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1. Introduction

2. Features

The NXP LPC314x combine a 270 MHz ARM926EJ-S CPU core, High-speed USB 2.0
OTG, 192 KB SRAM, NAND flash controller, flexible external bus interface, three channel
10-bit A/D, and a myriad of serial and parallel interfaces in a single chip targeted at
consumer, industrial, medical, and communication markets. To optimize system power
consumption, the LPC314x have multiple power domains and a very flexible Clock
Generation Unit (CGU) that provides dynamic clock gating and scaling.

UM10362_0

¢ CPU platform
— 270 MHz, 32-bit ARM926EJ-S
— 16 kB D-cache and 16 kB I-cache
— Memory Management Unit (MMU)

¢ Internal memory
— 192 kB embedded SRAM

¢ External memory interface
— NAND flash controller with 8-bit ECC and AES decryption support (LPC3143 only)
— 8/16-bit Multi-Port Memory Controller (MPMC): SDRAM and SRAM

* Security
— AES decryption engine (LPC3143 only)
— Secure one-time programmable memory for AES key storage and customer use
— 128 hit unique id per device for DRM schemes

¢ Communication and connectivity
— High-speed USB 2.0 (OTG, Host, Device) with on-chip PHY
— Two I2S interfaces
— Integrated master/slave SPI
— Two master/slave 12C-bus interfaces
— Fast UART
— Memory Card Interface (MCI): MMC/SD/SDIO/CE-ATA
— Four-channel 10-bit ADC
— Integrated 4/8/16-bit 6800/8080 compatible LCD interface

¢ System functions
— Dynamic clock gating and scaling
— Multiple power domains
— Selectable boot-up: SPI flash, NAND flash, SD/MMC cards, UART, or USB
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— Onthe LPC3143 only: secure booting using an AES decryption engine from SPI
flash, NAND flash, SD/MMC cards, UART, or USB.

— DMA controller

— Four 32-bit timers

— Watchdog timer

— PWM module

— Random Number Generator (RNG)

— General Purpose I/O pins (GPIO)

— Flexible and versatile interrupt structure

— JTAG interface with boundary scan and ARM debug access

¢ Operating voltage and temperature
— Core voltage: 1.2 V
— 1/0Ovoltages: 1.8V, 3.3V
— Temperature: —-40 °C to +85 °C

* TFBGA180 package: 12 x 12 mmZ2, 0.8 mm pitch

3. Ordering information

Table 1.  Ordering information

Type number Package
Name Description Version
LPC3141FET180 TFBGA180 Plastic thin fine pitch ball grid array package, 180 balls, body 12 x 12 x SOT570-3
0.8 mm
LPC3143FET180 TFBGA180 Plastic thin fine pitch ball grid array package, 180 balls, body 12 x 12 x SOT570-3
0.8 mm

Table 2.  Ordering options for LPC3141/43

Type number core/bus Total Security High-speed  10-bit 12s/ MCI Temperature

frequency SRAM engine USB ADC 12C SDHC/ range
AES channels SDIO/
CE-ATA

LPC3141FET180 270/ 192 kB no Device/ 4 2 each yes —40 °C to +85 °C
90 MHz Host/OTG

LPC3143FEt180 270/ 192 kB yes Device/ 4 2 each yes —40 °C to +85 °C
90 MHz Host/OTG

UM10362_0 © NXP B.V. 2009. All rights reserved.

User manual Rev. 00.02 — 4 September 2009 4 of 577



NXP Semiconductors

UM10362

Chapter 1: LPC314x Introductory information

4. Block diagram (LPC3141/43)
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5. Architectural overview

UM10362_0

5.1 ARM926EJ-S

The processor embedded in the LPC314x is the ARM926EJ-S. It is a member of the
ARM?9 family of general-purpose microprocessors. The ARM926EJ-S is intended for
multi-tasking applications where full memory management, high performance, and low
power are important.

5.2

The CPU has the following features:

ARMO926EJ-S processor core which uses a five-stage pipeline consisting of fetch,
decode, execute, memory, and write stages. The processor supports both the 32-bit
ARM and 16-bit Thumb instruction sets, which allows a trade off between high
performance and high code density. The ARM926EJ-S also executes an extended
ARMVS5TE instruction set which includes support for Java byte code execution.

Contains an AMBA BIU for both data accesses and instruction fetches.
Memory Management Unit (MMU).

16 kB instruction and 16 kB data separate cache memories with an 8 word line length.
The caches are organized using Harvard architecture.

Little Endian is supported.

The ARM926EJ-S processor supports the ARM debug architecture and includes logic
to assist in both hardware and software debugging.

Supports dynamic clock gating for power reduction.

The processor core clock can be set equal to the AHB bus clock or to an integer
number times the AHB bus clock. The processor can be switched dynamically
between these settings.

ARM stall support.

Internal ROM Memory

The internal ROM memory is used to store the boot code of the LPC314x. After a reset,
the ARM processor will start its code execution from this memory.

The LPC314x ROM memory has the following features:

Supports booting from SPI flash, NAND flash, SD/SDHC/MMC cards, UART, and
USB (DFU class) interfaces.

Supports option to perform CRC32 checking on the boot image.

Supports booting from managed NAND devices such as moviNAND, iNAND,
eMMC-NAND and eSD-NAND using SD/MMC boot mode.

Contains pre-defined MMU table (16 kB) for simple systems.
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5.3 Internal RAM memory

The ISRAM (Internal Static Memory Controller) module is used as controller between the
AHB bus and the internal RAM memory. The internal RAM memory can be used as
working memory for the ARM processor and as temporary storage to execute the code
that is loaded by boot ROM from external devices such as SPI-flash, NAND flash, and

SD/MMC cards.
This module has the following features:

¢ Capacity of 192 kB
¢ Implemented as two independent 96 kB memory banks

© NXP B.V. 2009. All rights reserved.
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1. How to read this chapter

The AES block is available on the LPC3143 only. See Table 2—3 for clocks and registers
that are specific to the AES block and are therefore not available in LPC3141.

Table 3.  Part specific clocks and registers

Clock signal or register Description LPC3141 LPC3143
NANDFLASH_AES_CLK NAND flash AES clock no yes
NandAESKeyl-4 Words 1 to 4 of 128-hit AES key no yes
NandAESIV1-4 Words 1 to 4 of 128-bit initial AES value no yes
NandAESState Register to display AES state no yes
Interrupt registers: AES related interrupt status, mask, and no yes
NandIRQStatus1, raw status bits INTO/1S, INTO/1M, and

NandIRQMask1, INTO/1IR

NandIRQStatusRawl

NandConfig AO bit: turns AES on/off no yes
AES_FROM_AHB Enable AES engine access from AHB  no yes

2. Introduction

UM10362_0

The NAND flash controller is used to transfer data between the LPC314x and external
NAND flash devices.

2.1 Features

¢ AHB/APB interface

AHB slave interface.
AHB interface supports 0,1 and 2 wait states.

2 SRAMs of 132 words, 32 bits per word used in a double buffering accessible via
the AHB bus. RAMO at 0x7000 0000 and RAM1 at 0x7000 0400.

Programming by CPU via APB interface using zero wait states.
Little and big endian support.
Automatic flow control with the DMA controller, using ext_en/ext_ack signals.

* NAND flash support

Dedicated interface to NAND flash devices.
Hardware controlled read and write data transfers.

Software controlled command and address transfers to support a wide range of
NAND flash devices.

GPIO mode.
Software control mode where the ARM is directly master of the NAND flash device.
Support for 8 bit and 16 bit NAND flash devices.

© NXP B.V. 2009. All rights reserved.
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Support for 528 byte, 2K and 4K page NAND flash devices.
Programmable NAND timing parameters.

Support for up to 4 NAND flash device dies in parallel with dedicated chip select
and ready/busy pin per device.

Programmable default state of output signals.
Erased page detection.
EBI compatible.

* Error correction

Two Reed-Solomon error correction codes, one offering 5 symbol error correction
and the other 8 symbol error correction capability. 5 symbol correcting code is of
length 469, dimension 459, and minimum distance 11 over GF(29). 8 symbol
correcting code has length 475, dimension 459 and minimum distance 17 over
GF(29).

Two parity generators.
Wear leveling and other extra information can be integrated into protected data.

Remark: The wear-leveling algorithm ensures that data is stored in different flash
pages across the flash media. This not only extends its lifetime, but also ensures
reliable operation.

Interrupts generated after completion of error correction task with 3 interrupt
registers.

Error correction statistics distributed to ARM using interrupt scheme.
Error correction can be turned on and off.

* AES decryption

AES-128 : 128-hit key, 128-bit data.

CBC mode over blocks of 512 bytes.

Initial vector and key can be programmed over APB.
Each block of 512 bytes uses same initial value.
AES can be turned on and off.

3. General description

UM10362_0

3.1 Clock signals
The CGU provides different clocks to the NAND flash controller, see Table 2—4.

Table 4. NAND flash controller clock overviewl[l

Clock name Clock /0 Source/ Description

acronym Destination
NANDFLASH_SO0_CLK ahb_clk I CcGuU AHB port clock of the module
NANDFLASH_PCLK PCLK | CcGuU APB port clock of the module
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Table 4. NAND flash controller clock overview[ ...continued

Clock name Clock /0 Source/ Description

acronym Destination
NANDFLASH_NAND_CLK nand_clk | CGU Main clock for the module
NANDFLASH_ECC_CLK  ecc_clk | CGU Main clock for ECC part in the

module. This clock should be
programmed to run
synchronously at half the
NANDFLASH_NAND_CLK in
CGU block.

NANDFLASH_AES CLK aes_clk | CcGuU Main clock for AES part in the
module. This clock should be
programmed to run
synchronously at the same
speed as the
NANDFLASH_NAND_CLK in
CGU block.

[1] See Table 2-3 for clocks that are part specific and not implemented on all LPC314x parts.

3.2 Reset signals

The CGU provides the following resets to the NAND flash controller (see
Section 13-5.2.2).

1. AHBO_RESERT: Low-active, synchronous reset. Resets the logic in the ahb_clk
domain.

2. APB4_RESETN: Low-active, synchronous reset. Resets the logic in the PCLK
domain.

3. NANDFLASH_CTRL_NAND_RESET_N: High-active, synchronous reset. Resets the
logic in the main NAND flash controller nand_clk domain.

4. NANFLASH_CTRL_ECC_RESET_N: High-active, synchronous reset. Resets the
logic in the ecc_clk domain.

5. NANFLASH_CTRL_AES RESET_N: High-active, synchronous reset. Resets the
logic in the aes_clk domain.

3.3 Interrupt requests

The NAND flash controller generates one interrupt request towards the CPU. The
interrupt sources are controlled by two sets of registers: NandIRQStatus1,
NandIRQMask1, NandIRQStatusRawl and NandIRQStatus2, NandIRQMask?2,
NandIRQStatusRaw2. See Table 2—7 to Table 2-9 and Table 2—-23 to Table 2—-25 for a
description of interrupt sources.

3.4 DMA transfers

The NAND flash controller has DMA support by means of external enabling. The transfer
size is 128 words. DMA auto-flow control is supported only by DMA channel 4.

