESTAT1 -

| CTS1 — Clear to Send input for UART1.
(@] PIPESTAT1 — Pipeline Status, bit 1.

P2[3)/PWM1[4]/ 1000 /0 P2[3] — General purpose digital input/output pin.

bcpy/ @) PWM1[4] — Pulse Width Modulator 1, channel 4 output.

PIPESTAT2 - -

| DCD1 — Data Carrier Detect input for UART1.
(@] PIPESTAT2 — Pipeline Status, bit 2.

P2[4)/PWM1[5])/ 99l /0 P2[4] — General purpose digital input/output pin.

DSR1/ @) PWM1[5] — Pulse Width Modulator 1, channel 5 output.

TRACESYNC -

| DSR1 — Data Set Ready input for UART1.
@) TRACESYNC — Trace Synchronization.

P2[5]/PWM1[6]/ o7l /0 P2[5] — General purpose digital input/output pin.

DTRY/ @) PWM1[6] — Pulse Width Modulator 1, channel 6 output.

TRACEPKTO :

o DTR1 — Data Terminal Ready output for UART1.
(@] TRACEPKTO — Trace Packet, bit 0.

P2[6]/PCAP1[0]/ 96l /0 P2[6] — General purpose digital input/output pin.

RI1/ | PCAP1[0] — Capture input for PWM1, channel 0.

TRACEPKT1 - - -

| RI1 — Ring Indicator input for UARTL1.
(@] TRACEPKT1 — Trace Packet, bit 1.

UM10211_1
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Table 81. LPC2378 pin description ...continued

Symbol Pin Type Description
P2[7]/RD2/ 95(1 110 P2[7] — General purpose digital input/output pin.
RTS1/ | RD2 — CAN2 receiver input.
TRACEPKT2
@) RTS1 — Request to Send output for UART1.
o TRACEPKT2 — Trace Packet, bit 2.
P2[8]/TD2/ 93 110 P2[8] — General purpose digital input/output pin.
TXD2/ @) TD2 — CANZ2 transmitter output.
TRACEPKT3 -
@) TXD2 — Transmitter output for UART2.
o TRACEPKT3 — Trace Packet, bit 3.
P2[9)/ 9211 110 P2[9] — General purpose digital input/output pin.
USB_CONNECTY/ @) USB_CONNECT1 — USB1 Soft Connect control. Signal used to switch an external
E))E'IE')I?\IIO 1.5 kQ resistor under the software control. Used with the SoftConnect USB feature.

| RXD2 — Receiver input for UART2.
| EXTINO — External Trigger Input.
P2[10]/EINTO 7606 110 P2[10] — General purpose digital input/output pin.

Note: LOW on this pin while RESET is LOW forces on-chip boot-loader to take over
control of the part after a reset.

| EINTO — External interrupt O input.

P2[11]/EINT1/ 75061 110 P2[11] — General purpose digital input/output pin.
MCIDATL/ | EINT1 — External interrupt 1 input.
12STX_CLK
@) MCIDAT1 — Data line for SD/MMC interface.
110 I2STX_CLK — Transmit Clock. It is driven by the master and received by the slave.
Corresponds to the signal SCK in the 12S-bus specification.
P2[12]/EINT2/ 736l 110 P2[12] — General purpose digital input/output pin.
MCIDAT2/ | EINT2 — External interrupt 2 input.
I2STX_WS . .
@) MCIDAT2 — Data line for SD/MMC interface.
110 I2STX_WS — Transmit Word Select. It is driven by the master and received by the
slave. Corresponds to the signal WS in the 12S-bus specification.
P2[13]/EINT3/ 71161 110 P2[13] — General purpose digital input/output pin.
MCIDAT3/ | EINT3 — External interrupt 3 input.
I2STX_SDA

(0] MCIDAT3 — Data line for SD/MMC interface.

110 I2STX_SDA — Transmit data. It is driven by the transmitter and read by the
receiver. Corresponds to the signal SD in the 12S-bus specification.

P3[0] to P3[31] I/O Port 3: Port 3 is a 32 bit I/0 port with individual direction controls for each bit. The
operation of port 3 pins depends upon the pin function selected via the Pin Connect
block. Pins 8 through 22, and 27 through 31 of this port are not available.

P3[0]/DO 1371 110 P3[0] — General purpose digital input/output pin.
110 DO — External memory data line 0.
P3[1]/D1 1400 110 P3[1] — General purpose digital input/output pin.
110 D1 — External memory data line 1.
P3[2]/D2 14411 110 P3[2] — General purpose digital input/output pin.
110 D2 — External memory data line 2.
P3[3]/D3 2[4 110 P3[3] — General purpose digital input/output pin.
110 D3 — External memory data line 3.
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Table 81. LPC2378 pin description ...continued

Symbol
P3[4]/D4

P3[5)/D5

P3[6]/D6

P3[7)/D7

P3[23]/CAPO[0)/
PCAP1[0]

P3[24])/CAPO[1]/
PWM1[1]

P3[25]/MATO[0]/
PWM1[2]

P3[26]/MATO[1]/
PWML1[3]

P4[0] to P4[31]

P4[0)/A0

P4[1)/Al

P4[2)/A2

P4[3)/A3

P4[4]/A4

P4[5)/A5

P4[6])/A6

PA[7)/A7

P4[8])/A8

UM10211_1

Pin
ol

124

164

191

451

40

39l

38l

52[1

5501

58l

68

7201

7401

78l

841

8glil

Type
110
I/0
110
I/0
110
I/0
110
I/0
110

/10
/0
/10
/0
/10
/0
/10
/0
/10
/0
/10
/0
/0
/0
/10
/0
/10
/0

Description

P3[4] — General purpose digital input/output pin.
D4 — External memory data line 4.

P3[5] — General purpose digital input/output pin.
D5 — External memory data line 5.

P3[6] — General purpose digital input/output pin.
D6 — External memory data line 6.

P3[7] — General purpose digital input/output pin.
D7 — External memory data line 7.

P3[23] — General purpose digital input/output pin.

CAPO[0] — Capture input for Timer 0, channel 0.
PCAP1[0] — Capture input for PWM1, channel O.

P3[24] — General purpose digital input/output pin.

CAPO[1] — Capture input for Timer 0, channel 1.
PWM1[1] — Pulse Width Modulator 1, output 1.

P3[25] — General purpose digital input/output pin.

MATO[0] — Match output for Timer 0, channel 0.
PWM1[2] — Pulse Width Modulator 1, output 2.

P3[26] — General purpose digital input/output pin.

MATO[1] — Match output for Timer 0, channel 1.
PWM1[3] — Pulse Width Modulator 1, output 3.

Port 4: Port 4 is a 32 bit /0O port with individual direction controls for each bit. The
operation of port 4 pins depends upon the pin function selected via the Pin Connect
block. Pins 16 through 23, 26, and 27 of this port are not available.

P4[0] — ]General purpose digital input/output pin.
AQ — External memory address line 0.
P4[1] — General purpose digital input/output pin.
A1l — External memory address line 1.
P4[2] — General purpose digital input/output pin.
A2 — External memory address line 2.
P4[3] — General purpose digital input/output pin.
A3 — External memory address line 3.
P4[4] — General purpose digital input/output pin.
A4 — External memory address line 4.
P4[5] — General purpose digital input/output pin.
A5 — External memory address line 5.
P4[6] — General purpose digital input/output pin.
A6 — External memory address line 6.
P4[7] — General purpose digital input/output pin.
A7 — External memory address line 7.
P4[8] — General purpose digital input/output pin.
A8 — External memory address line 8.
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Table 81. LPC2378 pin description ...continued

Symbol Pin Type Description
P4[9]/A9 9101 110 P4[9] — General purpose digital input/output pin.
/0 A9 — External memory address line 9.
P4[10])/A10 9411 110 P4[10] — General purpose digital input/output pin.
1/0 A10 — External memory address line 10.
P4[11]/A11 1014 110 P4[11] — General purpose digital input/output pin.
110 A1l — External memory address line 11.
P4[12]/A12 1044 110 P4[12] — General purpose digital input/output pin.
1/0 A12 — External memory address line 12.
P4[13]/A13 108 110 P4[13] — General purpose digital input/output pin.
1/0 A13 — External memory address line 13.
P4[14]/A14 1100 110 P4[14] — General purpose digital input/output pin.
1/0 Al4 — External memory address line 14.
P4[15]/A15 1200 110 P4[15] — General purpose digital input/output pin.
1/0 A15 — External memory address line 15.
P4[24]/E 12701 110 P4[24] — General purpose digital input/output pin.
o OE — LOW active Output Enable signal.
P4[25]/ﬁ/BLSO 12401 110 P4[25] — General purpose digital input/output pin.
o WE — LOW active Write Enable signal.
@) BLSO — LOW active Byte Lane select signal 0.

P4[28]/MAT2[0]/ 1181l 110 P4 [28] — General purpose digital input/output pin.

TXD3 @) MAT2[0] — Match output for Timer 2, channel O.
@) TXD3 — Transmitter output for UART3.
PA[29]/MAT2[1)/ 12201 110 P4[29] — General purpose digital input/output pin.
RXD3 o MAT2[1] — Match output for Timer 2, channel 1.
| RXD3 — Receiver input for UART3.
P4[30]/ﬁ 1300 110 P4[30] — General purpose digital input/output pin.
@) CS0 — LOW active Chip Select 0 signal.
P4[31]/ﬁ 13401 110 P4[31] — General purpose digital input/output pin.
@) CS1 — LOW active Chip Select 1 signal.
ALARM 268l (0] ALARM — RTC controlled output. This is a 1.8 V pin. It goes HIGH when a RTC
alarm is generated.
USB_D-2 37 110 USB_D-2 — USB2 port bidirectional D- line.
DBGEN 6l | DBGEN — JTAG interface control signal. Also used for boundary scanning.
TDO 14 0] TDO — Test Data out for JTAG interface.
TDI 30 | TDI — Test Data in for JTAG interface.
TMS 414 | TMS — Test Mode Select for JTAG interface.
TRST 50 | TRST — Test Reset for JTAG interface.
TCK 70 | TCK — Test Clock for JTAG interface.

RTCK 1430 /0 RTCK — JTAG interface control signal.

Note: LOW on this pin while RESET is LOW enables ETM pins (P2[9:0]) to operate
as Trace port after reset.
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Table 81. LPC2378 pin description ...continued

Symbol Pin Type Description

RSTOUT 20 @) RSTOUT — LOW on this pin indicates UM10211 being in Reset state.

RESET 2417 | external reset input: A LOW on this pin resets the device, causing 1/O ports and
peripherals to take on their default states, and processor execution to begin at
address 0. TTL with hysteresis, 5 V tolerant.

The VBAT pin must be powered with 3.3 V for the RESET pin to detect external
signal existence and/or activity.

XTAL1 3118l | Input to the oscillator circuit and internal clock generator circuits.

XTAL2 3318 @) Output from the oscillator amplifier.

RTCX1 238l | Input to the RTC oscillator circuit.

RTCX2 2518 @) Output from the RTC oscillator circuit.

Vss 22,44, | ground: 0 V reference.

59, 65,
79, 103,
117,119,
13901

Vssa 15[10] | analog ground: 0 V reference. This should nominally be the same voltage as Vss,
but should be isolated to minimize noise and error.

Vbbav3) 41,62, | 3.3 V supply voltage: This is the power supply voltage for the 1/O ports.

77,102,
114,
138011
N.C. 21,81, | These pins are left unconnected.
98l[12]
VbD(DCDC)(3va) 18,60, | 3.3V DC-to-DC converter supply voltage: This is the power supply for the on-chip
121031 DC-to-DC converter only.

Vbpa 14014 | analog 3.3 V pad supply voltage: This should be nominally the same voltage as
Vpbp(ava) but should be isolated to minimize noise and error. This voltage is used to
power the ADC and DAC.

VREF 17014 | ADC reference: This should be nominally the same voltage as Vpp(3v3) but should
be isolated to minimize noise and error. The level on this pin is used as a reference
for ADC and DAC.

VBAT 2704 | RTC and RESET pin power supply: 3.3 V on this pin supplies the power to the

RTC peripheral and the RESET pin logic.

[1] 5V tolerant pad providing digital I/O functions with TTL levels and hysteresis.

[2] 5V tolerant pad providing digital I/O functions (with TTL levels and hysteresis) and analog input. When configured as a DAC input,
digital section of the pad is disabled.

[3] 5V tolerant pad providing digital I/O with TTL levels and hysteresis and analog output function. When configured as the DAC output,
digital section of the pad is disabled.

[4] Open drain 5 V tolerant digital /0 12C-bus 400 kHz specification compatible pad. It requires an external pull-up to provide output
functionality. When power is switched off, this pin connected to the 12C-bus is floating and does not disturb the I12C lines.

[5] Pad provides digital I/O and USB functions. It is designed in accordance with the USB specification, revision 2.0 (Full-speed and
Low-speed mode only).

[6] 5V tolerant pad with 5 ns glitch filter providing digital I/O functions with TTL levels and hysteresis.

[7] 5V tolerant pad with 20 ns glitch filter providing digital /O function with TTL levels and hysteresis.

[8] Pad provides special analog functionality.

[9] Pad provides special analog functionality.

[10] Pad provides special analog functionality.

UM10211_1

© NXP B.V. 2007. All rights reserved.

User manual

Rev. 01 — 6 July 2007 107 of 617



NXP Semiconductors UMlOle

Chapter 8: LPC2300 Pin configuration

[11] Pad provides special analog functionality.
[12] Pad provides special analog functionality.
[13] Pad provides special analog functionality.

[14] Pad provides special analog functionality.
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1. Features

Allows individual pin configuration.

2. Applications

The purpose of the Pin Connect Block is to configure the microcontroller pins to the
desired functions.

3. Description

The pin connect block allows selected pins of the microcontroller to have more than one
function. Configuration registers control the multiplexers to allow connection between the
pin and the on chip peripherals.

Peripherals should be connected to the appropriate pins prior to being activated, and prior
to any related interrupt(s) being enabled. Activity of any enabled peripheral function that is
not mapped to a related pin should be considered undefined.

Selection of a single function on a port pin completely excludes all other functions
otherwise available on the same pin.

4. Pin function select register values

The PINSEL registers control the functions of device pins as shown below. Pairs of bits in
these registers correspond to specific device pins.

Table 82. Pin function select register bits

PINSELO to Function Value after Reset
PINSEL9 Values

00 Primary (default) function, typically GPIO port 00

01 First alternate function

10 Second alternate function

11 Third alternate function

The direction control bit in the GPIO registers is effective only when the GPIO function is
selected for a pin. For other functions, direction is controlled automatically. Each
derivative typically has a different pinout and therefore a different set of functions possible
for each pin. Details for a specific derivative may be found in the appropriate data sheet.

5. Pin mode select register values

The PINMODE registers control the on-chip pull-up/pull-down resistor feature for all GPIO
ports. Two bits are used to control a port pin.
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Table 83. Pin Mode Select register Bits

PINMODEQO to Function Value after Reset
PINMODE9

Values

00 Pin has an on-chip pull-up resistor enabled. 00

01 Reserved. This value should not be used.

10 Pin has neither pull-up nor pull-down resistor enabled.

11 Pin has an on-chip pull-down resistor enabled.

UM10211_1

The Pin Control Module contains 11 registers as shown in Table 9—84 below.

Table 84. Pin Connect Block Register Map

Name Description Access Reset Valuelll Address
PINSELO Pin function select register 0. R/W 0x0000 0000  OxEO002 C000
PINSEL1 Pin function select register 1. R/W 0x0000 0000  OxEO002 C004
PINSEL2 Pin function select register 2. R/W 0x0000 0000  OxEO002 C008
PINSEL3 Pin function select register 3. R/W 0x0000 0000  OxEO002 Co0C
PINSEL4 Pin function select register 4. R/W 0x0000 0000  OxEO002 C010
PINSEL5 Pin function select register 5. R/W 0x0000 0000  OxEO002 C014
PINSEL6 Pin function select register 6. R/W 0x0000 0000  OxEO002 C018
PINSEL7 Pin function select register 7. R/W 0x0000 0000  OxEO002 C01C
PINSEL8 Pin function select register 8. R/W 0x0000 0000  OxEO002 C020
PINSEL9 Pin function select register 9. R/W 0x0000 0000  OxEO002 C024
PINSEL10 Pin function select register 10. R/W 0x0000 0000  OxEO002 C028
PINMODEO  Pin mode select register 0. R/W 0x0000 0000  OxEO002 C040
PINMODE1 Pin mode select register 1. R/W 0x0000 0000  OxEO002 C044
PINMODE2  Pin mode select register 2. R/W 0x0000 0000  OxEO002 C048
PINMODE3  Pin mode select register 3. R/W 0x0000 0000  OxEO002 Co4C
PINMODE4  Pin mode select register 4. R/W 0x0000 0000  OxEO002 C050
PINMODE5  Pin mode select register 5. R/W 0x0000 0000  OxEO002 C054
PINMODE6  Pin mode select register 6. R/W 0x0000 0000  OxEO002 C058
PINMODE7  Pin mode select register 7. R/W 0x0000 0000  OxEO002 CO5C
PINMODES8  Pin mode select register 8. R/W 0x0000 0000  OxEO002 C060
PINMODE9 Pin mode select register 9. R/W 0x0000 0000  OxEO002 C064

[1] Reset Value reflects the data stored in used bits only. It does not include reserved bits content.

Pin control module register reset values

On power-on-reset and BOD reset, all registers in this module are reset to '0'".

On external reset and watchdog reset:

* The corresponding bits for P0.31:0, P1.31:0, P2.13:0 are always reset to '0'.
¢ For all the other bits:
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— ifthe EMC_Reset_Disable = 1 ( see Section 3—7 “Other system controls and status
flags”), they retain their values for external memory interface

— else if the EMC_Reset_Disable = 0, they are reset to '0'".

6.1 Pin Function Select register 0 (PINSELO - 0xE002 C000)

The PINSELO register controls the functions of the pins as per the settings listed in

Table 9-85. The direction control bit in the IOODIR register (or the FIOODIR register if the
enhanced GPIO function is selected for port 0) is effective only when the GPIO function is
selected for a pin. For other functions, direction is controlled automatically.

6.2

Table 85.
PINSELO

1:0

3:2

5:4

7:6

9:8
11:10
13:12
15:14
17:16
19:18
21:20
23:22
25:24[1
27:260
29:28M1
31:30

Pin function select register O (PINSELO - address 0xE002 C000) bit description

Pin
name
P0.0
PO.1
PO.2
P0.3
P0.4
P0.5
PO0.6
PO.7
P0.8
P0.9
P0.10
PO.11
P0.12
P0.13
P0.14
P0.15

Function when
00

GPIO Port 0.0
GPIO Port 0.1
GPIO Port 0.2
GPIO Port 0.3
GPIO Port 0.4
GPIO Port 0.5
GPIO Port 0.6
GPIO Port 0.7
GPIO Port 0.8
GPIO Port 0.9
GPIO Port 0.10
GPIO Port 0.11
GPIO Port 0.12
GPIO Port 0.13
GPIO Port 0.14
GPIO Port 0.15

Function when 01

RD1

TD1

TXDO
RXDO
[2SRX_CLK
I2SRX_WS
I2SRX_SDA
I2STX_CLK
[2STX_WS
I2STX_SDA
TXD2
RXD2
Reserved
U2UP_LED
U2CONNECT
TXD1

Function
when 10

TXD3
RXD3
Reserved
Reserved
RD2

TD2
SSEL1
SCK1
MISO1
MOSI1
SDA2
SCL2
MISO1
MOSI1
Reserved
SCKO

Function
when 11

SDA1
SCL1
Reserved
Reserved
CAP2.0
CAP2.1
MAT2.0
MAT2.1
MAT2.2
MAT2.3
MAT3.0
MAT3.1
ADO0.6
ADO.7
SSEL1
SCK

Reset
value

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

[1] LPC2378 only. These bits are reserved for LPC2364/66/68.

Pin Function Select Register 1 (PINSEL1 - OxE002 C004)

The PINSELL register controls the functions of the pins as per the settings listed in
Table 9-86. The direction control bit in the IOODIR (or the FIOODIR register if the
enhanced GPIO function is selected for port 0) register is effective only when the GPIO
function is selected for a pin. For other functions direction is controlled automatically.

Table 86. Pin function select register 1 (PINSEL1 - address OxE002 C004) bit description
PINSEL1 Pin Function when Function Function Function Reset
name 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 CTS1 MISOO0 MISO 00

5:4 P0.18 GPIO Port 0.18 DCD1 MOSIO MOSI 00

7:6 P0.19 GPIO Port 0.19 DSR1 MCICLK SDA1 00

9:8 P0.20 GPIO Port 0.20 DTR1 MCICMD SCL1 00
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Table 86. Pin function select register 1 (PINSEL1 - address OxE002 C004) bit description

PINSEL1 Pin Function when Function Function Function Reset
name 00 when 01 when 10 when 11 value
11:10 P0.21 GPIO Port 0.21 RI1 MCIPWR RD1 00
13:12 P0.22 GPIO Port 0.22 RTS1 MCIDATO TD1 00
15:14 P0.23 GPIO Port 0.23 ADO0.0 I2SRX_CLK  CAP3.0 00
17:16 P0.24 GPIO Port 0.24 ADO.1 I2SRX_WS CAP3.1 00
19:18 P0.25 GPIO Port 0.25 ADO0.2 I2SRX_SDA  TXD3 00
21:20 P0.26 GPIO Port 0.26 ADO0.3 AOUT RXD3 00
23:22 P0.27 GPIO Port 0.27 SDAO Reserved Reserved 00
25:24 P0.28 GPIO Port 0.28 SCLO Reserved Reserved 00
27:26 P0.29 GPIO Port 0.29 U1D+ Reserved Reserved 00
29:28 P0.30 GPIO Port 0.30 U1D- Reserved Reserved 00
31:30  P0.31 GPIO Port 0.31 U2D+ Reserved Reserved 00

[1] LPC2378 only. These bits are reserved for LPC2364/66/68.

6.3 Pin Function Select register 2 (PINSEL2 - 0xE002 C008)

The PINSEL?2 register controls the functions of the pins as per the settings listed in

Table 9—-87. The direction control bit in the IO1DIR register (or the FIO1DIR register if the
enhanced GPIO function is selected for port 1) is effective only when the GPIO function is
selected for a pin. For other functions, direction is controlled automatically.

Table 87. Pin function select register 2 (PINSEL2 - address 0xE002 C008) bit description

PINSEL2 Pin Function when Function when Function Function Reset
name 00 01 when 10 when 11 value
1:0 P1.0 GPIO Port 1.0 ENET_TXDO Reserved Reserved 00
3:2 P11 GPIO Port 1.1 ENET_TXD1 Reserved Reserved 00
5:4 P1.2 Reserved Reserved Reserved Reserved 00
7:6 P1.3 Reserved Reserved Reserved Reserved 00
9:8 P14 GPIO Port 1.4 ENET_TX_EN Reserved Reserved 00
11:10 P1.5 Reserved Reserved Reserved Reserved 00
13:12 P1.6 Reserved Reserved Reserved Reserved 00
15:14 P1.7 Reserved Reserved Reserved Reserved 00
17:16 P1.8 GPIO Port 1.8  ENET_CRS Reserved Reserved 00
19:18 P1.9 GPIO Port 1.9 ENET_RXDO Reserved Reserved 00
21:20 P1.10 GPIO Port 1.10 ENET_RXD1 Reserved Reserved 00
23:22 P1.11 Reserved Reserved Reserved Reserved 00
25:24 P1.12 Reserved Reserved Reserved Reserved 00
27:26 P1.13 Reserved Reserved Reserved Reserved 00
29:28 P1.14 GPIO Port 1.14 ENET_RX_ER Reserved Reserved 00
31:30 P1.15 GPIO Port 1.15 ENET_REF_CLK Reserved Reserved 00
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6.4 Pin Function Select Register 3 (PINSEL3 - OXxE002 C00C)

The PINSELS register controls the functions of the pins as per the settings listed in

Table 9-88. The direction control bit in the IO1DIR register (or the FIO1DIR register if the
enhanced GPIO function is selected for port 1) is effective only when the GPIO function is
selected for a pin. For other functions, direction is controlled automatically.

6.5

Table 88. Pin function select register 3 (PINSEL3 - address OxE002 CO0C) bit description
PINSEL3 Pin Functionwhen Function Function Function Reset
name 00 when 01 when 10 when 11 value
1.0 P1.16 GPIO Port 1.16 ENET_MDC Reserved Reserved 00
3:2 P1.17 GPIO Port1.17 ENET_MDIO Reserved Reserved 00
5:4 P1.18  GPIOPort1.18 UIUP_LED PWM1.1 CAP1.0 00
7:6 P1.19 GPIO Port 1.19 Reserved Reserved CAP1.1 00
9:8 P1.20 GPIO Port 1.20 Reserved PWM1.2 SCKO 00
11:10 P1.21 GPIO Port 1.21 Reserved PWML1.3 SSELO 00
13:12 P1.22 GPIO Port 1.22 Reserved Reserved MAT1.0 00
15:14 P1.23 GPIO Port 1.23 Reserved PWM1.4 MISOO0 00
17:16 P1.24 GPIO Port 1.24 Reserved PWM1.5 MOSIO 00
19:18 P1.25 GPIO Port 1.25 Reserved Reserved MAT1.1 00
21:20 P1.26 GPIO Port 1.26 Reserved PWM1.6 CAPO.0 00
23:22 P1.27 GPIO Port 1.27 Reserved Reserved CAPO.1 00
25:24 P1.28 GPIO Port 1.28 Reserved PCAP1.0 MATO0.0 00
27:26 P1.29 GPIO Port 1.29 Reserved PCAP1.1 MATO.1 00
29:28 P1.30 GPIO Port 1.30 Reserved Vgus ADO0.4 00
31:30 P1.31 GPIO Port 1.31 Reserved SCK1 ADO0.5 00

Pin Function Select Register 4 (PINSEL4 - OxE002 C010)

The PINSEL4 register controls the functions of the pins as per the settings listed in

Table 9-89. The direction control bit in the FIO2DIR register is effective only when the
GPIO function is selected for a pin. For other functions, direction is controlled
automatically.

Table 89. Pin function select register 4 (PINSEL4 - address OxE002 C010) bit description
PINSEL4 Pin Function when Function Function Function when Reset
name 00 when 01 when 10 11 value

1:0 P2.0 GPIO Port2.0 PWM1.1 TXD1 TRACECLKLI 00

3:2 P2.1 GPIO Port2.1  PWM1.2 RXD1 PIPESTATOMI 00

5:4 pP2.2 GPIO Port2.2 PWM1.3 CTS1 PIPESTAT1A 00

7:6 P2.3 GPIO Port2.3 PWM1.4 DCD1 PIPESTAT2M 00

9:8 P2.4 GPIO Port24 PWM1.5 DSR1 TRACESYNCI 00

11:10 P2.5 GPIO Port2.5 PWM1.6 DTR1 TRACEPKTO 00

13:12 P2.6 GPIO Port 2.6 PCAP1.0 RI1 TRACEPKT1 00

15:14 P2.7 GPIO Port2.7 RD2 RTS1 TRACEPKT2 00

17:16 P2.8 GPIO Port2.8 TD2 TXD2 TRACEPKT3E 00

19:18 P2.9 GPIOPort2.9 UICONNECT RXD2 EXTINOL 00
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Table 89. Pin function select register 4 (PINSEL4 - address OxE002 C010) bit description

PINSEL4 Pin Function when Function Function Function when Reset
name 00 when 01 when 10 11 value
21:20 P2.10  GPIOPort2.10 EINTO Reserved Reserved 00
23:22 P2.11 GPIO Port 2.11 EINT1 MCIDAT1 12STX_CLK 00
25:24 P2.12  GPIO Port2.12 EINT2 MCIDAT2 12STX_WS 00
27:26 P2.13 GPIO Port 2.13 EINT3 MCIDAT3 I2STX_SDA 00
29:28 P2.14 Reserved Reserved Reserved Reserved 00
31:30 P2.15 Reserved Reserved Reserved Reserved 00

[1] See Section 9-6.11 “Pin Function Select Register 10 (PINSEL10 - OxE002 C028)"for details on using the
ETM functionality.

6.6 Pin Function Select Register 5 (PINSELS - OxE002 C014)

The PINSELS register controls the functions of the pins as per the settings listed in
Table 9-90. The direction control bit in the FIO2DIR register is effective only when the
GPIO function is selected for a pin. For other functions, direction is controlled
automatically.

Table 90. Pin function select register 5 (PINSEL5 - address 0xE002 C014) bit description

PINSEL5 Pin Function when Function Function Function Reset
name 00 when 01 when 10 when 11 value
1:0 P2.16 Reserved Reserved Reserved Reserved 00
3:2 P2.17 Reserved Reserved Reserved Reserved 00
5:4 pP2.18 Reserved Reserved Reserved Reserved 00
7:6 P2.19 Reserved Reserved Reserved Reserved 00
9:8 P2.20 Reserved Reserved Reserved Reserved 00
11:10 P2.21 Reserved Reserved Reserved Reserved 00
13:12 pP2.22 Reserved Reserved Reserved Reserved 00
15:14 P2.23 Reserved Reserved Reserved Reserved 00
17:16 pP2.24 Reserved Reserved Reserved Reserved 00
19:18 P2.25 Reserved Reserved Reserved Reserved 00
21:20 P2.26 Reserved Reserved Reserved Reserved 00
23:22 pP2.27 Reserved Reserved Reserved Reserved 00
25:24 pP2.28 Reserved Reserved Reserved Reserved 00
27:26 P2.29 Reserved Reserved Reserved Reserved 00
29:28 P2.30 Reserved Reserved Reserved Reserved 00
31:30 P2.31 Reserved Reserved Reserved Reserved 00

6.7 Pin Function Select Register 6 (PINSEL6 - OxE002 C018)

The PINSELSG register controls the functions of the pins as per the settings listed in
Table 9-91. The direction control bit in the FIO3DIR register is effective only when the
GPIO function is selected for a pin. For other functions, direction is controlled
automatically.
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Table 91. Pin function select register 6 (PINSEL6 - address 0xE002 C018) bit description
PINSEL6 Pin Function when Function Function Function Reset
name 00 when 01 when 10 when 11 value
1:0l P3.0 GPIO Port3.0 DO Reserved Reserved 00
3:211 P3.1 GPIOPort3.1 D1 Reserved Reserved 00
5:4[1 P3.2 GPIO Port3.2 D2 Reserved Reserved 00
7.6l P3.3 GPIOPort3.3 D3 Reserved Reserved 00
9:8l1 P3.4 GPIO Port3.4 D4 Reserved Reserved 00
11:108 P35 GPIO Port3.5 D5 Reserved Reserved 00
13:121  P3.6 GPIO Port 3.6 D6 Reserved Reserved 00
15:14 P37 GPIO Port3.7 D7 Reserved Reserved 00
17:16 P3.8 Reserved Reserved Reserved Reserved 00
19:18 P3.9 Reserved Reserved Reserved Reserved 00
21:20 P3.10 Reserved Reserved Reserved Reserved 00
23:22 P3.11 Reserved Reserved Reserved Reserved 00
25:24 P3.12 Reserved Reserved Reserved Reserved 00
27:26 P3.13 Reserved Reserved Reserved Reserved 00
29:28 P3.14 Reserved Reserved Reserved Reserved 00
31:30 P3.15 Reserved Reserved Reserved Reserved 00

[1] LPC2378 only. These bits are reserved for LPC2364/66/68.

Pin Function Select Register 7 (PINSEL7 - OXxE002 C01C)

The PINSEL7Y register controls the functions of the pins as per the settings listed in
Table 9-92. The direction control bit in the FIO3DIR register is effective only when the

GPIO function is selected for a pin. For other functions, direction is controlled

automatically.

Table 92. Pin function select register 7 (PINSEL7 - address OxE002 C01C) bit description
PINSEL7 Pin Function when Function Function Function Reset
name 00 when 01 when 10 when 11 value
1:0 P3.16 Reserved Reserved Reserved Reserved 00
3:2 P3.17 Reserved Reserved Reserved Reserved 00
5:4 P3.18 Reserved Reserved Reserved Reserved 00
7:6 P3.19 Reserved Reserved Reserved Reserved 00
9:8 P3.20 Reserved Reserved Reserved Reserved 00
11:10 P3.21 Reserved Reserved Reserved Reserved 00
13:12 P3.22 Reserved Reserved Reserved Reserved 00
15:14  p3.23 GPIO Port 3.23 Reserved CAPO0.0 PCAP1.0 00
17:16l1  P3.24 GPIO Port 3.24 Reserved CAPO.1 PWM1.1 00
19:18 P3.25 GPIO Port 3.25 Reserved MATO0.0 PWM1.2 00
21:20 P3.26 GPIO Port 3.26 Reserved MATO.1 PWM1.3 00
23:22 P3.27 Reserved Reserved Reserved Reserved 00
25:24 P3.28 Reserved Reserved Reserved Reserved 00
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Table 92. Pin function select register 7 (PINSEL7 - address OxE002 C01C) bit description

PINSEL7 Pin Function when Function Function Function Reset
name 00 when 01 when 10 when 11 value
27:26 P3.29 Reserved Reserved Reserved Reserved 00
29:28 P3.30 Reserved Reserved Reserved Reserved 00
31:30 P3.31 Reserved Reserved Reserved Reserved 00

[1] LPC2378 only. These bits are reserved for LPC2364/66/68.

Pin Function Select Register 8 (PINSELS8 - OxE002 C020)

The PINSELS register controls the functions of the pins as per the settings listed in
Table 9-93. The direction control bit in the FIO4DIR register is effective only when the
GPIO function is selected for a pin. For other functions, direction is controlled
automatically.