3.5 External pin connections
Table 2-5 gives an overview of the external connections to and from the NAND flash
controller.
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Table 5. NAND flash controller external pin overview
Pin name Interface  Acronym Type Reset Description
(Func.) Value
EBI_D_[15:0] EBI - | - 16 bits data from NAND flash
device
EBI_D_[15:0] EBI - (0] all0 16 bits data to NAND flash
device
NAND_NCS 0 CSl n (0] 1 Low-active Chip Enable 0
NAND_NCS_1 CS2_n (0] 1 Low-active Chip Enable 1
NAND_NCS 2 CS3 n (0] 1 Low-active Chip Enable 2
NAND_NCS_3 CS4_n 0] 1 Low-active Chip Enable 3
EBI_NWE EBI WE_n (0] 1 Low-active Write Enable
EBI_DQM_0_NOE EBI RE_n ] 1 Low-active Read Enable
EBI_A 0 _ALE EBI ALE (0] 0 High-active Address Latch
Enable
EBI_A_1_CLE EBI CLE o 0 High-active Command Latch
Enable
mNAND_RYBNO RnBO | - Ready not Busy 0
MNAND_RYBN1 RnB1 | - Ready not Busy 1
MNAND_RYBN2 RnB2 | - Ready not Busy 2
MNAND_RYBN3 RnB3 | - Ready not Busy 3

4. Register overview

UM10362_0

Table 6.

Name
NandIRQStatus1
NandIRQMask1

NandIRQStatusRaw1l

NandConfig
NandlOConfig

NandTimingl
NandTiming2
NandSetCmd

NandSetAddr

NandWriteData

NandSetCE
NandReadData

Access Offset

R/W
R/W
R/W

R/W
R/W

R/W
R/W
R/W

R/W

R/W

R/W
R

0x00
0x04
0x08

0x0C
0x10

0x14
0x18
0x20

0x24

0x28

0x2C
0x30

Table 2—6 indicates which registers reside in the NAND flash controller. The NAND RAM
buffers are also accessible at locations RAMO: 0x7000 0000 and RAM: 0x7000 0400.

Register overview: NAND flash controller (register base address: 0x1700 0800)[1

Description
Status register of first 32 bits interrupt register
Mask register for first 32 bits interrupt register

Unmasked status register of first 32 bits interrupt
register

NAND flash controller configuration register

Register which holds the default value settings for 10
signals

First NAND flash controller timing register
Second NAND flash controller timing register

Register to send specific command towards NAND
flash device.

Register to send specific address towards NAND flash
device

Register to send specific data towards NAND flash
device

Register to set all CE signals and WP_n signal
Register to check read data from NAND flash device

© NXP B.V. 2009. All rights reserved.
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Table 6.  Register overview: NAND flash controller (register base address: 0x1700 0800)[11

Name
NandCheckSTS
NandControlFlow
NandGPIO1

NandGP102

NandIRQStatus2
NandIRQMask2
NandIRQStatusRaw?2

NandAESKeyl
NandAESKey2
NandAESKey3
NandAESKey4
NandAESIV1
NandAESIV2
NandAESIV3
NandAESIV4
NandAESState
NandECCErrStatus
AES_FROM_AHB

Access Offset

R
w
R/W

I

0 D
s

R/W

0x34
0x38
0x40

0x44

0x48
0x4C
0x50

0x54
0x58
0x5C
0x60
0x64
0x68
0x6C
0x70
0x74
0x78
0x7C

Description
Check status of 8 predefined interrupts
Register which holds command to read and write pages

Register to program 10 pins, which can be used as
GPIO

Register to program 10 pins, which can be used as
GPIO

Status register of second 32 bits interrupt register
Mask register for second 32 bits interrupt register

Unmasked status register of second 32 bits interrupt
register

First word of 128-bit AES key

Second word of 128-bit AES key

Third word of 128-bit AES key

Fourth word of 128-bit AES key

First word of 128-bit initial AES value
Second word of 128-bit initial AES value
Third word of 128-bit initial AES value
Fourth word of 128-bit initial AES value
Register to display AES state

ECC error status register in 8-symbol ECC mode
Enable AES engine from AHB

[1] See Table 2—3 for registers that are part specific and not implemented on all LPC314x parts.

5. Register description

UM10362_0

5.1 NandIRQStatusl

In this register the status of the different interrupt sources can be checked. All interrupts
can be masked by the corresponding bit in the NandIRQMask register. A bit which has

been set can only be cleared by writing a '1' to this bit in this register. Table 2—7 gives a
description of this register.

Table 7. NandIRQStatus1 register description (NandIRQStatus1, address 0x1700 0800)

Bit Symbol Access Reset Description

31 INT31S R/W

30 INT30S R/W

29 INT29S R/W

28 INT28S R/W

27 INT27S R/W

value
0x0

0x0

0x0

0x0

0x0

mNAND_RYBNS3 positive edge. Asserted after a positive edge of
the mMNAND_RYBNS3 signal.

mNAND_RYBN2 positive edge. Asserted after a positive edge of
the mMNAND_RYBN2 signal.

mNAND_RYBNL1 positive edge. Asserted after a positive edge of
the mMNAND_RYBNL1 signal.

mNAND_RYBNO positive edge. Asserted after a positive edge of
the mNAND_RYBNO signal.

RAM 1 erased. Whenever an erased page is read from flash (all
OxFF) this bit is asserted together with read pagel done.
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Table 7. NandIRQStatus1 register description (NandIRQStatus1, address 0x1700 0800)
Bit Symbol Access Reset Description
value

26 INT26S R/W 0x0 RAM 0 erased. Whenever an erased page is read from flash (all
OxFF) this bit is asserted together with read page0O done.

25 INT25S R/W 0x0 Write page 1 done. Asserted when SRAML1 contents has been
written to the flash.

24 INT24S R/W 0x0 Write page 0 done. Asserted when SRAMO contents has been
written to the flash.

23 INT23S R/W 0x0 Read page 1 done. Asserted when SRAML1 contents has been
read from flash and stored in SRAM1 (not error corrected yet).

22 INT22S R/W 0x0 Read page 0 done. Asserted when SRAMO contents has been
read from flash and stored in SRAMO (not error corrected yet).

21 INT21S R/W 0x0 RAM 0 decoded. Asserted when the contents of SRAMO has
been decoded. Each time bit21 or bit19 are activated, one other
bit will be activated too from the group Bit17-4 that indicates how
many errors were detected in the current code word.

20 INT20S R/W 0x0 RAM 0 encoded. Asserted when the contents of SRAMO has
been encoded.

19 INT19S R/W 0x0 RAM 1 decoded. Asserted when the contents of SRAM1 has
been decoded. Each time bit21 or bit19 are activated, one other
bit will be activated too from the group Bit17-4 that indicates how
many errors were detected in the current code word.

18 INT18S R/W 0x0 RAM 1 encoded. Asserted when the contents of SRAM1 has
been encoded.

17 INT17S R/W 0x0 RAM 0 decoded with O errors

16 INT16S R/W 0x0 In 5bit ECC mode, this interrupt bit is set when a codeword with
one error is detected.

In 8bit ECC mode, this interrupt bit is set when a codeword with
at least one correctable error is detected. The number of errors
can then be extracted from the NandEccErrStatus(0x78) register.

15 INT15S R/W 0x0 RAM 0 decoded with 2 error

14 INT14S R/W 0x0 RAM 0 decoded with 3 error

13 INT13S R/W 0x0 RAM 0 decoded with 4 error

12 INT12S R/W 0x0 RAM 0 decoded with 5 error

11 INT11S R/W 0x0 RAM 0 uncorrectable

10 INT10S R/W 0x0 RAM 1 decoded with 0 errors

9 INT9S R/W 0x0 In 5bit ECC mode, this interrupt bit is set when a codeword with
one error is detected.

In 8bit ECC mode, this interrupt bit is set when a codeword with
at least one correctable error is detected. The number of errors
can then be extracted from the NandEccErrStatus(0x78) register.

8 INT8S R/W 0x0 RAM 1 decoded with 2 error

7 INT7S R/W 0x0 RAM 1 decoded with 3 error

6 INT6S R/W 0x0 RAM 1 decoded with 4 error

5 INT5S R/W 0x0 RAM 1 decoded with 5 error

4 INT4S R/W 0x0 RAM 1 uncorrectable
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5.2

Table 7.

Chapter 2: LPC314x NAND flash controller

NandIRQStatus1 register description (NandIRQStatus1, address 0x1700 0800)

Bit Symbol Access Reset Description

32 -
1 INT1S
0 INTOS

NandIRQMask1

R/W

R/W

value

- Reserved
0x0 RAM 1 AES done. Asserted when the contents of SRAML1 has

been AES decoded.

0x0 RAM 0 AES done. Asserted when the contents of SRAMO has

been AES decoded.

Each bit in this register field masks the corresponding interrupt bit in the NandIRQStatus

register. Table 2—7 gives a description of this register.

Table 8. NandIRQMask1 register description (NandIRQMask1, address 0x1700 0804)
Bit Symbol Access Reset Value Description

31 INT31M R/W 0x1 MNAND_RYBNS3 positive edge mask
30 INT30M R/W Ox1 MmNAND_RYBNZ2 positive edge mask
29 INT29M R/W 0x1 MNAND_RYBNL1 positive edge mask
28 INT28M R/W Ox1 mNAND_RYBNO positive edge mask
27 INT27M R/W 0x1 RAM 1 erased mask

26 INT26M R/W 0x1 RAM 0 erased mask

25 INT25M R/W 0x1 Write page 1 done mask

24 INT24M R/W 0x1 Write page 0 done mask

23 INT23M R/W 0x1 Read page 1 done mask

22 INT22M R/W 0x1 Read page 0 done mask

21 INT21M R/W 0x1 RAM 0 decoded mask

20 INT20M R/W 0x1 RAM 0 encoded mask

19 INT19M R/W 0x1 RAM 1 decoded mask

18 INT18M R/W 0x1 RAM 1 encoded mask

17 INT17M R/W 0x1 RAM 0 decoded with 0 errors mask
16 INT16M R/W 0x1 RAM 0 decoded with 1 error mask
15 INT15M R/W 0x1 RAM 0 decoded with 2 error mask
14 INT14M R/W 0x1 RAM 0 decoded with 3 error mask
13 INT13M R/W 0x1 RAM 0 decoded with 4 error mask
12 INT12M R/W 0x1 RAM 0 decoded with 5 error mask
11 INT11M R/W 0x1 RAM 0 uncorrectable mask

10 INT10M R/W 0x1 RAM 1 decoded with 0 errors mask
9 INTOM R/W 0x1 RAM 1 decoded with 1 error mask

8 INT8M R/W 0x1 RAM 1 decoded with 2 error mask

7 INT7M R/W 0x1 RAM 1 decoded with 3 error mask

6 INT6M R/W 0x1 RAM 1 decoded with 4 error mask

5 INTS5M R/W 0Ox1 RAM 1 decoded with 5 error mask

4 INT4M R/W 0x1 RAM 1 uncorrectable mask

© NXP B.V. 2009. All rights reserved.

User manual

Rev. 00.02 — 9 September 2009

14 of 577



NXP Semiconductors UM10362

Chapter 2: LPC314x NAND flash controller

Table 8. NandIRQMask1 register description (NandIRQMask1, address 0x1700 0804)

Bit Symbol Access Reset Value Description

3:2 - - - Reserved

1 INT1M R/W 0ox1 RAM 1 AES done mask
0 INTOM R/W 0x1 RAM 0 AES done mask

5.3 NandIRQStatusRaw1l

In this register the status of the different interrupt sources can be checked without
masking. A bit which has been set can only be cleared by writing a '1' to this bit in this
register. Table 2—-9 gives a description of this register.

Table 9.  NandIRQStatusRaw1 register description (NandIRQStatusRaw1, address 0x1700

0808)

Bit Symbol Access Reset value Description

31 INT31R R/W 0x0 mNAND_RYBNS3 positive edge raw
value

30 INT30R R/W 0x0 mNAND_RYBN2 positive edge raw
value

29 INT29R R/W 0x0 MNAND_RYBN1 positive edge raw
value

28 INT28R R/W 0x0 mNAND_RYBNO positive edge raw
value

27 INT27R R/W 0x0 RAM 1 erased raw value

26 INT26R R/W 0x0 RAM 0 erased raw value

25 INT25R R/W 0x0 Write page 1 done raw value

24 INT24R R/W 0x0 Write page O done raw value

23 INT23R R/W 0x0 Read page 1 done raw value

22 INT22R R/W 0x0 Read page 0 done raw value

21 INT21R R/W 0x0 RAM 0 decoded raw value

20 INT20R R/W 0x0 RAM 0 encoded raw value

19 INT19R R/W 0x0 RAM 1 decoded raw value

18 INT18R R/W 0x0 RAM 1 encoded raw value

17 INT17R R/W 0x0 RAM 0 decoded with O errors raw value

16 INT16R R/W 0x0 RAM 0 decoded with 1 error raw value

15 INT15R R/W 0x0 RAM 0 decoded with 2 error raw value

14 INT14R R/W 0x0 RAM 0 decoded with 3 error raw value

13 INT13R R/W 0x0 RAM 0 decoded with 4 error raw value

12 INT12R R/W 0x0 RAM 0 decoded with 5 error raw value

11 INT11R R/W 0x0 RAM 0 uncorrectable raw value

10 INT10R R/W 0x0 RAM 1 decoded with O errors raw value

9 INTOR R/W 0x0 RAM 1 decoded with 1 error raw value

8 INT8R R/W 0x0 RAM 1 decoded with 2 error raw value

7 INT7R R/W 0x0 RAM 1 decoded with 3 error raw value

6 INT6R R/W 0x0 RAM 1 decoded with 4 error raw value

5 INT5R R/W 0x0 RAM 1 decoded with 5 error raw value
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Table 9. NandIRQStatusRawl register description (NandIRQStatusRaw1, address 0x1700
0808) ...continued

Bit Symbol Access Reset value Description

4 INT4AR R/W 0x0 RAM 1 uncorrectable raw value
3:2 - - - Reserved

1 INT1R R/W 0x0 RAM 1 AES done raw value

0 INTOR R/W 0x0 RAM 0 AES done raw value

5.4 NandConfig

This register is used to configure the NAND flash controller. Table 2—10 gives a
description of this register.

Table 10. NandConfig register description (NandConfig, address 0x1700 080C)

Bit Symbol Access Reset Description
value

31:13 - - - reserved

12 ECC_MODE R/W 0x0 ECC mode

0: 5 bit ECC mode selected.
1: 8 bit ECC mode selected.

11:10 TL R/W 0x0 Transfer limit, determines the number of bytes
written/read to the NAND flash in one step.

00/11: 528 bytes
01: 516 bytes
10: 512 bytes
- - - reserved
DC R/W 0ox1 Deactivate CE enable

0: When the NAND flash is forced off the EBI bus by a
backoff signal, the CE is not deactivated.

1: When the NAND flash is forced off the EBI bus by a
backoff signal, the CE is deactivated.

7 M R/W 0x0 512 mode

0 : The ECC encoding is started automatically after
programming byte 516 in the SRAM. To be used when
byte 513-516 need to be written to the flash (previous
data will be written in this field).

1: The ECC encoding is started automatically after
programming byte 512 in the SRAM. To be used when
byte 513-516 do not need to be written to the flash
(previous data will be written in this field).

6:5 LC R/W 0x0 Latency Configuration
0x0 : zero wait states
0x1 : one wait state
0x2 : two walit states

4 ES R/W 0x0 Endianess setting
0 : little endian
1 : big endian
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Table 10. NandConfig register description (NandConfig, address 0x1700 080C)

Bit Symbol
3 DE
2 AO
1 WD
0 EC

Access Reset Description

R/W

R/W

R/W

R/W

value
0x0

0x0

0x0

0x0

DMA external enable

0: disables the automatic flow control with DMA.
1: enables the automatic flow control with DMA.
AES on

0 : AES decryption off

1: AES decryption on

Wide device

0 : 8 bit NAND device mode

1: 16 bit NAND device mode

ECC on

0 : error correction off

1 : error correction on

5.5 NandIOConfig

This register defines the default values of the outputs to the NAND flash device. Default
values are put on the outputs when the NAND flash controller is in idle state. Table 2—-11
gives a description of this register.

Table 11. NandlOConfig register description (NandIOConfig, address 0x1700 0810)

Bit
31:25
24

23:8

7:6

5:4

3.2

1.0

Symbol

NI

DN

CD

AD

WD

RD

Access

R/W

R/W

R/W

R/W

R/W

R/W

Reset Description
- Reserved
0x0 Nand 10 drive default

0x0

0x0

0x0

0x1

Ox1

0: 10 pad is in input mode

1:10 pad is in output mode, data is driven
on the pads.

Data to NAND default
data_to_nand[15:0] value
CLE default

‘00" : ‘0’

other values : ‘1’

ALE default

“00": ‘0’

other values : ‘1’
WE_n default

“00": ‘0’

other values : ‘1’
RE_n defaul“00” : ‘0’
other values : ‘1’

UM10362_0
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5.6 NandTimingl

In this register the first set of NAND interface timing characteristics can be programmed.
Each timing parameter can be set from 7 nand_clk (NANDFLASH_NAND_CLK) clock
cycles to 1 nand_clk clock cycle. (A programmed zero value is treated as a one).

5.7

Table 2—12 gives a description of this register.

Chapter 2: LPC314x NAND flash controller

Using tSRD and tDRD the data input circuitry can be tuned for optimal performance.

Using the lower bit of these parameters one can select between clocking in on the positive
edge of nand_clk or on the negative edge. The remaining bit(s) add extra nand_clk delay
cycles to the data clock-in moment.

Table 12.

NandTiming1l register description (NandTimingl, address 0x1700 0814)

Bit
31:22
21:20

19
18:16

15
14:12

11:7
6:4

Symbol

TSRD

TALS

TALH

TCLS

TCLH

NandTiming 2

Access

R/W

R/W

R/W

R/W

R/W

Reset value

0x0

0x0

0x0

0x0

0x0

Description
Reserved
Single data input delay

The number of clock cycles between the
rising edge of the RE signal and the cycle
that the data is clocked in by the controller in
case of software controlled single read
access

Reserved

Address setup time

The number of clock cycles between the
rising edge of ALE and the falling edge of
WE during a command transfer

Reserved
Address hold time

The number of clock cycles that ALE remains
asserted after the rising edge of WE

Reserved
Command setup time

The number of clock cycles between the
rising edge of CLE and the falling edge of
WE during a command transfer

Reserved
Command hold time

The number of clock cycles that CLE
remains asserted after the rising edge of WE

In this register the second set of NAND interface timing characteristics can be
programmed. Each timing parameter can be set from 7 nand_clk clock cycles to
1nand_clk clock cycle. (A programmed zero value is treated as a one). Table 2-13 gives a
description of this register.
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Table 13. NandTiming2 register description (NandTiming2, address 0x1700 0818)

Bit Symbol Access Resetvalue Description
31 - - - Reserved
30:28 TDRD R/W 0x0 Data input delay

The number of clock cycles between the
rising edge of the RE signal and the cycle
that the data is clocked in by the controller in
case of hardware controlled burst read

access
27 - - - Reserved
26:24 TEBIDEL R/W 0x0 EBI delay time

The number of clock cycles between the
rising edge of CS and the falling edge of
ebireq when backing off from the EBI. OR
The number of clock cycles between the
rising edge of ebignt and the falling edge of
CS when going on the EBI.

23 - - - Reserved

22:20 TCH R/W 0x0 Chip select hold time
The number of clock cycles between the last
active signal to the NAND flash and the
rising edge of CS

19 - - - Reserved

18:16 TCS R/W 0x0 Chip select setup time

The number of clock cycles between the
falling edge of CS and the first active signal
to the NAND flash

15 - - - Reserved
14:12 TREH R/W 0x0 Read enable high hold

The minimum number of clock cycles that
the RE pulse is held

11 - - - Reserved
10:8 TRP R/W 0x0 Read enable pulse width
The number of clock cycles that the RE
pulse is de-asserted
- - - Reserved
6:4 TWH R/W 0x0 Write enable high hold
The minimum number of clock cycles that

the WE pulse is held high before a next
falling edge

- - - Reserved
2:0 TWP R/W 0x0 Write enable pulse width

The number of clock cycles that the WE
pulse is de-asserted. This value also covers
the tDS, (data setup time) since the data is
set up on the I/O line at the same moment as
the falling edge of the WE pulse
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5.8 NandSetCmd

This register is used to transfer a command towards the NAND flash device. Table 2-14
gives a description of this register.

Table 14. NandSetCmd register description (NandSetCmd, address 0x1700 0820)

Bit Symbol  Access Reset Description
31:16 - - - Reserved
15:0 CcVv w 0x0 Command value

Writing to this register results in a CLE-WE
combined sequence that transfers the
programmed command value to the NAND
flash using the required timings.

5.9 NandSetAddr

This register is used to transfer an address towards the NAND flash device. Table 2-15
gives a description of this register.

Table 15. NandSetAddr register description (NandSetAddr, address 0x1700 0824)

Bit Symbol  Access Reset Description
31:16 - - - Reserved
15:0 AV W 0x0 Address valueWriting to this register results

in a ALE-WE combined sequence that
transfers the programmed address value to
the NAND flash using the required timings..

5.10 NandWriteData

This register is used to write data towards the NAND flash device. Table 2-16 gives a
description of this register.

Table 16. NandWriteData register description (NandWriteData, address 0x1700 0828)

Bit Symbol Access Reset Description
31:16 - - - Reserved
15:0 wv W 0x0 Writing a value WV to this register results in

a WE sequence that transfers the
programmed write value to the NAND flash
using the required timings.

5.11 NandSetCE

This register is used to set the values of WP_n and NAND_NCS_0 to NAND_NCS_3.
Table 2—17 gives a description of this register.
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Table 17. NandSetCE register description (NandSetCE, address 0x1700 082C)

Bit Symbol Access Reset Description
315 - - - Reserved
4 WP w 0x0 WP_n pin value
Sets WP_n pin value
3.0 CEV w 0x0 The active value of the 4 chip select outputs.

The chip select outputs take on the values
out of this register when the controller is not
in idle state and the EBI bus is granted to
the NAND controller.

CE1_n = CEV(0)
CE2_n = CEV(1)
CE3_n=CEV(2)
CE4_n=CEV(3)

5.12 NandReadData

This register is used to read data from the NAND flash device. Table 2—18 gives a
description of this register.