Table 93. Pin function select register 8 (PINSELS8 - address 0xE002 C020) bit description

PINSEL8 Pin Function Function Function Function Reset
name when 00 when 01 when 10 when 11 value
1:0l P4.0 GPIO Port4.0 A0 Reserved Reserved 00
3:201 P4.1 GPIO Port4.1 Al Reserved Reserved 00
5:4[1 P4.2 GPIO Port4.2 A2 Reserved Reserved 00
7:611 P4.3 GPIO Port4.3 A3 Reserved Reserved 00
9:8l1 P4.4 GPIO Port4.4 A4 Reserved Reserved 00
11:108 P45 GPIO Port4.5 A5 Reserved Reserved 00
13:12L1 P46 GPIO Port4.6 A6 Reserved Reserved 00
15:14 P47 GPIO Port4.7 A7 Reserved Reserved 00
17:16l1  P4.8 GPIO Port4.8 A8 Reserved Reserved 00
19:18IL P49 GPIO Port4.9 A9 Reserved Reserved 00
21:20  P4.10 GPIO Port 4.10 Al10 Reserved Reserved 00
23:22  P4.11 GPIO Port4.11 All Reserved Reserved 00
25:24[1  P4.12 GPIO Port 4.12 Al12 Reserved Reserved 00
27:26ll1  P4.13 GPIO Port 4.13 A13 Reserved Reserved 00
29:281  P4.14 GPIO Port 4.14 Al4 Reserved Reserved 00
31:30l  P4.15 GPIO Port 4.15 A15 Reserved Reserved 00

[1] LPC2378 only. These bits are reserved for LPC2364/66/68.

Pin Function Select Register 9 (PINSEL9 - OxE002 C024)

The PINSELS9 register controls the functions of the pins as per the settings listed in
Table 9-94. The direction control bit in the FIO4DIR register is effective only when the
GPIO function is selected for a pin. For other functions, direction is controlled
automatically.
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Table 94. Pin function select register 9 (PINSEL9 - address 0xE002 C024) bit description

PINSEL9 Pin Function when Function Function Function Reset
name 00 when 01 when 10 when 11 value
1:0 P4.16 Reserved Reserved Reserved Reserved 00
3:2 P4.17 Reserved Reserved Reserved Reserved 00
5:4 P4.18 Reserved Reserved Reserved Reserved 00
7:6 P4.19 Reserved Reserved Reserved Reserved 00
9:8 P4.20 Reserved Reserved Reserved Reserved 00
11:10 P4.21 Reserved Reserved Reserved Reserved 00
13:12 P4.22 Reserved Reserved Reserved Reserved 00
15:14 P4.23 Reserved Reserved Reserved Reserved 00
17:16L  P4.24 GPIO Port4.24 OE Reserved Reserved 00
19:18[L  P4.25 GPIO Port 4.25 WE BLS0[ Reserved 00
21:20 P4.26 Reserved Reserved Reserved Reserved 00
23:22 P4.27 Reserved Reserved Reserved Reserved 00
25:24 P4.28 GPIO Port 4.28 Reserved MAT2.0 TXD3 00
27:26 P4.29 GPIO Port 4.29 Reserved MAT2.1 RXD3 00
29:281  P4.30 GPIO Port 4.30 CSO Reserved Reserved 00
31:30  P4.31  GPIOPort4.31 CS1 Reserved Reserved 00

[1] LPC2378 only. These bits are reserved for LPC2364/66/68.
[2] Applies to LPC2378 only.

Pin Function Select Register 10 (PINSEL10 - OXxE002 C028)

Only bit 3 of this register is used to control the ETM interface pins.

The value of the RTCK I/O pin is sampled when the external reset is asserted. When
RTCK pin is low during external reset, bit 3 in PINSEL10 is set to enable the ETM
interface pins. When RTCK pin is high during external reset, bit 3 in PINSEL10 is cleared
to disable the ETM interface pins.

The ETM interface control pin can also be modified by the software.

Table 95. Pin function select register 10 (PINSEL10 - address OxE002 C028) bit description

Bit Symbol Value Description Reset
value
2:0 - - Reserved. Software should not write 1 to these bits. NA
3 GPIO/TRACE ETM interface pins control. RTCK, see
0 ETM interface is disabled. the text
above

ETM interface is enabled. ETM signals are available
on the pins hosting them regardless of the PINSEL4
content.

314 - - Reserved. Software should not write 1 to these bits. NA

Pin Mode select register 0 (PINMODEDO - OxE002 C040)

This register controls pull-up/pull-down resistor configuration for PORTO pins 0 to 15.
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Table 96. Pin Mode select register 0 (PINMODEO - address 0xE002 C040) bit description

PINMODEQO Symbol Value Description Reset
value

1:0 P0.00MODE PORTO pin 0 on-chip pull-up/down resistor control. 00

00 P0.00 pin has a pull-up resistor enabled.

01 Reserved. This value should not be used.

10 P0.00 pin has neither pull-up nor pull-down.

11 P0.00 has a pull-down resistor enabled.
31:30 P0.15SMODE PORTO pin 15 on-chip pull-up/down resistor control. 00

Pin Mode select register 1 (PINMODEL - OXE002 C044)

This register controls pull-up/pull-down resistor configuration for PORTO pins 16 to 26. For
details see Section 9-5 “Pin mode select register values”.

Table 97. Pin Mode select register 1 (PINMODEL - address OxE002 C044) bit description

PINMODE1 Symbol Description Reset

value
1:0 P0.16MODE PORTO pin 16 on-chip pull-up/down resistor control. 00
21:20 P0.26MODE  PORTO pin 26 on-chip pull-up/down resistor control. 00
31:21 - Reserved

Remark: Pins P0.27 and P0.28 are dedicated |12C open drain pins without pull-up/down.
Pins P0.29, P0.30, P0.31 are USB specific pins without configurable pull-up or pull-down
resistors.

Pin Mode select register 2 (PINMODE?2 - OXE002 C048)

This register controls pull-up/pull-down resistor configuration for PORT1 pins 0 to 15. For
details see Section 9-5 “Pin mode select register values”.

Table 98. Pin Mode select register 2 (PINMODE2 - address OxE002 C048) bit description

PINMODE2 Symbol Description Reset
value

1:0 P1.00MODE PORTZ1 pin 0 on-chip pull-up/down resistor control. 00

31:30 P1.15MODE PORT1 pin 15 on-chip pull-up/down resistor control. 00

Pin Mode select register 3 (PINMODES - 0OxE002 C04C)

This register controls pull-up/pull-down resistor configuration for PORT1 pins 16 to 31. For
details see Section 9-5 “Pin mode select register values”.
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Table 99. Pin Mode select register 3 (PINMODES3 - address 0xE002 C04C) bit description

PINMODE3 Symbol Description Reset
value

1:0 P1.16MODE PORT1 pin 16 on-chip pull-up/down resistor control. 00

31:30 P1.31MODE PORT1 pin 31 on-chip pull-up/down resistor control. 00

Pin Mode select register 4 (PINMODE4 - OXxE002 C050)

This register controls pull-up/pull-down resistor configuration for PORT2 pins 0 to 15. For
details see Section 9-5 “Pin mode select register values”.

Table 100. Pin Mode select register 4 (PINMODE4 - address OxE002 C050) bit description

PINMODE4 Symbol Description Reset
value

1:0 P2.00MODE PORT?2 pin 0 on-chip pull-up/down resistor control. 00

31:30 P2.15MODE PORT?2 pin 15 on-chip pull-up/down resistor control. 00

Pin Mode select register 5 (PINMODES - OxE002 C054)

This register controls pull-up/pull-down resistor configuration for PORT2 pins 16 to 31. For
details see Section 9-5 “Pin mode select register values”.

Table 101. Pin Mode select register 5 (PINMODES - address OxE002 C054) bit description

PINMODES5 Symbol Description Reset
value

1.0 P2.16MODE PORT?2 pin 16 on-chip pull-up/down resistor control. 00

31:30 P2.31MODE PORT?2 pin 31 on-chip pull-up/down resistor control. 00

Pin Mode select register 6 (PINMODES6 - OxE002 C058)

This register controls pull-up/pull-down resistor configuration for PORT3 pins 0 to 15. For
details see Section 9-5 “Pin mode select register values”.

Table 102. Pin Mode select register 6 (PINMODESG - address 0xE002 C058) bit description

PINMODE6 Symbol Description Reset
value

1:0 P3.00MODE PORTS3 pin 0 on-chip pull-up/down resistor control. 00

31:30 P3.15MODE PORTS3 pin 15 on-chip pull-up/down resistor control. 00

Pin Mode select register 7 (PINMODE7 - OXE002 C0O5C)

This register controls pull-up/pull-down resistor configuration for PORT3 pins 16 to 31. For
details see Section 9-5 “Pin mode select register values”.
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Table 103. Pin Mode select register 7 (PINMODE? - address 0xE002 CO5C) bit description

PINMODE7 Symbol Description Reset
value

1:0 P3.16MODE PORTS3 pin 16 on-chip pull-up/down resistor control. 00

31:30 P3.31MODE  PORTS3 pin 31 on-chip pull-up/down resistor control. 00

6.20 Pin Mode select register 8 (PINMODES - OxE002 C060)

This register controls pull-up/pull-down resistor configuration for PORT4 pins 0 to 15. For
details see Section 9-5 “Pin mode select register values”.

Table 104. Pin Mode select register 8 (PINMODES - address 0xE002 C060) bit description

PINMODE8 Symbol Description Reset
value

1:0 P4.00MODE  PORT4 pin 0 on-chip pull-up/down resistor control. 00

31:30 P4.15SMODE  PORT4 pin 15 on-chip pull-up/down resistor control. 00

6.21 Pin Mode select register 9 (PINMODES9 - 0xE002 C064)

This register controls pull-up/pull-down resistor configuration for PORT4 pins 16 to 31. For
details see Section 9-5 “Pin mode select register values”.

Table 105. Pin Mode select register 9 (PINMODE9 - address O0xE002 C064) bit description

PINMODE9 Symbol Description Reset
value
1.0 P4.16MODE PORT4 pin 16 on-chip pull-up/down resistor control. 00
31:30 P4.31MODE PORT4 pin 31 on-chip pull-up/down resistor control. 00
UM10211_1 © NXP B.V. 2007. All rights reserved.
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1.1 Digital /O ports

GPIO PORTO and PORTL1 are ports accessible via either the group of registers
providing enhanced features and accelerated port access or the legacy group of
registers. PORT2/3/4 are accessed as fast ports only.

Accelerated GPIO functions:

— GPIO registers are relocated to the ARM local bus so that the fastest possible I/O
timing can be achieved

— Mask registers allow treating sets of port bits as a group, leaving other bits
unchanged

— Al GPIO registers are byte and half-word addressable
— Entire port value can be written in one instruction

Bit-level set and clear registers allow a single instruction set or clear of any number of
bits in one port

Direction control of individual bits
All I/O default to inputs after reset

Backward compatibility with other earlier devices is maintained with legacy registers
appearing at the original addresses on the APB bus

1.2 Interrupt generating digital ports

2. Applications

PORTO and PORT2 provide an interrupt for each port pin

Each interrupt can be programmed to generate an interrupt on a rising edge, a falling
edge, or both

Edge detection is asynchronous, so may operate when clocks are not present, such
as during Power Down mode. With this feature, level triggered interrupts are not
needed

Each enabled interrupt contributes to a Wakeup signal that can be used to bring the
part out of Power Down mode

Registers provide software a view of pending rising edge interrupts, pending falling
edge interrupts, and overall pending GPIO interrupts

GPIOO0 and GPIO2 interrupts share the same VIC slot with the External Interrupt 3
event

UM10211_1

General purpose I/O
Driving LEDs, or other indicators
Controlling off-chip devices
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¢ Sensing digital inputs, detecting edges
* Bringing the part out of Power Down mode

3. Pin description

Table 106. GPIO pin description

Pin Name Type Description

P0.[31:0] Input/ General purpose input/output. These are typically shared with other
P1.[31:0] Output  peripherals functions and will therefore not all be available in an
P2.[31:0] application. Packaging options may affect the number of GPIOs
P3.[31:0] available in a particular device.

P4.[31.0] Some pins may be limited by requirements of the alternate functions of

the pin. For example, I2CO pins are open drain. Details may be found in
the LPC2300 pin description.

4. Register description

LPC2300 has up to five 32-bit General Purpose 1/O ports. PORTO and PORT1 are
controlled via two groups of registers as shown in Table 10-107 and Table 10-108. Apart
from them, LPC2300 can have three additional 32-bit ports, PORT2, PORT3 and PORTA4.
Details on a specific GPIO port usage can be found in the "Pin Configuration" chapter on
page 90 and "Pin Connect Block" chapter on page 109.

Legacy registers shown in Table 10-107 allow backward compatibility with earlier family
devices, using existing code. The functions and relative timing of older GPIO
implementations is preserved. Only PORTO and PORT1 can be controlled via the legacy
port registers.

The registers in Table 10-108 represent the enhanced GPIO features available on all of
the LPC2300’s GPIO ports. These registers are located directly on the local bus of the
CPU for the fastest possible read and write timing. They can be accessed as byte or
half-word long data, too. A mask register allows access to a group of bits in a single GPIO
port independently from other bits in the same port.

When PORTO and PORT1 are used, user must select whether these ports will be
accessed via registers that provide enhanced features or a legacy set of registers (see
Section 3—7 “Other system controls and status flags” on page 28). While both of a port’s
fast and legacy GPIO registers are controlling the same physical pins, these two port
control branches are mutually exclusive and operate independently. For example,
changing a pin’s output via a fast register will not be observable via the corresponding
legacy register.

The following text will refer to the legacy GPIO as "the slow" GPIO, while GPIO equipped
with the enhanced features will be referred as "the fast" GPIO.
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PORTnN Register

valuelll Address & Name

Generic Description Access Reset
Name
IOPIN GPIO Port Pin value register. The current state of the GPIO R/W NA
configured port pins can always be read from this register,
regardless of pin direction. By writing to this register port’s pins will
be set to the desired level instantaneously.
IOSET  GPIO Port Output Set register. This register controls the state of R/W 0x0
output pins in conjunction with the IOCLR register. Writing ones
produces highs at the corresponding port pins. Writing zeroes has
no effect.
IODIR GPIO Port Direction control register. This register individually R/W 0x0
controls the direction of each port pin.
IOCLR  GPIO Port Output Clear register. This register controls the state of WO 0x0

output pins. Writing ones produces lows at the corresponding port
pins and clears the corresponding bits in the IOSET register.
Writing zeroes has no effect.

IOOPIN - 0XxE002 8000
IO1PIN - OXE002 8010

IOOSET - 0XxE002 8004
IO1SET - 0XxE002 8014

IOODIR - 0XE002 8008
IO1DIR - OXE002 8018

IOO0CLR - OxE002 800C
IO1CLR - OXEO002 801C

[1] Reset value reflects the data stored in used bits only. It does not include reserved bits content.

Table 108. GPIO register map (local bus accessible registers - enhanced GPIO features)

Generic  Description Access Reset
Name valuell
FIODIR Fast GPIO Port Direction control register. This register R/W 0x0

individually controls the direction of each port pin.

FIOMASK Fast Mask register for port. Writes, sets, clears, and readsto  R/W
port (done via writes to FIOPIN, FIOSET, and FIOCLR, and
reads of FIOPIN) alter or return only the bits enabled by zeros
in this register.

FIOPIN Fast Port Pin value register using FIOMASK. The current state R/W
of digital port pins can be read from this register, regardless of
pin direction or alternate function selection (as long as pins are
not configured as an input to ADC). The value read is masked
by ANDing with inverted FIOMASK. Writing to this register
places corresponding values in all bits enabled by zeros in
FIOMASK.

Important: if a FIOPIN register is read, its bit(s) masked with 1
in the FIOMASK register will be set to 0 regardless of the
physical pin state.

FIOSET  Fast Port Output Set register using FIOMASK. This register R/W
controls the state of output pins. Writing 1s produces highs at
the corresponding port pins. Writing Os has no effect. Reading
this register returns the current contents of the port output
register. Only bits enabled by 0 in FIOMASK can be altered.

FIOCLR  Fast Port Output Clear register using FIOMASKQO. This register WO
controls the state of output pins. Writing 1s produces lows at
the corresponding port pins. Writing 0s has no effect. Only bits
enabled by 0 in FIOMASKO can be altered.

UM10211_1

0x0

0x0

0x0
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PORTnN Register
Address & Name

FIOODIR - 0x3FFF C000
FIO1DIR - Ox3FFF C020
FIO2DIR - 0x3FFF C040
FIO2DIR - 0x3FFF C060
FIO2DIR - Ox3FFF C080

FIOOMASK - 0x3FFF C010
FIO1IMASK - 0x3FFF C030
FIO2MASK - 0x3FFF C050
FIO3BMASK - Ox3FFF C0O70
FIO4MASK - Ox3FFF C090

FIOOPIN - Ox3FFF C014
FIO1PIN - Ox3FFF C034
FIO2PIN - Ox3FFF C054
FIO3PIN - Ox3FFF C074
FIO4PIN - Ox3FFF C094

FIOOSET - Ox3FFF C018
FIO1SET - Ox3FFF C038
FIO2SET - 0x3FFF C058
FIO3SET - 0x3FFF C078
FIOASET - Ox3FFF C098

FIOOCLR - Ox3FFF C01C
FIO1CLR - Ox3FFF C0O3C
FIO2CLR - Ox3FFF CO5C
FIO3CLR - Ox3FFF CO7C
FIOACLR - Ox3FFF C09C
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[1] Reset value reflects the data stored in used bits only. It does not include reserved bits content.
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Generic Description Access
Name

INtEnR GPIO Interrupt Enable for Rising edge. R/W
IntEnF GPIO Interrupt Enable for Falling edge. R/W
IntStatR GPIO Interrupt Status for Rising edge. RO
IntStatF GPIO Interrupt Status for Falling edge. RO
IntClr GPIO Interrupt Clear. WO
IntStatus GPIO overall Interrupt Status. RO

Reset PORTnN Register
valuelll Address & Name

0x0 IO0IntENR - OXEO02 8090
I02IntEnR - OXEO02 80B0O
0x0 IO0INtENR - 0XEO02 8094
I02IntEnR - OXEOO2 80B4
0x0 I00IntStatR - 0XEOQ02 8084
02IntStatR - 0XEO02 80A4
0x0 I00IntStatF - 0OXxE002 8088
I02IntStatF - 0OXEO02 80A8
0x0 100IntClIr - 0XEO02 808C

102IntClIr - 0XE002 80AC
0x00 IOIntStatus - 0XEO02 8080

[1] Reset value reflects the data stored in used bits only. It does not include reserved bits content.

4.1 GPIO port Direction register IODIR and FIODIR(IO[0/1]DIR -
OxEO002 80[0/1]8 and FIO[0/1/2/3/4]DIR - Ox3FFF C0[0/2/4/6/8]0)

This word accessible register is used to control the direction of the pins when they are
configured as GPIO port pins. Direction bit for any pin must be set according to the pin

functionality.

Legacy registers are the IOODIR and I0O1DIR while the enhanced GPIO functions are
supported via the FIOODIR, FIO1DIR, FIO2DIR, FIO3DIR and FIO4DIR registers.

Table 110. GPIO port Direction register (IOODIR - address 0xE002 8008 and IO1DIR - address

O0xEO002 8018) bit description

Bit Symbol Value Description Reset
value
31:0 POxDIR Slow GPIO Direction PORTx control bits. Bit 0 in IOXDIR 0x0
or controls pin Px.0, bit 31 IOXDIR controls pin Px.31.
PIxDIR o Controlled pin is an input pin.
1 Controlled pin is an output pin.
Table 111. Fast GPIO port Direction register (FIO[0/1/2/3/4]DIR - address
0x3FFF C0[0/2/4/6/8]0) bit description
Bit Symbol Value Description Reset
value
31:0 FPOxDIR Fast GPIO Direction PORTx control bits. Bit O in FIOXDIR 0x0
FP1xDIR controls pin Px.0, bit 31 in FIOXDIR controls pin Px.31.
FP2xDIR ¢ Controlled pin is input.
FP3xDIR I
FPaxDIR 1 Controlled pin is output.

Aside from the 32-bit long and word only accessible FIODIR register, every fast GPIO port
can also be controlled via several byte and half-word accessible registers listed in

Table 10-112, too. Next to providing the same functions as the FIODIR register, these
additional registers allow easier and faster access to the physical port pins.

UM10211_1
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Table 112. Fast GPIO port Direction control byte and half-word accessible register

description
Generic Description Register Reset PORTnN Register
Register length (bits) value Address & Name
name & access
FIOXDIRO Fast GPIO Port x Direction 8 (byte) 0x00 FIOODIRO - 0x3FFF C000
control register 0. Bit 0 in R/W FIO1DIRO - 0x3FFF C020
FIOXDIRO register corresponds FIO2DIRO - 0x3FFF C040
to pin Px.0 ... bit 7 to pin Px.7. FIO3DIRO - 0x3FFF C060
FIO4DIRO - Ox3FFF C080
FIOXDIR1 Fast GPIO Port x Direction 8 (byte) 0x00 FIOODIR1 - 0x3FFF C001
control register 1. Bit 0 in R/W FIO1DIR1 - Ox3FFF C021
FIOxDIRL1 register corresponds FIO2DIR1 - Ox3FFF C041
to pin Px.8 ... bit 7 to pin Px.15. FIO3DIR1 - Ox3FFF C061
FIO4DIR1 - Ox3FFF C081
FIOODIR2 Fast GPIO Port x Direction 8 (byte) 0x00 FIOODIR2 - Ox3FFF C002
control register 2. Bit 0 in R/W FIO1DIR2 - Ox3FFF C022
FIOxDIR2 register corresponds FIO2DIR2 - 0x3FFF C042
to pin Px.16 ... bit 7 to pin FIO3DIR2 - Ox3FFF C062
Px.23. FIO4DIR2 - Ox3FFF C082
FIOXDIR3 Fast GPIO Port x Direction 8 (byte) 0x00 FIOODIR3 - 0x3FFF C003
control register 3. Bit 0 in R/W FIO1DIR3 - 0x3FFF C023
FIOxDIR3 register corresponds FIO2DIR3 - 0x3FFF C043
to pin Px.24 ... bit 7 to pin FIO3DIR3 - 0x3FFF C063
Px.31. FIO4DIR3 - Ox3FFF C083
FIOXDIRL Fast GPIO Port x Direction 16 (half-word) 0x0000 FIOODIRL - Ox3FFF C000
control Lower half-word R/W FIO1DIRL - Ox3FFF C020
register. Bit 0 in FIOXDIRL FIO2DIRL - 0x3FFF C040
register corresponds to pin FIO3DIRL - 0x3FFF C060
Px.0 ... bit 15 to pin Px.15. FIOADIRL - Ox3FFF C080
FIOXDIRU Fast GPIO Port x Direction 16 (half-word) 0x0000 FIOODIRU - Ox3FFF C002

4.2

control Upper half-word
register. Bit 0 in FIOXDIRU
register corresponds to Px.16
... bit 15 to Px.31.

R/W

FIO1DIRU - Ox3FFF C022
FIO2DIRU - Ox3FFF C042
FIO3DIRU - Ox3FFF C062
FIO4DIRU - Ox3FFF C082

GPIO port output Set register IOSET and FIOSET(IO[0/1]SET -

0xE002 80[0/1]4 and FIO[0/1/2/3/4]SET - Ox3FFF CO[1/3/5/7/9]8)

This register is used to produce a HIGH level output at the port pins configured as GPIO in
an OUTPUT mode. Writing 1 produces a HIGH level at the corresponding port pins.

Writing 0 has no effect. If any pin is configured as an input or a secondary function, writing
1 to the corresponding bit in the IOSET has no effect.

Reading the IOSET register returns the value of this register, as determined by previous
writes to IOSET and IOCLR (or IOPIN as noted above). This value does not reflect the
effect of any outside world influence on the I/O pins.

Legacy registers are the IOOSET and IO1SET while the enhanced GPIOs are supported
via the FIOOSET, FIO1SET, FIO2SET, FIO3SET, and FIO4SET registers. Access to a port
pin via the FIOSET register is conditioned by the corresponding bit of the FIOMASK

register (see Section 10—4.5 “Fast GPIO port Mask register
FIOMASK(FIO[0/1/2/3/4]MASK - 0x3FFF C0[1/3/5/7/9]0)").
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Table 113. GPIO port output Set register (IOOSET - address 0xE002 8004 and IO1SET -

address 0xE002 8014) bit description

Bit Symbol Value Description Reset
value
31:0 POXSET Slow GPIO output value Set bits. Bit 0 in IOXSET controls pin 0x0
or Px.0, bit 31 in IOXSET controls pin Px.31.
PIXSET ¢ Controlled pin output is unchanged.
1 Controlled pin output is set to HIGH.
Table 114. Fast GPIO port output Set register (FIO[0/1/2/3/4]SET - address
O0x3FFF CO[1/3/5/7/9]8) bit description
Bit Symbol Value Description Reset
value
31:0 FPOXSET Fast GPIO output value Set bits. Bit 0 in FIOXSET controls pin ~ 0x0
FP1XSET Px.0, bit 31 in FIOXSET controls pin Px.31.
FP2xSET ¢ Controlled pin output is unchanged.
FP3xSET . .
FPAXSET Controlled pin output is set to HIGH.

Aside from the 32-bit long and word only accessible FIOSET register, every fast GPIO
port can also be controlled via several byte and half-word accessible registers listed in
Table 10-115, too. Next to providing the same functions as the FIOSET register, these
additional registers allow easier and faster access to the physical port pins.

Table 115. Fast GPIO port output Set byte and half-word accessible register description

Generic
Register
name

FIOXSETO

FIOXSET1

FIOXSET2

UM10211_1

Description

Fast GPIO Port x output Set
register 0. Bit 0 in FIOXSETO
register corresponds to pin
Px.0 ... bit 7 to pin Px.7.

Fast GPIO Port x output Set
register 1. Bit 0 in FIOXSET1
register corresponds to pin
Px.8 ... bit 7 to pin Px.15.

Fast GPIO Port x output Set
register 2. Bit 0 in FIOXSET2
register corresponds to pin
Px.16 ... bit 7 to pin Px.23.

Register
length (bits)
& access

8 (byte)

R/W

8 (byte)
RIW

8 (byte)
R/W

Reset
value

0x00

0x00

0x00

PORTnN Register
Address & Name

FIOOSETO - Ox3FFF C018
FIO1SETO - Ox3FFF C038
FIO2SETO - Ox3FFF C058
FIO3SETO - Ox3FFF C078
FIO4SETO - Ox3FFF C098

FIOOSET1 - Ox3FFF C019
FIO1SET1 - Ox3FFF C039
FIO2SET1 - Ox3FFF C059
FIO3SET1 - 0Ox3FFF C079
FIO4SET1 - Ox3FFF C099

FIOOSET?2 - Ox3FFF CO1A
FIO1SET?2 - 0x3FFF CO3A
FIO2SET2 - 0x3FFF CO5A
FIO3SET2 - 0x3FFF CO7A
FIO4SET2 - Ox3FFF CO9A
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Table 115. Fast GPIO port output Set byte and half-word accessible register description

Generic Description Register Reset PORTnN Register

Register length (bits) value Address & Name

name & access

FIOXSET3 Fast GPIO Port x output Set 8 (byte) 0x00 FIOOSET3 - 0x3FFF C01B
register 3. Bit 0 in FIOXSET3 R/W FIO1SET3 - Ox3FFF C0O3B
register corresponds to pin FIO2SET3 - 0x3FFF C05B
Px.24 ... bit 7 to pin Px.31. FIO3SET3 - Ox3FFF C07B

FIO4SET3 - Ox3FFF C09B
FIOXSETL Fast GPIO Port x output Set 16 (half-word) 0x0000 FIOOSETL - Ox3FFF C018

Lower half-word register. Bit0 R/W FIO1SETL - Ox3FFF C038
in FIOXSETL register FIO2SETL - Ox3FFF C058
corresponds to pin Px.0 ... bit FIO3SETL - Ox3FFF C078
15 to pin Px.15. FIO4SETL - Ox3FFF C098
FIOXSETU Fast GPIO Port x output Set 16 (half-word) 0x0000 FIOOSETU - Ox3FFF CO1A
Upper half-word register. Bit0 R/W FIO1SETU - Ox3FFF CO3A
in FIOXSETU register FIO2SETU - 0x3FFF CO5A
corresponds to Px.16 ... bit FIO3SETU - Ox3FFF CO7A
15 to Px.31. FIO4SETU - 0x3FFF CO9A

4.3 GPIO port output Clear register IOCLR and FIOCLR (I0[0/1]CLR -
O0xEO002 80[0/1]C and FIO[0/1/2/3/4]CLR - Ox3FFF CO0[1/3/5/7/9]C)

This register is used to produce a LOW level output at port pins configured as GPIO in an
OUTPUT mode. Writing 1 produces a LOW level at the corresponding port pin and clears
the corresponding bit in the IOSET register. Writing 0 has no effect. If any pin is configured
as an input or a secondary function, writing to IOCLR has no effect.

Legacy registers are the IOOCLR and IO1CLR while the enhanced GPIOs are supported
via the FIOOCLR, FIO1CLR, FIO2CLR, FIO3CLR, and FIO4CLR registers. Access to a
port pin via the FIOCLR register is conditioned by the corresponding bit of the FIOMASK
register (see Section 10—4.5 “Fast GPIO port Mask register
FIOMASK(FIO[0/1/2/3/4]MASK - 0x3FFF CO[1/3/5/7/9]0)").

Table 116. GPIO port output Clear register (IO0OCLR - address 0xE002 800C and IO1CLR -
address 0XxE002 801C) bit description

Bit Symbol Value Description Reset
value
31:0 POXCLR Slow GPIO output value Clear bits. Bit 0 in IOXCLR controls pin  0x0
or Px.0, bit 31 in IOXCLR controls pin Px.31.
PIxCLR ¢ Controlled pin output is unchanged.
1 Controlled pin output is set to LOW.

Table 117. Fast GPIO port output Clear register (FIO[0/1/2/3/4]CLR - address
Ox3FFF CO0[1/3/5/7/9]C) bit description

Bit Symbol Value Description Reset
value
31:0 FPOxCLR Fast GPIO output value Clear bits. Bit 0 in FIOXCLR controls pin  0x0
FP1xCLR Px.0, bit 31 controls pin Px.31.
FP2xCLR o Controlled pin output is unchanged.
FP3xCLR . .
FP4axCLR 1 Controlled pin output is set to LOW.
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Aside from the 32-bit long and word only accessible FIOCLR register, every fast GPIO
port can also be controlled via several byte and half-word accessible registers listed in
Table 10-118, too. Next to providing the same functions as the FIOCLR register, these
additional registers allow easier and faster access to the physical port pins.

Table 118. Fast GPIO port output Clear byte and half-word accessible register description

Generic Description Register Reset PORTnN Register

Register length (bits) value Address & Name

name & access

FIOXCLRO Fast GPIO Port x output 8 (byte) 0x00 FIOOCLRO - 0x3FFF C01C
Clear register 0. Bit 0 in WO FIO1CLRO - 0x3FFF C03C
FIOXCLRO register FIO2CLRO - 0x3FFF C05C
corresponds to pin Px.0 ... bit FIO3CLRO - 0x3FFF C07C
7 to pin Px.7. FIO4CLRO - Ox3FFF C09C

FIOXCLR1 Fast GPIO Port x output 8 (byte) 0x00 FIOOCLR1 - 0x3FFF C01D
Clear register 1. Bit 0 in WO FIO1CLR1 - 0x3FFF C03D
FIOXCLRL1 register FIO2CLR1 - 0x3FFF C05D
corresponds to pin Px.8 ... bit FIO3CLR1 - 0x3FFF C07D
7 to pin Px.15. FIO4CLR1 - Ox3FFF C09D

FIOXCLR2 Fast GPIO Port x output 8 (byte) 0x00 FIOOCLR2 - 0x3FFF CO1E
Clear register 2. Bit 0 in WO FIO1CLR2 - 0x3FFF CO3E
FIOXCLR2 register FIO2CLR2 - Ox3FFF CO5E
corresponds to pin Px.16 ... FIO3CLR2 - 0x3FFF CO7E
bit 7 to pin Px.23. FIOACLR2 - Ox3FFF CO9E

FIOXCLR3 Fast GPIO Port x output 8 (byte) 0x00 FIOOCLRS3 - 0x3FFF CO1F
Clear register 3. Bit 0 in WO FIO1CLR3 - 0x3FFF CO3F
FIOXCLR3 register FIO2CLR3 - Ox3FFF CO5F
corresponds to pin Px.24 ... FIO3CLR3 - 0x3FFF CO7F
bit 7 to pin Px.31. FIO4CLR3 - 0x3FFF CO9F

FIOXCLRL Fast GPIO Port x output 16 (half-word) 0x0000 FIOOCLRL - 0x3FFF C01C
Clear Lower half-word WO FIO1CLRL - Ox3FFF C03C
register. Bit 0 in FIOXCLRL FIO2CLRL - Ox3FFF C05C
register corresponds to pin FIO3CLRL - 0x3FFF C07C
Px.0 ... bit 15 to pin Px.15. FIO4CLRL - Ox3FFF C09C

FIOXCLRU Fast GPIO Port x output 16 (half-word) 0x0000 FIOOCLRU - Ox3FFF CO1E

Clear Upper half-word
register. Bit 0 in FIOXCLRU
register corresponds to pin
Px.16 ... bit 15 to Px.31.

\e

FIO1CLRU - 0x3FFF CO3E
FIO2CLRU - Ox3FFF CO5E
FIO3CLRU - Ox3FFF CO7E
FIO4CLRU - Ox3FFF CO9E

GPIO port Pin value register IOPIN and FIOPIN (IO[0/1]PIN -

0xE002 80[0/1]0 and FIO[0/1/2/3/4]PIN - Ox3FFF CO[1/3/5/7/9]4)

This register provides the value of port pins that are configured to perform only digital
functions. The register will give the logic value of the pin regardless of whether the pin is
configured for input or output, or as GPIO or an alternate digital function. As an example,
a particular port pin may have GPIO input, GPIO output, UART receive, and PWM output
as selectable functions. Any configuration of that pin will allow its current logic state to be
read from the corresponding IOPIN register.