Table 18. NandReadData register description (NandReadData, address 0x1700 0830)

Bit Symbol Access Reset Description
31:16 - - - Reserved
15:0 RV w 0x0 Read value

Reading this register results in a RE
sequence that after the necessary wait
states puts the retrieved value from the
NAND IO port into the register..

5.13 NandCheckSTS

This register is used to read out the status of the NAND flash controller, w.r.t. the values
on the incoming RnB signals. Next to that the busy state of the APB can be checked.
Table 2—19 gives a description of this register.

Table 19. NandCheckSTS register description (NandCheckSTS, address 0x1700 0834)

Bit Symbol Access Reset Description
31:9 - - - Reserved
8 R3R R 0x0 mNAND_RYBNS rising edge.

1: Rising edge on the mNAND_RYBN3
signal has been detected. Bit is reset to 0
upon read.

7 R2R R 0x0 mNAND_RYBNZ2 rising edge.

1: Rising edge on the mNAND_RYBN2
signal has been detected. Bit is reset to 0
upon read.

6 R1R R 0x0 mNAND_RYBNL1 rising edge.

1: Rising edge on the mNAND_RYBN1
signal has been detected. Bit is reset to 0
upon read.

UM10362_0 © NXP B.V. 2009. All rights reserved.

User manual Rev. 00.02 — 9 September 2009 21 of 577




NXP Semiconductors

UM10362

UM10362_0

5.14

Table 19.

Chapter 2: LPC314x NAND flash controller

NandCheckSTS register description (NandCheckSTS, address 0x1700 0834)

Bit
5

Symbol
ROR

R3

R2

R1

RO

VB

Access
R

Reset
0x0

0x0

0x0

0x0

0x0

0x0

Description
MNAND_RYBNO rising edge.

1: Rising edge on the mNAND_RYBNO
signal has been detected. Bit is reset to 0
upon read.

MNAND_RYBNS3 value. The sample value
of the mNAND_RYBNS3 signal from the
flash.

MNAND_RYBN2 value. The sample value
of the mNAND_RYBN2 signal from the
flash.

MNAND_RYBNL1 value. The sample value
of the mNAND_RYBN1 signal from the
flash.

MNAND_RYBNO value. The sample value
of the mNAND_RYBNO signal from the
flash.

APB busy
1: flash access over the APB bus is busy

0: no flash access over APB bus at this
moment

NandControlFlow

This register is used to start the sequences for read page and write page
operation.Table 2—20 gives a description of this register.

Table 20.

NandControlFlow register description (NandControlFlow, address 0x1700 0838)

Bit
31:6
5

Symbol

wi

WO

R1

RO

Access

w

Reset

0x0

0x0

0x0

0x0

Description
Reserved

Writing a ‘1’ to this property starts up the
sequence to write the contents of SRAML1 to
the NAND flash (if the contents has already
been protected by the necessary parity
symbols)

Writing a ‘1’ to this property starts up the
sequence to write the contents of SRAMO to
the NAND flash (if the contents has already
been protected by the necessary parity
symbols)

Reserved

Writing a ‘1’ to this property starts up the
sequence to read a defined number of bytes
from the NAND flash and store them in
SRAM1

Writing a ‘1’ to this property starts up the
sequence to read a defined number of bytes
from the NAND flash and store them in
SRAMO
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NandGPIO1

This register is used to program the 10 pins in GPIO mode. Table 2—-21 gives a description
of this register.

Table 21. NandGPIOL1 register overview (NandGPIO1, address 0x1700 0840)

Bit Symbol Access Reset Description

31:27 - - - Reserved

26 nand_gpio R/W 0x0 ‘0’ : the module is in normal functional mode
_conf ‘1’ : GPIO mode, the value of the outputs to

the NAND flash can be controlled via
NAND_GPIO1.

25 WP_n R/W 0x0 Program value on WP_n

24 CLE R/W 0x0 Program value on CLE

23 ALE R/W 0x0 Program value on ALE

22 RE_n R/W Oox1 Program value on RE_n

21 WE_n R/W 0x1 Program value on WE_n

20 CE4_n R/W 0x1 Program value on NAND_NCS_3

19 CE3_n R/W 0x1 Program value on NAND_NCS_2

18 CE2_n R/W 0x1 Program value on NAND_NCS_1

17 CEl n R/W 0x1 Program value on NAND_NCS 0

16 Nand io R/W 0x0 Program value on Nand io drive
drive

15:0 Data to R/W 0x0 Program value on data to Nand 10
NAND 10

NandGPIO2

In this register the value of the input signals from NAND can be monitored on read-out.
Table 2—22 gives a description of this register

Table 22. NandGPIO2 register description (NandGPIO2, address 0x1700 0844)

Bit Symbol  Access Reset Description
31:20 - - - Reserved
19 RnB3 R 0x0 Read value from mNAND_RYBN3
18 RnB2 R 0x0 Read value from mNAND_RYBN2
17 RnB1 R 0x0 Read value from mNAND_RYBN1
16 RnBO R 0x0 Read value from mNAND_RYBNO
15:0 Data from R 0x0 Read data from NAND IO

NAND

NandIRQStatus2

In this register the status of the different interrupt sources can be checked. All interrupts
can be masked by the corresponding bit in the NandIRQMask2 register. A bit which has
been set can only be cleared by writing a '1' to this bit in this register. Table 2—23 gives a
description of this register.
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Table 23. NandIRQStatus?2 register description (NandIRQStatus2, address 0x1700 0848)

Bit Symbol Access Reset Description

315 - - - Reserved

4 INT36S R/W 0x0 Page access while APB access.
3 INT35S R/W 0x0 APB access while page access.
2 INT34S R/W 0x0 Flash access while busy.

1 INT33S R/W 0x0 RAM1 access while busy.

0 INT32S R/W 0x0 RAMO access while busy.

NandIRQMask?2

Each bit in this register field masks the corresponding interrupt bit in the NandIRQStatus2
register. Table 2—24 gives a description of this register.

Table 24. NandIRQMask?2 register description (NandIRQMask?2, address 0x1700 084C)

Bit Symbol Access Reset Description

315 - - - Reserved

4 INT36M R/W 0x1 Page access while APB access masks
3 INT35M R/W 0x1 APB access while page access mask
2 INT34M R/W 0x1 Flash access while busy mask

1 INT33M R/W 0ox1 RAM1 access while busy mask

0 INT32M R/W 0ox1 RAMO access while busy mask

NandIRQStatusRaw?2

In this register the status of the different interrupt sources can be checked without
masking. A bit which has been set can only be cleared by writing a '1' to this bit in this
register. Table 2—-25 gives a description of this register.

Table 25. NandIRQStatusRaw?2 register description (NandIRQStatusRaw2, address 0x1700

0850)
Bit Symbol Access Reset Description
315 - - - Reserved
4 INT36R R/W 0x0 Page access while APB access raw value.
3 INT35R R/W 0x0 APB access while page access raw value.
2 INT34R R/W 0x0 Flash access while busy raw value.
1 INT33R R/W 0x0 RAM1 access while busy raw value.
0 INT32R R/W 0x0 RAMO access while busy raw value.
NandAESKey1l

This register is used to store the first word of the 128-bit AES key. Table 2—26 gives a
description of this register.

Table 26. NandAESKeyl register description

Bit Symbol Access Reset Description
31:0 AESkeyl R 0x0 First word of AES 128-bit key
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NandAESKey?2

This register is used to store the second word of the 128-bit AES key. Table 2—-27 gives a
description of this register.

Table 27. NandAESKey?2 register description

Bit Symbol  Access Reset Description
31:.0 AESkey2 R 0x0 Second word of AES 128-bit key
NandAESKey3

This register is used to store the third word of the 128-bit AES key. Table 2-28 gives a
description of this register.

Table 28. NandAESKey3 register description

Bit Symbol Access Reset Description
31:0 AESkey 3 R 0x0 Third word of AES 128-bit key
NandAESKey4

This register is used to store the fourth word of the 128-hit AES key. Table 2—29 gives a
description of this register.

Table 29. NandAESKey3 register description

Bit Symbol Access Reset Description
31:0 AES key 4 R 0x0 Fourth word of AES 128-bit key
NandAESIV1

This register is used to store the first word of the 128-bit AES initialization vector.
Table 2—30 gives a description of this register.

Table 30. NandAESIV1 register description

Bit Symbol Access Reset Description

31:0 AESivl R 0x0 First word of AES 128-bit initial value 128-bit
vector

NandAESIV2

This register is used to store the second word of the 128-bit AES initialization vector.
Table 2—31 gives a description of this register.

Table 31. NandAESIV2 register description
Bit Symbol Access Reset Description

31:0 AESiv2 R 0x0 Second word of AES 128-bit initial value
128-bit vector

NandAESIV3

This register is used to store the third word of the 128-bit AES initialization vector.
Table 2—32 gives a description of this register.
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Table 32. NandAESIV3 register description

Bit Symbol Access Reset Description

31:0 AESiv3 R 0x0 Third word of AES 128-bit initial value 128-bit
vector

NandAESIV4

This register is used to store the fourth word of the 128-bit AES initialization vector.
Table 2—33 gives a description of this register.

Table 33. NandAESIV4 register description

Bit Symbol Access Reset Description

310 AESiv4d R 0x0 Fourth word of AES 128-bit initial value 128-bit
vector

NandAESState

This register is used to check the status of the AES description. Table 2—-34 gives a
description of this register.

Table 34. NandAESState register description

Bit Symbol  Access Reset Description

31:2 - - - Reserved

1 AES R 0x0 “00” Busy: This state represents the busy condition.
accept in Only one state machine can be busy at any one time, so

0 AES R ox1 when either is busy, neither will accept new data.
accept key “01” Key Setup: This is the condition of the module after

reset and represents the fact that the AES module will
not accept new data until a key has been expanded.
This state is also reached briefly (1 clock cycle) during
data decryption, indicating that the block can accept a
new key for expansion (all round keys have been used)
but cannot accept new data (data is still in the final
round).

“10” Reserved

“11” Idle: The AES Module is idle and is able to accept
either a new key for expansion or more data for
processing.

NandECCErrStatus

This register is used to report error statistics of code words in 8 bit ECC mode. If at least
one correctable error is detected in 8 bit ECC mode, the “RAMx decoded with one error”
bit from register NandIRQ_STATUSL is set. If this bit is set, the ARM can read out the
NandECCErrStatus register to know exactly how many errors were detected. The register
is updated whenever a codeword with more than one correctable error is detected.
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Table 35. NandECCErrStatus register description (NandECCErrStatus, address 0x1700

0878)
Bit Symbol  Access Reset Description
31:8 - - - Reserved
7:4 N_ERR_ 1 R 0000 Number of errors in RAM1
3:0 N_ERR 0 R 0000 Number of errors in RAMO

AES_FROM_AHB

The register is used to enable access to the AES engine from AHB. The "AES_from_AHB
mode" bit enables or disables the possibility to use the AES decryption engine by another
AHB master than the NAND flash controller only. When this bit is enabled, AES encrypted
content can be written into the SRAMs. After that, the decryption is started by writing to
bits DecryptRAMO/1 (bits 1 or 0). The decrypted content can be read when the “Ram1
AES done” or “Ram0 AES done” bits are set in the interrupt status register (see

Table 2-7).

Please note that normal NAND flash operation and AES from AHB operation are mutually
exclusive.