If a pin has an analog function as one of its options, the pin state cannot be read if the
analog configuration is selected. Selecting the pin as an A/D input disconnects the digital
features of the pin. In that case, the pin value read in the IOPIN register is not valid.
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Writing to the IOPIN register stores the value in the port output register, bypassing the
need to use both the IOSET and IOCLR registers to obtain the entire written value. This
feature should be used carefully in an application since it affects the entire port.

Legacy registers are the IOOPIN and IO1PIN while the enhanced GPIOs are supported
via the FIOOPIN, FIO1PIN, FIO2PIN, FIO3PIN and FIO4PIN registers. Access to a port
pin via the FIOPIN register is conditioned by the corresponding bit of the FIOMASK
register (see Section 10—4.5 “Fast GPIO port Mask register
FIOMASK(FIO[0/1/2/3/4]MASK - 0x3FFF CO0[1/3/5/7/9]0)").

Only pins masked with zeros in the Mask register (see Section 10-4.5 “Fast GPIO port
Mask register FIOMASK(FIO[0/1/2/3/4]MASK - Ox3FFF C0[1/3/5/7/9]0)") will be
correlated to the current content of the Fast GPIO port pin value register.

Table 119. GPIO port Pin value register (IO0OPIN - address 0xE002 8000 and IO1PIN - address
0xEO002 8010) bit description

Bit Symbol Value Description Reset
value
31:0 POxVAL Slow GPIO pin value bits. Bit 0 in IOXPIN corresponds to pin 0x0
or Px.0, bit 31 in IOXPIN corresponds to pin Px.31.
PIXVAL o Controlled pin output is set to LOW.
1 Controlled pin output is set to HIGH.

Table 120. Fast GPIO port Pin value register (FIO[0/1/2/3/4]PIN - address
O0x3FFF CO[1/3/5/7/9]4) bit description

Bit Symbol Value Description Reset
value
31:0 FPOxVAL Fast GPIO output value Set bits. Bit 0 in FIOXCLR corresponds 0x0
FP1xVAL to pin Px.0, bit 31 in FIOXCLR corresponds to pin Px.31.
FP2xVAL o Controlled pin output is set to LOW.
FP3xVAL . .
FPaxVAL 1 Controlled pin output is set to HIGH.

Aside from the 32-bit long and word only accessible FIOPIN register, every fast GPIO port
can also be controlled via several byte and half-word accessible registers listed in

Table 10-121, too. Next to providing the same functions as the FIOPIN register, these
additional registers allow easier and faster access to the physical port pins.

UM10211_1 © NXP B.V. 2007. All rights reserved.

User manual Rev. 01 — 6 July 2007 130 of 617




NXP Semiconductors

UM10211

UM10211_1

4.5

Chapter 10: LPC2300 GPIO

Table 121. Fast GPIO port Pin value byte and half-word accessible register description
Generic Description Register Reset PORTnN Register
Register length (bits) value Address & Name
name & access
FIOXPINO Fast GPIO Port x Pin value 8 (byte) 0x00 FIOOPINO - Ox3FFF C014
register 0. Bit 0 in FIOXPINO R/W FIO1PINO - Ox3FFF C034
register corresponds to pin FIO2PINO - OX3FFF C054
Px.0 ... bit 7 to pin Px.7. FIO3PINO - 0x3FFF C074
FIO4PINO - Ox3FFF C094
FIOXPIN1 Fast GPIO Port x Pin value 8 (byte) 0x00 FIOOPIN1 - Ox3FFF C015
register 1. Bit 0 in FIOXPIN1 R/W FIO1PIN1 - Ox3FFF C035
register corresponds to pin FIO2PIN1 - 0x3FFF C055
Px.8 ... bit 7 to pin Px.15. FIO3PINL1 - 0x3FFF C075
FIO4PIN1 - Ox3FFF C095
FIOXPIN2 Fast GPIO Port x Pin value 8 (byte) 0x00 FIOOPINZ2 - Ox3FFF C016
register 2. Bit 0 in FIOXPIN2 R/W FIO1PIN2 - 0x3FFF C036
register corresponds to pin FIO2PIN2 - Ox3FFF C056
Px.16 ... bit 7 to pin Px.23. FIO3PIN2 - Ox3FFF C076
FIO4PIN2 - Ox3FFF C096
FIOXPIN3 Fast GPIO Port x Pin value 8 (byte) 0x00 FIOOPIN3 - Ox3FFF C017
register 3. Bit 0 in FIOXPIN3 R/W FIO1PIN3 - 0x3FFF C037
register corresponds to pin FIO2PINS - Ox3FFF C057
Px.24 ... bit 7 to pin Px.31. FIO3PIN3 - 0x3FFF C077
FIO4PIN3 - Ox3FFF C097
FIOXPINL Fast GPIO Port x Pin value 16 (half-word) 0x0000 FIOOPINL - Ox3FFF C014
Lower half-word register. Bit0 R/W FIO1PINL - OX3FFF C034
in FIOXPINL register FIO2PINL - Ox3FFF C054
corresponds to pin Px.0 ... bit FIO3PINL - OX3FFF C074
15 to pin Px.15. FIO4PINL - Ox3FFF C094
FIOXPINU Fast GPIO Port x Pin value 16 (half-word) 0x0000 FIOOPINU - Ox3FFF C016

Upper half-word register. Bit 0
in FIOXPINU register

corresponds to pin Px.16 ... bit

15 to Px.31.

R/W

FIO1PINU - Ox3FFF C036
FIO2PINU - Ox3FFF C056
FIO3PINU - Ox3FFF C076
FIO4PINU - Ox3FFF C096

Fast GPIO port Mask register FIOMASK(FIO[0/1/2/3/4]MASK -
Ox3FFF CO[1/3/5/7/9]0)

This register is available in the enhanced group of registers only. It is used to select port
pins that will and will not be affected by write accesses to the FIOPIN, FIOSET or FIOCLR
register. Mask register also filters out port’s content when the FIOPIN register is read.

A zero in this register’s bit enables an access to the corresponding physical pin via a read
or write access. If a bit in this register is one, corresponding pin will not be changed with
write access and if read, will not be reflected in the updated FIOPIN register. For software

examples, see Section 10-5 “GPIO usage notes” on page 135
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Table 122. Fast GPIO port Mask register (FIO[0/1/2/3/4]MASK - address

O0x3FFF CO[1/3/5/7/9]0) bit description

Bit Symbol Value Description Reset
value
31:0 FPOXMASK, Fast GPIO physical pin access control. 0x0
FP1XMASK, 0 Controlled pin is affected by writes to the port's FIOSET,
FP2XMASK, FIOCLR, and FIOPIN register(s). Current state of the pin can
FP3xMASK be read from the FIOPIN register.
FP4xMASK

Controlled pin is not affected by writes into the port's
FIOSET, FIOCLR and FIOPIN register(s). When the FIOPIN
register is read, this bit will not be updated with the state of

the physical pin.

Aside from the 32-bit long and word only accessible FIOMASK register, every fast GPIO
port can also be controlled via several byte and half-word accessible registers listed in
Table 10-123, too. Next to providing the same functions as the FIOMASK register, these
additional registers allow easier and faster access to the physical port pins.

Table 123. Fast GPIO port Mask byte and half-word accessible register description

Generic Description Register Reset PORTN Register

Register length (bits) value Address & Name

name & access

FIOXMASKO Fast GPIO Port x Mask 8 (byte) 0x0 FIOOMASKO - 0x3FFF C010
register 0. Bit 0 in R/W FIO1MASKO - Ox3FFF C030
FIOXMASKO register FIO2MASKO - 0x3FFF C050
corresponds to pin Px.0 ... FIO3MASKO - Ox3FFF C070
bit 7 to pin Px.7. FIO4MASKO - 0x3FFF C090

FIOXMASK1 Fast GPIO Port x Mask 8 (byte) 0x0 FIOOMASK1 - 0x3FFF C011
register 1. Bit 0 in R/W FIOIMASK1 - Ox3FFF C031
FIOXMASK1 register FIO2MASK1 - 0x3FFF C051
corresponds to pin Px.8 ... FIO3BMASK1 - Ox3FFF C071
bit 7 to pin Px.15. FIO4AMASK1 - 0x3FFF C091

FIOXMASK2 Fast GPIO Port x Mask 8 (byte) 0x0 FIOOMASK?2 - Ox3FFF C012
register 2. Bit 0 in R/W FIO1IMASK? - 0x3FFF C032
FIOXMASK2 register FIO2MASK?2 - 0x3FFF C052
corresponds to pin Px.16 ... FIO3BMASK2 - Ox3FFF C072
bit 7 to pin Px.23. FIO4AMASK?2 - 0x3FFF C092

FIOXMASK3 Fast GPIO Port x Mask 8 (byte) 0x0 FIOOMASKS3 - 0x3FFF C013
register 3. Bit 0 in R/W FIO1IMASKS3 - 0x3FFF C033
FIOXMASKS3 register FIO2MASK3 - 0x3FFF C053
corresponds to pin Px.24 ... FIO3BMASKS - Ox3FFF C073
bit 7 to pin Px.31. FIO4AMASKS3 - 0x3FFF C093

FIOXMASKL Fast GPIO Port x Mask 16 0x0 FIOOMASKL - 0x3FFF C010
Lower half-word register. (half-word) FIO1IMASKL - Ox3FFF C030
Bit 0 in FIOXMASKL R/W FIO2MASKL - 0x3FFF C050
register corresponds to pin FIO3BMASKL - Ox3FFF C070
Px.0 ... bit 15 to pin Px.15. FIO4MASKL - Ox3FFF C090

FIOXMASKU Fast GPIO Port x Mask 16 0x0 FIOOMASKU - Ox3FFF C012

Upper half-word register. (half-word)
Bit 0 in FIOXMASKU R/W
register corresponds to pin

Px.16 ... bit 15 to Px.31.

UM10211_1

FIO1MASKU - Ox3FFF C032
FIO2MASKU - Ox3FFF C053
FIO3MASKU - Ox3FFF C072
FIO4AMASKU - Ox3FFF C092
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GPIO overall Interrupt Status register (IOIntStatus - 0OxE002 8080)

This read-only register indicates the presence of interrupt pending on all of the GPIO ports
that support GPIO interrupts. Only one bit per port is used.

Table 124. GPIO overall Interrupt Status register (I10IntStatus - address 0xE002 8080) bit

description
Bit Symbol Value Description Reset
value
0 POInt PORTO GPIO interrupt pending. 0
0 There are no pending interrupts on PORTO.
There is at least one pending interrupt on PORTO.
- - Reserved. The value read from a reserved bit is not defined. NA
2 P2Int PORT2 GPIO interrupt pending. 0
0 There are no pending interrupts on PORT2.
There is at least one pending interrupt on PORT2.
312 - - Reserved. The value read from a reserved bit is not defined. NA

GPIO Interrupt Enable for Rising edge register (IO0IntEnR -
O0xEO002 8090 and 102IntEnR - 0xE002 80B0)

Each bit in these read-write registers enables the rising edge interrupt for the
corresponding GPIO port pin.

Table 125. GPIO Interrupt Enable for Rising edge register (IO0INtEnR - address OxE002 8090
and 102IntEnR - address 0xE002 80B0) bit description

Bit Symbol Value Description Reset
value
31:0 POXER Enable Rising edge. Bit 0 in IOxIntEnR corresponds to pin Px.0, 0
and bit 31 in IOXINtEnR corresponds to pin Px.31.
P2xER ¢ Rising edge interrupt is disabled on the controlled pin.

Rising edge interrupt is enabled on the controlled pin.

GPIO Interrupt Enable for Falling edge register (IO0IntEnF -
OxEO002 8094 and 102IntEnF - 0xE002 80B4)

Each bit in these read-write registers enables the falling edge interrupt for the
corresponding GPIO port pin.

Table 126. GPIO Interrupt Enable for Falling edge register (I00IntEnF - address OxE002 8094
and 102IntEnF - address 0xE002 80B4) bit description

Bit Symbol Value Description Reset
value
31:0 POXEF Enable Falling edge. Bit 0 in IOXIntEnF corresponds to pin Px.0, 0
and bit 31 in IOXINtEnF corresponds to pin Px.31.
P2xEF ¢ Falling edge interrupt is disabled on the controlled pin.

Falling edge interrupt is enabled on the controlled pin.
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4.9 GPIO Interrupt Status for Rising edge register (I00IntStatR -
OxE002 8084 and 102IntStatR - 0OXE002 80A4)

Each bit in these read-only registers indicates the rising edge interrupt status for the
corresponding port.

Table 127. GPIO Status for Rising edge register (I00IntStatR - address 0xE002 8084 and
102IntStatR - address 0xE002 80A4) bit description

Bit Symbol Value Description Reset
value
31:0 POxREI Rising Edge Interrupt status. Bit 0 in IOxIntStatR correspondsto 0
and pin Px.0, bit 31 in I0OxIntStatR corresponds to pin Px.31.
P2xREI ¢ Rising edge has not been detected on the corresponding pin.

An interrupt is generated due to a rising edge on the
corresponding pin.

4.10 GPIO Interrupt Status for Falling edge register (I00IntStatF -
OxE002 8088 and 102IntStatF - 0OXE002 80A8)

Each bit in these read-only registers indicates the rising edge interrupt status for the
corresponding port.

Table 128. GPIO Status for Falling edge register (I00IntStatF - address OxE002 8088 and
102IntStatF - address OXxE002 80A8) bit description

Bit Symbol Value Description Reset
value
31:0 POXFEI Falling Edge Interrupt status. Bit 0 in IOxIntStatF correspondsto 0
and pin Px.0, bit 31 in I0xIntStatF corresponds to pin Px.31.
P2xFEl ¢ Falling edge has not been detected on the corresponding pin.

An interrupt is generated due to a falling edge on the
corresponding pin.

4.11 GPIO Interrupt Clear register (I00IntClr - OXxE002 808C and 102IntClr -
OxE002 80AC)

Writing a 1 into each bit in these write-only registers clears any interrupts for the
corresponding GPIO port pin.

Table 129. GPIO Status for Falling edge register (I00IntClr - address OxE002 808C and
102IntClr - address 0xE002 80AC) bit description

Bit Symbol Value Description Reset
value
31:0 POxCI Clear GPIO port Interrupt. Bit 0 in IOxIntClIr corresponds to pin 0
and Px.0, bit 31 in 10xIntClr corresponds to pin Px.31.
P2xCl 0 Corresponding bit in IOxIntStatR and/or IOxIntStatF is
unchanged.
1 Corresponding bit in IOxIntStatR and 10xStatF is cleared to O.
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5. GPIO usage notes

5.1

5.2
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Example 1: sequential accesses to IOSET and IOCLR affecting the
same GPIO pin/bit

State of the output configured GPIO pin is determined by writes into the pin’s port IOSET
and IOCLR registers. Last of these accesses to the IOSET/IOCLR register will determine
the final output of a pin.

In the example code:

100DIR = 0x0000 0080 ;pin P0.7 configured as output
100CLR = 0x0000 0080 ;P0.7 goes LOW
100SET = 0x0000 0080 ;P0.7 goes HIGH
100CLR = 0x0000 0080 ;P0.7 goes LOW

pin P0.7 is configured as an output (write to IOODIR register). After this, P0.7 output is set
to low (first write to IOOCLR register). Short high pulse follows on P0.7 (write access to
IO0SET), and the final write to IOOCLR register sets pin P0.7 back to low level.

Example 2: an instantaneous output of Os and 1s on a GPIO port

Write access to port’s IOSET followed by write to the IOCLR register results with pins
outputting Os being slightly later then pins outputting 1s. There are systems that can
tolerate this delay of a valid output, but for some applications simultaneous output of a
binary content (mixed Os and 1s) within a group of pins on a single GPIO port is required.
This can be accomplished by writing to the port’s IOPIN register.

Following code will preserve existing output on PORTO pins P0.[31:16] and P0.[7:0] and
at the same time set P0.[15:8] to 0xA5, regardless of the previous value of pins P0.[15:8]:

I00PIN = (I00PIN && OxFFFFOOFF) || 0x0000A500
The same outcome can be obtained using the fast port access.
Solution 1: using 32-bit (word) accessible fast GPIO registers

FI0OMASK
FIOOPIN

OXFFFFOOFF;
0x0000A500;

Solution 2: using 16-bit (half-word) accessible fast GPIO registers

FI0OMASKL
FIOOPINL

0x00FF;
0xA500;

Solution 3: using 8-bit (byte) accessible fast GPIO registers

FIOOPIN1 = OxAS5;
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Writing to IOSET/IOCLR vs. IOPIN

Write to the IOSET/IOCLR register allows easy change of the port’s selected output pin(s)
to high/low level at a time. Only pin/bit(s) in the IOSET/IOCLR written with 1 will be set to
high/low level, while those written as 0 will remain unaffected. However, by just writing to
either IOSET or IOCLR register it is not possible to instantaneously output arbitrary binary
data containing a mixture of Os and 1s on a GPIO port.

Write to the IOPIN register enables instantaneous output of a desired content on the
parallel GPIO. Binary data written into the IOPIN register will affect all output configured
pins of that parallel port: Os in the IOPIN will produce low level pin outputs and 1s in IOPIN
will produce high level pin outputs. In order to change output of only a group of port’s pins,
application must logically AND readout from the IOPIN with mask containing 0s in bits
corresponding to pins that will be changed, and 1s for all others. Finally, this result has to
be logically ORred with the desired content and stored back into the IOPIN register.
Example 2 from above illustrates output of 0XxA5 on PORTO pins 15 to 8 while preserving
all other PORTO output pins as they were before.

Output signal frequency considerations when using the legacy and
enhanced GPIO registers

The enhanced features of the fast GPIO ports available on this microcontroller make
GPIO pins more responsive to the code that has task of controlling them. In particular,
software access to a GPIO pin is 3.5 times faster via the fast GPIO registers than it is
when the legacy set of registers is used. As a result of the access speed increase, the
maximum output frequency of the digital pin is increased 3.5 times, too. This tremendous
increase of the output frequency is not always that visible when a plain C code is used,
and a portion of an application handling the fast port output might have to be written in
assembly code and executed in the ARM mode.
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Remark: LPC21364/6/8/78 devices are RMII interfaced only.

The Ethernet block contains a full featured 10 Mbps or 100 Mbps Ethernet MAC (Media
Access Controller) designed to provide optimized performance through the use of DMA
hardware acceleration. Features include a generous suite of control registers, half or full
duplex operation, flow control, control frames, hardware acceleration for transmit retry,
receive packet filtering and wake-up on LAN activity. Automatic frame transmission and
reception with Scatter-Gather DMA off-loads many operations from the CPU.

The Ethernet block and the CPU share a dedicated AHB subsystem (AHB2) that is used
to access the Ethernet SRAM for Ethernet data, control, and status information. All other
AHB traffic in the LPC2300 takes place on a different AHB subsystem, effectively
separating Ethernet activity from the rest of the system. The Ethernet DMA can also
access off-chip memory via the External Memory Controller, as well as the SRAM located
on AHB1, if is not being used by the USB block. However, using memory other than the
Ethernet SRAM, especially off-chip memory (possible in LPC2378 only), will slow
Ethernet access to memory and increase the loading of AHBL1.

The Ethernet block interfaces between an off-chip Ethernet PHY using the MIl (Media
Independent Interface) or RMII (reduced MiIl) protocol. and the on-chip MIIM (Media
Independent Interface Management) serial bus.

Table 130. Ethernet acronyms, abbreviations, and definitions

Acronym or Definition

Abbreviation

AHB Advanced High-performance bus

CRC Cyclic Redundancy Check

DMA Direct Memory Access

Double-word 64 bit entity

FCS Frame Check Sequence (CRC)

Fragment A (part of an) Ethernet frame; one or multiple fragments can add up to a single
Ethernet frame.

Frame An Ethernet frame consists of destination address, source address, length
type field, payload and frame check sequence.

Half-word 16 bit entity

LAN Local Area Network

MAC Media Access Control sublayer

Mil Media Independent Interface

MIIM MII management

Octet An 8 bit data entity, used in lieu of "byte" by IEEE 802.3

Packet A frame that is transported across Ethernet; a packet consists of a preamble,
a start of frame delimiter and an Ethernet frame.

PHY Ethernet Physical Layer
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Table 130. Ethernet acronyms, abbreviations, and definitions

Acronym or Definition

Abbreviation

RMII Reduced MII

Rx Receive

TCP/IP Transmission Control Protocol / Internet Protocol. The most common
high-level protocol used with Ethernet.

TX Transmit

VLAN Virtual LAN

WoL Wake-up on LAN

Word 32 bit entity

UM10211_1

¢ Ethernet standards support:

Supports 10 or 100 Mbps PHY devices including 10 Base-T, 100 Base-TX,
100 Base-FX, and 100 Base-T4.

Fully compliant with IEEE standard 802.3.

Fully compliant with 802.3x Full Duplex Flow Control and Half Duplex back
pressure.

Flexible transmit and receive frame options.
VLAN frame support.

* Memory management:

* En

Independent transmit and receive buffers memory mapped to shared SRAM.
DMA managers with scatter/gather DMA and arrays of frame descriptors.
Memory traffic optimized by buffering and pre-fetching.

hanced Ethernet features:

Receive filtering.

Multicast and broadcast frame support for both transmit and receive.

Optional automatic FCS insertion (CRC) for transmit.

Selectable automatic transmit frame padding.

Over-length frame support for both transmit and receive allows any length frames.
Promiscuous receive mode.

Automatic collision backoff and frame retransmission.

Includes power management by clock switching.

Wake-on-LAN power management support allows system wake-up: using the
receive filters or a magic frame detection filter.

¢ Physical interface:

Attachment of external PHY chip through standard Media Independent Interface
(MIN) or standard Reduced MII (RMII) interface, software selectable.

© NXP B.V. 2007. All rights reserved.

User manual

Rev. 01 — 6 July 2007 138 of 617



NXP Semiconductors

UM10211

Chapter 11: LPC2300 Ethernet

— PHY register access is available via the Media Independent Interface Management
(MIIM) interface.

3. Architecture and operation

Figure 11-19 shows the internal architecture of the Ethernet block.
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Fig 19. Ethernet block diagram

UM10211_1

The block diagram for the Ethernet block consists of:

The host registers module containing the registers in the software view and handling
AHB accesses to the Ethernet block. The host registers connect to the transmit and
receive datapath as well as the MAC.

The DMA to AHB interface. This provides an AHB master connection that allows the
Ethernet block to access the Ethernet SRAM for reading of descriptors, writing of
status, and reading and writing data buffers.

The Ethernet MAC and attached RMII adapter. The MAC interfaces to the off-chip
PHY.
The transmit datapath, including:

— The transmit DMA manager which reads descriptors and data from memory and
writes status to memory.

— The transmit retry module handling Ethernet retry and abort situations.
— The transmit flow control module which can insert Ethernet pause frames.

The receive datapath, including:

— The receive DMA manager which reads descriptors from memory and writes data
and status to memory.

— The Ethernet MAC which detects frame types by parsing part of the frame header.
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— The receive filter which can filter out certain Ethernet frames by applying different
filtering schemes.

— The receive buffer implementing a delay for receive frames to allow the filter to
filter out certain frames before storing them to memaory.

4. DMA engine functions

The Ethernet block is designed to provide optimized performance via DMA hardware
acceleration. Independent scatter/gather DMA engines connected to the AHB bus off-load
many data transfers from the ARM7 CPU.

Descriptors, which are stored in memory, contain information about fragments of incoming
or outgoing Ethernet frames. A fragment may be an entire frame or a much smaller
amount of data. Each descriptor contains a pointer to a memory buffer that holds data
associated with a fragment, the size of the fragment buffer, and details of how the
fragment will be transmitted or received.

Descriptors are stored in arrays in memory, which are located by pointer registers in the
Ethernet block. Other registers determine the size of the arrays, point to the next
descriptor in each array that will be used by the DMA engine, and point to the next
descriptor in each array that will be used by the Ethernet device driver.

5. Overview of DMA operation

UM10211_1

The DMA engine makes use of a Receive descriptor array and a Transmit descriptor array
in memory. All or part of an Ethernet frame may be contained in a memory buffer
associated with a descriptor. When transmitting, the transmit DMA engine uses as many
descriptors as needed (one or more) to obtain (gather) all of the parts of a frame, and
sends them out in sequence. When receiving, the receive DMA engine also uses as many
descriptors as needed (one or more) to find places to store (scatter) all of the data in the
received frame.

The base address registers for the descriptor array, registers indicating the number of
descriptor array entries, and descriptor array input/output pointers are contained in the
Ethernet block. The descriptor entries and all transmit and receive packet data are stored
in memory which is not a part of the Ethernet block. The descriptor entries tell where
related frame data is stored in memory, certain aspects of how the data is handled, and
the result status of each Ethernet transaction.

Hardware in the DMA engine controls how data incoming from the Ethernet MAC is saved
to memory, causes fragment related status to be saved, and advances the hardware
receive pointer for incoming data. Driver software must handle the disposition of received
data, changing of descriptor data addresses (to avoid unnecessary data movement), and
advancing the software receive pointer. The two pointers create a circular queue in the
descriptor array and allow both the DMA hardware and the driver software to know which
descriptors (if any) are available for their use, including whether the descriptor array is
empty or full.
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Similarly, driver software must set up pointers to data that will be transmitted by the
Ethernet MAC, giving instructions for each fragment of data, and advancing the software
transmit pointer for outgoing data. Hardware in the DMA engine reads this information and
sends the data to the Ethernet MAC interface when possible, updating the status and

advancing the hardware transmit pointer.

6. Ethernet Packet

Figure 11-20 illustrates the different fields in an Ethernet packet.
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Fig 20. Ethernet packet fields

\ 4

A packet consists of a preamble, a start-of-frame delimiter and an Ethernet frame.

The Ethernet frame consists of the destination address, the source address, an optional
VLAN field, the length/type field, the payload and the frame check sequence.

Each address consists of 6 bytes where each byte consists of 8 bits. Bits are transferred

starting with the least significant bit.

UM10211_1
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7.1 Partitioning
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The Ethernet block and associated device driver software offer the functionality of the
Media Access Control (MAC) sublayer of the data link layer in the OSI reference model
(see IEEE std 802.3). The MAC sublayer offers the service of transmitting and receiving
frames to the next higher protocol level, the MAC client layer, typically the Logical Link
Control sublayer. The device driver software implements the interface to the MAC client
layer. It sets up registers in the Ethernet block, maintains descriptor arrays pointing to
frames in memory and receives results back from the Ethernet block through interrupts.
When a frame is transmitted, the software partially sets up the Ethernet frames by
providing pointers to the destination address field, source address field, the length/type
field, the MAC client data field and optionally the CRC in the frame check sequence field.
Preferably concatenation of frame fields should be done by using the scatter/gather
functionality of the Ethernet core to avoid unnecessary copying of data. The hardware
adds the preamble and start frame delimiter fields and can optionally add the CRC, if
requested by software. When a packet is received the hardware strips the preamble and
start frame delimiter and passes the rest of the packet - the Ethernet frame - to the device
driver, including destination address, source address, length/type field, MAC client data
and frame check sequence (FCS).

Apart from the MAC, the Ethernet block contains receive and transmit DMA managers that
control receive and transmit data streams between the MAC and the AHB interface.
Frames are passed via descriptor arrays located in host memory, so that the hardware
can process many frames without software/CPU support. Frames can consist of multiple
fragments that are accessed with scatter/gather DMA. The DMA managers optimize
memory bandwidth using prefetching and buffering.

A receive filter block is used to identify received frames that are not addressed to this
Ethernet station, so that they can be discarded. The Rx filters include a perfect address
filter and a hash filter.

Wake-on-LAN power management support makes it possible to wake the system up from
a power-down state -a state in which some of the clocks are switched off -when wake-up
frames are received over the LAN. Wake-up frames are recognized by the receive filtering
modules or by a Magic Frame detection technology. System wake-up occurs by triggering
an interrupt.

An interrupt logic block raises and masks interrupts and keeps track of the cause of
interrupts. The interrupt block sends an interrupt request signal to the host system.
Interrupts can be enabled, cleared and set by software.

Support for IEEE 802.3/clause 31 flow control is implemented in the flow control block.
Receive flow control frames are automatically handled by the MAC. Transmit flow control
frames can be initiated by software. In half duplex mode, the flow control module will
generate back pressure by sending out continuous preamble only, interrupted by pauses
to prevent the jabber limit from being exceeded.

The Ethernet block has both a standard IEEE 802.3/clause 22 Media Independent
Interface (MIl) bus and a Reduced Media Independent Interface (RMII) to connect to an
external Ethernet PHY chip. MIl or RMII mode can be selected by the RMII bit in the
Command register. The standard nibble-wide MIl interface allows a low speed data
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connection to the PHY chip: 2.5 MHz at 10 Mbps or 25 MHz at 100 Mbps. The RMII
interface allows a low pin count double clock data connection to the PHY. Registers in the
PHY chip are accessed via the AHB interface through the serial management connection
of the MII bus (MIIM) operating at 2.5 MHz.

7.2 Example PHY Devices

Some examples of compatible PHY devices are shown in Table 11-131.

Table 131. Example PHY Devices

Manufacturer Part Number(s)

Broadcom BCM5221

ICS ICS1893

Intel LXT971A

LSI Logic L80223, L80225, L80227
Micrel KS8721

National DP83847, DP83846, DP83843
SMSC LAN83C185

8. Pin description

Table 11-132 shows the signals used for the Reduced Media Independent Interface
(RMII) to the external PHY.

Table 132. Ethernet RMII pin descriptions

Pin Name Type Pin Description
ENET_TX EN Output Transmit data enable
ENET_TXD[1:0] Output Transmit data, 2 bits
ENET_RXD[1:0] Input Receive data, 2 bits.
ENET_RX_ER Input Receive error.
ENET_CRS Input Carrier sense/data valid.
ENET_REF_CLK Input Reference clock

Table 11-133 shows the signals used for Media Independent Interface Management
(MIIM) of the external PHY.

Table 133. Ethernet MIIM pin descriptions

Pin Name Type Pin Description
ENET_MDC Output MIIM clock.
ENET_MDIO Input/Output Ml data input and output

9. Registers and software interface

The software interface of the Ethernet block consists of a register view and the format
definitions for the transmit and receive descriptors. These two aspects are addressed in
the next two subsections.
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9.1 Register map

Table 11-134 lists the registers, register addresses and other basic information. The total
AHB address space required is 4 kilobytes.

After a hard reset or a soft reset via the RegReset bit of the Command register all bits in
all registers are reset to 0 unless stated otherwise in the following register descriptions.

Some registers will have unused bits which will return a 0 on a read via the AHB interface.
Writing to unused register bits of an otherwise writable register will not have side effects.

The register map consists of registers in the Ethernet MAC and registers around the core
for controlling DMA transfers, flow control and filtering.

Reading from reserved addresses or reserved bits leads to unpredictable data. Writing to
reserved addresses or reserved bits has no effect.

Reading of write-only registers will return a read error on the AHB interface. Writing of
read-only registers will return a write error on the AHB interface.

Table 134. Register definitions

Symbol Address R/W Description

MAC registers

MAC1 OxFFEO 0000 R/W MAC configuration register 1.

MAC2 OxFFEO 0004 R/W MAC configuration register 2.

IPGT OxFFEO 0008 R/W Back-to-Back Inter-Packet-Gap register.
IPGR OxFFEO 000C R/W Non Back-to-Back Inter-Packet-Gap register.
CLRT OxFFEO 0010 R/W Collision window / Retry register.

MAXF OxFFEO 0014 R/W Maximum Frame register.

SUPP OxFFEO 0018 R/W PHY Support register.

TEST OxFFEO 001C R/W Test register.

MCFG OxFFEO 0020 R/W MIl Mgmt Configuration register.

MCMD OxFFEO 0024 R/W MIl Mgmt Command register.

MADR OxFFEO 0028 R/W MIl Mgmt Address register.

MWTD OxFFEO 002C WO MIl Mgmt Write Data register.

MRDD OxFFEO 0030 RO MIl Mgmt Read Data register.

MIND OxFFEO 0034 RO MIl Mgmt Indicators register.

- OxFFEO 0038to - Reserved, user software should not write ones to

OxFFEO 00FC reserved bits. The value read from a reserved bit

is not defined.

SAO0
SA1l
SA2

Control registers
Command
Status

OxFFEO 0040
OxFFEO 0044
OxFFEO 0048

OxFFEO 004Cto
OxFFEO OOFC

OxFFEO 0100
OxFFEO 0104

R/W
R/W
R/W

R/W
RO

Station Address 0 register.
Station Address 1 register.
Station Address 2 register.

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

Command register.
Status register.
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Symbol
RxDescriptor
RxStatus
RxDescriptorNumber
RxProducelndex
RxConsumelndex
TxDescriptor
TxStatus
TxDescriptorNumber
TxProducelndex

TxConsumelndex

TSVO
TSV1
RSV

FlowControlCounter
FlowControlStatus

Rx filter registers
RxFliterCtrl

RxFilterWoLStatus
RxFilterWoLClear

HashFilterL
HashFilterH

Address

OxFFEO 0108
OXFFEO 010C
OxFFEO 0110
OxFFEO 0114
OxFFEO 0118
OxFFEO 011C
OxFFEO 0120
OxFFEO 0124
OxFFEO 0128
OxFFEOQ 012C

OxFFEO 0130 to

OxFFEO 0154

OxFFEO 0158
OxFFEO 015C
OxFFEO 0160

OxFFEO 0164 to

OxFFEO 016C

OxFFEO 0170
OXFFEO 0174

OxFFEO 0178 to

OXFFEO 01FC

OxFFEO 0200
OxFFEO 0204
OxFFEO 0208
OxFFEO 020C

OxFFEO 0210
OXFFEO 0214

OxFFEO 0218 to

OxXFFEO OFDC

Module control registers

IntStatus
IntEnable
IntClear
IntSet

OxFFEO OFEO
OxFFEO OFE4
OxFFEO OFES8
OxFFEO OFEC

R/W
R/W
R/W
R/W
RO

R/W
R/W
R/W
R/W
R/W
RO

RO
R/W
WO
\e

Description

Receive descriptor base address register.
Receive status base address register.
Receive number of descriptors register.
Receive produce index register.

Receive consume index register.
Transmit descriptor base address register.
Transmit status base address register.
Transmit number of descriptors register.
Transmit produce index register.
Transmit consume index register.

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

Transmit status vector O register.
Transmit status vector 1 register.
Receive status vector register.

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

Flow control counter register.
Flow control status register.

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

Receive filter control register.
Receive filter WoL status register.
Receive filter WoL clear register.

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

Hash filter table LSBs register.
Hash filter table MSBs register.

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

Interrupt status register.
Interrupt enable register.
Interrupt clear register.
Interrupt set register.
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Table 134. Register definitions
Symbol Address R/W Description

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

PowerDown OxFFEO OFF4 R/W Power-down register.

- OxFFEO OFF8 - Reserved, user software should not write ones to
reserved bits. The value read from a reserved bit
is not defined.

The third column in the table lists the accessibility of the register: read-only, write-only,
read/write.

All AHB register write transactions except for accesses to the interrupt registers are
posted i.e. the AHB transaction will complete before write data is actually committed to the
register. Accesses to the interrupt registers will only be completed by accepting the write
data when the data has been committed to the register.

10. Ethernet MAC register definitions

This section defines the bits in the individual registers of the Ethernet block register map.

10.1 MAC Configuration Register 1 (MACL1 - OxFFEO 0000)

The MAC configuration register 1 (MAC1) has an address of OxFFEOQ 0000. Its bit
definition is shown in Table 11-135.

Table 135. MAC Configuration register 1 (MAC1 - address OxFFEO 0000) bit description

Bit Symbol Function Reset
value
0 RECEIVE ENABLE Set this to allow receive frames to be received. Internally the MAC synchronizes 0
this control bit to the incoming receive stream.
1 PASS ALL RECEIVE When enabled (set to '1’), the MAC will pass all frames regardless of type (normal 0
FRAMES vs. Control). When disabled, the MAC does not pass valid Control frames.
2 RX FLOW CONTROL When enabled (set to '1’), the MAC acts upon received PAUSE Flow Control 0
frames. When disabled, received PAUSE Flow Control frames are ignored.
3 TX FLOW CONTROL When enabled (set to '1’), PAUSE Flow Control frames are allowed to be 0
transmitted. When disabled, Flow Control frames are blocked.
4 LOOPBACK Setting this bit will cause the MAC Transmit interface to be looped back to the MAC 0
Receive interface. Clearing this bit results in normal operation.
75 - Unused 0x0
RESET TX Setting this bit will put the Transmit Function logic in reset. 0

RESET MCS/TX Setting this bit resets the MAC Control Sublayer / Transmit logic. The MCS logic 0
implements flow control.

10 RESET RX Setting this bit will put the Ethernet receive logic in reset. 0

11 RESET MCS / RX Setting this bit resets the MAC Control Sublayer / Receive logic. The MCS logic 0x0
implements flow control.

13:12 - Reserved. User software should not write ones to reserved bits. The value read 0x0
from a reserved bit is not defined.
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Table 135. MAC Configuration register 1 (MAC1 - address OxFFEO 0000) bit description

Bit Symbol Function Reset
value
14 SIMULATION RESET Setting this bit will cause a reset to the random number generator within the 0
Transmit Function.
15 SOFT RESET Setting this bit will put all modules within the MAC in reset except the Host 1
Interface.
31:16 - Reserved. User software should not write ones to reserved bits. The value read 0x0

from a reserved bit is not defined.

10.2 MAC Configuration Register 2 (MAC2 - OxFFEO 0004)

The MAC configuration register 2 (MAC2) has an address of OxXFFEQO 0004. Its bit
definition is shown in Table 11-136.

Table 136. MAC Configuration register 2 (MAC2 - address OXxFFEO 0004) bit description

Bit Symbol Function Reset
value
0 FULL-DUPLEX When enabled (set to '1’), the MAC operates in Full-Duplex mode. When disabled, 0
the MAC operates in Half-Duplex mode.
1 FRAME LENGTH When enabled (set to '1’), both transmit and receive frame lengths are comparedto 0
CHECKING the Length/Type field. If the Length/Type field represents a length then the check is
performed. Mismatches are reported in the Statusinfo word for each received frame.
2 HUGE FRAME When enabled (set to '1’), frames of any length are transmitted and received. 0
ENABLE
3 DELAYED CRC This bit determines the number of bytes, if any, of proprietary header information 0

that exist on the front of IEEE 802.3 frames. When 1, four bytes of header (ignored
by the CRC function) are added. When 0, there is no proprietary header.

4 CRC ENABLE Set this bit to append a CRC to every frame whether padding was required or not. 0
Must be set if PAD/CRC ENABLE is set. Clear this bit if frames presented to the
MAC contain a CRC.

5 PAD / CRC ENABLE Set this bit to have the MAC pad all short frames. Clear this bit if frames presented 0
to the MAC have a valid length. This bit is used in conjunction with AUTO PAD
ENABLE and VLAN PAD ENABLE. See Table 11-138 - Pad Operation for details on
the pad function.

6 VLAN PAD ENABLE Set this bit to cause the MAC to pad all short frames to 64 bytes and append a valid 0
CRC. Consult Table 11-138 - Pad Operation for more information on the various
padding features.

Note: This bit is ignored if PAD / CRC ENABLE is cleared.

7 AUTO DETECT PAD Set this bit to cause the MAC to automatically detect the type of frame, either tagged 0
ENABLE or un-tagged, by comparing the two octets following the source address with
0x8100 (VLAN Protocol ID) and pad accordingly. Table 11-138 - Pad Operation
provides a description of the pad function based on the configuration of this register.
Note: This bit is ignored if PAD / CRC ENABLE is cleared.

8 PURE PREAMBLE When enabled (set to '1’), the MAC will verify the content of the preamble to ensure 0
ENFORCEMENT it contains 0x55 and is error-free. A packet with an incorrect preamble is discarded.
When disabled, no preamble checking is performed.
9 LONG PREAMBLE When enabled (set to '1’), the MAC only allows receive packets which contain 0

ENFORCEMENT preamble fields less than 12 bytes in length. When disabled, the MAC allows any
length preamble as per the Standard.

11:10 - Reserved. User software should not write ones to reserved bits. The value read 0x0
from a reserved bit is not defined.
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Table 136. MAC Configuration register 2 (MAC2 - address OxFFEO 0004) bit description

Bit

12

13

14

31:15

Symbol

NO BACKOFF

BACK PRESSURE /
NO BACKOFF

EXCESS DEFER

Table 137. Pad operation

Function Reset
value

When enabled (set to '1’), the MAC will immediately retransmit following a collision 0
rather than using the Binary Exponential Backoff algorithm as specified in the
Standard.

When enabled (set to '1’), after the MAC incidentally causes a collision during back 0
pressure, it will immediately retransmit without backoff, reducing the chance of
further collisions and ensuring transmit packets get sent.

When enabled (set to '1’) the MAC will defer to carrier indefinitely as per the 0
Standard. When disabled, the MAC will abort when the excessive deferral limit is
reached.

Reserved. User software should not write ones to reserved bits. The value read 0x0
from a reserved bit is not defined.

Type

Any
Any
Any
Any

Auto detect VLAN pad Pad/CRC Action

pad enable enable

MAC2([7] MAC2[6] MAC2][5]

X X

0 0
X 1
1 0

enable

0 No pad or CRC check

1 Pad to 60 bytes, append CRC

1 Pad to 64 bytes, append CRC

1 If untagged, pad to 60 bytes and append CRC. If VLAN tagged: pad to

64 bytes and append CRC.

10.3 Back-to-Back Inter-Packet-Gap Register (IPGT - OxFFEO 0008)

The Back-to-Back Inter-Packet-Gap register (IPGT) has an address of OxFFEO 0008. Its
bit definition is shown in Table 11-138.

Table 138. Back-to-back Inter-packet-gap register (IPGT - address OxFFEO 0008) bit description

Bit

6:0

31:7

UM10211_1

Symbol

BACK-TO-BACK
INTER-PACKET-GAP

Function Reset
value

This is a programmable field representing the nibble time offset of the minimum  0x0
possible period between the end of any transmitted packet to the beginning of the

next. In Full-Duplex mode, the register value should be the desired period in

nibble times minus 3. In Half-Duplex mode, the register value should be the

desired period in nibble times minus 6. In Full-Duplex the recommended setting is

0x15 (21d), which represents the minimum IPG of 960 ns (in 100 Mbps mode) or

9.6 ps (in 10 Mbps mode). In Half-Duplex the recommended setting is 0x12 (18d),
which also represents the minimum IPG of 960 ns (in 100 Mbps mode) or 9.6 us

(in 10 Mbps mode).

Reserved. User software should not write ones to reserved bits. The value read  0x0
from a reserved bit is not defined.

10.4 Non Back-to-Back Inter-Packet-Gap Register (IPGR - OxFFEO 000C)

The Non Back-to-Back Inter-Packet-Gap register (IPGR) has an address of
OxFFEO 000C. Its bit definition is shown in Table 11-139.
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Table 139. Non Back-to-back Inter-packet-gap register (IPGR - address OxFFEO 000C) bit description

Bit Symbol Function Reset
value
6:0 NON-BACK-TO-BACK This is a programmable field representing the Non-Back-to-Back 0x0

INTER-PACKET-GAP PART2 Inter-Packet-Gap. The recommended value is 0x12 (18d), which
represents the minimum IPG of 960 ns (in 100 Mbps mode) or 9.6 us (in
10 Mbps mode).

7 - Reserved. User software should not write ones to reserved bits. The value 0x0
read from a reserved bit is not defined.

14:8 NON-BACK-TO-BACK This is a programmable field representing the optional carrierSense 0x0
INTER-PACKET-GAP PART1  window referenced in IEEE 802.3/4.2.3.2.1 'Carrier Deference'. If carrier is
detected during the timing of IPGR1, the MAC defers to carrier. If,
however, carrier becomes active after IPGR1, the MAC continues timing
IPGR2 and transmits, knowingly causing a collision, thus ensuring fair
access to medium. Its range of values is 0x0 to IPGR2. The recommended
value is OxC (12d)

31:15 - Reserved. User software should not write ones to reserved bits. The value 0x0
read from a reserved bit is not defined.

10.5 Collision Window / Retry Register (CLRT - OxFFEO 0010)

The Collision window / Retry register (CLRT) has an address of OXFFEO 0010. Its bit
definition is shown in Table 11-140.

Table 140. Collision Window / Retry register (CLRT - address OXFFEO 0010) bit description

Bit Symbol Function Reset
value
3.0 RETRANSMISSION This is a programmable field specifying the number of retransmission attempts OxF
MAXIMUM following a collision before aborting the packet due to excessive collisions. The
Standard specifies the attemptLimit to be OxF (15d). See IEEE 802.3/4.2.3.2.5.
74 - Reserved. User software should not write ones to reserved bits. The value read from 0x0
a reserved bit is not defined.
13:8 COLLISION This is a programmable field representing the slot time or collision window during 0x37
WINDOW which collisions occur in properly configured networks. The default value of 0x37
(55d) represents a 56 byte window following the preamble and SFD.
31:14 - Reserved, user software should not write ones to reserved bits. The value read from NA

a reserved bit is not defined.

10.6 Maximum Frame Register (MAXF - OXFFEO 0014)

The Maximum Frame register (MAXF) has an address of OxFFEO 0014. Its bit definition is
shown in Table 11-141.

Table 141. Maximum Frame register (MAXF - address OxFFEO 0014) bit description

Bit Symbol Function Reset
value
15:0 MAXIMUM FRAME This field resets to the value 0x0600, which represents a maximum receive frame of 0x0600
LENGTH 1536 octets. An untagged maximum size Ethernet frame is 1518 octets. A tagged

frame adds four octets for a total of 1522 octets. If a shorter maximum length
restriction is desired, program this 16 bit field.

31:16 - Unused 0x0

UM10211_1 © NXP B.V. 2007. All rights reserved.

User manual Rev. 01 — 6 July 2007 149 of 617




NXP Semiconductors UM10211

Chapter 11: LPC2300 Ethernet

10.7 PHY Support Register (SUPP - OxFFEO 0018)

The PHY Support register (SUPP) has an address of OXFFEO 0018. The SUPP register
provides additional control over the RMII interface. The bit definition of this register is
shown in Table 11-142.

Table 142. PHY Support register (SUPP - address OxFFEO 0018) bit description

Bit Symbol Function Reset
value
7:0 - Unused 0x0
8 SPEED This bit configures the Reduced MII logic for the current operating speed. When set, 0
100 Mbps mode is selected. When cleared, 10 Mbps mode is selected.
319 - Unused 0x0

Unused bits in the PHY support register should be left as zeroes.

10.8 Test Register (TEST - OXxFFEO 001C)

The Test register (TEST) has an address of OXFFEO 001C. The bit definition of this
register is shown in Table 11-143. These bits are used for testing purposes only.

Table 143. Test register (TEST - address OxFFEOQ ) bit description

Bit Symbol Function Reset
value
0 SHORTCUT PAUSE This bit reduces the effective PAUSE quanta from 64 byte-times to 1 byte-time. 0
QUANTA
1 TEST PAUSE This bit causes the MAC Control sublayer to inhibit transmissions, just as if a 0
PAUSE Receive Control frame with a nonzero pause time parameter was received.
2 TEST Setting this bit will cause the MAC to assert backpressure on the link. Backpressure 0

BACKPRESSURE causes preamble to be transmitted, raising carrier sense. A transmit packet from the
system will be sent during backpressure.

31:3 - Unused 0x0

10.9 MIl Mgmt Configuration Register (MCFG - OxFFEO 0020)

The MII Mgmt Configuration register (MCFG) has an address of OXFFEQ 0020. The bit
definition of this register is shown in Table 11-144.

Table 144. MIl Mgmt Configuration register (MCFG - address OxFFEO 0020) bit description

Bit Symbol Function Reset
value
0 SCAN INCREMENT  Set this bit to cause the MIl Management hardware to perform read cycles acrossa 0

range of PHYs. When set, the MIl Management hardware will perform read cycles
from address 1 through the value set in PHY ADDRESS[4:0]. Clear this bit to allow
continuous reads of the same PHY.

1 SUPPRESS Set this bit to cause the MIl Management hardware to perform read/write cycles 0
PREAMBLE without the 32 bit preamble field. Clear this bit to cause normal cycles to be
performed. Some PHYs support suppressed preamble.

4:2 CLOCK SELECT This field is used by the clock divide logic in creating the MIl Management Clock 0
(MDC) which IEEE 802.3u defines to be no faster than 2.5 MHz. Some PHYs
support clock rates up to 12.5 MHz, however. Refer to Table 11-145 below for the
definition of values for this field.
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Table 144. MIl Mgmt Configuration register (MCFG - address OxFFEO 0020) bit description

Bit Symbol Function Reset
value
145 - Unused 0x0
15 RESET MIl MGMT This bit resets the MIl Management hardware. 0
31:16 - Unused 0x0

Table 145. Clock select encoding
Clock Select Bit 4 Bit 3 Bit 2
Host Clock divided by 4
Host Clock divided by 6
Host Clock divided by 8
Host Clock divided by 10
Host Clock divided by 14
Host Clock divided by 20
Host Clock divided by 28

R B R R O O O
P B O O Fr P O
B O R O L O X

10.10 MIl Mgmt Command Register (MCMD - OxFFEO 0024)

The MII Mgmt Command register (MCMD) has an address of OXFFEO 0024. The bit
definition of this register is shown in Table 11-146.

Table 146. MIl Mgmt Command register (MCMD - address OxFFEO 0024) bit description

Bit Symbol Function Reset
value
0 READ  This bit causes the MIl Management hardware to perform a single Read cycle. The Read datais 0
returned in Register MRDD (MIl Mgmt Read Data).
1 SCAN This bit causes the MIl Management hardware to perform Read cycles continuously. This is 0
useful for monitoring Link Fail for example.
312 - Unused 0x0

10.11 MIl Mgmt Address Register (MADR - OxFFEO 0028)

The MII Mgmt Address register (MADR) has an address of OXFFEO 0028. The bit
definition of this register is shown in Table 11-147.

Table 147. MIl Mgmt Address register (MADR - address OxFFEOQ 0028) bit description

Bit Symbol Function Reset
value

4:0 REGISTER This field represents the 5 bit Register Address field of Mgmt  0x0

ADDRESS cycles. Up to 32 registers can be accessed.
75 - Unused 0x0
12:8 PHY ADDRESS This field represents the 5 bit PHY Address field of Mgmt 0x0
cycles. Up to 31 PHYs can be addressed (0 is reserved).
31:13 - Unused 0x0
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MIl Mgmt Write Data Register (MWTD - OxFFEO 002C)

The MIl Mgmt Write Data register (MWTD) is a Write Only register with an address of
OxFFEO 002C. The bit definition of this register is shown in Table 11-148.

Table 148. MIl Mgmt Write Data register (MWTD - address OxFFEO 002C) bit description

Bit Symbol Function Reset
value
15:0 WRITE When written, an MIl Mgmt write cycle is performed using the 16 bit  0x0
DATA data and the pre-configured PHY and Register addresses from the
MII Mgmt Address register (MADR).
31:16 - Unused 0x0

MIl Mgmt Read Data Register (MRDD - OxFFEO 0030)

The MIl Mgmt Read Data register (MRDD) is a Read Only register with an address of
OXFFEO 0030. The bit definition of this register is shown in Table 11-149.

Table 149. MIl Mgmt Read Data register (MRDD - address OxFFEOQ 0030) bit description

Bit Symbol Function Reset
value

15:0 READ Following an MIl Mgmt Read Cycle, the 16 bit data can be read from  0x0
DATA this location.

31:16 - Unused 0x0

MII Mgmt Indicators Register (MIND - OxFFEO 0034)

The MIlI Mgmt Indicators register (MIND) is a Read Only register with an address of
OxFFEO 0034. The bit definition of this register is shown in Table 11-150.

Table 150. MIl Mgmt Indicators register (MIND - address OxFFEO 0034) bit description

Bit Symbol Function Reset
value

0 BUSY When "1’ is returned - indicates MIl Mgmt is currently performingan 0
MIl Mgmt Read or Write cycle.

1 SCANNING When '1’ is returned - indicates a scan operation (continuous Ml 0
Mgmt Read cycles) is in progress.

2 NOT VALID When 1’ is returned - indicates MIl Mgmt Read cycle has not 0
completed and the Read Data is not yet valid.

3 MII Link Fail When "1’ is returned - indicates that an MIl Mgmt link fail has 0
occurred.

314 - Unused 0x0

Here are two examples to access PHY via the MIl Management Controller.
For PHY Write if scan is not used:

1. Write 0 to MCMD

2. Write PHY address and register address to MADR
3. Write data to MWTD

4. Wait for busy bit to be cleared in MIND
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For PHY Read if scan is not used:

Write 1 to MCMD

Write PHY address and register address to MADR
Wait for busy bit to be cleared in MIND

Write 0 to MCMD

Read data from MRDD

o b~ b e

Station Address 0 Register (SAO - OXxFFEO 0040)
The Station Address 0 register (SAQ) has an address of OXFFEO 0040. The bit definition of
this register is shown in Table 11-151.

Table 151. Station Address register (SAO - address OxFFEO 0040) bit description

Bit Symbol Function Reset
value

7:0 STATION ADDRESS, This field holds the second octet of the station address. 0x0

2nd octet

15:8 STATION ADDRESS, This field holds the first octet of the station address. 0x0
1st octet

31:16 - Unused 0x0

The station address is used for perfect address filtering and for sending pause control
frames. For the ordering of the octets in the packet please refer to Figure 11—20.

Station Address 1 Register (SA1 - OXFFEO 0044)

The Station Address 1 register (SA1) has an address of OXFFEO 0044. The bit definition of
this register is shown in Table 11-152.

Table 152. Station Address register (SA1 - address OxFFEO 0044) bit description

Bit Symbol Function Reset
value
7:0 STATION ADDRESS, This field holds the fourth octet of the station address. 0x0
4th octet
15:8 STATION ADDRESS, This field holds the third octet of the station address. 0x0
3rd octet
31:16 - Unused 0x0

The station address is used for perfect address filtering and for sending pause control
frames. For the ordering of the octets in the packet please refer to Figure 11—20.

Station Address 2 Register (SA2 - OXFFEO 0048)

The Station Address 2 register (SA2) has an address of OXFFEO 0048. The bit definition of
this register is shown in Table 11-153.
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Table 153. Station Address register (SA2 - address OxFFEO 0048) bit description

Bit

7:0

15:8

31:16

Symbol

Function

STATION ADDRESS, This field holds the sixth octet of the station address.

6th octet

STATION ADDRESS, This field holds the fifth octet of the station address.

5th octet

Unused

Reset
value
0x0
0x0

0x0

The station address is used for perfect address filtering and for sending pause control

frames. For the ordering of the octets in the packet please refer to Figure 11—20.

UM10211_1

11.1 Command Register (Command - OxFFEO 0100)

The Command register (Command) register has an address of OXFFEO 0100. Its bit
definition is shown in Table 11-154.

11.2

Table 154. Command register (Command - address OxFFEOQ 0100) bit description

Bit

w N B O

i

10
3111

Symbol

RxEnable
TxEnable

RegReset

TxReset
RxReset
PassRuntFrame
PassRxFilter
TxFlowControl

RMII

FullDuplex

Function

Enable receive.
Enable transmit.
Unused

When a1’ is written, all datapaths and the host registers are
reset. The MAC needs to be reset separately.

When a "1’ is written, the transmit datapath is reset.
When a1’ is written, the receive datapath is reset.

When set to '1’, passes runt frames smaller than 64 bytes to
memory unless they have a CRC error. If ‘0’ runt frames are
filtered out.

When set to '1’, disables receive filtering i.e. all frames
received are written to memory.

Enable IEEE 802.3 / clause 31 flow control sending pause

frames in full duplex and continuous preamble in half duplex.

When set to '1’, RMIl mode is selected; if '0’, MIl mode is
selected.

When set to '1’, indicates full duplex operation.

Unused

Reset
value

0x0

0
0x0

All bits can be written and read. The Tx/RxReset bits are write only, reading will return a 0.

Status Register (Status - OXxFFEO 0104)

The Status register (Status) is a Read Only register with an address of OXFFEO 0104. Its
bit definition is shown in Table 11-155.
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Table 155. Status register (Status - address OxFFEO 0104) bit description

Bit Symbol Function Reset
value

0 RxStatus If 1, the receive channel is active. If O, the receive channel is inactive. 0

1 TxStatus If 1, the transmit channel is active. If 0, the transmit channel is inactive. 0

31:2 - Unused 0x0

The values represent the status of the two channels/datapaths. When the status is 1, the
channel is active, meaning:

* Itis enabled and the Rx/TxEnable bit is set in the Command register or it just got
disabled while still transmitting or receiving a frame.

¢ Also, for the transmit channel, the transmit queue is not empty
i.e. Producelndex != Consumelndex.

¢ Also, for the receive channel, the receive queue is not full
i.e. Producelndex != Consumelndex - 1.

The status transitions from active to inactive if the channel is disabled by a software reset
of the Rx/TxEnable bit in the Command register and the channel has committed the status
and data of the current frame to memory. The status also transitions to inactive if the
transmit queue is empty or if the receive queue is full and status and data have been
committed to memory.

Receive Descriptor Base Address Register (RxDescriptor -
OxFFEO 0108)

The Receive Descriptor base address register (RxDescriptor) has an address of
OxFFEO 0108. Its bit definition is shown in Table 11-156.

Table 156. Receive Descriptor Base Address register (RxDescriptor - address OxFFEO 0108)
bit description

Bit Symbol Function Reset
value

1.0 - Fixed to '00’ -

31:2 RxDescriptor MSBs of receive descriptor base address. 0x0

The receive descriptor base address is a byte address aligned to a word boundary i.e.
LSB 1:0 are fixed to '00’. The register contains the lowest address in the array of
descriptors.

Receive Status Base Address Register (RxStatus - OXFFEO 010C)

The receive descriptor base address is a byte address aligned to a word boundary i.e.
LSB 1:0 are fixed to '00’. The register contains the lowest address in the array of
descriptors.

Table 157. receive Status Base Address register (RxStatus - address OXxFFEO 010C) bit

description
Bit Symbol Function Reset
value
2:0 - Fixed to '000’ -
31:3 RxStatus MSBs of receive status base address. 0x0
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The receive status base address is a byte address aligned to a double word boundary i.e.
LSB 2:0 are fixed to '000'.

Receive Number of Descriptors Register (RxDescriptor -
OxFFEO 0110)

The Receive Number of Descriptors register (RxDescriptorNumber) has an address of
OxFFEOQ 0110. Its bit definition is shown in Table 11-158.

Table 158. Receive Number of Descriptors register (RxDescriptor - address OxFFEO 0110) bit
description

Bit Symbol Function Reset
value

15:0  RxDescriptorNumber Number of descriptors in the descriptor array for which ~ 0x0
RxDescriptor is the base address. The number of
descriptors is minus one encoded.

31:16 - Unused 0x0

The receive number of descriptors register defines the number of descriptors in the
descriptor array for which RxDescriptor is the base address. The number of descriptors
should match the number of statuses. The register uses minus one encoding i.e. if the
array has 8 elements, the value in the register should be 7.

Receive Produce Index Register (RxProducelndex - OXFFEO 0114)

The Receive Produce Index register (RxProducelndex) is a Read Only register with an
address of OxFFEO 0114. Its bit definition is shown in Table 11-159.

Table 159. Receive Produce Index register (RxProducelndex - address OxFFEO 0114) bit

description
Bit Symbol Function Reset
value
15:0 RxProducelndex Index of the descriptor that is going to be filled next by the 0x0
receive datapath.
31:16 - Unused 0x0

The receive produce index register defines the descriptor that is going to be filled next by
the hardware receive process. After a frame has been received, hardware increments the
index. The value is wrapped to 0 once the value of RxDescriptorNumber has been
reached. If the RxProducelndex equals RxConsumelndex - 1, the array is full and any
further frames being received will cause a buffer overrun error.

Receive Consume Index Register (RxConsumelndex - OxFFEOQO 0118)

The Receive consume index register (RxConsumelndex) has an address of
OxFFEO 0118. Its bit definition is shown in Table 11-160.
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Table 160. Receive Consume Index register (RXConsumelndex - address OxFFEO 0118) bit

description
Bit Symbol Function Reset
value
15:0 RxConsumelndex Index of the descriptor that is going to be processed next by
the receive
31:16 - Unused 0x0

The receive consume register defines the descriptor that is going to be processed next by
the software receive driver. The receive array is empty as long as RxProducelndex equals
RxConsumelndex. As soon as the array is not empty, software can process the frame
pointed to by RxConsumelndex. After a frame has been processed by software, software
should increment the RxConsumelndex. The value must be wrapped to 0 once the value
of RxDescriptorNumber has been reached. If the RxProducelndex equals
RxConsumelndex - 1, the array is full and any further frames being received will cause a
buffer overrun error.

Transmit Descriptor Base Address Register (TxDescriptor -
OxFFEO 011C)

The Transmit Descriptor base address register (TxDescriptor) has an address of
OxFFEO 011C. Its bit definition is shown in Table 11-161.

Table 161. Transmit Descriptor Base Address register (TxDescriptor - address 0xFFEO 011C)
bit description

Bit Symbol Function Reset
value

1:0 - Fixed to '00’ -

31:2 TxDescriptor MSBs of transmit descriptor base address. 0x0

The transmit descriptor base address is a byte address aligned to a word boundary i.e.
LSB 1.0 are fixed to '00’. The register contains the lowest address in the array of
descriptors.

Transmit Status Base Address Register (TxStatus - OXFFEO 0120)

The Transmit Status base address register (TxStatus) has an address of OXFFEOQ 0120. Its
bit definition is shown in Table 11-162.

Table 162. Transmit Status Base Address register (TxStatus - address OxFFEOQ 0120) bit

description
Bit Symbol Function Reset
value
1:0 - Fixed to '00’ -
31:2  TxStatus MSBs of transmit status base address. 0x0

The transmit status base address is a byte address aligned to a word boundary i.e. LSB
1.0 are fixed to '00’. The register contains the lowest address in the array of statuses.

© NXP B.V. 2007. All rights reserved.

User manual

Rev. 01 — 6 July 2007 157 of 617



NXP Semiconductors UMlOle

11.10

11.11

11.12

UM10211_1

Chapter 11: LPC2300 Ethernet

Transmit Number of Descriptors Register (TxDescriptorNumber -
OxFFEO 0124)

The Transmit Number of Descriptors register (TxDescriptorNumber) has an address of
OXFFEO 0124. Its bit definition is shown in Table 11-163.

Table 163. Transmit Number of Descriptors register (TxDescriptorNumber - address
OxFFEO 0124) bit description

Bit Symbol Function Reset
value

15:0  TxDescriptorNumber Number of descriptors in the descriptor array for which
TxDescriptor is the base address. The register is minus
one encoded.

31:16 - Unused 0x0

The transmit number of descriptors register defines the number of descriptors in the
descriptor array for which TxDescriptor is the base address. The number of descriptors
should match the number of statuses. The register uses minus one encoding i.e. if the
array has 8 elements, the value in the register should be 7.

Transmit Produce Index Register (TxProducelndex - OXFFEO 0128)

The Transmit Produce Index register (TxProducelndex) has an address of OxFFEO 0128.
Its bit definition is shown in Table 11-164.

Table 164. Transmit Produce Index register (TxProducelndex - address OxFFEO 0128) bit

description
Bit Symbol Function Reset
value
15:0 TxProducelndex Index of the descriptor that is going to be filled next by the 0x0
transmit software driver.
31:16 - Unused 0x0

The transmit produce index register defines the descriptor that is going to be filled next by
the software transmit driver. The transmit descriptor array is empty as long as
TxProducelndex equals TxConsumelndex. If the transmit hardware is enabled, it will start
transmitting frames as soon as the descriptor array is not empty. After a frame has been
processed by software, it should increment the TxProducelndex. The value must be
wrapped to 0 once the value of TxDescriptorNumber has been reached. If the
TxProducelndex equals TxConsumelndex - 1 the descriptor array is full and software
should stop producing new descriptors until hardware has transmitted some frames and
updated the TxConsumelndex.

Transmit Consume Index Register (TxConsumelndex - OXFFEO 012C)

The Transmit Consume Index register (TxConsumelndex) is a Read Only register with an
address of OxFFEO 012C. Its bit definition is shown in Table 11-165.
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Table 165. Transmit Consume Index register (TxConsumelndex - address OxFFEO 012C) bit
description

Bit Symbol Function Reset
value

15:0 TxConsumelndex Index of the descriptor that is going to be transmitted next by  0x0
the transmit datapath.

31:16 - Unused 0x0

The transmit consume index register defines the descriptor that is going to be transmitted
next by the hardware transmit process. After a frame has been transmitted hardware
increments the index, wrapping the value to 0 once the value of TxDescriptorNumber has
been reached. If the TxConsumelndex equals TxProducelndex the descriptor array is
empty and the transmit channel will stop transmitting until software produces new
descriptors.

Transmit Status Vector O Register (TSVO - OXFFEO 0158)

The Transmit Status Vector 0O register (TSVO0) is a Read Only register with an address of
OxFFEO 0158. The transmit status vector registers store the most recent transmit status
returned by the MAC. Since the status vector consists of more than 4 bytes, status is
distributed over two registers TSV0O and TSV1. These registers are provided for debug
purposes, because the communication between driver software and the Ethernet block
takes place primarily through the frame descriptors. The status register contents are valid
as long as the internal status of the MAC is valid and should typically only be read when
the transmit and receive processes are halted.

Table 11-166 lists the bit definitions of the TSVO register.

Table 166. Transmit Status Vector O register (TSVO - address OxFFEO 0158) bit description

Bit Symbol Function Reset
value

0 CRC error The attached CRC in the packet did not match the 0
internally generated CRC.

1 Length check error Indicates the frame length field does not match the actual 0
number of data items and is not a type field.

2 Length out of rangel! Indicates that frame type/length field was larger than 0
1500 bytes.

3 Done Transmission of packet was completed. 0

4 Multicast Packet's destination was a multicast address. 0

5 Broadcast Packet's destination was a broadcast address. 0

6 Packet Defer Packet was deferred for at least one attempt, but less than 0
an excessive defer.

7 Excessive Defer Packet was deferred in excess of 6071 nibble times in 0
100 Mbps or 24287 bit times in 10 Mbps mode.

8 Excessive Collision Packet was aborted due to exceeding of maximum allowed 0
number of collisions.

9 Late Collision Collision occurred beyond collision window, 512 bittimes. 0

10 Giant Byte count in frame was greater than can be represented 0
in the transmit byte count field in TSV1.

11 Underrun Host side caused buffer underrun. 0
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Table 166. Transmit Status Vector O register (TSVO - address OxFFEO 0158) bit description

Bit Symbol Function Reset
value

27:12 Total bytes The total number of bytes transferred including collided 0x0
attempts.

28 Control frame The frame was a control frame.

29 Pause The frame was a control frame with a valid PAUSE 0
opcode.

30 Backpressure Carrier-sense method backpressure was previously 0
applied.

31 VLAN Frame’s length/type field contained 0x8100 which is the 0

VLAN protocol identifier.

[1] The EMAC doesn't distinguish the frame type and frame length, so, e.g. when the IP(0x8000) or
ARP(0x0806) packets are received, it compares the frame type with the max length and gives the "Length
out of range" error. In fact, this bit is not an error indication, but simply a statement by the chip regarding the
status of the received frame.