Table 36. AES_FROM_AHB register description (AES_FROM_AHB, address 0x1700 087C)
Bit  Symbol Access Reset Description

7 mode R/W 0 Set AES from AHB mode
0: AES engine is used by the NAND flash
controller.
1: AES engine is used by other AHB bus
masters.

6:2 - - - Reserved

decryptRAM1 W 0 Decrypt RAM1.
When this bit is set to 1, AES decryption of 512
bytes written to the NAND_RAML1 buffer is
started.

0 decryptRAMO W 0 Decrypt RAMO.
When this bit is set to 1, AES decryption of 512
bytes written to the NAND_RAMO buffer is
started.

description

UM10362_0

In Figure 2-2 the architecture of the NAND flash controller is displayed. The access to the
AHB bus is done via the NAND-AHB interface module which resides inside of the NAND
flash controller module. Two 528 bytes (132-words x 32-bits) SRAMs which are placed
inside of the NAND flash controller module, are connected to the internal NAND controller
in parallel and the access to these SRAMs is shared with the control module. All data path
modules (codec, error corrector, syndrome generator, parity generator, NAND interface)
are controlled by the main control module. The configuration registers are keptin a
separate sub-module which is connected to the APB interface. These registers run on the
NANDFLASH_PCLK. In write mode the data is retrieved out of the SRAM by the NAND
flash controller and written to the NAND flash device after being protected with parity
symbols. In read mode the data is read from the NAND flash device and temporarily
stored in one of the SRAMs to have it corrected by the error corrector. When these
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operations are done, the data can be randomly accessed from the SRAMs over the AHB
bus using zero wait-states AHB access. The AHB bus is only burdened with data transfers
for a very limited time. (the time to upload or download the contents from the SRAM using
zero wait states). In decode mode, once the command, address and data have been sent,
everything is taken over by the NAND flash controller and the AHB bus is free. In encode
mode, the command and data are sent and the AHB bus is again freed up until the
moment that the data is available in the SRAM.

AHB MULTILAYER MATRIX

,]/\r

| NAND-AHB INTERFACE |
SRAM SRAM
(RAMO BUFFER) (RAM1 BUFFER)
NAND CONTROL » DMA transfer request
T 1 ]
CONFIGURATION ECC
L\
APB (: AND ENCODER/ RES )
7 CONTROL DECODER | | PECODER
REGISTERS
N
NAND INTERFACE
NAND FLASH
CONTROLLER
N2
MPMC > EBI NAND flash
control
NAND flash
data
EXTERNAL 1/ M NAND FLASH
MEMORY

(1) On LPC3143 only.

Fig 2.  NAND flash controller internal architecture

6.1 NAND timing diagrams

Table 2—37 shows the timing diagram for the timing parameters in registers
NandFlashTimingl and NandFlashTiming2.
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Table 37. NAND flash timing parameters
Symbol Parameter Description
twp WE pulse width This value also covers the tps, (data setup time) since the
data is set up on the 1/O line at the same moment as the
falling edge of the WE pulse.
twH WE HIGH hold  The minimum number of clock cycles that the WE pulse is
time held high before a next falling edge.
trp RE pulse width ~ The number of clock cycles that the RE pulse is
de-asserted.
tREH RE HIGH hold The minimum number of clock cycles that the RE pulse is
time held high before a next falling edge.
tcLH CLE hold time The number of clock cycles that CLE remains asserted
after the rising edge of WE.
tcis CLE set-up time  The number of clock cycles between the rising edge of
CLE and the falling edge of WE during a command
transfer.
tALH ALE hold time The number of clock cycles that ALE remains asserted
after the rising edge of WE.
taLs ALS set-up time  The number of clock cycles between the rising edge of
ALE and the falling edge of WE during a command
transfer.
tcs CE set-up time The number of clock cycles between the falling edge of
CS and the first active signal to the NAND flash.
tcH CE hold time The number of clock cycles between the last active signal
to the NAND flash and the rising edge of CS.
tbrD data input delay =~ The number of clock cycles between the rising edge of the
time RE signal and the cycle that the data is clocked in by the
controller in case of hardware controlled burst read
access.
tsrp single data input ~ The number of clock cycles between the rising edge of the
delay time RE signal and the cycle that the data is clocked in by the
controller in case of software controlled single read
access.
teBIDEL EBI delay time The number of clock cycles between the rising edge of CS

and the falling edge of ebireq (request) when backing off
from the EBI.

OR

The number of clock cycles between the rising edge of
ebignt (grant) and the falling edge of CS when going on
the EBI.
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mNAND_NCS

tcs tcH

twp  twH

EBI_NWE

EBI_A_1 CLE _/ _

tcLs —» -

—| |=tcLH

EBI_A 0_ALE \ /

taLs — -
— - talH

tRp | IREH
EBI_DQM_0_NOE
002aae353

Fig 3. NAND flash WE, RE, CLE, ALE, CE timing

EBI_NWE \ / \ / \ /

{EBIDEL

-

NAND_NCS_n

ebi_request

{EBIDEL

-

ebi_acknowledge

NAND_NCS_n

Fig 4. NAND flash EBI request/acknowledge timing

6.2 Error correction

6.2.1 Reed-Solomon code definition
The error correction code used is Reed-Solomon over GF(279). The primitive polynomial
g(x) over GF(2) is:

g(x) = x% + x4 +1
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The code is a Reed-Solomon code of length 469, dimension 459, and minimum distance
11. In each codeword the 10 parity symbols are defined by the remainder polynomial R(x)
to form the code RS(469,459,11).

R(X) = M(x) x x10 mod P(x)
where M(X) is the information and P(x) the generator polynomial for the RS code:
1)

458
M) = Y B

i=0

(2)

9

P() = T (x+a)

k=0

and a has the hexadecimal 9-bit representation 0x002. a is a root of the primitive
polynomial g(x) = x2 + x4 +1.
Mapping of the code onto flash pages

A flash page consists of 512 bytes + 16 redundant bytes or a multiple of this. Currently
2048 byte pages + 64 redundant bytes are widely used. The concept is to subdivide every
page into groups of 512 information bytes and 16 redundant bytes.

A 2K flash will be subdivided as shown in

2048 bytes | 64 |

1 1 1 1
512 bytes 6 512 6 512 6 512 | 6 |

512 bytes | 4 | 12 |
2x3
¢ fmmy bits
4096 bits | 32 | 3 | 90 par| 3|

459 words | ow |3

Fig 5. Structure from flash page to ECC code words
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The 16 redundant bytes are subdivided into:

* 4 bytes free for purposes like wear-leveling, building tables. (an ECC layer can
also be applied also over these bytes).
¢ 12 remaining bytes that consist of 10 parity symbols (90 bits) + 6 dummy bits.

In the end the 459 data words (9 bits per data word) consist of

e 512 data bytes
* 4 extra bytes
¢ 3 dummy bits at the end

The 10 remaining parity words consist of

¢ 10 parity symbols
¢ 3 dummy bits at the end

Error correction flow implementation
The error correction flow starting from a codeword C(x) is shown in Figure 2—6 and follows
these steps:

1. Calculate syndromes out of the received codeword.

2. Solve key equation via the Euclidean algorithm.

3. The result of this is the error locator polynomial E(x) and the error evaluator
polynomial L(x).

4. Search for zeros of error locator polynomial using the chien search & Forney
algorithm.

5. Evaluate Q(x) at zeros of L(x).
6. Send out error locations and values.

Calc error Err ata_location
locati ons >
A(X) CHIEN
Search
C(x) S(x)
—»| Syndrome > Solve
generation Key Equation v
Euclidean  Q(x) Calcle”or Errata_value
_ values R
Algorithm FORNEY
Algoritm

Fig 6. Reed-Solomon error correction
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AES decryption

To decrypt the program code with an algorithm like AES, a hardware implementation is
needed. To do this without increasing the load on the AHB bus, it is essential that the AES
decryption is integrated in the NAND controller module so that ECC and AES can be
performed in one go.

In the NAND flash controller, an AES module is connected to the main control module.
This module is kicked off after error correction in decode mode. In the read flow, the
encrypted data is first read from the flash, error corrected, decrypted in hardware and
stored back in the SRAM.

This module needs 11 to 12 clock cycles per 128 bit to process.

Before the module can be used, an AES key and initial value need to be programmed.
This is done via four registers, writing four times 32-bit to build the 128-bit values. Upon
writing the fourth word the NAND flash controller automatically programs the key/initial
value into the AES module. The first register value is the least significant 32 bit field in the
128bit word. The last register value is the most significant 32 bit field in the 128 bit word.

The data is read from the SRAM in chunks of four words, processed in the AES module
and sent decrypted back into the SRAM. To pipeline this as much as possible the AES
controller reads the next chunk of four words before it is actually needed and stores it in a
128 hit register. In this way the time to decrypt 512 bytes is reduced to around 400 clock
cycles.

The data is decrypted in little endian mode. This means that the first byte read from flash
is integrated into the AES codeword as least significant byte. The 16th byte read from
flash is the most significant byte of the first AES codeword.

EBI operation

To support pin sharing with other memory controllers, NAND flash controller accesses the
NAND flash through the EBI module. For every access to the NAND flash, the NAND flash
controller will first request access through the EBI before initiating the access. When the
access is done, NAND flash withdraws itself from the EBI bus.

Short access can not be interrupted via the ebibackoff signal. These accesses are:

¢ single byte read
¢ single byte write
¢ command write

e address write

A burst data access can be interrupted by the ebibackoff signal. This is done by going off
the EBI bus after first deactivating the chip select signal. To be able to use this function the
NAND flash needs to be a “CEn don't care” device as the chip select signal to NAND flash
will be deactivated before going off the EBI bus. When the EBI bus is free again, chip
select is again activated and the burst data access is continued.

Currently, the majority of NAND flash devices support “CEn don’t care”. With “CEn don’t
care”, it is possible to interrupt a sequential read/write by de-asserting CEn high. When
CEn is high, the NAND flash device will ignore the values on the NAND flash control
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signals. This makes it possible to interrupt a sequential read/write, and pin-share the
NAND flash control signals with control signals of other memory controllers. To resume
the sequential read/write, CEn is asserted low again.

The NAND flash controller also has an option to disable this CEn deactivation during the
ebi back off procedure.

7. Power optimization

Several mechanisms can be used to save power in the NAND flash controller.

* Internal clock gating is inserted during synthesis
* The presence of variable clock scaling will switch the clocks to a lower frequency

¢ Software is able to enable or disable every clock to save power when certain parts are
not used

— Software is able to switch clocks in the CGU module, which is the source of the
NAND flash controller clocks.

8. Programming guide

8.1

UM10362_0

The NAND flash controller can be controlled fully by software, or partly by software and
partly by hardware. Both options are described in the next paragraphs.