Transmit Status Vector 1 Register (TSV1 - OxFFEO 015C)

The Transmit Status Vector 1 register (TSV1) is a Read Only register with an address of
OXxFFEO 015C. The transmit status vector registers store the most recent transmit status
returned by the MAC. Since the status vector consists of more than 4 bytes, status is
distributed over two registers TSVO and TSV1. These registers are provided for debug
purposes, because the communication between driver software and the Ethernet block
takes place primarily through the frame descriptors. The status register contents are valid
as long as the internal status of the MAC is valid and should typically only be read when
the transmit and receive processes are halted.Table 11-167 lists the bit definitions of the
TSV1 register.

Table 167. Transmit Status Vector 1 register (TSV1 - address OXxFFEO 015C) bit description

Bit Symbol Function Reset
value

15:0 Transmit byte count  The total number of bytes in the frame, not counting the 0x0
collided bytes.

19:16 Transmit collision Number of collisions the current packet incurred during 0x0
count transmission attempts. The maximum number of collisions
(16) cannot be represented.
31:20 - Unused 0x0

Receive Status Vector Register (RSV - OXxFFEO 0160)

The Receive status vector register (RSV) is a Read Only register with an address of
OxFFEO 0160. The receive status vector register stores the most recent receive status
returned by the MAC. This register is provided for debug purposes, because the
communication between driver software and the Ethernet block takes place primarily
through the frame descriptors. The status register contents are valid as long as the
internal status of the MAC is valid and should typically only be read when the transmit and
receive processes are halted.

Table 11-168 lists the bit definitions of the RSV register.
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Table 168. Receive Status Vector register (RSV - address OxFFEO 0160) bit description

Bit Symbol Function Reset
value
15:0 Received byte count Indicates length of received frame. 0x0
16 Packet previously Indicates that a packet was dropped. 0
ignored
17 RXDV event Indicates that the last receive event seen was not long 0
previously seen enough to be a valid packet.
18 Carrier event Indicates that at some time since the last receive statistics, 0
previously seen a carrier event was detected.
19 Receive code Indicates that MIl data does not represent a valid receive 0
violation code.
20 CRC error The attached CRC in the packet did not match the 0
internally generated CRC.
21 Length check error Indicates the frame length field does not match the actual 0
number of data items and is not a type field.
22 Length out of rangelll Indicates that frame type/length field was larger than 0
1518 bytes.
23 Receive OK The packet had valid CRC and no symbol errors. 0
24 Multicast The packet destination was a multicast address. 0
25 Broadcast The packet destination was a broadcast address. 0
26 Dribble Nibble Indicates that after the end of packet another 1-7 bits were 0
received. A single nibble, called dribble nibble, is formed
but not sent out.
27 Control frame The frame was a control frame.
28 PAUSE The frame was a control frame with a valid PAUSE 0
opcode.
29 Unsupported Opcode The current frame was recognized as a Control Frame but 0
contains an unknown opcode.
30 VLAN Frame’s length/type field contained 0x8100 which is the 0
VLAN protocol identifier.
31 - Unused 0x0

(1]

The EMAC doesn't distinguish the frame type and frame length, so, e.g. when the IP(0x8000) or
ARP(0x0806) packets are received, it compares the frame type with the max length and gives the "Length
out of range" error. In fact, this bit is not an error indication, but simply a statement by the chip regarding the
status of the received frame.

11.16 Flow Control Counter Register (FlowControlCounter - OXFFEO 0170)

The Flow Control Counter register (FlowControlCounter) has an address of OXFFEO 0170.
Table 11-169 lists the bit definitions of the register.

UM10211_1
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Table 169. Flow Control Counter register (FlowControlCounter - address OxFFEO 0170) bit

description
Bit Symbol Function Reset
value
15:0  MirrorCounter In full duplex mode the MirrorCounter specifies the number 0x0
of cycles before re-issuing the Pause control frame.
31:16 PauseTimer In full-duplex mode the PauseTimer specifies the value 0x0

11.17

The Flow Control Status regi
address of OXFFEO 8174. Ta

that is inserted into the pause timer field of a pause flow
control frame. In half duplex mode the PauseTimer
specifies the number of backpressure cycles.

Flow Control Status Register (FlowControlStatus - OXFFEO 0174)

ster (FlowControlStatus) is a Read Only register with an

ble 11-170 lists the bit definitions of the register.

Table 170. Flow Control Status register (FlowControlStatus - address OXxFFEO 8174) bit

description
Bit Symbol Function Reset
value

15:0  MirrorCounterCurrent In full duplex mode this register represents the current 0x0
value of the datapath’s mirror counter which counts up to
the value specified by the MirrorCounter field in the
FlowControlCounter register. In half duplex mode the
register counts until it reaches the value of the PauseTimer
bits in the FlowControlCounter register.

31:16 - Unused 0x0

12. Receive filter register definitions
12.1 Receive Filter Control Register (RxFilterCtrl - OXFFEQ 0200)

The Receive Filter Control register (RxFilterCtrl) has an address of OxFFEO 0200.

Table 11-171 lists the definition of the individual bits in the register.

Table 171. Receive Filter Control register (RxFilterCtrl - address OxFFEO 0200) bit

description
Bit Symbol Function Reset
value

0 AcceptUnicastEn When set to '1’, all unicast frames are accepted. 0

1 AcceptBroadcastEn When set to '1’, all broadcast frames are accepted. 0

2 AcceptMulticastEn When set to '1’, all multicast frames are accepted. 0

3 AcceptUnicastHashEn When set to '1’, unicast frames that pass the imperfect 0

hash filter are accepted.
4 AcceptMulticastHashEn ~ When set to '1’, multicast frames that pass the 0
imperfect hash filter are accepted.
5 AcceptPerfectEn When set to '1’, the frames with a destination address 0

UM10211_1

identical to the
station address are accepted.
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Table 171. Receive Filter Control register (RxFilterCtrl - address OxFFEO 0200) bit

description
Bit Symbol Function Reset
value

11:6 - Reserved, user software should not write ones to NA
reserved bits. The value read from a reserved bit is not
defined.

12 MagicPacketEnWoL When set to 1", the result of the magic packet filter will 0
generate a Wol interrupt when there is a match.

13 RxFilterEnWoL When set to '1’, the result of the perfect address 0
matching filter and the imperfect hash filter will
generate a Wol interrupt when there is a match.

31:14 - Unused 0x0

Receive Filter WoL Status Register (RxFilterWoLStatus -
OxFFEO 0204)

The Receive Filter Wake-up on LAN Status register (RxFilterWoLStatus) is a Read Only
register with an address of OxFFEOQ 0204.

Table 11-172 lists the definition of the individual bits in the register.

Table 172. Receive Filter WoL Status register (RxFilterWoL Status - address OXxFFEQ 0204) bit

description
Bit Symbol Function Reset
value
0 AcceptUnicastWoL When the value is '1’, a unicast frames caused WoL. 0
1 AcceptBroadcastWolL When the value is '1’, a broadcast frame caused WolL. 0
2 AcceptMulticastWolL When the value is '1’, a multicast frame caused WoL. 0
3 AcceptUnicastHashWoL  When the value is '1’, a unicast frame that passes the 0
imperfect hash filter caused WoL.
4 AcceptMulticastHashWoL When the value is '1’, a multicast frame that passes the 0
imperfect hash filter caused WoL.
5 AcceptPerfectWoL When the value is '1’, the perfect address matching filter 0
caused WoL.
- Unused 0x0
RxFilterWoL When the value is '1’, the receive filter caused WoL. 0
MagicPacketWoL When the value is '1’, the magic packet filter caused 0
WolL.
319 - Unused 0x0

The bits in this register record the cause for a WoL. Bits in RxFilterWoLStatus can be
cleared by writing the RxFilterWoLClear register.

Receive Filter WoL Clear Register (RxFilterWoLClear - OXxFFEO 0208)

The Receive Filter Wake-up on LAN Clear register (RxFilterwWoLClear) is a Write Only
register with an address of OxFFEQ 0208.

Table 11-173 lists the definition of the individual bits in the register.

© NXP B.V. 2007. All rights reserved.

User manual

Rev. 01 — 6 July 2007 163 of 617



NXP Semiconductors UMlOle

12.4

12.5

UM10211_1

Chapter 11: LPC2300 Ethernet

Table 173. Receive Filter WoL Clear register (RxFilterWoLClear - address OxFFEO 0208) bit

description
Bit Symbol Function Reset
value
0 AcceptUnicastWoLClr When a "1’ is written to one of these bits (0 to 5), the 0
1 AcceptBroadcastWoLClr corresponding status bit in the RxFilterWoL Status 0
- register is cleared.
2 AcceptMulticastWoLClr 0
3 AcceptUnicastHashWoLClr 0
4 AcceptMulticastHashWoLClIr 0
5 AcceptPerfectWoLClr 0
6 - Unused 0x0
7 RxFilterWoLClr When a1’ is written to one of these bits (7 and/or 8), 0
8 MagicPacketWoLClr the corresponding status bit in the RxFilterWoLStatus 0
register is cleared.
319 - Unused 0x0

The bits in this register are write-only; writing resets the corresponding bits in the
RxFilterWoL Status register.

Hash Filter Table LSBs Register (HashFilterL - OXFFEO 0210)

The Hash Filter table LSBs register (HashFilterL) has an address of OxFFEOQ 0210.
Table 11-174 lists the bit definitions of the register. Details of Hash filter table use can be
found in Section 11-16.10 “Receive filtering” on page 194.

Table 174. Hash Filter Table LSBs register (HashFilterL - address OxFFEO 0210) bit

description
Bit Symbol Function Reset
value
31:0 HashFilterL Bit 31:0 of the imperfect filter hash table for receive 0x0

filtering.

Hash Filter Table MSBs Register (HashFilterH - OXFFEO 0214)

The Hash Filter table MSBs register (HashFilterH) has an address of OxXFFEO 0214.
Table 11-175 lists the bit definitions of the register. Details of Hash filter table use can be
found in Section 11-16.10 “Receive filtering” on page 194.

Table 175. Hash Filter MSBs register (HashFilterH - address OXxFFEOQ 0214) bit description

Bit Symbol Function Reset
value
31:0 HashFilterH Bit 63:32 of the imperfect filter hash table for receive 0x0
filtering.
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Interrupt Status Register (IntStatus - OXFFEO OFEO)

The Interrupt Status register (IntStatus) is a Read Only register with an address of
OxFFEO OFEOQ. The interrupt status register bit definition is shown in Table 11-176. Note
that all bits are flip-flops with an asynchronous set in order to be able to generate
interrupts if there are wake-up events while clocks are disabled.

Table 176. Interrupt Status register (IntStatus - address OxFFEO OFEOQ) bit description

Bit Symbol Function Reset
value
0 RxOverrunint Interrupt set on a fatal overrun error in the receive queue. The 0

fatal interrupt should be resolved by a Rx soft-reset. The bit is not
set when there is a nonfatal overrun error.

1 RxErrorint Interrupt trigger on receive errors: AlignmentError, RangeError, 0
LengthError, SymbolError, CRCError or NoDescriptor or Overrun.

2 RxFinishedInt Interrupt triggered when all receive descriptors have been 0
processed i.e. on the transition to the situation where
Producelndex == Consumelndex.

3 RxDonelnt Interrupt triggered when a receive descriptor has been processed 0
while the Interrupt bit in the Control field of the descriptor was set.

4 TxUnderrunint Interrupt set on a fatal underrun error in the transmit queue. The 0
fatal interrupt should be resolved by a Tx soft-reset. The bit is not
set when there is a nonfatal underrun error.

5 TXErrorint Interrupt trigger on transmit errors: LateCollision, 0
ExcessiveCollision and ExcessiveDefer, NoDescriptor or
Underrun.

6 TxFinishedInt Interrupt triggered when all transmit descriptors have been 0

processed i.e. on the transition to the situation where
Producelndex == Consumelndex.

7 TxDonelnt Interrupt triggered when a descriptor has been transmitted while 0
the Interrupt bit in the Control field of the descriptor was set.

11:8 - Unused 0x0

12 Softint Interrupt triggered by software writing a 1 to the SoftintSet bitin 0
the IntSet register.

13 Wakeupint Interrupt triggered by a Wakeup event detected by the receive 0
filter.

31:14 - Unused 0x0

The interrupt status register is read-only. Setting can be done via the IntSet register. Reset
can be accomplished via the IntClear register.

Interrupt Enable Register (IntEnable - OXFFEO OFE4)

The Interrupt Enable register (IntEnable) has an address of OXFFEO OFE4. The interrupt
enable register bit definition is shown in Table 11-177.

© NXP B.V. 2007. All rights reserved.

User manual

Rev. 01 — 6 July 2007 165 of 617



NXP Semiconductors

UM10211

UM10211_1

13.3

Chapter 11: LPC2300 Ethernet

Table 177. Interrupt Enable register (intEnable - address OxFFEO OFE4) bit description

Bit Symbol Function Reset

value

0 RxOverrunintEn  Enable for interrupt trigger on receive buffer overrun or 0
descriptor underrun situations.

RxErrorintEn Enable for interrupt trigger on receive errors.

RxFinishedIntEn  Enable for interrupt triggered when all receive descriptors have 0
been processed i.e. on the transition to the situation where
Producelndex == Consumelndex.

3 RxDonelntEn Enable for interrupt triggered when a receive descriptor has 0
been processed while the Interrupt bit in the Control field of the
descriptor was set.

4 TxUnderrunintEn Enable for interrupt trigger on transmit buffer or descriptor 0
underrun situations.

TXErrorIntEn Enable for interrupt trigger on transmit errors.

TxFinishedintEn  Enable for interrupt triggered when all transmit descriptors 0
have been processed i.e. on the transition to the situation
where Producelndex == Consumelndex.

7 TxDonelntEn Enable for interrupt triggered when a descriptor has been 0
transmitted while the Interrupt bit in the Control field of the
descriptor was set.

11:8 - Unused 0x0

12 SoftintEn Enable for interrupt triggered by the Softint bit in the IntStatus 0
register, caused by software writing a 1 to the SoftintSet bit in
the IntSet register.

13 WakeupIntEn Enable for interrupt triggered by a Wakeup event detected by 0
the receive filter.

31:14 - Unused 0x0

Interrupt Clear Register (IntClear - OXFFEO OFES)

The Interrupt Clear register (IntClear) is a Write Only register with an address of

OxFFEO OFES8. The interrupt clear register bit definition is shown in Table 11-178.

Table 178. Interrupt Clear register (IntClear - address OxFFEO OFES8) bit description

Bit Symbol Function Reset

value

0 RxOverrunintClr Writing a '1’ to one of these bits clears (0 to 7) the 0

1 RxErrorintClr corresponding status bit in interrupt status register 0

IntStatus.

2 RxFinishedIntClr 0

3 RxDonelntClIr 0

4 TxUnderrunintClr 0

5 TxErrorintClr 0

6 TxFinishedIntClr 0

7 TxDonelntClr 0

11:8 - Unused 0x0
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Table 178. Interrupt Clear register (IntClear - address OxFFEO OFES8) bit description

Bit Symbol Function Reset
value
12 SoftintClr Writing a "1’ to one of these bits (12 and/or 13) clears the 0
13 WakeupIntCIr corresponding status bit in interrupt status register 0
IntStatus.
31:14 - Unused 0x0

The interrupt clear register is write-only. Writing a 1 to a bit of the IntClear register clears
the corresponding bit in the status register. Writing a 0 will not affect the interrupt status.

Interrupt Set Register (IntSet - OXFFEO OFEC)

The Interrupt Set register (IntSet) is a Write Only register with an address of
OxXFFEO OFEC. The interrupt set register bit definition is shown in Table 11-179.

Table 179. Interrupt Set register (IntSet - address OxFFEO OFEC) bit description

Bit Symbol Function Reset
value
0 RxOverrunintSet Writing a ’1’ to one of these bits (0 to 7) sets the 0
1 RxErrorintSet corresponding status bit in interrupt status register 0
— IntStatus.
2 RxFinishedIntSet 0
3 RxDonelntSet 0
4 TxUnderrunintSet 0
5 TxErrorintSet 0
6 TxFinishedIntSet 0
7 TxDonelntSet 0
11:8 - Unused 0x0
12 SoftintSet Writing a ’1’ to one of these bits (12 and/or 13) sets the 0
13 WakeuplntSet corresponding status bit in interrupt status register 0
IntStatus.
31:14 - Unused 0x0

The interrupt set register is write-only. Writing a 1 to a bit of the IntSet register sets the
corresponding bit in the status register. Writing a 0 will not affect the interrupt status.

Power Down Register (PowerDown - OXFFEO OFF4)

The Power-Down register (PowerDown) is used to block all AHB accesses except
accesses to the PowerDown register. The register has an address of OXFFEO OFF4. The
bit definition of the register is listed in Table 11-180.

Table 180. Power Down register (PowerDown - address OxFFEO OFF4) bit description

Bit Symbol Function Reset

value
30.0 - Unused 0x0
31 PowerDownMACAHB If true, all AHB accesses will return a read/write error, 0

except accesses to the PowerDown register.

Setting the bit will return an error on all read and write accesses on the MACAHB interface
except for accesses to the PowerDown register.
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14. Descriptor and status formats

14.1

This section defines the descriptor format for the transmit and receive scatter/gather DMA
engines. Each Ethernet frame can consist of one or more fragments. Each fragment
corresponds to a single descriptor. The DMA managers in the Ethernet block scatter (for
receive) and gather (for transmit) multiple fragments for a single Ethernet frame.

Receive descriptors and statuses
Figure 11-21 depicts the layout of the receive descriptors in memory.

RxDescriptor @ RxStatus ®
A\ 4 Y
PACKET @ > DATA BUFFER StatuslInfo
CONTROL StatusHashCRC
PACKET @ > DATA BUFFER StatuslInfo
CONTROL StatusHashCRC
PACKET @ P DATA BUFFER StatuslInfo
CONTROL StatusHashCRC
PACKET @ DATA BUFFER Statusinfo
CONTROL StatusHashCRC
PACKET @ P DATA BUFFER StatuslInfo
l CONTROL | StatusHashCRC
|
! 1 1 1
| 1 1 1
| | | |
| | |
¢ [ ' [
RxDescriptorNumber PACKET @ DATA BUFFER Statusinfo
CONTROL StatusHashCRC

Fig 21. Receive descriptor memory layout

UM10211_1

Receive descriptors are stored in an array in memory. The base address of the array is
stored in the RxDescriptor register, and should be aligned on a 4 byte address boundary.
The number of descriptors in the array is stored in the RxDescriptorNumber register using
a minus one encoding style e.qg. if the array has 8 elements the register value should be 7.
Parallel to the descriptors there is an array of statuses. For each element of the descriptor
array there is an associated status field in the status array. The base address of the status
array is stored in the RxStatus register, and must be aligned on an 8 byte address
boundary. During operation (when the receive datapath is enabled) the RxDescriptor,
RxStatus and RxDescriptorNumber registers should not be modified.

Two registers, RxConsumelndex and RxProducelndex, define the descriptor locations
that will be used next by hardware and software. Both registers act as counters starting at
0 and wrapping when they reach the value of RxDescriptorNumber. The RxProducelndex
contains the index of the descriptor that is going to be filled with the next frame being

© NXP B.V. 2007. All rights reserved.

User manual

Rev. 01 — 6 July 2007 168 of 617



NXP Semiconductors UM10211

UM10211_1

Chapter 11: LPC2300 Ethernet

received. The RxConsumelndex is programmed by software and is the index of the next
descriptor that the software receive driver is going to process. When RxProducelndex ==
RxConsumelndex, the receive buffer is empty. When RxProducelndex ==
RxConsumelndex -1 (taking wraparound into account), the receive buffer is full and newly
received data would generate an overflow unless the software driver frees up one or more
descriptors.

Each receive descriptor takes two word locations (8 bytes) in memory. Likewise each
status field takes two words (8 bytes) in memory. Each receive descriptor consists of a
pointer to the data buffer for storing receive data (Packet) and a control word (Control).
The Packet field has a zero address offset, the control field has a 4 byte address offset
with respect to the descriptor address as defined in Table 11-181.

Table 181. Receive Descriptor Fields

Symbol Address Bytes Description

offset
Packet 0x0 4 Base address of the data buffer for storing receive data.
Control Ox4 4 Control information, see Table 11-182.

The data buffer pointer (Packet) is a 32 bits byte aligned address value containing the
base address of the data buffer. The definition of the control word bits is listed in
Table 11-182.

Table 182. Receive Descriptor Control Word

Bit Symbol Description

10:0 Size Size in bytes of the data buffer. This is the size of the buffer reserved by the
device driver for a frame or frame fragment i.e. the byte size of the buffer
pointed to by the Packet field. The size is -1 encoded e.g. if the buffer is 8
bytes the size field should be equal to 7.

30:11 - Unused

31 Interrupt If true generate an RxDone interrupt when the data in this frame or frame
fragment and the associated status information has been committed to
memory.

Table 11-183 lists the fields in the receive status elements from the status array.

Table 183. Receive Status Fields

Symbol Address Bytes Description

offset
Statusinfo 0x0 4 Receive status return flags, see Table 11-185.
StatusHashCRC 0x4 4 The concatenation of the destination address hash CRC and

the source address hash CRC.

Each receive status consists of two words. The StatusHashCRC word contains a
concatenation of the two 9 bit hash CRCs calculated from the destination and source
addresses contained in the received frame. After detecting the destination and source
addresses, StatusHashCRC is calculated once, then held for every fragment of the same
frame.

The concatenation of the two CRCs is shown in Table 11-184:
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Table 184. Receive Status HashCRC Word

Bit
8.0
15:9

Symbol

Description

SAHashCRC Hash CRC calculated from the source address.

Unused

24:16 DAHashCRC Hash CRC calculated from the destination address.

31:25

Unused

The Statusinfo word contains flags returned by the MAC and flags generated by the
receive datapath reflecting the status of the reception. Table 11-185 lists the bit definitions
in the Statusinfo word.

Table 185. Receive status information word

Bit
10:0

17:11
18

19
20

21
22
23
24
25

26

27

28

29

30

31

Symbol
RxSize

ControlFrame

VLAN
FailFilter

Multicast
Broadcast
CRCError
SymbolError
LengthError

RangeErrorlil
AlignmentError
Overrun
NoDescriptor

LastFlag

Error

Description

The size in bytes of the actual data transferred into one fragment buffer. In
other words, this is the size of the frame or fragment as actually written by
the DMA manager for one descriptor. This may be different from the Size
bits of the Control field in the descriptor that indicate the size of the buffer
allocated by the device driver. Size is -1 encoded e.g. if the buffer has

8 bytes the RxSize value will be 7.

Unused

Indicates this is a control frame for flow control, either a pause frame or a
frame with an unsupported opcode.

Indicates a VLAN frame.

Indicates this frame has failed the RXx filter. These frames will not normally
pass to memory. But due to the limitation of the size of the buffer, part of
this frame may already be passed to memory. Once the frame is found to
have failed the RXx filter, the remainder of the frame will be discarded
without being passed to the memory. However, if the PassRxFilter bit in
the Command register is set, the whole frame will be passed to memory.

Set when a multicast frame is received.

Set when a broadcast frame is received.

The received frame had a CRC error.

The PHY reports a bit error over the MIl during reception.

The frame length field value in the frame specifies a valid length, but does
not match the actual data length.

The received packet exceeds the maximum packet size.

An alignment error is flagged when dribble bits are detected and also a
CRC error is detected. This is in accordance with IEEE std. 802.3/clause
4.3.2.

Receive overrun. The adapter can not accept the data stream.

No new Rx descriptor is available and the frame is too long for the buffer
size in the current receive descriptor.

When set to 1, indicates this descriptor is for the last fragment of a frame.
If the frame consists of a single fragment, this bit is also set to 1.

An error occurred during reception of this frame. This is a logical OR of
AlignmentError, RangeError, LengthError, SymbolError, CRCError, and
Overrun.
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[1] The EMAC doesn't distinguish the frame type and frame length, so, e.g. when the IP(0x8000) or
ARP(0x0806) packets are received, it compares the frame type with the max length and gives the "Range"
error. In fact, this bit is not an error indication, but simply a statement by the chip regarding the status of the
received frame.

For multi-fragment frames, the value of the AlignmentError, RangeError, LengthError,
SymbolError and CRCError bits in all but the last fragment in the frame will be 0; likewise
the value of the FailFilter, Multicast, Broadcast, VLAN and ControlFrame bits is undefined.
The status of the last fragment in the frame will copy the value for these bits from the
MAC. All fragment statuses will have valid LastFrag, RxSize, Error, Overrun and
NoDescriptor bits.

14.2 Transmit descriptors and statuses
Figure 11-22 depicts the layout of the transmit descriptors in memory.
TxDescriptor @ TxStatus ®
) 4 A 4
PACKET @ DATA BUFFER
______ Statusinfo
CONTROL
PACKET @ DATA BUFFER
______ Statusinfo
CONTROL
PACKET ® DATA BUFFER
______ Statusinfo
CONTROL
PACKET ® > DATA BUFFER
______ Statusinfo
CONTROL
PACKET ® DATA BUFFER
______ ; Statusinfo
. CONTROL |
|
| | | |
| | | |
| | | |
| | |
¢ [ [ |
TxDescriptorNumber PACKET @ DATA BUFFER
______ Statusinfo
CONTROL

Fig 22. Transmit descriptor memory layout

UM10211_1

Transmit descriptors are stored in an array in memory. The lowest address of the transmit
descriptor array is stored in the TxDescriptor register, and must be aligned on a 4 byte
address boundary. The number of descriptors in the array is stored in the
TxDescriptorNumber register using a minus one encoding style i.e. if the array has 8
elements the register value should be 7. Parallel to the descriptors there is an array of
statuses. For each element of the descriptor array there is an associated status field in the
status array. The base address of the status array is stored in the TxStatus register, and
must be aligned on a 4 byte address boundary. During operation (when the transmit
datapath is enabled) the TxDescriptor, TxStatus, and TxDescriptorNumber registers
should not be modified.
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Two registers, TxConsumelndex and TxProducelndex, define the descriptor locations that
will be used next by hardware and software. Both register act as counters starting at 0 and
wrapping when they reach the value of TxDescriptorNumber. The TxProducelndex
contains the index of the next descriptor that is going to be filled by the software driver.
The TxConsumelndex contains the index of the next descriptor going to be transmitted by
the hardware. When TxProducelndex == TxConsumelndex, the transmit buffer is empty.
When TxProducelndex == TxConsumelndex -1 (taking wraparound into account), the
transmit buffer is full and the software driver cannot add new descriptors until the
hardware has transmitted one or more frames to free up descriptors.

Each transmit descriptor takes two word locations (8 bytes) in memory. Likewise each
status field takes one word (4 bytes) in memory. Each transmit descriptor consists of a
pointer to the data buffer containing transmit data (Packet) and a control word (Control).
The Packet field has a zero address offset, whereas the control field has a 4 byte address
offset, see Table 11-186.

Table 186. Transmit descriptor fields

Symbol Address offset Bytes Description
Packet 0x0 4 Base address of the data buffer containing transmit data.
Control  Ox4 4 Control information, see Table 11-187.

The data buffer pointer (Packet) is a 32 bit, byte aligned address value containing the
base address of the data buffer. The definition of the control word bits is listed in
Table 11-187.

Table 187. Transmit descriptor control word

Bit Symbol Description

10:0 Size Size in bytes of the data buffer. This is the size of the frame or fragment as it
needs to be fetched by the DMA manager. In most cases it will be equal to the
byte size of the data buffer pointed to by the Packet field of the descriptor. Size
is -1 encoded e.g. a buffer of 8 bytes is encoded as the Size value 7.

25:11 - Unused

26 Override  Per frame override. If true, bits 30:27 will override the defaults from the MAC
internal registers. If false, bits 30:27 will be ignored and the default values
from the MAC will be used.

27 Huge If true, enables huge frame, allowing unlimited frame sizes. When false,
prevents transmission of more than the maximum frame length (MAXF[15:0]).

28 Pad If true, pad short frames to 64 bytes.
29 CRC If true, append a hardware CRC to the frame.
30 Last If true, indicates that this is the descriptor for the last fragment in the transmit

frame. If false, the fragment from the next descriptor should be appended.

31 Interrupt  If true, a TxDone interrupt will be generated when the data in this frame or
frame fragment has been sent and the associated status information has been
committed to memory.

Table 11-188 shows the one field transmit status.

Table 188. Transmit status fields

Symbol Address Bytes Description
offset
StatusInfo 0x0 4 Transmit status return flags, see Table 11-189.
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The transmit status consists of one word which is the Statusinfo word. It contains flags
returned by the MAC and flags generated by the transmit datapath reflecting the status of
the transmission. Table 11-189 lists the bit definitions in the Statusinfo word.

Table 189. Transmit status information word

Bit Symbol Description
200 - Unused
24:21 CollisionCount The number of collisions this packet incurred, up to the

Retransmission Maximum.

25 Defer This packet incurred deferral, because the medium was occupied.
This is not an error unless excessive deferral occurs.

26 ExcessiveDefer This packet incurred deferral beyond the maximum deferral limit and
was aborted.

27 ExcessiveCollision Indicates this packet exceeded the maximum collision limit and was

aborted.

28 LateCollision An Out of window Collision was seen, causing packet abort.

29 Underrun A Tx underrun occurred due to the adapter not producing transmit
data.

30 NoDescriptor The transmit stream was interrupted because a descriptor was not
available.

31 Error An error occurred during transmission. This is a logical OR of

Underrun, LateCollision, ExcessiveCollision, and ExcessiveDefer.

For multi-fragment frames, the value of the LateCollision, ExcessiveCollision,
ExcessiveDefer, Defer and CollissionCount bits in all but the last fragment in the frame will
be 0. The status of the last fragment in the frame will copy the value for these bits from the
MAC. All fragment statuses will have valid Error, NoDescriptor and Underrun bits.

15. Ethernet block functional description

UM10211_1

15.1

This section defines the functions of the DMA capable 10/100 Ethernet MAC. After
introducing the DMA concepts of the Ethernet block, and a description of the basic
transmit and receive functions, this section elaborates on advanced features such as flow
control, receive filtering, etc.

Overview

The Ethernet block can transmit and receive Ethernet packets from an off-chip Ethernet
PHY connected through the MIl or RMII interface. MIl or RMII mode can be selected from
software.

Typically during system start-up, the Ethernet block will be initialized. Software
initialization of the Ethernet block should include initialization of the descriptor and status
arrays as well as the receiver fragment buffers.

To transmit a packet the software driver has to set up the appropriate Control registers
and a descriptor to point to the packet data buffer before transferring the packet to
hardware by incrementing the TxProducelndex register. After transmission, hardware will
increment TxConsumelndex and optionally generate an interrupt.
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The hardware will receive packets from the PHY and apply filtering as configured by the
software driver. While receiving a packet the hardware will read a descriptor from memory
to find the location of the associated receiver data buffer. Receive data is written in the
data buffer and receive status is returned in the receive descriptor status word. Optionally
an interrupt can be generated to notify software that a packet has been received. Note
that the DMA manager will prefetch and buffer up to three descriptors.

AHB interface

The registers of the Ethernet block connect to an AHB slave interface to allow access to
the registers from the CPU.

The AHB interface has a 32 bit data path, which supports only word accesses and has an
address aperture of 4 kB. Table 11-134 lists the registers of the Ethernet block.

All AHB write accesses to registers are posted except for accesses to the IntSet, IntClear
and IntEnable registers. AHB write operations are executed in order.

If the PowerDown bit of the PowerDown register is set, all AHB read and write accesses
will return a read or write error except for accesses to the PowerDown register.

Bus Errors
The Ethernet block generates errors for several conditions:

* The AHB interface will return a read error when there is an AHB read access to a
write-only register; likewise a write error is returned when there is an AHB write
access to the read-only register. An AHB read or write error will be returned on AHB
read or write accesses to reserved registers. These errors are propagated back to the
CPU. Registers defined as read-only and write-only are identified in Table 11-134.

¢ If the PowerDown bit is set all accesses to AHB registers will result in an error
response except for accesses to the PowerDown register.

UM10211_1

16.1

The Ethernet block has a single interrupt request output to the CPU (via the Vectored
Interrupt Controller).

The interrupt service routine must read the IntStatus register to determine the origin of the
interrupt. All interrupt statuses can be set by software writing to the IntSet register;
statuses can be cleared by software writing to the IntClear register.

The transmit and receive datapaths can only set interrupt statuses, they cannot clear
statuses. The Softint interrupt cannot be set by hardware and can be used by software for
test purposes.

Direct Memory Access (DMA)

Descriptor arrays

The Ethernet block includes two DMA managers. The DMA managers make it possible to
transfer frames directly to and from memory with little support from the processor and
without the need to trigger an interrupt for each frame.

© NXP B.V. 2007. All rights reserved.

User manual

Rev. 01 — 6 July 2007 174 of 617



NXP Semiconductors UM10211

UM10211_1

Chapter 11: LPC2300 Ethernet

The DMA managers work with arrays of frame descriptors and statuses that are stored in
memory. The descriptors and statuses act as an interface between the Ethernet hardware
and the device driver software. There is one descriptor array for receive frames and one
descriptor array for transmit frames. Using buffering for frame descriptors, the memory
traffic and memory bandwidth utilization of descriptors can be kept small.

Each frame descriptor contains two 32 bit fields: the first field is a pointer to a data buffer
containing a frame or a fragment, whereas the second field is a control word related to
that frame or fragment.

The software driver must write the base addresses of the descriptor and status arrays in
the TxDescriptor/RxDescriptor and TxStatus/RxStatus registers. The number of
descriptors/statuses in each array must be written in the
TxDescriptorNumber/RxDescriptorNumber registers. The number of descriptors in an
array corresponds to the number of statuses in the associated status array.

Transmit descriptor arrays, receive descriptor arrays and transmit status arrays must be
aligned on a 4 byte (32bit)address boundary, while the receive status array must be
aligned on a 8 byte (64bit) address boundary.