Software controlled access

The software has basic control over the NAND flash device by accessing registers in the
NAND flash controller over the APB bus. The NAND flash controller will then make sure
that the 10 signals react in the corresponding way. This is implemented in the form of a
number of independent actions. These are summed up in Table 2-38
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Table 38. NAND flash controller software control

Command Resulting action
Write NandSetCmd register for Hardware pulls
NAND flash controller command.  ¢s down
CLE up & puts command value on the 1/O lines
WE down
WE up
CLE down
CE up
Write NandSetAddr register for Hardware pulls
NAND flash controller address. CS down
ALE up & puts command value on the I/O lines
WE down
WE up
ALE down
CE up
Write NandWriteData register for ~ Hardware pulls
NAND flash controller write data.  ¢s down
WE down & puts data on the I/O lines
WE up
CSup
Read NandReadData register for  Hardware pulls
NAND flash controller read data. g gown
RE down
RE up & clocks in data from 1/O lines
CSup

Hardware controlled access

In this mode the hardware directly performs read and write operations using RE_n/WE_n
pulses to the NAND flash device. The ARM processor makes sure that the necessary
commands and addresses are supplied to the NAND flash device. To do this it programs
registers over the APB bus in the NAND flash controller. A read or write burst access is
initiated by the NAND flash controller after receiving a command from the CPU. The
NAND flash controller will always read data in chunks of 528 bytes per read page
command regardless of the fact that the error corrector is turned on or off. For writing the
same is valid.

Writing small page NAND flash devices

The following steps are performed when writing a page into a NAND flash device with
512byte large pages. Figure 2—7 illustrates this flow.

1. ARM or DMA writes the 512 or 516 bytes of target data into the SRAM. This triggers
the ECC to start generating parity symbols. The RS encoding action is automatically
started when the controller detects that byte 512 or byte 516 (can be configured inside
the NAND flash controller) is written to one of the SRAMSs.
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2. ARM sends the datal for the CE,CLE and ALE sequences to the NAND flash

controller.

3. ARM sends write_page command, via register NandControlFlow. This will trigger the
NAND flash controller to write the contents of the SRAM to the NAND flash device as
soon as possible (after filling in the parity bytes).

N o o &

When done the NAND flash controller triggers an interrupt.

ARM writes secondary write command to command register.

NAND flash controller polls the busy signhal, when it goes high an interrupt is triggered.
ARM can read the status information via command register and an RE pulse.

Note 1: This is writing the command and address values to the registers in the NAND flash
controller, this automatically initiates proper CLE/ALE sequence to the NAND flash

device.

DMA or ARM
fills
SRAM

ECC

DMA_en

\/

write_page ->
Controller writes SRAM
contents to flash

INT

ARM writes CLE2

Controller polls
busy signal

ARM sends
CE, CLE, ALE
sequence

INT

Fig 7. Encode flow of events for 0.5 kByte page NAND flash devices

8.3.1 Writing large page NAND flash devices

In the case of a NAND flash device with pages larger that 0.5kB (2kB for example), the
ARM only needs to send new commands and addresses every fourth time.

1.This is writing the command and address values to the registers in the NAND flash controller, this automatically initiates proper

CLE/ALE sequence to the NAND flash device.

UM10362_0
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8.3.2 Read small page NAND flash devices
The following steps are performed when reading a 528 byte group from the NAND flash
device.
1. ARM sends the sequence and datalll for the CE,CLE and ALE pulses

2. When the NAND flash device is ready the NAND flash controller starts reading the
data from the NAND flash device using RE pulses

3. When the SRAM has been filled, the error correction is started up on the code word
automatically. At the same time, the NAND flash controller triggers an interrupt to let
the ARM know that it can start a new read operation

4. After ECC operations have finished, the previous decoded data can be read from the
SRAM.

Note 1: This is writing the command and address values to the registers in the NAND flash
controller, this automatically initiates proper CLE/ALE sequence to the NAND flash
device.

8.3.3 Read large page NAND flash devices

As explained earlier for encode mode the ARM only needs to send new commands and
addresses every fourth time in the case of a NAND flash device with 2kB large pages.
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The multi-port memory controller supports the interface to a large number of memory
types, such as SDRAM, Low-power (LP) SDRAM, flash, Synchronous Micron flash and
ROM.

1.1 Feature list

AMBA 32-bit AHB compliancy.

Dynamic-memory interface support including SDRAM, JEDEC low-power SDRAM
and Micron SyncFlash.

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, particularly for
un-cached processors.

Two AHB-interfaces:
— one interface for accessing external memory.

— one separate control interface to program the MPMC. This enables the MPMC
registers to be situated in memory with other system peripheral registers.

8-bit and 16-bit wide static memory support.

16-bit wide chip select SDRAM memory support.

16-bit wide chip select Micron SyncFlash memory support.
Static memory features include:

— Asynchronous page mode read

Programmable wait states
— Bus turnaround delay

Output enable and write enable delays
Extended wait

One chip select for synchronous memory devices and two chip selects for static
memory devices.

Software controllable HCLK to MPMCCLKOUT ratio.

Power-saving modes control dynamically SDRAM clock enable EBI_CKE (pin
mLCD_E_RD) and EBI_CLKOUT (pin mLCD_DB_0).

Dynamic-memory self-refresh mode supported by either a Power Management Unit
(PMU) interface or by software.

Controller supports 2K, 4K and 8K row address synchronous-memory parts. That is
typical 512 Mbit, 256 Mbit, 128 Mbit and 16 Mbit parts, with either 8 DQ bits or 16 DQ
bits per device.
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* Two reset domains enable dynamic-memory contents to be preserved over a soft
reset.

* Locked AHB-transactions supported.
¢ Support for all AHB burst types.
¢ Little-endian and big-endian support.

¢ Support for the External Bus Interface (EBI) that enables the memory controller pads
to be shared.

2. General description

UM10362_0

2.1

Interface diagram

Figure 3-8 shows the interface diagram of the MPMC module with all connected modules
in this IC. The bus-width on the pads reflects the number of bits that are used in this IC.
This is because only 16 address and data lines are used. In addition, only one dynamic
device and two static devices are supported.
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AHB
EBI_A_[15:2]
L » EB A O ALE
EBI_A_1_CLE
ceu > EBI_CKE
MPMC_CFG_CLK > HCLK ~l—> EBI_CLKOUT
reset »| HRESETn
|—> nPOR «——> EBI_D[15:0]
MPMC_CFG_CLK2 » MPMCCLK
o » MPMCFBCLKINO
g » MPMCFBCLKIN1
» MPMCFBCLKIN2 ——» EBI_DQM_1
S MPMCFBCLKIN3
© » MPMCCLKDELAY
MPMC ——» EBI_NCAS_BLOUT_0
EBI B 4 L » EBI_NRAS BLOUT 1
CONTROL <
——» EBI_DQM_0_NOE
——» EBI_NWE
SYSCREG
MPMC DELAY REGISTERS » — EBI_NDYCS
MPMC CONFIG REGISTERS
SDRAM REFRESH .
GENERATOR [— EBI_NSTCS_[1.0]
MPMC_CFG_CLK3 4’—:D_'
Fig 8. MPMC module interface diagram

2.2 Interface description

2.2.1 Clock signals

Table 3—39 shows an overview of all clocks that are connected to the MPMC module.

Table 39. MPMC module clock overview

Internal MPMC Clock Clock name 110 Source / Destination  Description

Name

HCLK MPMC_CFG_CLK I CGU Main AHB bus clock

MPMCCLK MPMC_CFG_CLK_2 | CGU Clock for timing all external memory

transfers. Should be synchronous to
HCLK, where MPMCCLK can be twice
the frequency of HCLK

MPMCCLKOUT EBI_CLKOUT (@) MPMC Clock towards SDRAM devices. Follows
MPMCCLK
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Table 39. MPMC module clock overview

Internal MPMC Clock Clock name I/0 Source / Destination  Description
Name
CLK MPMC_CFG_CLK3 CGU clock used to generate the refresh

pulses towards SDRAM - not influenced
by variable clock scaling.

Feedback clocks to re-synchronize SDRAM read data from the off-chip to on-chip domains.

MPMCFBCLKINO
MPMCFBCLKIN1
MPMCFBCLKIN2
MPMCFBCLKIN3
MPMCCLKDELAY

UM10362_0

Delayed clock from I CGuU Feedback clock 0
MPMC—C_FG—CLK—2 | CGU Feedback clock 1
(see Section 27-4.6.2)
CGU Feedback clock 2
I CGU Feedback clock 3
I CGU Delayed version of MPMCCLK, used in

command delayed mode

Several clocks are connected to the MPMC module. Figure 3-9 gives an overview of all

connections.
ceu SDRAM refresh
MPMC_CFG_CLK_3 ;ICLK
MPMC
MPMC_CFG_CLK » HCLK
MPMC_CFG_CLK_2 » MPMCCLK
MPMCCLKOUTIO]—>{ " o
> oo I —» EBI_CLKOUT
SYSCREGI 116 Het2. —»|MPMCCLKDELAY o
MPMC_deIaymodes[l?:O}I =L
MPMCFBCLKINO
MPMCFBCLKIN1
> o MPMCFBCLKIN2
501 Zelf MPMCFBCLKIN3
[17:12]

Fig 9. MPMC module clock connection overview

In total 3 delay lines are available, which are described below:

¢ MPMCCLKDELAY: The amount of delay for MPMCCLKDELAY w.r.t. HCLK (see

prog_del2 block in Figure 3-9) can be programmed with register MPMC_delaymodes
bits [11:6]. All outgoing signals (data, address and commands) will be delayed with
respect to MPMCCLKOUT

MPMCCLKOUT: The amount of delay for MPMCCLKOUT w.r.t. MPMCCLK (see
prog_del3 block in Figure 3-9) can be programmed with register MPMC_delaymodes
bits [17:12]. MPMC_CLKOUT/EBI_CLKOUT can get an extra delay w.r.t. outgoing
data, address and commands

MPMCFBCLKIN3..0: The amount of delay for MPMCFBCLKIN3..0, w.r.t. MPMCCLK
(see prog_dell block in Figure 3-9) can be programmed with register
MPMC_delaymodes bits [5:0]. This delay is used to fine-tune the register moment of
data that is read from external memory.

Register MPMC_delaymodes[17:0] resides in the SYSCREG module (see Table 27-556).
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The MPMC_CFG_CLK_3is a clock that is not influenced by variable clock scaling and
used to generate the refresh pulses towards SDRAM.

Reset sighals

Table 3—40 shows an overview of all resets that are connected to the MPMC module.

Table 40. MPMC module reset overview

Name Type Description

HRESETNn | Active low reset for this module

nPOR | Active low power on reset for this module

External pin connections

Table 3—41 shows all external pin connection signals towards and from the MPMC
module.

MPMC module external signals

MPMC module name

MPMCADDROUT[15:0]

MPMCCKEOUTO

MPMCCLKOUTO

MPMCDATAIN[15:0]

MPMCDATAOUT[15:0]

MPMCDQMOUT1

MPMCDQMOUTOL2Y
nMPMCOEOUTE!

nMPMCBLSOUTO0/
NnMPMCCASOUT

nMPMCBLSOUT1/
NMPMCRASOUT

nMPMCDYCSOUTO

NMPMCSTSCOUT[1:0]

nMPMCWEQOUT

Pin name/ Interface Type Description

function

mLCD_DB_[15:2]/ EBI (@) Address output. Used for both static and

EBI_A [15:2]l and SDRAM devices.

EBI_A_O_ALE,

EBI_A_1 CLE

mLCD_E_RD/ EBI (0] SDRAM clock enables. Used for SDRAM

EBI_CKEW devices.

mLCD_DB_0/ EBI (@) SDRAM clocks. Used for SDRAM devices.

EBI_CLKOUTH

EBI_D[15:0] EBI Read data from memory. Used for both static
memory and dynamic memory devices.