Ownership of descriptors

Both device driver software and Ethernet hardware can read and write the descriptor
arrays at the same time in order to produce and consume descriptors. Arbitration on the
AHB bus gives priority to the DMA hardware in the case of simultaneous requests. A
descriptor is "owned" either by the device driver or by the Ethernet hardware. Only the
owner of a descriptor reads or writes its value. Typically, the sequence of use and
ownership of descriptors and statuses is as follows: a descriptor is owned and set up by
the device driver; ownership of the descriptor/status is passed by the device driver to the
Ethernet block, which reads the descriptor and writes information to the status field; the
Ethernet block passes ownership of the descriptor back to the device driver, which uses
the status information and then recycles the descriptor to be used for another frame.
Software must pre-allocate the memory used to hold the descriptor arrays.

Software can hand over ownership of descriptors and statuses to the hardware by
incrementing (and wrapping if on the array boundary) the
TxProducelndex/RxConsumelndex registers. Hardware hands over descriptors and
status to software by updating the TxConsumelndex/ RxProducelndex registers.

After handing over a descriptor to the receive and transmit DMA hardware, device driver
software should not modify the descriptor or reclaim the descriptor by decrementing the
TxProducelndex/ RxConsumelndex registers because descriptors may have been
prefetched by the hardware. In this case the device driver software will have to wait until
the frame has been transmitted or the device driver has to soft-reset the transmit and/or
receive datapaths which will also reset the descriptor arrays.

Sequential order with wrap-around

When descriptors are read from and statuses are written to the arrays, this is done in

sequential order with wrap-around. Sequential order means that when the Ethernet block
has finished reading/writing a descriptor/status, the next descriptor/status it reads/writes is
the one at the next higher, adjacent memory address. Wrap around means that when the
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Ethernet block has finished reading/writing the last descriptor/status of the array (with the
highest memory address), the next descriptor/status it reads/writes is the first
descriptor/status of the array at the base address of the array.

Full and Empty state of descriptor arrays

The descriptor arrays can be empty, partially full or full. A descriptor array is empty when
all descriptors are owned by the producer. A descriptor array is partially full if both
producer and consumer own part of the descriptors and both are busy processing those
descriptors. A descriptor array is full when all descriptors (except one) are owned by the
consumer, so that the producer has no more room to process frames. Ownership of
descriptors is indicated with the use of a consume index and a produce index. The
produce index is the first element of the array owned by the producer. It is also the index
of the array element that is next going to be used by the producer of frames (it may
already be busy using it and subsequent elements). The consume index is the first
element of the array that is owned by the consumer. It is also the number of the array
element next to be consumed by the consumer of frames (it and subsequent elements
may already be in the process of being consumed). If the consume index and the produce
index are equal, the descriptor array is empty and all array elements are owned by the
producer. If the consume index equals the produce index plus one, then the array is full
and all array elements (except the one at the produce index) are owned by the consumer.
With a full descriptor array, still one array element is kept empty, to be able to easily
distinguish the full or empty state by looking at the value of the produce index and
consume index. An array must have at least 2 elements to be able to indicate a full
descriptor array with a produce index of value 0 and a consume index of value 1. The
wrap around of the arrays is taken into account when determining if a descriptor array is
full, so a produce index that indicates the last element in the array and a consume index
that indicates the first element in the array, also means the descriptor array is full. When
the produce index and the consume index are unequal and the consume index is not the
produce index plus one (with wrap around taken into account), then the descriptor array is
partially full and both the consumer and producer own enough descriptors to be able to
operate actively on the descriptor array.

Interrupt bit

The descriptors have an Interrupt bit, which is programmed by software. When the
Ethernet block is processing a descriptor and finds this bit set, it will allow triggering an
interrupt (after committing status to memory) by passing the RxDonelnt or TxDonelnt bits
in the IntStatus register to the interrupt output pin. If the Interrupt bit is not set in the
descriptor, then the RxDonelnt or TxDonelnt are not set and no interrupt is triggered (note
that the corresponding bits in IntEnable must also be set to trigger interrupts). This offers
flexible ways of managing the descriptor arrays. For instance, the device driver could add
10 frames to the Tx descriptor array, and set the Interrupt bit in descriptor number 5 in the
descriptor array. This would invoke the interrupt service routine before the transmit
descriptor array is completely exhausted. The device driver could add another batch of
frames to the descriptor array, without interrupting continuous transmission of frames.

Frame fragments

For maximum flexibility in frame storage, frames can be split up into multiple frame
fragments with fragments located in different places in memory. In this case one
descriptor is used for each frame fragment. So, a descriptor can point to a single frame or
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to a fragment of a frame. By using fragments, scatter/gather DMA can be done: transmit
frames are gathered from multiple fragments in memory and receive frames can be
scattered to multiple fragments in memory.

By stringing together fragments it is possible to create large frames from small memory
areas. Another use of fragments is to be able to locate a frame header and frame payload
in different places and to concatenate them without copy operations in the device driver.

For transmissions, the Last bit in the descriptor Control field indicates if the fragment is the
last in a frame; for receive frames, the LastFrag bit in the Statusinfo field of the status
words indicates if the fragment is the last in the frame. If the Last(Frag) bit is O the next
descriptor belongs to the same Ethernet frame, If the Last(Frag) bit is 1 the next descriptor
is a new Ethernet frame.

Initialization

After reset, the Ethernet software driver needs to initialize the Ethernet block. During
initialization the software needs to:

* Remove the soft reset condition from the MAC

¢ Configure the PHY via the MIIM interface of the MAC

¢ Select RMII or MIl mode

¢ Configure the transmit and receive DMA engines, including the descriptor arrays
¢ Configure the host registers (MAC1,MAC2 etc.) in the MAC

* Enable the receive and transmit datapaths

Depending on the PHY, the software needs to initialize registers in the PHY via the MlI
Management interface. The software can read and write PHY registers by programming
the MCFG, MCMD, MADR registers of the MAC. Write data should be written to the
MWTD register; read data and status information can be read from the MRDD and MIND
registers.

The Ethernet block supports RMII and MIl PHY's. During initialization software must select
MIl or RMII mode by programming the Command register. After initialization, the RMII or
MIl mode should not be modified.

Before switching to RMII mode the default soft reset (MACL1 register bit 15) has to be
deasserted when the Ethernet block is in MIl mode . The phy_tx_clk and phy_rx_clk are
necessary during this operation. In case an RMII PHY is used (which does not provide
these clock signals), phy_tx_clk and phy_rx_clk can be connected to the phy_ref clk.

Transmit and receive DMA engines should be initialized by the device driver by allocating
the descriptor and status arrays in memory. Transmit and receive functions have their own
dedicated descriptor and status arrays. The base addresses of these arrays need to be
programmed in the TxDescriptor/TxStatus and RxDescriptor/RxStatus registers. The
number of descriptors in an array matches the number of statuses in an array.

Please note that the transmit descriptors, receive descriptors and receive statuses are 8
bytes each while the transmit statuses are 4 bytes each. All descriptor arrays and transmit
statuses need to be aligned on 4 byte boundaries; receive status arrays need to be
aligned on 8 byte boundaries. The number of descriptors in the descriptor arrays needs to
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be written to the TxDescriptorNumber/RxDescriptorNumber registers using a -1 encoding
i.e. the value in the registers is the number of descriptors minus one e.g. if the descriptor
array has 4 descriptors the value of the number of descriptors register should be 3.

After setting up the descriptor arrays, frame buffers need to be allocated for the receive
descriptors before enabling the receive datapath. The Packet field of the receive
descriptors needs to be filled with the base address of the frame buffer of that descriptor.
Amongst others the Control field in the receive descriptor needs to contain the size of the
data buffer using -1 encoding.

The receive datapath has a configurable filtering function for discarding/ignoring specific
Ethernet frames. The filtering function should also be configured during initialization.

After an assertion of the hardware reset, the soft reset bit in the MAC will be asserted. The
soft reset condition must be removed before the Ethernet block can be enabled.

Enabling of the receive function is located in two places. The receive DMA manager
needs to be enabled and the receive datapath of the MAC needs to be enabled. To
prevent overflow in the receive DMA engine the receive DMA engine should be enabled
by setting the RxEnable bit in the Command register before enabling the receive datapath
in the MAC by setting the RECEIVE ENABLE bit in the MAC1 register.

The transmit DMA engine can be enabled at any time by setting the TxEnable bit in the
Command register.

Before enabling the datapaths, several options can be programmed in the MAC, such as
automatic flow control, transmit to receive loop-back for verification, full/half duplex
modes, etc.

Base addresses of descriptor arrays and descriptor array sizes cannot be modified

without a (soft) reset of the receive and transmit datapaths.

Transmit process

Overview
This section outlines the transmission process.
Device driver sets up descriptors and data

If the descriptor array is full the device driver should wait for the descriptor arrays to
become not full before writing to a descriptor in the descriptor array. If the descriptor array
is not full, the device driver should use the descriptor numbered TxProducelndex of the
array pointed to by TxDescriptor.

The Packet pointer in the descriptor is set to point to a data frame or frame fragment to be
transmitted. The Size field in the Command field of the descriptor should be set to the
number of bytes in the fragment buffer, -1 encoded. Additional control information can be
indicated in the Control field in the descriptor (bits Interrupt, Last, CRC, Pad).

After writing the descriptor the descriptor needs to be handed over to the hardware by
incrementing (and possibly wrapping) the TxProducelndex register.

If the transmit datapath is disabled, the device driver should not forget to enable the
transmit datapath by setting the TxEnable bit in the Command register.
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When there is a multi-fragment transmission for fragments other than the last, the Last bit
in the descriptor must be set to 0; for the last fragment the Last bit must be setto 1. To
trigger an interrupt when the frame has been transmitted and transmission status has
been committed to memory, set the Interrupt bit in the descriptor Control field to 1. To have
the hardware add a CRC in the frame sequence control field of this Ethernet frame, set
the CRC bit in the descriptor. This should be done if the CRC has not already been added
by software. To enable automatic padding of small frames to the minimum required frame
size, set the Pad bit in the Control field of the descriptor to 1. In typical applications bits
CRC and Pad are both set to 1.

The device driver can set up interrupts using the IntEnable register to wait for a signal of
completion from the hardware or can periodically inspect (poll) the progress of
transmission. It can also add new frames at the end of the descriptor array, while
hardware consumes descriptors at the start of the array.

The device driver can stop the transmit process by resetting the TxEnable bit in the
Command register to 0. The transmission will not stop immediately; frames already being
transmitted will be transmitted completely and the status will be committed to memory
before deactivating the datapath. The status of the transmit datapath can be monitored by
the device driver reading the TxStatus bit in the Status register.

As soon as the transmit datapath is enabled and the corresponding TxConsumelndex and
TxProducelndex are not equal i.e. the hardware still needs to process frames from the
descriptor array, the TxStatus bit in the Status register will return to 1 (active).

Tx DMA manager reads the Tx descriptor array

When the TxEnable bit is set, the Tx DMA manager reads the descriptors from memory at
the address determined by TxDescriptor and TxConsumelndex. The number of
descriptors requested is determined by the total number of descriptors owned by the
hardware: TxProducelndex - TxConsumelndex. Block transferring descriptors minimizes
memory loading. Read data returned from memory is buffered and consumed as needed.

Tx DMA manager transmits data

After reading the descriptor the transmit DMA engine reads the associated frame data
from memory and transmits the frame. After transfer completion, the Tx DMA manager
writes status information back to the Statusinfo and StatusHashCRC words of the status
field. The value of the TxConsumelndex is only updated after status information has been
committed to memory, which is checked by an internal tag protocol in the memory
interface. The Tx DMA manager continues to transmit frames until the descriptor array is
empty. If the transmit descriptor array is empty the TxStatus bit in the Status register will
return to O (inactive). If the descriptor array is empty the Ethernet hardware will set the
TxFinishedint bit of the IntStatus register. The transmit datapath will still be enabled.

The Tx DMA manager inspects the Last bit of the descriptor Control field when loading the
descriptor. If the Last bit is 0, this indicates that the frame consists of multiple fragments.
The Tx DMA manager gathers all the fragments from the host memory, visiting a string of
frame descriptors, and sends them out as one Ethernet frame on the Ethernet connection.
When the Tx DMA manager finds a descriptor with the Last bit in the Control field set to 1,
this indicates the last fragment of the frame and thus the end of the frame is found.

Update Consumelndex
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Each time the Tx DMA manager commits a status word to memory it completes the
transmission of a descriptor and it increments the TxConsumelndex (taking wrap around
into account) to hand the descriptor back to the device driver software. Software can
re-use the descriptor for new transmissions after hardware has handed it back.

The device driver software can keep track of the progress of the DMA manager by reading
the TxConsumelndex register to see how far along the transmit process is. When the Tx
descriptor array is emptied completely, the TxConsumelndex register retains its last value.

Write transmission status

After the frame has been transmitted over the (R)MII bus, the Statusinfo word of the frame
descriptor is updated by the DMA manager.

If the descriptor is for the last fragment of a frame (or for the whole frame if there are no
fragments), then depending on the success or failure of the frame transmission, error
flags (Error, LateCollision, ExcessiveCollision, Underrun, ExcessiveDefer, Defer) are set
in the status. The CollisionCount field is set to the number of collisions the frame incurred,
up to the Retransmission Maximum programmed in the Collision window/retry register of
the MAC.

Statuses for all but the last fragment in the frame will be written as soon as the data in the
frame has been accepted by the Tx DMA manager. Even if the descriptor is for a frame
fragment other than the last fragment, the error flags are returned via the AHB interface. If
the Ethernet block detects a transmission error during transmission of a (multi-fragment)
frame, all remaining fragments of the frame are still read via the AHB interface. After an
error, the remaining transmit data is discarded by the Ethernet block. If there are errors
during transmission of a multi-fragment frame the error statuses will be repeated until the
last fragment of the frame. Statuses for all but the last fragment in the frame will be written
as soon as the data in the frame has been accepted by the Tx DMA manager. These may
include error information if the error is detected early enough. The status for the last
fragment in the frame will only be written after the transmission has completed on the
Ethernet connection. Thus, the status for the last fragment will always reflect any error
that occurred anywhere in the frame.

The status of the last frame transmission can also be inspected by reading the TSV0 and
TSV1 registers. These registers do not report statuses on a fragment basis and do not
store information of previously sent frames. They are provided primarily for debug
purposes, because the communication between driver software and the Ethernet block
takes place through the frame descriptors. The status registers are valid as long as the
internal status of the MAC is valid and should typically only be read when the transmit and
receive processes are halted.

Transmission error handling

If an error occurs during the transmit process, the Tx DMA manager will report the error
via the transmission Statusinfo word written in the Status array and the IntStatus interrupt
status register.

The transmission can generate several types of errors: LateCollision, ExcessiveCollision,
ExcessiveDefer, Underrun, and NoDescriptor. All have corresponding bits in the
transmission Statusinfo word. In addition to the separate bits in the Statusinfo word,
LateCollision, ExcessiveCollision, and ExcessiveDefer are ORed together into the Error
bit of the Status. Errors are also propagated to the IntStatus register; the TxError bit in the
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IntStatus register is set in the case of a LateCollision, ExcessiveCollision, ExcessiveDefer,
or NoDescriptor error; Underrun errors are reported in the TxUnderrun bit of the IntStatus
register.

Underrun errors can have three causes:

* The next fragment in a multi-fragment transmission is not available. This is a nonfatal
error. A NoDescriptor status will be returned on the previous fragment and the TxError
bit in IntStatus will be set.

* The transmission fragment data is not available when the Ethernet block has already
started sending the frame. This is a nonfatal error. An Underrun status will be returned
on transfer and the TxError bit in IntStatus will be set.

* The flow of transmission statuses stalls and a new status has to be written while a
previous status still waits to be transferred across the memory interface. This is a fatal
error which can only be resolved by a soft reset of the hardware.

The first and second situations are nonfatal and the device driver has to resend the frame
or have upper software layers resend the frame. In the third case the hardware is in an
undefined state and needs to be soft reset by setting the TxReset bit in the Command
register.

After reporting a LateCollision, ExcessiveCollision, ExcessiveDefer or Underrun error, the
transmission of the erroneous frame will be aborted, remaining transmission data and
frame fragments will be discarded and transmission will continue with the next frame in
the descriptor array.

Device drivers should catch the transmission errors and take action.
Transmit triggers interrupts
The transmit datapath can generate four different interrupt types:

¢ |f the Interrupt bit in the descriptor Control field is set, the Tx DMA will set the
TxDonelnt bit in the IntStatus register after sending the fragment and committing the
associated transmission status to memory. Even if a descriptor (fragment) is not the
last in a multi-fragment frame the Interrupt bit in the descriptor can be used to
generate an interrupt.

¢ If the descriptor array is empty while the Ethernet hardware is enabled the hardware
will set the TxFinishedint bit of the IntStatus register.

¢ |f the AHB interface does not consume the transmission statuses at a sufficiently high
bandwidth the transmission may underrun in which case the TxUnderrun bit will be set
in the IntStatus register. This is a fatal error which requires a soft reset of the
transmission queue.

* |n the case of a transmission error (LateCollision, ExcessiveCaollision, or
ExcessiveDefer) or a multi-fragment frame where the device driver did provide the
initial fragments but did not provide the rest of the fragments (NoDescriptor) or in the
case of a nonfatal overrun, the hardware will set the TxErrorint bit of the IntStatus
register.

© NXP B.V. 2007. All rights reserved.

User manual

Rev. 01 — 6 July 2007 181 of 617



NXP Semiconductors UMlOle

Chapter 11: LPC2300 Ethernet

All of the above interrupts can be enabled and disabled by setting or resetting the
corresponding bits in the IntEnable register. Enabling or disabling does not affect the
IntStatus register contents, only the propagation of the interrupt status to the CPU (via the
Vectored Interrupt Controller).

The interrupts, either of individual frames or of the whole list, are a good means of
communication between the DMA manager and the device driver, triggering the device
driver to inspect the status words of descriptors that have been processed.

Transmit example

Figure 11-23 illustrates the transmit process in an example transmitting uses a frame
header of 8 bytes and a frame payload of 12 bytes.
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Fig 23. Transmit example memory and registers

After reset the values of the DMA registers will be zero. During initialization the device
driver will allocate the descriptor and status array in memory. In this example, an array of
four descriptors is allocated; the array is 4x2x4 bytes and aligned on a 4 byte address
boundary. Since the number of descriptors matches the number of statuses the status
array consists of four elements; the array is 4x1x4 bytes and aligned on a 4 byte address
boundary. The device driver writes the base address of the descriptor array

(Ox7FEO 10EC) to the TxDescriptor register and the base address of the status array
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(OX7FEO 11F8) to the TxStatus register. The device driver writes the number of descriptors
and statuses minus 1(3) to the TxDescriptorNumber register. The descriptors and
statuses in the arrays need not be initialized, yet.

At this point, the transmit datapath may be enabled by setting the TxEnable bit in the
Command register. If the transmit datapath is enabled while there are no further frames to
send the TxFinishedInt interrupt flag will be set. To reduce the processor interrupt load
only the desired interrupts can be enabled by setting the relevant bits in the IntEnable
register.

Now suppose application software wants to transmit a frame of 12 bytes using a TCP/IP
protocol (in real applications frames will be larger than 12 bytes). The TCP/IP stack will
add a header to the frame. The frame header need not be immediately in front of the
payload data in memory. The device driver can program the Tx DMA to collect header and
payload data. To do so, the device driver will program the first descriptor to point at the
frame header; the Last flag in the descriptor will be set to false/0 to indicate a
multi-fragment transmission. The device driver will program the next descriptor to point at
the actual payload data. The maximum size of a payload buffer is 2 kB so a single
descriptor suffices to describe the payload buffer. For the sake of the example though the
payload is distributed across two descriptors. After the first descriptor in the array
describing the header, the second descriptor in the array describes the initial 8 bytes of
the payload; the third descriptor in the array describes the remaining 4 bytes of the frame.
In the third descriptor the Last bit in the Control word is set to true/1 to indicate it is the last
descriptor in the frame. In this example the Interrupt bit in the descriptor Control field is set
in the last fragment of the frame in order to trigger an interrupt after the transmission
completed. The Size field in the descriptor’s Control word is set to the number of bytes in
the fragment buffer, -1 encoded.

Note that in real device drivers, the payload will typically only be split across multiple
descriptors if it is more than 2 kB. Also note that transmission payload data is forwarded to
the hardware without the device driver copying it (zero copy device driver).

After setting up the descriptors for the transaction the device driver increments the
TxProducelndex register by 3 since three descriptors have been programmed. If the
transmit datapath was not enabled during initialization the device driver needs to enable
the datapath now.

If the transmit datapath is enabled the Ethernet block will start transmitting the frame as
soon as it detects the TxProducelndex is not equal to TxConsumelndex - both were zero
after reset. The Tx DMA will start reading the descriptors from memory. The memory
system will return the descriptors and the Ethernet block will accept them one by one
while reading the transmit data fragments.

As soon as transmission read data is returned from memory, the Ethernet block will try to
start transmission on the Ethernet connection via the (R)MII interface.

After transmitting each fragment of the frame the Tx DMA will write the status of the
fragment’s transmission. Statuses for all but the last fragment in the frame will be written
as soon as the data in the frame has been accepted by the Tx DMA manager. The status
for the last fragment in the frame will only be written after the transmission has completed
on the Ethernet connection.
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Since the Interrupt bit in the descriptor of the last fragment is set, after committing the
status of the last fragment to memory the Ethernet block will trigger a TxDonelnt interrupt,
which triggers the device driver to inspect the status information.

In this example the device driver cannot add new descriptors as long as the Ethernet
block has not incremented the TxConsumelndex because the descriptor array is full (even
though one descriptor is not programmed yet). Only after the hardware commits the status
for the first fragment to memory and the TxConsumelndex is set to 1 by the DMA manager
can the device driver program the next (the fourth) descriptor. The fourth descriptor can
already be programmed before completely transmitting the first frame.

In this example the hardware adds the CRC to the frame. If the device driver software
adds the CRC, the CRC trailer can be considered another frame fragment which can be
added by doing another gather DMA.

Each data byte is transmitted across the Mll interface as two nibbles. On the Mll interface
the Ethernet block adds the preamble, frame delimiter leader, and the CRC trailer if
hardware CRC is enabled. Once transmission on the Ml interface commences the
transmission cannot be interrupted without generating an underrun error, which is why
descriptors and data read commands are issued as soon as possible and pipelined.

For an RMII PHY, the data communication between the Ethernet block and the PHY is
communicated at half the data-width (2 bits) and twice the clock frequency (50 MHz). In
10 Mbps mode data will only be transmitted once every 10 clock cycles.

Receive process

This section outlines the receive process including the activities in the device driver
software.

Device driver sets up descriptors

After initializing the receive descriptor and status arrays to receive frames from the
Ethernet connection, the receive datapath should be enabled in the MACL1 register and
the Control register.

During initialization, each Packet pointer in the descriptors is set to point to a data
fragment buffer. The size of the buffer is stored in the Size bits of the Control field of the
descriptor. Additionally, the Control field in the descriptor has an Interrupt bit. The Interrupt
bit allows generation of an interrupt after a fragment buffer has been filled and its status
has been committed to memory.

After the initialization and enabling of the receive datapath, all descriptors are owned by
the receive hardware and should not be modified by the software unless hardware hands
over the descriptor by incrementing the RxProducelndex, indicating that a frame has been
received. The device driver is allowed to modify the descriptors after a (soft) reset of the
receive datapath.

Rx DMA manager reads Rx descriptor arrays

When the RxEnable bit in the Command register is set, the Rx DMA manager reads the
descriptors from memory at the address determined by RxDescriptor and
RxProducelndex. The Ethernet block will start reading descriptors even before actual
receive data arrives on the (R)MII interface (descriptor prefetching). The block size of the
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descriptors to be read is determined by the total number of descriptors owned by the
hardware: RxConsumelndex - RxProducelndex - 1. Block transferring of descriptors
minimizes memory load. Read data returned from memory is buffered and consumed as
needed.

RX DMA manager receives data

After reading the descriptor, the receive DMA engine waits for the MAC to return receive
data from the (R)MII interface that passes the receive filter. Receive frames that do not
match the filtering criteria are not passed to memory. Once a frame passes the receive
filter, the data is written in the fragment buffer associated with the descriptor. The Rx DMA
does not write beyond the size of the buffer. When a frame is received that is larger than a
descriptor’s fragment buffer, the frame will be written to multiple fragment buffers of
consecutive descriptors. In the case of a multi-fragment reception, all but the last fragment
in the frame will return a status where the LastFrag bit is set to 0. Only on the last
fragment of a frame the LastFrag bit in the status will be set to 1. If a fragment buffer is the
last of a frame, the buffer may not be filled completely. The first receive data of the next
frame will be written to the fragment buffer of the next descriptor.

After receiving a fragment, the Rx DMA manager writes status information back to the
Statusinfo and StatusHashCRC words of the status. The Ethernet block writes the size in
bytes of a descriptor’s fragment buffer in the RxSize field of the Status word. The value of
the RxProducelndex is only updated after the fragment data and the fragment status
information has been committed to memory, which is checked by an internal tag protocol
in the memory interface. The Rx DMA manager continues to receive frames until the
descriptor array is full. If the descriptor array is full, the Ethernet hardware will set the
RxFinishedInt bit of the IntStatus register. The receive datapath will still be enabled. If the
receive descriptor array is full any new receive data will generate an overflow error and
interrupt.

Update Producelndex

Each time the Rx DMA manager commits a data fragment and the associated status word
to memory, it completes the reception of a descriptor and increments the RxProducelndex
(taking wrap around into account) in order to hand the descriptor back to the device driver
software. Software can re-use the descriptor for new receptions by handing it back to
hardware when the receive data has been processed.

The device driver software can keep track of the progress of the DMA manager by reading
the RxProducelndex register to see how far along the receive process is. When the Rx
descriptor array is emptied completely, the RxProducelndex retains its last value.

Write reception status

After the frame has been received from the (R)MII bus, the Statusinfo and
StatusHashCRC words of the frame descriptor are
updated by the DMA manager.

If the descriptor is for the last fragment of a frame (or for the whole frame if there are no
fragments), then depending on the success or failure of the frame reception, error flags
(Error, NoDescriptor, Overrun, AlignmentError, RangeError, LengthError, SymbolError, or
CRCError) are set in Statusinfo. The RxSize field is set to the number of bytes actually
written to the fragment buffer, -1 encoded. For fragments not being the last in the frame
the RxSize will match the size of the buffer. The hash CRCs of the destination and source
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addresses of a packet are calculated once for all the fragments belonging to the same
packet and then stored in every StatusHashCRC word of the statuses associated with the
corresponding fragments. If the reception reports an error, any remaining data in the
receive frame is discarded and the LastFrag bit will be set in the receive status field, so
the error flags in all but the last fragment of a frame will always be 0.

The status of the last received frame can also be inspected by reading the RSV register.
The register does not report statuses on a fragment basis and does not store information
of previously received frames. RSV is provided primarily for debug purposes, because the
communication between driver software and the Ethernet block takes place through the
frame descriptors.

Reception error handling

When an error occurs during the receive process, the Rx DMA manager will report the
error via the receive Statusinfo written in the Status array and the IntStatus interrupt status
register.

The receive process can generate several types of errors: AlignmentError, RangeError,
LengthError, SymbolError, CRCError, Overrun, and NoDescriptor. All have corresponding
bits in the receive Statusinfo. In addition to the separate bits in the Statusinfo,
AlignmentError, RangeError, LengthError, SymbolError, and CRCError are ORed together
into the Error bit of the Statusinfo. Errors are also propagated to the IntStatus register; the
RxError bit in the IntStatus register is set if there is an AlignmentError, RangeError,
LengthError, SymbolError, CRCError, or NoDescriptor error; nonfatal overrun errors are
reported in the RxError bit of the IntStatus register; fatal Overrun errors are report in the
RxOverrun bit of the IntStatus register. On fatal overrun errors, the Rx datapath needs to
be soft reset by setting the RxReset bit in the Command register.

Overrun errors can have three causes:

* In the case of a multi-fragment reception, the next descriptor may be missing. In this
case the NoDescriptor field is set in the status word of the previous descriptor and the
RxError in the IntStatus register is set. This error is nonfatal.

* The data flow on the receiver data interface stalls, corrupting the packet. In this case
the overrun bit in the status word is set and the RxError bit in the IntStatus register is
set. This error is nonfatal.

* The flow of reception statuses stalls and a new status has to be written while a
previous status still waits to be transferred across the memory interface. This error will
corrupt the hardware state and requires the hardware to be soft reset. The error is
detected and sets the Overrun bit in the IntStatus register.

The first overrun situation will result in an incomplete frame with a NoDescriptor status
and the RxError bit in IntStatus set. Software should discard the partially received frame.
In the second overrun situation the frame data will be corrupt which results in the Overrun
status bit being set in the Status word while the IntError interrupt bit is set. In the third case
receive errors cannot be reported in the receiver Status arrays which corrupts the
hardware state; the errors will still be reported in the IntStatus register’s Overrun bit. The
RxReset bit in the Command register should be used to soft reset the hardware.

Device drivers should catch the above receive errors and take action.
Receive triggers interrupts
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The receive datapath can generate four different interrupt types:

¢ If the Interrupt bit in the descriptor Control field is set, the Rx DMA will set the
RxDonelnt bit in the IntStatus register after receiving a fragment and committing the
associated data and status to memory. Even if a descriptor (fragment) is not the last in
a multi-fragment frame, the Interrupt bit in the descriptor can be used to generate an
interrupt.

* If the descriptor array is full while the Ethernet hardware is enabled, the hardware will
set the RxFinishedInt bit of the IntStatus register.

¢ If the AHB interface does not consume receive statuses at a sufficiently high
bandwidth, the receive status process may overrun, in which case the RxOverrun bit
will be set in the IntStatus register.

¢ If there is a receive error (AlignmentError, RangeError, LengthError, SymbolError, or
CRCEtrror), or a multi-fragment frame where the device driver did provide descriptors
for the initial fragments but did not provide the descriptors for the rest of the
fragments, or if a nonfatal data Overrun occurred, the hardware will set the RxErrorint
bit of the IntStatus register.

All of the above interrupts can be enabled and disabled by setting or resetting the
corresponding bits in the IntEnable register. Enabling or disabling does not affect the
IntStatus register contents, only the propagation of the interrupt status to the CPU (via the
Vectored Interrupt Controller).

The interrupts, either of individual frames or of the whole list, are a good means of
communication between the DMA manager and the device driver, triggering the device
driver to inspect the status words of descriptors that have been processed.

Device driver processes receive data

As a response to status (e.g. RxDonelnt) interrupts or polling of the RxProducelndex, the
device driver can read the descriptors that have been handed over to it by the hardware
(RxProducelndex - RxConsumelndex). The device driver should inspect the status words
in the status array to check for multi-fragment receptions and receive errors.

The device driver can forward receive data and status to upper software layers. After
processing of data and status, the descriptors, statuses and data buffers may be recycled
and handed back to hardware by incrementing the RxConsumelndex.

Receive example

Figure 11-24 illustrates the receive process in an example receiving a frame of 19 bytes.
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After reset, the values of the DMA registers will be zero. During initialization, the device
driver will allocate the descriptor and status array in memory. In this example, an array of
four descriptors is allocated; the array is 4x2x4 bytes and aligned on a 4 byte address
boundary. Since the number of descriptors matches the number of statuses, the status
array consists of four elements; the array is 4x2x4 bytes and aligned on a 8 byte address
boundary. The device driver writes the base address of the descriptor array

(OXFEED BOEC) in the RxDescriptor register, and the base address of the status array
(OXFEED B1F8) in the RxStatus register. The device driver writes the number of
descriptors and statuses minus 1 (3) in the RxDescriptorNumber register. The descriptors
and statuses in the arrays need not be initialized yet.

After allocating the descriptors, a fragment buffer needs to be allocated for each of the
descriptors. Each fragment buffer can be between 1 byte and 2 k bytes. The base
address of the fragment buffer is stored in the Packet field of the descriptors. The number
of bytes in the fragment buffer is stored in the Size field of the descriptor Control word.
The Interrupt field in the Control word of the descriptor can be set to generate an interrupt
as soon as the descriptor has been filled by the receive process. In this example the
fragment buffers are 8 bytes, so the value of the Size field in the Control word of the
descriptor is set to 7. Note that in this example, the fragment buffers are actually a
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continuous memory space; even when a frame is distributed over multiple fragments it will
typically be in a linear, continuous memory space; when the descriptors wrap at the end of
the descriptor array the frame will not be in a continuous memory space.

The device driver should enable the receive process by writing a 1 to the RxEnable bit of
the Command register, after which the MAC needs to be enabled by writing a 1 to the
‘RECEIVE ENABLE’ bit of the MAC1 configuration register. The Ethernet block will now
start receiving Ethernet frames. To reduce the processor interrupt load, some interrupts
can be disabled by setting the relevant bits in the IntEnable register.

After the Rx DMA manager is enabled, it will start issuing descriptor read commands. In
this example the number of descriptors is 4. Initially the RxProducelndex and
RxConsumelndex are 0. Since the descriptor array is considered full if RxProducelndex
== RxConsumelndex - 1, the Rx DMA manager can only read (RxConsumelndex -
RxProducelndex - 1 =) 3 descriptors; note the wrapping.

After enabling the receive function in the MAC, data reception will begin starting at the
next frame i.e. if the receive function is enabled while the (R)MII interface is halfway
through receiving a frame, the frame will be discarded and reception will start at the next
frame. The Ethernet block will strip the preamble and start of frame delimiter from the
frame. If the frame passes the receive filtering, the Rx DMA manager will start writing the
frame to the first fragment buffer.