EBI_D[15:0] EBI o Data output to memory. Used for both static
memory and dynamic memory devices.

mLCD_RW_WR/ EBI (0] Data mask output to SDRAMSs. Used for

EBI_DQM_1M SDRAM devices.

EBI_DQM_0_NOE EBI @) For static memory devices this is data mask
output (MPMCOEOUT). And for SDRAM
devices this is MPMCDQMOUTI[Q].

EBI_NCAS_BLOUT_O EBI (0] Byte lane 0 select (active low) for Static
memories(nMPMCBLSOUTO0). Same signal
acts as column strobe for SDRAM devices
(nMPMCCASOUT)

EBI_NRAS_BLOUT_1 EBI (0] Byte lane 1 select (active low) for Static
memories(nMPMCBLSOUT1). Same signal
acts as row strobe for SDRAM devices
(nMPMCRASOUT).

mLCD_RS/EBI_NDYCSL EBI (0] SDRAM chip selects. Used for SDRAM
devices.

mLCD_CSB/EBI_NSTCS_ 0l EBI (0] Static memory chip selects. Default active low.

and mLCD_DB_1/ Used for static memory devices.

EBI_NSTCS_ 1l

EBI_NWE EBI O Write enable. Used for SDRAM and static

memories.

UM10362_0
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[1] The EBI address and control pins are multiplexed with the LCD data and control pins (see Section 27—4.8).

[2] For SDRAM devices.

[3] For static memory devices.

UM10362_0

2.3

23.1

2.3.2

2.3.3

234

2.3.5

2.3.6

2.3.7

Functional description

The multi-port memory controller block optimizes and controls external memory
transactions. The functions of the MPMC blocks are described in this chapter.

AHB slave register interface

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

Memory transaction endianness and transfer width towards registers

To eliminate the possibility of endianness problems, all data transfers to and from the
registers of the MPMC must be 32-bits wide. when an access is attempted with a size
other than a word (32-bits), it causes an ERROR response on HRESP and the transfer is
terminated.

AHB slave memory interfaces

The AHB slave memory interfaces enable devices to access the external memories. The
memory interfaces are prioritized, with interface 0 having the highest priority. Having more
than one memory interface enables high-bandwidth peripherals direct access to the
MPMC, without data having to pass over the main system bus. All AHB burst types are
supported, enabling the most efficient use of memory bandwidth. The AHB interfaces do
not generate SPLIT and RETRY responses.

Memory transaction endianness

The endianness of the data transfers to and from the external memories are determined
by the Endian mode (N) bit in the MPMCConfig register. The memory controller must be
idle (see the busy field of the MPMCStatus register) before endianness is changed, so
that the data is transferred correctly.

Memory transaction size

Memory transactions can be 8-bits, 16-bits or 32-bits wide. Any access attempted with a
size greater than a word (32-bits) causes an ERROR response on HRESP and the
transfer is terminated.

Write protected memory areas

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

Arbiter

The arbiter arbitrates between the AHB slave memory interfaces. AHB interface 0 has the
highest access priority and AHB interface 3 has the lowest priority.
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2.3.8 Data buffers

The AHB interfaces use read and write buffers to improve memory bandwidth and reduce
transaction latency. The MPMC contains four 16-word buffers. The buffers are not tied to a
particular AHB interface and can be used as read buffers, write buffers or a combination of
both. The buffers are allocated automatically. Because of the way the buffers are
designed they are always coherent for reads and writes and across AHB memory
interfaces. The buffers are enabled on a memory bank basis, using the
MPMCDynamicConfig or the MPMCStaticConfig registers.

Write buffers are used to:

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

¢ Buffer data until the MPMC can complete the write transaction improving AHB write
latency.

¢ Convert all dynamic memory write transactions into quad word 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:
* When the buffers are enabled, an AHB write operation writes into the Least Recently

Used (LRU) buffer when empty.

* When the LRU buffer is not empty the contents of the buffer are flushed to memory to
make space for the AHB write data.

* When 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.
* The memory controller state machine is not busy performing accesses to external
memory and a AHB interface is writing to a different buffer.
The smallest buffer flush is a quad word of data.
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 reduce transaction latency.

* Convert all read transactions into quad word 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:

¢ When the buffers are enabled and the read data is contained in one of the buffers the
read data is provided directly from the buffer.
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* When the read data is not contained in a buffer, the LRU buffer is selected. when 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. While the
memory controller is waiting for the data to be returned the memory controller can
re-arbitrate to enable additional memory transactions to be processed. When the first
data item is returned from memory the read data is provided to the respective AHB
port. Other AHB ports can access the data in the buffer when the read transaction has
completed.

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 two functional blocks:

¢ A static memory controller

¢ A dynamic-memory controller

The memory controller state machine holds up to two requests in its internal buffer. It
prioritizes and rearranges accesses to maximize memory bandwidth and minimize
transaction latency. For example, when AHB interfaces 1 and 0 simultaneously request a
data transfer from dynamic memory to different memory banks, and the port O request
address is to a closed page, but port 1 address is for an already open page, the following
sequence occurs:

* The ACT command is sent to open the SDRAM row specified by the AHB interface 0
address.

* The AHB interface 1 access is completed.

* The AHB interface 0 access is completed.

The access priority is modified to take into account the ease of getting data to complete
each transfer, but the access priority is always biased to the highest priority AHB interface.

Pad interface

The pad interface block provides the interface to the pads. The pad interface uses
feedback clocks, MPMCFBCLKINJ[3:0], to re synchronize SDRAM read data from the
off-chip to on-chip domains.

3. Register overview

UM10362_0

The registers shown in Table 3-42 are part of the MPMC module. Each register is
accessible via the AHB register interface. Note that some configuration registers reside in
the SYSCREG module (see Section 27—-4.6.1).
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Table 42. Register overview: MPMC module (register base address: 0x1700 8000)

Name R/W Address Description
Offset
MPMCControl R/W  0x000 Control Register
MPMCStatus R 0x004 Status Register
MPMCConfig R/W  0x008 Configuration register
MPMCDynamicControl R/W  0x020 Dynamic Memory Control Register

MPMCDynamicRefresh R/W  0x024 Dynamic Memory Refresh Timer Register
MPMCDynamicReadConfig R/W 0x028 Dynamic Memory Read Configuration Register

MPMCDynamictRP R/W  0x030 Dynamic Memory Precharge Command Period
Register

MPMCDynamictRAS R/W  0x034 Dynamic Memory Active To Precharge Command
Period Register

MPMCDynamictSREX R/W  0x038 Dynamic Memory Self-refresh Exit Time Register

MPMCDynamictAPR R/W 0x03C Dynamic Memory Last Data Out To Active Time
Register

MPMCDynamictDAL R/W  0x040 Dynamic Memory Data-in To Active Command
Time Register

MPMCDynamictWR R/W  0x044 Dynamic Memory Write Recovery Time Register

MPMCDynamictRC R/W  0x048 Dynamic Memory Active To Active Command
Period Register

MPMCDynamictRFC R/W  0x04C Dynamic Memory Auto-refresh Period Register

MPMCDynamictXSR R/W  0x050 Dynamic Memory Exit Self-refresh Register

MPMCDynamictRRD R/W  0x054 Dynamic Memory Active Bank A to Active Bank B
Time Register

MPMCDynamictMRD R/W  0x058 Dynamic Memory Load Mode Register To Active

Command Time Register
MPMCStaticExtendedWait R/W  0x080 Static Memory Extended Wait Register
MPMCDynamicConfig0 R/W  0x100 Dynamic Memory Configuration Registers 0
MPMCDynamicRasCas0 R/W  0x104 Dynamic Memory RAS and CAS Delay Registers 0
- R/W 0x120- reserved

0x164
MPMCStaticConfig0 R/W  0x200 Static Memory Configuration Registers 0
MPMCStaticWaitWenO R/W  0x204 Static Memory Write Enable Delay Registers 0
MPMCStaticWaitOen0 R/W  0x208 Static Memory Output Enable Delay Registers 0
MPMCStaticWaitRd0 R/W 0x20C  Static Memory Read Delay Registers 0
MPMCStaticWaitPage0 R/W  0x210 Static Memory Page Mode Read Delay Registers 0
MPMCStaticWaitWr0 R/W 0x214 Static Memory Write Delay Registers 0
MPMCStaticWaitTurnO R/W 0x218 Static Memory Turn Round Delay Registers 0
MPMCStaticConfigl R/W  0x220 Static Memory Configuration Registers 1
MPMCStaticWaitWen1l R/W  0x224 Static Memory Write Enable Delay Registers 1
MPMCStaticWaitOenl R/W  0x228 Static Memory Output Enable Delay Registers 1
MPMCStaticWaitRd1 R/W 0x22C  Static Memory Read Delay Registers 1
MPMCStaticWaitPagel R/W  0x230 Static Memory Page Mode Read Delay Registers 1
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Table 42. Register overview: MPMC module (register base address: 0x1700 8000) ...continued

Name R/W Address Description

Offset
MPMCStaticWaitWrl R/W 0x234 Static Memory Write Delay Registers 1
MPMCStaticWaitTurnl R/W  0x238 Static Memory Turn Round Delay Registers 1
- R/W 0x240- reserved

0x278

4. Register description

The chapters that follow will give a description for each register that resides in the MPMC
module.

4.1 MPMC control

The MPMCControl register is a 3-bit, read/write register that controls the memory
controller operation. The control bits can be altered during normal operation. This register
can be accessed with zero wait states. Table 3—43 gives a description of register
MPMCControl.

Table 43. Description of the register MPMCControl (address 0x1700 8000)

Bit Symbol Access Reset  Description
Value

31:3 - - - Reserved
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Table 43. Description of the register MPMCControl (address 0x1700 8000)

Bit Symbol Access Reset  Description
Value

2 L R/W 0x0 Indicates normal or low-power mode:

® 0 =normal mode (reset value on nPOR and
HRESETN)

® 1 = low-power mode

Entering low-power mode reduces the power
consumption of the memory controller. The Dynamic
Memory is refreshed as necessary. The memory
controller returns to normal functional mode by clearing
the low-power mode bit (L), or by AHB or power-on reset.
This bit must only be modified when the MPMC is in the
idle state. (11

1 M R/W 0x1 Indicates normal or reset memory map:
¢ 0 =normal memory map
® 1 =reset memory map.

Static memory chip select 1 is mirrored onto chip select 0
(reset value on nPOR)

On power-on reset, 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.

0 E R/W 0x1 Indicates when the MPMC is enabled or disabled:
* (0 =disabled
® 1 =enabled (reset value on nPOR and HRESETn)

Disabling the MPMC 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 AHB or power-on reset. This bit must
only be modified when the MPMC is in the idle state. [

[1] The external memory cannot be accessed in either the low-power or the disabled state. When a memory
access is performed, an error response is generated. The memory-controller AHB-register
programming-port can be accessed normally. You can program the MPMC registers in the low-power
and/or the disabled state.

4.2 MPMCStatus

The 3-bit read-only MPMCStatus register provides MPMC status information. This register
can be accessed with zero wait states. Table 3—44 gives a description of register
MPMCStatus.