Suppose the frame is 19 bytes long. Due to the buffer sizes specified in this example, the
frame will be distributed over three fragment buffers. After writing the initial 8 bytes in the
first fragment buffer, the status for the first fragment buffer will be written and the Rx DMA
will continue filling the second fragment buffer. Since this is a multi-fragment receive, the
status of the first fragment will have a 0 for the LastFrag bit in the Statusinfo word; the
RxSize field will be set to 7 (8, -1 encoded). After writing the 8 bytes in the second
fragment the Rx DMA will continue writing the third fragment. The status of the second
fragment will be like the status of the first fragment: LastFrag = 0, RxSize = 7. After writing
the three bytes in the third fragment buffer, the end of the frame has been reached and the
status of the third fragment is written. The third fragment’s status will have the LastFrag bit
set to 1 and the RxSize equal to 2 (3, -1 encoded).

The next frame received from the (R)MII interface will be written to the fourth fragment
buffer i.e. five bytes of the third buffer will be unused.

The Rx DMA manager uses an internal tag protocol in the memory interface to check that
the receive data and status have been committed to memory. After the status of the
fragments are committed to memory, an RxDonelnt interrupt will be triggered, which
activates the device driver to inspect the status information. In this example, all
descriptors have the Interrupt bit set in the Control word i.e. all descriptors will generate
an interrupt after committing data and status to memory.

In this example the receive function cannot read new descriptors as long as the device
driver does not increment the RxConsumelndex, because the descriptor array is full (even
though one descriptor is not programmed yet). Only after the device driver has forwarded
the receive data to application software, and after the device driver has updated the
RxConsumelndex by incrementing it, will the Ethernet block can continue reading
descriptors and receive data. The device driver will probably increment the
RxConsumelndex by 3, since the driver will forward the complete frame consisting of
three fragments to the application, and hence free up three descriptors at the same time.
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Each pair of nibbles transferred on the MIl interface (or four pairs of bits for RMII) is
transferred as a byte on the data write interface after being delayed by 128 or 136 cycles
for filtering by the receive filter and buffer modules. The Ethernet block removes
preamble, frame start delimiter, and CRC from the data and checks the CRC. To limit the
buffer NoDescriptor error probability, three descriptors are buffered. The value of the
RxProducelndex is only updated after status information has been committed to memory,
which is checked by an internal tag protocol in the memory interface. The software device
driver will process the receive data, after which the device driver will update the
RxConsumelndex.

For an RMII PHY the data between the Ethernet block and the PHY is communicated at
half the data-width and twice the clock frequency (50 MHz).

Transmission retry

If a collision on the Ethernet occurs, it usually takes place during the collision window
spanning the first 64 bytes of a frame. If collision is detected, the Ethernet block will retry
the transmission. For this purpose, the first 64 bytes of a frame are buffered, so that this
data can be used during the retry. A transmission retry within the first 64 bytes in a frame
is fully transparent to the application and device driver software.

When a collision occurs outside of the 64 byte collision window, a LateCollision error is
triggered, and the transmission is aborted. After a LateCollision error, the remaining data
in the transmit frame will be discarded. The Ethernet block will set the Error and
LateCollision bits in the frame’s status fields. The TxError bit in the IntStatus register will
be set. If the corresponding bit in the IntEnable register is set, the TxError bit in the
IntStatus register will be propagated to the CPU (via the Vectored Interrupt Controller).
The device driver software should catch the interrupt and take appropriate actions.

The ‘RETRANSMISSION MAXIMUM' field of the CLRT register can be used to configure
the maximum number of retries before aborting the transmission.

Status hash CRC calculations

For each received frame, the Ethernet block is able to detect the destination address and
source address and from them calculate the corresponding hash CRCs. To perform the
computation, the Ethernet block features two internal blocks: one is a controller
synchronized with the beginning and the end of each frame, the second block is the CRC
calculator.

When a new frame is detected, internal signaling notifies the controller.The controller
starts counting the incoming bytes of the frame, which correspond to the destination
address bytes. When the sixth (and last) byte is counted, the controller naotifies the
calculator to store the corresponding 32 bit CRC into a first inner register. Then the
controller repeats counting the next incoming bytes, in order to get synchronized with the
source address. When the last byte of the source address is encountered, the controller
again notifies the CRC calculator, which freezes until the next new frame. When the
calculator receives this second notification, it stores the present 32 bit CRC into a second
inner register. Then the CRCs remain frozen in their own registers until new notifications
arise.
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The destination address and source address hash CRCs being written in the
StatusHashCRC word are the nine most significant bits of the 32 bit CRCs as calculated
by the CRC calculator.

Duplex modes

The Ethernet block can operate in full duplex and half duplex mode. Half or full duplex
mode needs to be configured by the device driver software during initialization.

For a full duplex connection the FullDuplex bit of the Command register needs to be set to
1 and the FULL-DUPLEX bit of the MAC2 configuration register needs to be set to 1; for
half duplex the same bits need to be set to 0.

IEE 802.3/Clause 31 flow control

Overview

For full duplex connections, the Ethernet block supports IEEE 802.3/clause 31 flow control
using pause frames. This type of flow control may be used in full-duplex point-to-point
connections. Flow control allows a receiver to stall a transmitter e.g. when the receive
buffers are (almost) full. For this purpose, the receiving side sends a pause frame to the
transmitting side.

Pause frames use units of 512 hit times corresponding to 128 rx_clk/tx_clk cycles.
Receive flow control

In full-duplex mode, the Ethernet block will suspend its transmissions when the it receives
a pause frame. Rx flow control is initiated by the receiving side of the transmission. It is
enabled by setting the ‘RX FLOW CONTROL' bit in the MACL1 configuration register. If the
RX FLOW CONTROL' bit is zero, then the Ethernet block ignores received pause control
frames. When a pause frame is received on the Rx side of the Ethernet block,
transmission on the Tx side will be interrupted after the currently transmitting frame has
completed, for an amount of time as indicated in the received pause frame. The transmit
datapath will stop transmitting data for the number of 512 bit slot times encoded in the
pause-timer field of the received pause control frame.

By default the received pause control frames are not forwarded to the device driver. To
forward the receive flow control frames to the device driver, set the ‘PASS ALL RECEIVE
FRAMES'’ bit in the MACL1 configuration register.

Transmit flow control

If case device drivers need to stall the receive data e.g. because software buffers are full,
the Ethernet block can transmit pause control frames. Transmit flow control needs to be

initiated by the device driver software; there is no IEEE 802.3/31 flow control initiated by
hardware, such as the DMA managers.

With software flow control, the device driver can detect a situation in which the process of
receiving frames needs to be interrupted by sending out Tx pause frames. Note that due
to Ethernet delays, a few frames can still be received before the flow control takes effect
and the receive stream stops.
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Transmit flow control is activated by writing 1 to the TxFlowControl bit of the Command
register. When the Ethernet block operates in full duplex mode, this will result in
transmission of IEEE 802.3/31 pause frames. The flow control continues until a 0 is
written to TxFlowControl bit of the Command register.

If the MAC is operating in full-duplex mode, then setting the TxFlowControl bit of the
Command register will start a pause frame transmission. The value inserted into the
pause-timer value field of transmitted pause frames is programmed via the
PauseTimer[15:0] bits in the FlowControlCounter register. When the TxFlowControl bit is
deasserted, another pause frame having a pause-timer value of 0x0000 is automatically
sent to abort flow control and resume transmission.

When flow control be in force for an extended time, a sequence of pause frames must be
transmitted. This is supported with a mirror counter mechanism. To enable mirror
counting, a nonzero value is written to the MirrorCounter[15:0] bits in the
FlowControlCounter register. When the TxFlowControl bit is asserted, a pause frame is
transmitted. After sending the pause frame, an internal mirror counter is initialized to zero.
The internal mirror counter starts incrementing one every 512 bit-slot times. When the
internal mirror counter reaches the MirrorCounter value, another pause frame is
transmitted with pause-timer value equal to the PauseTimer field from the
FlowControlCounter register, the internal mirror counter is reset to zero and restarts
counting. The register MirrorCounter[15:0] is usually set to a smaller value than register
PauseTimer[15:0] to ensure an early expiration of the mirror counter, allowing time to send
a new pause frame before the transmission on the other side can resume. By continuing
to send pause frames before the transmitting side finishes counting the pause timer, the
pause can be extended as long as TxFlowControl is asserted. This continues until
TxFlowControl is deasserted when a final pause frame having a pause-timer value of
0x0000 is automatically sent to abort flow control and resume transmission. To disable the
mirror counter mechanism, write the value 0 to MirrorCounter field in the
FlowControlCounter register. When using the mirror counter mechanism, account for
time-of-flight delays, frame transmission time, queuing delays, crystal frequency
tolerances, and response time delays by programming the MirrorCounter conservatively,
typically about 80% of the PauseTimer value.

If the software device driver sets the MirrorCounter field of the FlowControlCounter
register to zero, the Ethernet block will only send one pause control frame. After sending
the pause frame an internal pause counter is initialized at zero; the internal pause counter
is incremented by one every 512 bit-slot times. Once the internal pause counter reaches
the value of the PauseTimer register, the TxFlowControl bit in the Command register will
be reset. The software device driver can poll the TxFlowControl bit to detect when the
pause completes.

The value of the internal counter in the flow control module can be read out via the
FlowControlStatus register. If the MirrorCounter is nonzero, the FlowControlStatus register
will return the value of the internal mirror counter; if the MirrorCounter is zero the
FlowControlStatus register will return the value of the internal pause counter value.

The device driver is allowed to dynamically modify the MirrorCounter register value and
switch between zero MirrorCounter and nonzero MirrorCounter modes.
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Transmit flow control is enabled via the “TX FLOW CONTROL bit in the MAC1
configuration register. If the ‘TX FLOW CONTROL' bit is zero, then the MAC will not
transmit pause control frames, software must not initiate pause frame transmissions, and
the TxFlowControl bit in the Command register should be zero.

Transmit flow control example

Figure 11-25 illustrates the transmit flow control.
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In this example, a frame is received while transmitting another frame (full duplex.) The
device driver detects that some buffer might overrun and enables the transmit flow control
by programming the PauseTimer and MirrorCounter fields of the FlowControlCounter
register, after which it enables the transmit flow control by setting the TxFlowControl bit in
the Command register.

As a response to the enabling of the flow control a pause control frame will be sent after
the currently transmitting frame has been transmitted. When the pause frame
transmission completes the internal mirror counter will start counting bit slots; as soon as
the counter reaches the value in the MirrorCounter field another pause frame is
transmitted. While counting the transmit datapath will continue normal transmissions.

As soon as software disables transmit flow control a zero pause control frame is
transmitted to resume the receive process.

Half-Duplex mode backpressure

When in half-duplex mode, backpressure can be generated to stall receive packets by
sending continuous preamble that basically jams any other transmissions on the Ethernet
medium. When the Ethernet block operates in half duplex mode, asserting

the TxFlowControl bit in the Command register will result in applying continuous preamble
on the Ethernet wire, effectively blocking traffic from any other Ethernet station on the
same segment.
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In half duplex mode, when the TxFlowControl bit goes high, continuous preamble is sent
until TxFlowControl is deasserted. If the medium is idle, the Ethernet block begins
transmitting preamble, which raises carrier sense causing all other stations to defer. In the
event the transmitting of preamble causes a collision, the backpressure ‘rides through’ the
collision. The colliding station backs off and then defers to the backpressure. If during
backpressure, the user wishes to send a frame, the backpressure is interrupted, the frame
sent and then the backpressure resumed. If TxFlowControl is asserted for longer than
3.3 ms in 10 Mbps mode or 0.33 ms in 100 Mbps mode, backpressure will cease sending
preamble for several byte times to avoid the jabber limit.

Receive filtering

Features of receive filtering

The Ethernet MAC has several receive packet filtering functions that can be configured
from the software driver:

¢ Perfect address filter: allows packets with a perfectly matching station address to be
identified and passed to the software driver.

* Hash table filter: allows imperfect filtering of packets based on the station address.

¢ Unicast/multicast/broadcast filtering: allows passing of all unicast, multicast, and/or
broadcast packets.

* Magic packet filter: detection of magic packets to generate a Wake-on-LAN interrupt.

The filtering functions can be logically combined to create complex filtering functions.
Furthermore, the Ethernet block can pass or reject runt packets smaller than 64 bytes; a
promiscuous mode allows all packets to be passed to software.

Overview

The Ethernet block has the capability to filter out receive frames by analyzing the Ethernet
destination address in the frame. This capability greatly reduces the load on the host
system, because Ethernet frames that are addressed to other stations would otherwise
need to be inspected and rejected by the device driver software, using up bandwidth,
memory space, and host CPU time. Address filtering can be implemented using the
perfect address filter or the (imperfect) hash filter. The latter produces a 6 bits hash code
which can be used as an index into a 64 entry programmable hash table. Figure 11-26
depicts a functional view of the receive filter.

At the top of the diagram the Ethernet receive frame enters the filters. Each filter is
controlled by signals from control registers; each filter produces a ‘Ready’ output and a
‘Match’ output. If ‘Ready’ is O then the Match value is ‘don’t care’; if a filter finishes filtering
then it will assert its Ready output; if the filter finds a matching frame it will assert the
Match output along with the Ready output. The results of the filters are combined by logic
functions into a single RxAbort output. If the RxAbort output is asserted, the frame does
not need to be received.

In order to reduce memory traffic, the receive datapath has a buffer of 68 bytes. The
Ethernet MAC will only start writing a frame to memory after 68 byte delays. If the RxAbort
signal is asserted during the initial 68 bytes of the frame, the frame can be discarded and
removed from the buffer and not stored to memory at all, not using up receive descriptors,
etc. If the RxAbort signal is asserted after the initial 68 bytes in a frame (probably due to
reception of a Magic Packet), part of the frame is already written to memory and the
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Ethernet MAC will stop writing further data in the frame to memory; the FailFilter bit in the
status word of the frame will be set to indicate that the software device driver can discard

the frame immediately.
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Fig 26. Receive filter block diagram
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Unicast, broadcast and multicast

Generic filtering based on the type of frame (unicast, multicast or broadcast) can be
programmed using the AcceptUnicastEn, AcceptMulticastEn, or AcceptBroadcastEn bits
of the RxFilterCtrl register. Setting the AcceptUnicast, AcceptMulticast, and
AcceptBroadcast bits causes all frames of types unicast, multicast and broadcast,
respectively, to be accepted, ignoring the Ethernet destination address in the frame. To
program promiscuous mode, i.e. to accept all frames, set all 3 bits to 1.

Perfect address match

When a frame with a unicast destination address is received, a perfect filter compares the
destination address with the 6 byte station address programmed in the station address
registers SAO, SAL, SA2. If the AcceptPerfectEn bit in the RxFilterCtrl register is set to 1,
and the address matches, the frame is accepted.

Imperfect hash filtering
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An imperfect filter is available, based on a hash mechanism. This filter applies a hash
function to the destination address and uses the hash to access a table that indicates if
the frame should be accepted. The advantage of this type of filter is that a small table can
cover any possible address. The disadvantage is that the filtering is imperfect, i.e.
sometimes frames are accepted that should have been discarded.

¢ Hash function:

— The standard Ethernet cyclic redundancy check (CRC) function is calculated from
the 6 byte destination address in the Ethernet frame (this CRC is calculated
anyway as part of calculating the CRC of the whole frame), then bits [28:23] out of
the 32 bits CRC result are taken to form the hash. The 6 bit hash is used to access
the hash table: it is used as an index in the 64 bit HashFilter register that has been
programmed with accept values. If the selected accept value is 1, the frame is
accepted.

— The device driver can initialize the hash filter table by writing to the registers
HashFilterL and HashfilterH. HashFilterL contains bits 0 through 31 of the table
and HashFilterH contains bit 32 through 63 of the table. So, hash value 0
corresponds to bit 0 of the HashfilterL register and hash value 63 corresponds to
bit 31 of the HashFilterH register.

¢ Multicast and unicast

— The imperfect hash filter can be applied to multicast addresses, by setting the
AcceptMulticastHashEn bit in the RxFilter register to 1.

— The same imperfect hash filter that is available for multicast addresses can also be
used for unicast addresses. This is useful to be able to respond to a multitude of
unicast addresses without enabling all unicast addresses. The hash filter can be
applied to unicast addresses by setting the AcceptUnicastHashEn bit in the
RxFilter register to 1.

Enabling and disabling filtering

The filters as defined in the sections above can be bypassed by setting the PassRxFilter
bit in the Command register. When the PassRxFilter bit is set, all receive frames will be
passed to memory. In this case the device driver software has to implement all filtering
functionality in software. Setting the PassRxFilter bit does not affect the runt frame filtering
as defined in the next section.

Runt frames

A frame with less than 64 bytes (or 68 bytes for VLAN frames) is shorter than the
minimum Ethernet frame size and therefore considered erroneous; they might be collision
fragments. The receive datapath automatically filters and discards these runt frames
without writing them to memory and using a receive descriptor.

When a runt frame has a correct CRC there is a possibility that it is intended to be useful.
The device driver can receive the runt frames with correct CRC by setting the
PassRuntFrame bit of the Command register to 1.

Power management

The Ethernet block supports power management by means of clock switching. All clocks
in the Ethernet core can be switched off. If Wake-up on LAN is needed, the rx_clk should
not be switched off.
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16.12 Wake-up on LAN

Overview

The Ethernet block supports power management with remote wake-up over LAN. The
host system can be powered down, even including part of the Ethernet block itself, while
the Ethernet block continues to listen to packets on the LAN. Appropriately formed
packets can be received and recognized by the Ethernet block and used to trigger the
host system to wake up from its power-down state.

Wake-up of the system takes effect through an interrupt. When a wake-up event is
detected, the Wakeuplnt bit in the IntStatus register is set. The interrupt status will trigger
an interrupt if the corresponding WakeuplIntEn bit in the IntEnable register is set. This
interrupt should be used by system power management logic to wake up the system.

While in a power-down state the packet that generates a Wake-up on LAN event is lost.

There are two ways in which Ethernet packets can trigger wake-up events: generic
Wake-up on LAN and Magic Packet. Magic Packet filtering uses an additional filter for
Magic Packet detection. In both cases a Wake-up on LAN event is only triggered if the
triggering packet has a valid CRC. Figure 11-26 shows the generation of the wake-up
signal.

The RxFilterWoLStatus register can be read by the software to inspect the reason for a
Wake-up event. Before going to power-down the power management software should
clear the register by writing the RxFilterWolClear register.

NOTE: when entering in power-down mode, a receive frame might be not entirely stored
into the Rx buffer. In this situation, after turning exiting power-down mode, the next
receive frame is corrupted due to the data of the previous frame being added in front of
the last received frame. Software drivers have to reset the receive datapath just after
exiting power-down mode.

The following subsections describe the two Wake-up on LAN mechanisms.
Filtering for WoL

The receive filter functionality can be used to generate Wake-up on LAN events. If the
RxFilterEnWoL bit of the RxFilterCtrl register is set, the receive filter will set the Wakeupint
bit of the IntStatus register if a frame is received that passes the filter. The interrupt will
only be generated if the CRC of the frame is correct.

Magic Packet WolL

The Ethernet block supports wake-up using Magic Packet technology (see ‘Magic Packet
technology’, Advanced Micro Devices). A Magic Packet is a specially formed packet solely
intended for wake-up purposes. This packet can be received, analyzed and recognized by
the Ethernet block and used to trigger a wake-up event.

A Magic Packet is a packet that contains in its data portion the station address repeated
16 times with no breaks or interruptions, preceded by 6 Magic Packet synchronization
bytes with the value OxFF. Other data may be surrounding the Magic Packet pattern in the
data portion of the packet. The whole packet must be a well-formed Ethernet frame.
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The magic packet detection unit analyzes the Ethernet packets, extracts the packet
address and checks the payload for the Magic Packet pattern. The address from the
packet is used for matching the pattern (not the address in the SA0/1/2 registers.) A magic
packet only sets the wake-up interrupt status bit if the packet passes the receive filter as
illustrated in Figure 11-26: the result of the receive filter is ANDed with the magic packet
filter result to produce the result.

Magic Packet filtering is enabled by setting the MagicPacketEnWoL bit of the RxFilterCtrl
register. Note that when doing Magic Packet WoL, the RxFilterEnWoL bit in the
RxFilterCtrl register should be 0. Setting the RxFilterEnWoL bit to 1 would accept all
packets for a matching address, not just the Magic Packets i.e. WoL using Magic Packets
iS more strict.

When a magic packet is detected, apart from the Wakeuplnt bit in the IntStatus register,
the MagicPacketWoL bit is set in the RxFilterWoLStatus register. Software can reset the
bit writing a 1 to the corresponding bit of the RxFilterWoLClear register.

Example: An example of a Magic Packet with station address 0x11 0x22 0x33 0x44 0x55
0x66 is the following (MISC indicates miscellaneous additional data bytes in the packet):

<DESTINATION> <SOURCE> <MISC>

FF FF FF FF FF FF

11 22 33 44 55 66 11 22 33 44 55 66
11 22 33 44 55 66 11 22 33 44 55 66
11 22 33 44 55 66 11 22 33 44 55 66
11 22 33 44 55 66 11 22 33 44 55 66
11 22 33 44 55 66 11 22 33 44 55 66
11 22 33 44 55 66 11 22 33 44 55 66
11 22 33 44 55 66 11 22 33 44 55 66
11 22 33 44 55 66 11 22 33 44 55 66
<MISC> <CRC>

Enabling and disabling receive and transmit
Enabling and disabling reception
After reset, the receive function of the Ethernet block is disabled. The receive function can

be enabled by the device driver setting the RxEnable bit in the Command register and the
“RECEIVE ENABLE’ bit in the MACL1 configuration register (in that order).

The status of the receive datapath can be monitored by the device driver by reading the
RxStatus bit of the Status register. Figure 11-27 illustrates the state machine for the
generation of the RxStatus bit.
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ACTIVE
RxStatus = 1

RxEnable = 0 and not busy receiving
OR
RxProducelndex = RxConsumelndex - 1

RxEnable = 1

INACTIVE

RxStatus = 0

reset

Fig 27. Receive Active/lnactive state machine

After a reset, the state machine is in the INACTIVE state. As soon as the RxEnable bit is
set in the Command register, the state machine transitions to the ACTIVE state. As soon
as the RxEnable bit is cleared, the state machine returns to the INACTIVE state. If the
receive datapath is busy receiving a packet while the receive datapath gets disabled, the
packet will be received completely, stored to memory along with its status before returning
to the INACTIVE state. Also if the Receive descriptor array is full, the state machine will
return to the INACTIVE state.

For the state machine in Figure 11-27, a soft reset is like a hardware reset assertion, i.e.
after a soft reset the receive datapath is inactive until the datapath is re-enabled.

Enabling and disabling transmission

After reset, the transmit function of the Ethernet block is disabled. The Tx transmit
datapath can be enabled by the device driver setting the TxEnable bit in the Command
register to 1.

The status of the transmit datapaths can be monitored by the device driver reading the
TxStatus bit of the Status register. Figure 11-28 illustrates the state machine for the
generation of the TxStatus bit.

UM10211_1 © NXP B.V. 2007. All rights reserved.

User manual Rev. 01 — 6 July 2007 199 of 617




NXP Semiconductors UMlOle

Chapter 11: LPC2300 Ethernet

TxEnable =1
AND
TxProducelndex <> TxConsumelndex

TxEnable = 0 and not busy transmitting
OR
TxProducelndex = TxConsumelndex

INACTIVE

TxStatus =0

reset

Fig 28. Transmit Active/lnactive state machine

After reset, the state machine is in the INACTIVE state. As soon as the TxEnable bit is set
in the Command register and the Produce and Consume indices are not equal, the state
machine transitions to the ACTIVE state. As soon as the TxEnable bit is cleared and the
transmit datapath has completed all pending transmissions, including committing the
transmission status to memory, the state machine returns to the INACTIVE state. The
state machine will also return to the INACTIVE state if the Produce and Consume indices
are equal again i.e. all frames have been transmitted.

For the state machine in Figure 11-28, a soft reset is like a hardware reset assertion, i.e.
after a soft reset the transmit datapath is inactive until the datapath is re-enabled.

16.14 Transmission padding and CRC

In the case of a frame of less than 60 bytes (or 64 bytes for VLAN frames), the Ethernet
block can pad the frame to 64 or 68 bytes including a 4 bytes CRC Frame Check
Sequence (FCS). Padding is affected by the value of the ‘AUTO DETECT PAD ENABLE’
(ADPEN), ‘VLAN PAD ENABLE’ (VLPEN) and ‘PAD/CRC ENABLE’ (PADEN) bits of the
MAC2 configuration register, as well as the Override and Pad bits from the transmit
descriptor Control word. CRC generation is affected by the ‘CRC ENABLE’ (CRCE) and
‘DELAYED CRC’ (DCRC) bits of the MAC2 configuration register, and the Override and
CRC bits from the transmit descriptor Control word.

The effective pad enable (EPADEN) is equal to the ‘PAD/CRC ENABLE’ bit from the
MAC?2 register if the Override bit in the descriptor is 0. If the Override bit is 1, then
EPADEN will be taken from the descriptor Pad bit. Likewise the effective CRC enable
(ECRCE) equals CRCE if the Override bit is 0, otherwise it equal the CRC bit from the
descriptor.

If padding is required and enabled, a CRC will always be appended to the padded frames.
A CRC will only be appended to the non-padded frames if ECRCE is set.

If EPADEN is 0, the frame will not be padded and no CRC will be added unless ECRCE is
set.
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If EPADEN is 1, then small frames will be padded and a CRC will always be added to the
padded frames. In this case if ADPEN and VLPEN are both 0, then the frames will be
padded to 60 bytes and a CRC will be added creating 64 bytes frames; if VLPEN is 1, the
frames will be padded to 64 bytes and a CRC will be added creating 68 bytes frames; if
ADPEN is 1, while VLPEN is 0 VLAN frames will be padded to 64 bytes, non VLAN
frames will be padded to 60 bytes, and a CRC will be added to padded frames, creating
64 or 68 bytes padded frames.

If CRC generation is enabled, CRC generation can be delayed by four bytes by setting the
DELAYED CRC bit in the MAC2 register, in order to skip proprietary header information.

Huge frames and frame length checking

The ‘HUGE FRAME ENABLE’ bit in the MAC2 configuration register can be setto 1 to
enable transmission and reception of frames of any length. Huge frame transmission can
be enabled on a per frame basis by setting the Override and Huge bits in the transmit
descriptor Control word.

When enabling huge frames, the Ethernet block will not check frame lengths and report
frame length errors (RangeError and LengthError). If huge frames are enabled, the
received byte count in the RSV register may be invalid because the frame may exceed the
maximum size; the RxSize fields from the receive status arrays will be valid.

Frame lengths are checked by comparing the length/type field of the frame to the actual
number of bytes in the frame. A LengthError is reported by setting the corresponding bit in
the receive Statusinfo word.

The MAXEF register allows the device driver to specify the maximum number of bytes in a
frame. The Ethernet block will compare the actual receive frame to the MAXF value and
report a RangekError in the receive Statusinfo word if the frame is larger.

Statistics counters

Generally, Ethernet applications maintain many counters that track Ethernet traffic
statistics. There are a number of standards specifying such counters, such as IEEE std
802.3 / clause 30. Other standards are RFC 2665 and RFC 2233.

The approach taken here is that by default all counters are implemented in software. With
the help of the Statusinfo field in frame statuses, many of the important statistics events
listed in the standards can be counted by software.

MAC status vectors

Transmit and receive status information as detected by the MAC are available in registers
TSVO, TSV1 and RSV so that software can poll them. These registers are normally of
limited use because the communication between driver software and the Ethernet block
takes place primarily through frame descriptors. Statistical events can be counted by
software in the device driver. However, for debug purposes the transmit and receive status
vectors are made visible. They are valid as long as the internal status of the MAC is valid
and should typically only be read when the transmit and receive processes are halted.
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16.18 Reset

The Ethernet block has a hard reset input which is connected to the chip reset, as well as
several soft resets which can be activated by setting the appropriate bit(s) in registers. All
registers in the Ethernet block have a value of 0 after a hard reset, unless otherwise
specified.

Hard reset

After a hard reset, all registers will be set to their default value.

Soft reset

Parts of the Ethernet block can be soft reset by setting bits in the Command register and
the MACL1 configuration register.The MACL1 register has six different reset bits:

SOFT RESET: Setting this bit will put all modules in the MAC in reset, except for the
MAC registers (at addresses 0x000 to 0xOFC). The value of the soft reset after a
hardware reset assertion is 1, i.e. the soft reset needs to be cleared after a hardware
reset.

SIMULATION RESET: Resets the random number generator in the Transmit Function.
The value after a hardware reset assertion is 0.

RESET MCS/RXx: Setting this bit will reset the MAC Control Sublayer (pause frame
logic) and the receive function in the MAC. The value after a hardware reset assertion
is 0.

RESET RXx: Setting this bit will reset the receive function in the MAC. The value after a
hardware reset assertion is 0.

RESET MCS/Tx: Setting this bit will reset the MAC Control Sublayer (pause frame
logic) and the transmit function in the MAC. The value after a hardware reset
assertion is 0.

RESET Tx: Setting this bit will reset the transmit function of the MAC. The value after
a hardware reset assertion is 0.

The above reset bits must be cleared by software.

The Command register has three different reset bits:

TxReset: Writing a ‘1’ to the TxReset bit will reset the transmit datapath, excluding the
MAC portions, including all (read-only) registers in the transmit datapath, as well as
the TxProducelndex register in the host registers module. A soft reset of the transmit
datapath will abort all AHB transactions of the transmit datapath. The reset bit will be
cleared autonomously by the Ethernet block. A soft reset of the Tx datapath will clear
the TxStatus bit in the Status register.

RxReset: Writing a ‘1’ to the RxReset bit will reset the receive datapath, excluding the
MAC portions, including all (read-only) registers in the receive datapath, as well as the
RxConsumelndex register in the host registers module. A soft reset of the receive
datapath will abort all AHB transactions of the receive datapath. The reset bit will be
cleared autonomously by the Ethernet block. A soft reset of the Rx datapath will clear
the RxStatus bit in the Status register.
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* RegReset: Resets all of the datapaths and registers in the host registers module,
excluding the registers in the MAC. A soft reset of the registers will also abort all AHB
transactions of the transmit and receive datapath. The reset bit will be cleared
autonomously by the Ethernet block.

To do a full soft reset of the Ethernet block, device driver software must:

* Set the ‘SOFT RESET’ bit in the MACL1 register to 1.

¢ Set the RegReset bit in the Command register, this bit clears automatically.
* Reinitialize the MAC registers (0x000 to OxOFC).

* Reset the ‘'SOFT RESET’ bit in the MACL1 register to 0.

To reset just the transmit datapath, the device driver software has to:

* Set the ‘RESET MCS/TX bit in the MACL register to 1.

¢ Disable the Tx DMA managers by setting the TxEnable bits in the Command register
to 0.

* Set the TxReset bit in the Command register, this bit clears automatically.
* Reset the ‘RESET MCS/TX’ bit in the MACL1 register to 0.
To reset just the receive datapath, the device driver software has to:

¢ Disable the receive function by resetting the ‘RECEIVE ENABLE’ bit in the MAC1
configuration register and resetting of the RxEnable bit of the Command register.

¢ Setthe ‘RESET MCS/RX’ bit in the MACL1 register to 1.

¢ Set the RxReset bit in the Command register, this bit clears automatically.

* Reset the ‘RESET MCS/RX’ bit in the MAC1 register to 0.

16.19 Ethernet errors
The Ethernet block generates errors for the following conditions:
¢ Areception can cause an error: AlignmentError, RangeError, LengthError,

SymbolError, CRCError, NoDescriptor, or Overrun. These are reported back in the
receive Statusinfo and in the interrupt status register (IntStatus).

* A transmission can cause an error: LateCollision, ExcessiveCollision,
ExcessiveDefer, NoDescriptor, or Underrun. These are reported back in the
transmission Statusinfo and in the interrupt status register (IntStatus).

17. AHB bandwidth

The Ethernet block is connected to an AHB bus which must carry all of the data and
control information associated with all Ethernet traffic in addition to the CPU accesses
required to operate the Ethernet block and deal with message contents.

17.1 DMA access

Assumptions
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By making some assumptions, the bandwidth needed for each type of AHB transfer can
be calculated and added in order to find the overall bandwidth requirement.

The flexibility of the descriptors used in the Ethernet block allows the possibility of defining
memory buffers in a range of sizes. In order to analyze bus bandwidth requirements,
some assumptions must be made about these buffers. The "worst case" is not addressed
since that would involve all descriptors pointing to single byte buffers, with most of the
memory occupied in holding descriptors and very little data. It can easily be shown that
the AHB cannot handle the huge amount of bus traffic that would be caused by such a
degenerate (and illogical) case.

For this analysis, an Ethernet packet is assumed to consist of a 64 byte frame.
Continuous traffic is assumed on both the transmit and receive channels.

This analysis does not reflect the flow of Ethernet traffic over time, which would include
inter-packet gaps in both the transmit and receive channels that reduce the bandwidth
requirements over a larger time frame.

Types of DMA access and their bandwidth requirements

The interface to an external Ethernet PHY is via either MIl or RMIl. An MIl operates at
25 MHz, transferring a byte in 2 clock cycles. An RMII operates at 50 MHz , transferring a
byte in 4 clock cycles. The data transfer rate is the same in both cases: 12.5 Mbps.

The Ethernet block initiates DMA accesses for the following cases:

* Tx descriptor read:

— Transmit descriptors occupy 2 words (8 bytes) of memory and are read once for
each use of a descriptor.

— Two word read happens once every 64 bytes (16 words) of transmitted data.
— This gives 1/8th of the data rate, which = 1.5625 Mbps.
* Rx descriptor read:

— Receive descriptors occupy 2 words (8 bytes) of memory and are read once for
each use of a descriptor.

— Two word read happens once every 64 bytes (16 words) of received data.
— This gives 1/8th of the data rate, which = 1.5625 Mbps.
* Tx status write:

— Transmit status occupies 1 word (4 bytes) of memory and is written once for each
use of a descriptor.

— One word write happens once every 64 bytes (16 words) of transmitted data.
— This gives 1/16th of the data rate, which = 0.7813 Mbps.
* Rx status write:

— Receive status occupies 2 words (8 bytes) of memory and is written once for each
use of a descriptor.

— Two word write happens once every 64 bytes (16 words) of received data.
— This gives 1/8 of the data rate, which = 1.5625 Mbps.
* Tx data read:

— Data transmitted in an Ethernet frame, the size is variable.
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— Basic Ethernet rate = 12.5 Mbps.

* Rx data write:
— Data to be received in an Ethernet frame, the size is variable.
— Basic Ethernet rate = 12.5 Mbps.

This gives a total rate of 30.5 Mbps for the traffic generated by the Ethernet DMA function.

17.2 Types of CPU access

17.3

* Accesses that mirror each of the DMA access types:

— All or part of status values must be read, and all or part of descriptors need to be
written after each use, transmitted data must be stored in the memory by the CPU,
and eventually received data must be retrieved from the memory by the CPU.

— This gives roughly the same or slightly lower rate as the combined DMA functions,
which = 30.5 Mbps.

* Access to registers in the Ethernet block:

— The CPU must read the RxProducelndex, TxConsumelndex, and IntStatus
registers, and both read and write the RxConsumelndex and TxProducelndex
registers.

— 7 word read/writes once every 64 bytes (16 words) of transmitted and received
data.

— This gives 7/16 of the data rate, which = 5.4688 Mbps.

This gives a total rate of 36 Mbps for the traffic generated by the Ethernet DMA function.

Overall bandwidth

Overall traffic on the AHB is the sum of DMA access rates and CPU access rates, which
comes to approximately 66.5 MB/s.

The peak bandwidth requirement can be somewhat higher due to the use of small
memory buffers, in order to hold often used addresses (e.g. the station address) for
example. Driver software can determine how to build frames in an efficient manner that
does not overutilize the AHB.

The bandwidth available on the AHB bus depends on the system clock frequency. As an
example, assume that the system clock is set at 60 MHz. All or nearly all of bus accesses
related to the Ethernet will be word transfers. The raw AHB bandwidth can be
approximated as 4 bytes per two system clocks, which equals 2 times the system clock
rate. With a 60 MHz system clock, the bandwidth is 120 MB/s, giving about 55% utilization
for Ethernet traffic during simultaneous transmit and receive operations.

18. CRC calculation

UM10211_1

The calculation is used for several purposes:

¢ Generation the FCS at the end of the Ethernet frame.
* Generation of the hash table index for the hash table filtering.
* Generation of the destination and source address hash CRCs.
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The C pseudocode function below calculates the CRC on a frame taking the frame
(without FCS) and the number of bytes in the frame as arguments. The function returns
the CRC as a 32 bit integer.

int crc_calc(char frame_no_fcs[], int frame_len) {

int i;
int j;

char hyte;

int crc;

// iterator

// another iterator
// current byte

// CRC result

int q0, ql1, q2, q3; // temporary variables
crc = OxFFFFFFFF;
for (i = 0; i < frame_len; itt) {

byte

= *frame_no_fcst++;

for (j =0; J <2; j++) {

}
}

if (((crc >> 28) ™ (byte >> 3)) & 0x00000001) {
q3 = 0x04C11DB7;

} else {
g3 = 0x00000000;

}

if (((crc >> 29) » (byte >> 2)) & 0x00000001) {
g2 = 0x09823B6E;

} else {
g2 = 0x00000000;

}

if (((crc >> 30) ~ (byte >> 1)) & 0x00000001) {
gl = 0x130476DC;

} else {
gl = 0x00000000;
}

it (((crc > 31) ~ (byte >> 0)) & 0x00000001) {
00 = 0x2608EDBS;

} else {
g0 = 0x00000000;
}

crc = (crc << 4) ~ g3 ~ g2 ~ql ~ q0;
byte >>= 4;

return crc;

}

For FCS calculation, this function is passed a pointer to the first byte of the frame and the
length of the frame without the FCS.

For hash filtering, this function is passed a pointer to the destination address part of the
frame and the CRC is only calculated on the 6 address bytes. The hash filter uses bits
[28:23] for indexing the 64 bits { HashFilterH, HashFilterL } vector. If the corresponding bit

is set the packet is passed, otherwise it is rejected by the hash filter.
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For obtaining the destination and source address hash CRCs, this function calculates first
both the 32 bit CRCs, then the nine most significant bits from each 32 bit CRC are
extracted, concatenated, and written in every StatusHashCRC word of every fragment
status.
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1. CAN controllers

2. Features

Controller Area Network (CAN) is the definition of a high performance communication
protocol for serial data communication. The CAN Controller is designed to provide a full
implementation of the CAN-Protocol according to the CAN Specification Version 2.0B.
Microcontrollers with this on-chip CAN controller are used to build powerful local networks
by supporting distributed real-time control with a very high level of security. The
applications are automotive, industrial environments, and high speed networks as well as
low cost multiplex wiring. The result is a strongly reduced wiring harness and enhanced
diagnostic and supervisory capabilities.

The CAN block is intended to support multiple CAN buses simultaneously, allowing the
device to be used as a gateway, switch, or router among a number of CAN buses in
various applications.

The CAN module consists of two elements: the controller and the Acceptance Filter. All
registers and the RAM are accessed as 32 bit words.

UM10211_1

2.1

2.2

General CAN features

¢ Compatible with CAN specification 2.0B, 1ISO 11898-1.

¢ Multi-master architecture with non destructive bit-wise arbitration.

* Bus access priority determined by the message identifier (11-bit or 29-bit).
¢ Guaranteed latency time for high priority messages.

* Programmable transfer rate (up to 1 Mbit/s).

* Multicast and broadcast message facility.

¢ Data length from 0 up to 8 bytes.

¢ Powerful error handling capability.

* Non-return-to-zero (NRZ) coding/decoding with bit stuffing.

CAN controller features

¢ 2 CAN controllers and buses.

* Supports 11-bit identifier as well as 29-bit identifier.

* Double Receive Buffer and Triple Transmit Buffer.

* Programmable Error Warning Limit and Error Counters with read/write access.
¢ Arbitration Lost Capture and Error Code Capture with detailed bit position.

¢ Single Shot Transmission (no re-transmission).

¢ Listen Only Mode (no acknowledge, no active error flags).

* Reception of "own" messages (Self Reception Request).
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2.3 Acceptance filter features
* Fast hardware implemented search algorithm supporting a large number of CAN
identifiers.
¢ Global Acceptance Filter recognizes 11 and 29 bit Rx Identifiers for all CAN buses.
¢ Allows definition of explicit and groups for 11-bit and 29-bit CAN identifiers.

* Acceptance Filter can provide FullCAN-style automatic reception for selected
Standard Identifiers.

3. Pin description

Table 190. CAN Pin descriptions

Pin Name Type Description
RD2-1 Inputs Serial Inputs. From CAN transceivers.
TD2-1 Outputs Serial Outputs. To CAN transceivers.

4. CAN controller architecture

The CAN Controller is a complete serial interface with both Transmit and Receive Buffers
but without Acceptance Filter. CAN Identifier filtering is done for all CAN channels in a
separate block (Acceptance Filter). Except for message buffering and acceptance filtering
the functionality is similar to the PeliCAN concept.

The CAN Controller Block includes interfaces to the following blocks:

* APB Interface

* Acceptance Filter

¢ Vectored Interrupt Controller (VIC)
* CAN Transceiver

¢ Common Status Registers
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Fig 29. CAN controller block diagram

4.1 APB interface block (AIB)

The APB Interface Block provides access to all CAN Controller registers.

4.2 Interface management logic (IML)

The Interface Management Logic interprets commands from the CPU, controls internal
addressing of the CAN Registers and provides interrupts and status information to the
CPU.

4.3 Transmit Buffers (TXB)

The TXB represents a Triple Transmit Buffer, which is the interface between the Interface
Management Logic (IML) and the Bit Stream Processor (BSP). Each Transmit Buffer is
able to store a complete message which can be transmitted over the CAN network. This
buffer is written by the CPU and read out by the BSP.
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51 2423 1615 87
| TX | Frame info | unused | TXDLC | unused | TX Priority |
| 0...0 | ID.28 ... ID.18 |
[ txpatas | Txpatazs | Txpataz [ Txpata1 |
| 1xpatas | Txpataz | Txpatae [ Txpatas |
Standard Frame Format (11-bit Identifier)
31 2423 1615 87 0
[x | Frameinfo [ unused |TxDLC | unused [ tPrioiy |
[000 [ID28 ID.00 |
[ Txpam4 | Txpaw3 [ TxDam2 [ TxData |
[ Txpams | Txpamw7 | TxDatas |  TxDatas |

Extended Frame Format (29-bit Identifier)

Fig 30. Transmit buffer layout for standard and extended frame format configurations

Chapter 12: LPC2300 CAN1, 2

TFS

TID

TDA

TDB

TFS

TID

TDA

TDB

Descriptor
Field

Data Field

Descriptor
Field

Data Field

4.4 Receive Buffer (RXB)

The Receive Buffer (RXB) represents a CPU accessible Double Receive Buffer. It is
located between the CAN Controller Core Block and APB Interface Block and stores all
received messages from the CAN Bus line. With the help of this Double Receive Buffer
concept the CPU is able to process one message while another message is being

received.

The global layout of the Receive Buffer is very similar to the Transmit Buffer described
earlier. Identifier, Frame Format, Remote Transmission Request bit and Data Length
Code have the same meaning as described for the Transmit Buffer. In addition, the
Receive Buffer includes an ID Index field (see Section 12—6.9.1 “ID index field”).

The received Data Length Code represents the real transmitted Data Length Code, which
may be greater than 8 depending on transmitting CAN node. Nevertheless, the maximum
number of received data bytes is 8. This should be taken into account by reading a
message from the Receive Buffer. If there is not enough space for a new message within
the Receive Buffer, the CAN Controller generates a Data Overrun condition when this
message becomes valid and the acceptance test was positive. A message that is partly
written into the Receive Buffer (when the Data Overrun situation occurs) is deleted. This
situation is signalled to the CPU via the Status Register and the Data Overrun Interrupt, if

enabled.

UM10211_1
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Fig 31. Receive buffer layout for standard and extended frame format configurations
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31 2423 16 15 10 9 8 7 0
[Rx| Frameinfo [ unused |RxDLC | unused |,] ID Index | RFs Descriptor
| unused [|  1D2s..iD1s | miD Field
| rxpatas | mxpaas | mxDamp | mxDaa1 | mDA

Data Field
| rxpatas | mAxpaw7 | RxDaap | Rxpatas | DB

Standard Frame Format (11-bit Identifier) BPM=bypass
l message

31 2423 16 15 10 9 8 7 0
[Rx | Frameinfo | unused |RxDLC | unused | | ID Index | RFs Descriptor
[ unuses | 1D.28 ID.00 | RID Field
| Rxpam4 | RxDaa3 | RxDaa2 [ RxpDamt1 | RDA

Data Field
| Rxpaas | RxDaa7 | RxDaa6 [ Rxpatas | RDB

Extended Frame Format (29-bit Identifier)

UM10211_1

4.5

4.6

4.7

4.8

Error Management Logic (EML)

The EML is responsible for the error confinement. It gets error announcements from the
BSP and then informs the BSP and IML about error statistics.

Bit Timing Logic (BTL)

The Bit Timing Logic monitors the serial CAN Bus line and handles the Bus line related bit
timing. It synchronizes to the bit stream on the CAN Bus on a "recessive" to "dominant"
Bus line transition at the beginning of a message (hard synchronization) and
re-synchronizes on further transitions during the reception of a message (soft
synchronization). The BTL also provides programmable time segments to compensate for
the propagation delay times and phase shifts (e.g. due to oscillator drifts) and to define the
sample point and the number of samples to be taken within a bit time.

Bit Stream Processor (BSP)

The Bit Stream Processor is a sequencer, controlling the data stream between the
Transmit Buffer, Receive Buffers and the CAN Bus. It also performs the error detection,
arbitration, stuffing and error handling on the CAN Bus.

CAN controller self-tests
The CAN controller of the LPC2000 family supports two different options for self-tests:

* Global Self-Test (setting the self reception request bit in normal Operating Mode)
* Local Self-Test (setting the self reception request bit in Self Test Mode)
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Both self-tests are using the ‘Self Reception’ feature of the CAN Controller. With the Self
Reception Request, the transmitted message is also received and stored in the receive
buffer. Therefore the acceptance filter has to be configured accordingly. As soon as the
CAN message is transmitted, a transmit and a receive interrupt are generated, if enabled.

Global self test

A Global Self-Test can for example be used to verify the chosen configuration of the CAN
Controller in a given CAN system. As shown in Figure 12—-32, at least one other CAN
node, which is acknowledging each CAN message has to be connected to the CAN bus.

II TX Buffer | CAN Bus -

o ,( Jr R
\ _-/
LPC24xx Transceiver r
A < ]/]( 11 —_— —
T~ ack
RX Buffer

Fig 32. Global Self-Test (high-speed CAN Bus example)

Initiating a Global Self-Test is similar to a normal CAN transmission. In this case the
transmission of a CAN message(s) is initiated by setting Self Reception Request bit
(SRR) in conjunction with the selected Message Buffer bits (STB3, STB2, STB1) in the
CAN Controller Command register (CANCMR).

Local self test

The Local Self-Test perfectly fits for single node tests. In this case an acknowledge from
other nodes is not needed. As shown in the Figure below, a CAN transceiver with an
appropriate CAN bus termination has to be connected to the LPC. The CAN Controller
has to be put into the 'Self Test Mode' by setting the STM bit in the CAN Controller Mode
register (CANMOD). Hint: Setting the Self Test Mode bit (STM) is possible only when the
CAN Controller is in Reset Mode.

Il TX Buffer

—
LPC24xx Transceiver r

RX Buffer

Fig 33. Local Self-Test (high-speed CAN Bus example)

A message transmission is initiated by setting Self Reception Request bit (SRR) in
conjunction with the selected Message Buffer(s) (STB3, STB2, STB1).
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The CAN Controllers and Acceptance Filter occupy a number of APB slots, as follows:

Table 191. Memory Map of the CAN Block

Address Range

0xE003 8000 - OXE003 87FF
0xEO003 C000 - 0XxE003 C017
0xE004 0000 - 0xE004 000B
0xE004 4000 - OXE004 405F
0xE004 8000 - 0xE004 805F

6. CAN controller registers

Used for

Acceptance Filter RAM.
Acceptance Filter Registers.
Central CAN Registers.
CAN Controller 1 Registers.
CAN Controller 2 Registers.

CAN block implements the registers shown in Table 12-192 and Table 12-193. More

detailed descriptions follow.

Table 192. CAN acceptance filter and central CAN registers

Name Description

AFMR Acceptance Filter Register

SFF_sa Standard Frame Individual Start Address Register
SFF_GRP_sa Standard Frame Group Start Address Register
EFF_sa Extended Frame Start Address Register
EFF_GRP_sa Extended Frame Group Start Address Register
ENDofTable  End of AF Tables register

LUTerrAd LUT Error Address register

LUTerr LUT Error Register

CANTXSR CAN Central Transmit Status Register
CANRXSR CAN Central Receive Status Register
CANMSR CAN Central Miscellaneous Register

Table 193. CAN1 and CAN2 controller register map

Access Reset Value Address

R/W 1 0xE003 C000
R/W 0 O0xEO003 C004
R/W 0 0xE003 C008
R/W 0 0xE003 C00C
R/W 0 0xE003 C010
R/W 0 O0xEO003 C014
RO 0 0xE003 C018
RO 0 O0xE003 C01C
RO 0x0003 0300 0xE004 0000
RO 0 0xE004 0004
RO 0 0xE004 0008

Generic Description

Name

MOD Controls the operating mode of the CAN
Controller.

CMR Command bits that affect the state of the
CAN Controller

GSR Global Controller Status and Error Counters

ICR Interrupt status, Arbitration Lost Capture,
Error Code Capture

IER Interrupt Enable

BTR Bus Timing

EWL Error Warning Limit

SR Status Register

RFS Receive frame status

UM10211_1

Access

R/W

woO

ROL
RO

R/W
R/WLE
R/wE
RO
R/wA

CANL1 Register
Address & Name

CAN1MOD - 0xE004 4000

CAN1CMR - OXE004 4004

CAN1GSR - 0xE004 4008
CANL1ICR - 0XxE004 400C

CANLIER - OXxE004 4010
CAN1BTR - OXE004 4014
CAN1EWL - 0XEQ04 4018
CAN1SR - OXxE004 401C
CAN1RFS - OXE004 4020

CAN2 Register
Address & Name

CAN2MOD - 0xE004 8000

CAN2CMR - 0XxE004 8004

CAN2GSR - 0xE004 8008
CANZ2ICR - 0xE004 800C

CANZIER - 0XxE004 8010
CAN2BTR - 0XE004 8014
CANZ2EWL - OxE004 8018
CAN2SR - 0xE004 801C
CAN2RFS - 0xE004 8020
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Generic Description
Name

RID Received Identifier

RDA Received data bytes 1-4

RDB Received data bytes 5-8

TFI1 Transmit frame info (Tx Buffer 1)
TID1 Transmit Identifier (Tx Buffer 1)
TDA1 Transmit data bytes 1-4 (Tx Buffer 1)
TDB1 Transmit data bytes 5-8 (Tx Buffer 1)
TFI2 Transmit frame info (Tx Buffer 2)
TID2 Transmit Identifier (Tx Buffer 2)
TDA2 Transmit data bytes 1-4 (Tx Buffer 2)
TDB2 Transmit data bytes 5-8 (Tx Buffer 2)
TFI3 Transmit frame info (Tx Buffer 3)
TID3 Transmit Identifier (Tx Buffer 3)
TDA3 Transmit data bytes 1-4 (Tx Buffer 3)
TDB3

Transmit data bytes 5-8 (Tx Buffer 3)

Access CANL1 Register

R/WL
R/W2
R/w
R/W
R/W
R/W
R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

[1] The error counters can only be written when RM in CANMOD is 1.

[2] These registers can only be written when RM in CANMOD is 1.

Address & Name
CAN1RID - OXE004 4024
CAN1RDA - O0xE004 4028
CAN1RDB - OxE004 402C
CAN1TFI1 - OXE004 4030
CANL1TID1 - OXE004 4034
CAN1TDAL - OXE004 4038

CAN1TDB1- OxE004 403C
CAN2TDB1- 0xE004 803C

CANITFI2 - OXEO04 4040
CANZ2TFI2 - OXEO04 8040

CANI1TIDZ2 - OXEO004 4044
CAN2TID2 - OXE004 8044

CANITDAZ - OXEO04 4048
CAN2TDA2 - 0XxE004 8048

CANI1TDB2 - 0XxE004 404C
CAN2TDB2 - 0xE004 804C

CANI1TFI3 - 0XEO04 4050
CANZ2TFI3 - OXEO04 8050

CANI1TID3 - OXE004 4054
CAN2TID3 - 0XxEO004 8054

CANITDAS3 - 0XxE004 4058
CAN2TDAS - 0xE004 8058

CANI1TDB3 - 0XE004 405C
CAN2TDB3 - 0xE004 805C

CAN2 Register
Address & Name

CANZ2RID - 0XxE004 8024
CANZRDA - 0xE004 8028
CAN2RDB - 0xE004 802C
CANZ2TFI1 - 0OXE004 8030
CAN2TID1 - OXEO004 8034
CANZ2TDAL - 0XxE004 8038

CAN1TDB1 - OXE004 403C
CAN2TDBL1 - 0xE004 803C

CANITFI2 - OXEO04 4040
CAN2TFI2 - OXEO04 8040

CANI1TIDZ2 - OXE004 4044
CAN2TID2 - OXEQ04 8044

CAN1TDAZ2 - OXE004 4048
CAN2TDA2 - 0XxE004 8048

CANI1TDB2 - 0XE004 404C
CAN2TDB2 - 0xE004 804C

CANI1TFI3 - 0XEO04 4050
CAN2TFI3 - 0XEO04 8050

CANLI1TID3 - OxE004 4054
CAN2TID3 - 0XEO04 8054

CANITDAS3 - 0XEO004 4058
CANZ2TDAS - 0xE004 8058

CAN1TDB3 - OXE004 405C
CAN2TDB3 - 0xE004 805C

The internal registers of each CAN Controller appear to the CPU as on-chip memory
mapped peripheral registers. Because the CAN Controller can operate in different modes
(Operating/Reset, see also Section 12—-6.1 “Mode Register (CAN1IMOD - 0xE004 4000,
CAN2MOD - 0xE004 8000)"), one has to distinguish between different internal address

definitions. Note that write access to some registers is only allowed in Reset Mode.

Table 194. CAN1 and CAN2 controller register map

Generic Operating Mode
Name

Read

MOD Mode

CMR 0x00

GSR Global Status and Error
Counters

ICR Interrupt and Capture

IER Interrupt Enable

BTR Bus Timing

EWL Error Warning Limit

UM10211_1

Write
Mode

Command

Interrupt Enable

Reset Mode
Read

Mode

0x00

Global Status and Error
Counters

Interrupt and Capture
Interrupt Enable

Bus Timing

Error Warning Limit

Write

Mode

Command

Error Counters only

Interrupt Enable
Bus Timing
Error Warning Limit
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Table 194. CAN1 and CAN2 controller register map

Generic Operating Mode Reset Mode

Name Read Write Read Write

SR Status - Status -

RFS Rx Info and Index - Rx Info and Index Rx Info and Index
RID Rx Identifier - Rx Identifier Rx Identifier

RDA Rx Data - Rx Data Rx Data

RDB Rx Info and Index - Rx Info and Index Rx Info and Index
TFI1 Tx Infol Tx Info Tx Info Tx Info

TID1 Tx Identifier Tx Identifier Tx Identifier Tx Identifier
TDA1 Tx Data Tx Data Tx Data Tx Data

TDB1 Tx Data Tx Data Tx Data Tx Data

In the following register tables, the column “Reset Value” shows how a hardware reset
affects each bit or field, while the column “RM Set” indicates how each bit or field is
affected if software sets the RM bit, or RM is set because of a Bus-Off condition. Note that
while hardware reset sets RM, in this case the setting noted in the “Reset Value” column
prevails over that shown in the “RM Set” column, in the few bits where they differ. In both
columns, X indicates the bit or field is unchanged.

6.1 Mode Register (CANIMOD - 0xE004 4000, CAN2MOD - 0xE004 8000)

The contents of the Mode Register are used to change the behavior of the CAN
Controller. Bits may be set or reset by the CPU that uses the Mode Register as a
read/write memory. Reserved Bits are read as 0 and should be written as 0.

Table 195. Mode register (CAN1MOD - address 0xE004 4000, CAN2MOD - address 0xE004 8000) bit description

Bit Symbol Value Function Reset RM
Value Set
0 RMUE Reset Mode. 1 1
O(normal) The CAN Controller is in the Operating Mode, and certain registers can not be
written.
1(reset) CAN operation is disabled, writable registers can be written and the current
transmission/reception of a message is aborted.
1 LOMEI2 Listen Only Mode. 0 X
6
L O(normal) The CAN controller acknowledges a successfully received message on the

CAN bus. The error counters are stopped at the current value.

1(listen only) The controller gives no acknowledgment, even if a message is successfully
received. Messages cannot be sent, and the controller operates in “error
passive” mode. This mode is intended for software bit rate detection and “hot

plugging”.
2  STMBEIE Self Test Mode. 0 X
O(normal) A transmitted message must be acknowledged to be considered successful.
1(self test) The controller will consider a Tx message successful even if there is no

acknowledgment received.

In this mode a full node test is possible without any other active node on the bus
using the SRR bit in CANXCMR.
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Table 195. Mode register (CAN1IMOD - address 0xE004 4000, CAN2MOD - address 0xE004 8000) bit description

Bit Symbol Value Function Reset RM
Value Set
3 TPMHA Transmit Priority Mode. 0 X

O0(CAN ID) The transmit priority for 3 Transmit Buffers depends on the CAN Identifier.

1(local prio)  The transmit priority for 3 Transmit Buffers depends on the contents of the Tx
Priority register within the Transmit Buffer.

4 sSMB Sleep Mode. 0 0
0(wake-up) Normal operation.

1(sleep) The CAN controller enters Sleep Mode if no CAN interrupt is pending and there
is no bus activity. See the Sleep Mode description Section 12—7.2 on page 235.

5 RPM Receive Polarity Mode. 0 X

O(low active) RD input is active Low (dominant bit = 0).

1(high active) RD input is active High (dominant bit = 1) -- reverse polarity.
- - Reserved, user software should not write ones to reserved bits. 0 0
™ Test Mode. 0 X
O(disabled) Normal operation.

1(enabled) The TD pin will reflect the bit, detected on RD pin, with the next positive edge of
the system clock.

[1] During a Hardware reset or when the Bus Status bit is set '1' (Bus-Off), the Reset Mode bit is set '1' (present). After the Reset Mode bit
is set '0' the CAN Controller will wait for:

- one occurrence of Bus-Free signal (11 recessive bits), if the preceding reset has been caused by a Hardware reset or a CPU-initiated
reset.

- 128 occurrences of Bus-Free, if the preceding reset has been caused by a CAN Controller initiated Bus-Off, before re-entering the
Bus-On mode.

[2] This mode of operation forces the CAN Controller to be error passive. Message Transmission is not possible. The Listen Only Mode can
be used e.g. for software driven bit rate detection and "hot plugging".

[3] A write access to the bits MOD.1 and MOD.2 is possible only if the Reset Mode is entered previously.
[4] Transmit Priority Mode is explained in more detail in Section 12—4.3 “Transmit Buffers (TXB)".

[5] The CAN Controller will enter Sleep Mode, if the Sleep Mode bit is set '1' (sleep), there is no bus activity, and none of the CAN interrupts
is pending. Setting of SM with at least one of the previously mentioned exceptions valid will result in a wake-up interrupt. The CAN
Controller will wake up if SM is set LOW (wake-up) or there is bus activity. On wake-up, a Wake-up Interrupt is generated. A sleeping
CAN Controller which wakes up due to bus activity will not be able to receive this message until it detects 11 consecutive recessive bits
(Bus-Free sequence). Note that setting of SM is not possible in Reset Mode. After clearing of Reset Mode, setting of SM is possible only
when Bus-Free is detected again.

[6] The LOM and STM bits can only be written if the RM bit is 1 prior to the write operation.

6.2 Command Register (CAN1CMR - OXE004 x004, CAN2CMR -
0xE004 8004)

Writing to this write-only register initiates an action within the transfer layer of the CAN
Controller. Bits not listed should be written as 0. Reading this register yields zeroes.

At least one internal clock cycle is needed for processing between two commands.
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Table 196. Command Register (CAN1CMR - address 0xE004 4004, CAN2CMR - address OxE004 8004) bit description

Bit Symbol Value Function Reset RM
Value Set
oz TR Transmission Request. 0 0
0 (absent) No transmission request.
1 (present) The message, previously written to the CANxTFI, CANXTID, and

optionally the CANXTDA and CANXTDB registers, is queued for
transmission from the selected Transmit Buffer. If at two or all three
of STB1, STB2 and STB3 bhits are selected when TR=1 is written,
Transmit Buffer will be selected based on the chosen priority
scheme (for details see Section 12—4.3 “Transmit Buffers (TXB)")

1B AT Abort Transmission. 0 0
0 (no action) Do not abort the transmission.
1 (present) if not already in progress, a pending Transmission Request for the
selected Transmit Buffer is cancelled.
24 RRB Release Receive Buffer. 0 0
0 (no action) Do not release the receive buffer.
1 (released) The information in the Receive Buffer (consisting of CANXRFS,

CANXRID, and if applicable the CANXRDA and CANXRDB registers)
is released, and becomes eligible for replacement by the next
received frame. If the next received frame is not available, writing
this command clears the RBS bit in the Status Register(s).

381 cbo Clear Data Overrun. 0 0
0 (no action) Do not clear the data overrun bit.
1 (clear) The Data Overrun bit in Status Register(s) is cleared.

416l SRR Self Reception Request. 0 0
0 (absent) No self reception request.
1 (present) The message, previously written to the CANXTFS, CANXTID, and

optionally the CANXTDA and CANXTDB registers, is queued for
transmission from the selected Transmit Buffer and received
simultaneously. This differs from the TR bit above in that the receiver
is not disabled during the transmission, so that it receives the
message if its Identifier is recognized by the Acceptance Filter.

5 STB1 Select Tx Buffer 1. 0 0
0 (not selected) Tx Buffer 1 is not selected for transmission.
1 (selected) Tx Buffer 1 is selected for transmission.

6 STB2 Select Tx Buffer 2. 0 0
0 (not selected) Tx Buffer 2 is not selected for transmission.
1 (selected) Tx Buffer 2 is selected for transmission.

7 STB3 Select Tx Buffer 3. 0 0
0 (not selected) Tx Buffer 3 is not selected for transmission.
1 (selected) Tx Buffer 3 is selected for transmission.

[1] - Setting the command bits TR and AT simultaneously results in transmitting a message once. No re-transmission will be performed in
case of an error or arbitration lost (single shot transmission).
- Setting the command bits SRR and TR simultaneously results in sending the transmit message once using the self-reception feature.
No re-transmission will be performed in case of an error or arbitration lost.
- Setting the command bits TR, AT and SRR simultaneously results in transmitting a message once as described for TR and AT. The
moment the Transmit Status bit is set within the Status Register, the internal Transmission Request Bit is cleared automatically.
- Setting TR and SRR simultaneously will ignore the set SRR bit.
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If the Transmission Request or the Self-Reception Request bit was set '1' in a previous command, it cannot be cancelled by resetting the
bits. The requested transmission may only be cancelled by setting the Abort Transmission bit.

The Abort Transmission bit is used when the CPU requires the suspension of the previously requested transmission, e.g. to transmit a
more urgent message before. A transmission already in progress is not stopped. In order to see if the original message has been either
transmitted successfully or aborted, the Transmission Complete Status bit should be checked. This should be done after the Transmit
Buffer Status bit has been set to '1' or a Transmit Interrupt has been generated.

After reading the contents of the Receive Buffer, the CPU can release this memory space by setting the Release Receive Buffer bit '1'".
This may result in another message becoming immediately available. If there is no other message available, the Receive Interrupt bit is
reset. If the RRB command is given, it will take at least 2 internal clock cycles before a new interrupt is generated.

This command bit is used to clear the Data Overrun condition signalled by the Data Overrun Status bit. As long as the Data Overrun
Status bit is set no further Data Overrun Interrupt is generated.

Upon Self Reception Request, a message is transmitted and simultaneously received if the Acceptance Filter is set to the corresponding
identifier. A receive and a transmit interrupt will indicate correct self reception (see also Self Test Mode in Section 12—6.1 “Mode
Register (CAN1IMOD - 0xE004 4000, CAN2MOD - 0xE004 8000)").

6.3 Global Status Register (CAN1GSR - 0xE004 x008, CAN2GSR -
0xE004 8008)
The content of the Global Status Register reflects the status of the CAN Controller. This

register is read-only, except that the Error Counters can be written when the RM bit in the
CANMOD register is 1. Bits not listed read as 0 and should be written as 0.

Table 197. Global Status Register (CAN1GSR - address 0xE004 4008, CAN2GSR - address OxE004 8008) bit

description

Bit

0

1

3

Symbol Value Function Reset RM
Value Set

RBSU Receive Buffer Status. 0 0
0 (empty) No message is available.

1 (full) At least one complete message is received by the Double Receive Buffer
and available in the CANXRFS, CANXxRID, and if applicable the CANXRDA
and CANXRDB registers. This bit is cleared by the Release Receive Buffer
command in CANXCMR, if no subsequent received message is available.

DOSI2 Data Overrun Status. 0 0

0 (absent) No data overrun has occurred since the last Clear Data Overrun command
was given/written to CANXCMR (or since Reset).

1 (overrun) A message was lost because the preceding message to this CAN controller
was not read and released quickly enough (there was not enough space for
a new message in the Double Receive Buffer).

TBS Transmit Buffer Status. 1 1

0 (locked) At least one of the Transmit Buffers is not available for the CPU, i.e. at least
one previously queued message for this CAN controller has not yet been
sent, and therefore software should not write to the CANXTFI, CANXTID,
CANXTDA, nor CANXTDB registers of that (those) Tx buffer(s).

1 (released)  All three Transmit Buffers are available for the CPU. No transmit message is
pending for this CAN controller (in any of the 3 Tx buffers), and software may
write to any of the CANXTFI, CANXTID, CANXTDA, and CANXTDB registers.

TCSEl Transmit Complete Status. 1 X

0 (incomplete) At least one requested transmission has not been successfully completed
yet.

1 (complete) All requested transmission(s) has (have) been successfully completed.
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Table 197. Global Status Register (CANL1GSR - address OxE004 4008, CAN2GSR - address 0xE004 8008) bit

description

Bit

Symbol Value Function Reset RM
Value Set

RS Receive Status. 1 0
0 (idle) The CAN controller is idle.
1 (receive) The CAN controller is receiving a message.

TSM Transmit Status. 1 0
0 (idle) The CAN controller is idle.
1 (transmit) The CAN controller is sending a message.

ESBI Error Status. 0 0
0 (ok) Both error counters are below the Error Warning Limit.

1 (error) One or both of the Transmit and Receive Error Counters has reached the
limit set in the Error Warning Limit register.

BslEl Bus Status. 0 0
0 (Bus-On) The CAN Controller is involved in bus activities

1 (Bus-Off) The CAN controller is currently not involved/prohibited from bus activity
because the Transmit Error Counter reached its limiting value of 255.

15:8 - - Reserved, user software should not write ones to reserved bits. The value NA

read from a reserved bit is not defined.

23:16 RXERR - The current value of the Rx Error Counter (an 8 - bit value). 0 X
31:24 TXERR - The current value of the Tx Error Counter 