Table 44. Description of the register MPMCStatus (address 0x1700 8004)

Bit Symbol Access Reset Description
Value

31:3 - - - Reserved
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Table 44. Description of the register MPMCStatus (address 0x1700 8004) ...continued

Bit Symbol Access Reset Description
Value

2 SA R 0x1 This bit indicates the operating mode of the MPMC:
0 = normal mode
1 = self-refresh mode (reset value on nPOR).

1 S R 0x0 Write buffer status. This bit enables the MPMC to enter
cleanly either low-power mode or disabled mode:
0 = write buffers empty (reset value on nPOR)
1 = write buffers contain data.

0 B R 0x1 This bit ensures that the memory controller enters cleanly
either the low-power mode or the disabled mode by
determining whether the memory controller is busy or not:
0 = MPMC is idle (reset value on HRESETn)

1 = MPMC is busy performing memory transactions,
commands, auto-refresh cycles or is in self-refresh mode
(reset value on nPOR and HRESETNn).

MPMCConfig

The 2-bit, read/write, MPMCConfig register configures the operation of the memory
controller. It is recommended that this register is modified either during system
initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering either low-power or disabled
mode.

MPMCConfig is accessed with one wait state. Table 3—-45 gives a description of register
MPMCConfig.

Table 45. Description of the register MPMCConfig (address 0x1700 8008)

Bit Symbol Access Reset Description
Value
31:9 - - - Reserved
8 CLK R/W 0x0 Clock ratio, CLK HCLK:MPMCCLKOUT ratio:
0 =1:1 (reset value on nPOR)
1=1:2
7:1 - - - Reserved
N R/W 0x0 Endian mode, N Endian mode:

0 = little-endian mode

1 = big-endian mode.

The MPMCBIGENDIAN signal determines the value of the
endian bit on power-on reset, nPOR. Software can override
this value. This field is unaffected by the AHB reset,
HRESETn. 1

[1] The value of the MPMCBIGENDIAN signal is reflected in this field. When programmed this register reflects

the last value that is written into it. You must flush all data in the MPMC before switching between
little-endian mode and big-endian mode.
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4.4 MPMCDynamicControl

The 9-bit, read/write, MPMCDynamicControl register is used to control dynamic-memory
operation. The control bits can be altered during normal operation. This register can be
accessed with zero wait states. Table 3—46 gives a description of register

MPMCDynamicControl.
Table 46. Description of the register MPMCDynamicControl (address 0x1700 8020)
Bit Symbol Access Reset Description
Value
3L1:14 - - 0x0 Reserved
13 DP R/W 0x0 Low-power SDRAM deep-sleep mode, DP:

0 = normal operation (reset value on nPOR)
1 = enter deep power down mode

129 - - 0x0 Reserved

8:7 | R/W 0x0 SDRAM initialization, I:
00 =issue SDRAM NORMAL operation command
(reset value on nPOR)
01 = issue SDRAM MODE command
10 = issue SDRAM PALL (pre charge all)

command
11 = issue SDRAM NOP (no operation)
command)
- - 0x0 Reserved
MMC R/W 0x0 Memory clock control, MMC:
0 = MPMCCLKOUT enabled (reset value on
nPOR)
1 = MPMCCLKOUT disabled [
4:3 - - 0x0 Reserved
2 SR R/W 0x0 Self-refresh request, MPMCSREFREQ, SR:

0 = normal mode

1 = enter self-refresh mode (reset value on
nPOR)

By writing 1 to this bit, self-refresh can be entered
under software control. Writing 0 to this bit returns
the MPMC to normal mode.

The self-refresh acknowledge bit in the
MPMCStatus register must be polled to discover
the current operating mode of the MPMC. [&

1 CS R/W 0x0 Dynamic-memory clock control, CS:
0 = MPMCCLKOUT stops when all SDRAMs are
idle and during self-refresh mode
1 = MPMCCLKOUT runs continuously (reset
value on nPOR)
When the clock control is LOW the output clock
MPMCCLKOUT is stopped when there are no
SDRAM transactions. The clock is also stopped
during self-refresh mode.

0 CE R/W 0x0 Dynamic-memory clock enable, CE:
0 = clock enable of idle devices are deserted to
save power (reset value on nPOR)
1 = all clock enables are driven HIGH
continuously 3!
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[1] You can disable MPMCCLKOUT when there are no SDRAM memory transactions. When enabled you can
use this field in conjunction with the dynamic-memory clock control (CS) field.

[2] The memory controller exits from the power-on reset with the self-refresh bit on HIGH. To enter normal
functional mode, set this bit LOW. Writing to this register with a HIGH places this register into the
self-refresh mode. This functionality enables data to be stored over SDRAM self-refresh when the ASIC is
powered down.

[3] Clock enable must be HIGH during SDRAM initialization.

MPMCDynamicRefresh

The 11-bit, read/write, MPMCDynamicRefresh register configures dynamic-memory
operation. It is recommended that this register is modified either during system
initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering during either the low-power or
the disabled mode. However, these control bits can be altered during normal operation
when necessary. This register is accessed with one wait state. Table 3—47 gives a
description of register MPMCDynamicRefresh.

Table 47. Description of the register MPMCDynamicRefresh (address 0x1700 8024)

Bit Symbol Access Reset Description
Value
31:11 - - - Reserved
10:0 REFRESH R/W 0x0 Refresh timer, REFRESH:
0x0 = refresh disabled (reset value on
nPOR)

0x1 1(x16) = 16 HCLK ticks between
SDRAM refresh cycles

0x8 8(x16) = 128 HCLK ticks between
SDRAM refresh cycles

0x1-0Ox7FF n(x16) = 16n HCLK ticks
between SDRAM refresh cycles

For example, for the refresh period of 16 us and an HCLK frequency of 50 MHz, the
following value must be programmed into this register:

6
16x10_6x% = 50 = 0x32

The refresh cycles are distributed evenly. However, there might be slight variations when
the auto-refresh command is issued depending on the status of the memory controller.

Unlike other SDRAM memory timing parameters the refresh period is programmed in the
HCLK domain. When variable clock scaling is used, you can program the desired value
for the refresh timer in the MPMC_testmodeO register of the SYSCREG block (see
Table 27-561).
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MPMCDynamicReadConfig

The 2-bit, read/write, MPMCDynamicReadConfig register enables you to configure the
dynamic-memory read strategy. This register must be modified only during system
initialization. This register can be accessed with one wait state. Table 3-48 gives a
description of register MPMCDynamicReadConfig.

Table 48. Description of the register MPMCDynamicReadConfig (address 0x1700 8028)

Bit Symbol Access Reset Description
Value
31:2 - - - Reserved
1:0 RD R/W 0x0 Read data strategy, RD:

00 = clock out delayed strategy, using
MPMCCLKOUT (command not delayed,
clock out delayed). Reset value on nPOR
01 = command delayed strategy, using
MPMCCLKDELAY (command delayed,
clock out not delayed)

10 = command delayed strategy plus one
clock cycle, using MPMCCLKDELAY
(command delayed, clock out not delayed)
11 = command delayed strategy plus two
clock cycles, using MPMCCLKDELAY
(command delayed, clock out not delayed)

MPMCDynamictRP

The 4-bit, read/write, MPMCDynamictRP register enables you to program the pre charge
command period, tgp. This register must be modified only during system initialization. This
value is found normally in SDRAM data sheets as tgp. This register can be accessed with
one wait state. Table 3—49 gives a description of register MPMCDynamictRP.

Table 49. Description of the register MPMCDynamictRP (address 0x1700 8030)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3:0 tRP R/W OxF Precharge command period, tRP:

0x0-0xE = n + 1 clock cycles
OxF = 16 clock cycles (reset value on nPOR)

MPMCDynamictRAS

The 4-bit, read/write, MPMCDynamictRAS register enables you to program the active to
pre charge command period, tras. It is recommended that this register is modified either
during system initialization or when there are no current or outstanding transactions. This
can be ensured by waiting until the MPMC is idle and then entering either low-power or
disabled mode. This value is found normally in SDRAM data sheets as tgas. This register
can be accessed with one walit state. Table 3-50 gives a description of register
MPMCDynamictRAS.
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Table 50. Description of the register MPMCDynamictRAS (address 0x1700 8034)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3.0 tRAS R/W OxF Active to pre charge command period, tRAS:

0x0-OxE = n + 1 clock cycles
OxF = 16 clock cycles (reset value on nPOR)

MPMCDynamictSREX

The 4-bit, read/write, MPMCDynamictSREX register enables you to program the
self-refresh exit time, tsgex. It is recommended that this register is modified either during
system initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering either low-power or disabled
mode. This value is found normally in SDRAM data sheets as tsrex. For devices without
this parameter you use the same value as tysgr. This register can be accessed with one
wait state. Table 3-51 gives a description of register MPMCDynamictSREX.

Table 51. Description of the register MPMCDynamictSREX (address 0x1700 8038)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3.0 tSREX R/W OxF Self-refresh exit time, tSREX:

0x0-0xE = n + 1 clock cycles 1
OxF = 16 clock cycles (reset value on nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCDynamictAPR

The 4-bit, read/write, MPMCDynamictAPR register enables you to program the
last-data-out to active command time, tapg. It is recommended that this register is
modified either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
either low-power or disabled mode. This value is found normally in SDRAM data sheets
as tapr. This register can be accessed with one wait state. Table 3—52 gives a description
of register MPMCDynamictAPR.

Table 52. Description of the register MPMCDynamictAPR (address 0x1700 803C)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3.0 tAPR R/W OxF Last-data-out to active command time,
tAPR:

0x0-0xE = n + 1 clock cycles 11
OxF = 16 clock cycles (reset value on nPOR)

[1] The delay is in MPMCCLK cycles.
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MPMCDynamictDAL

The 4-bit, read/write, MPMCDynamictDAL register enables you to program the data-in to
active command time, tpa, . It is recommended that this register is modified either during
system initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering either low-power or disabled
mode. This value is found normally in SDRAM data sheets as tpa, or tapw. This register
can be accessed with one wait state. Table 3-53 gives a description of register
MPMCDynamictDAL.

Table 53. Description of the register MPMCDynamictDAL (address 0x1700 0840)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3.0 tDAL R/W OxF Data-in to active command, tDAL.:

0x0-0xE = n clock cycles [
OxF = 15 clock cycles (reset value on nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCDynamictWR

The 4-bit, read/write, MPMCDynamictWR register enables you to program the write
recovery time, twr. It is recommended that this register is modified either during system
initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering either low-power or disabled
mode. This value is found normally in SDRAM data sheets as twr, tppL, trwe Of trpL- This
register can be accessed with one wait state. Table 3-54 gives a description of register
MPMCDynamictWR.

Table 54. Description of the register MPMCDynamictWR (address 0x1700 8044)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3.0 tWR R/W OxF Write recovery time, tWR:

0x0-0xE = n + 1 clock cycles [
OxF = 16 clock cycles (reset value on nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCDynamictRC

The 5-bit, read/write, MPMCDynamictRC register enables you to program the active to
active command period, trc. It is recommended that this register is modified either during
system initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering either low-power or disabled
mode. This value is found normally in SDRAM data sheets as tgc. This register can be
accessed with one wait state. Table 3-55 gives a description of register
MPMCDynamictRC.
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Table 55. Description of the register MPMCDynamictRC (address 0x1700 8048)

Bit Symbol Access Reset Description
Value
315 - - - Reserved
4:0 tRC R/W Ox1F Active to active command period, tRC:

0x0-0x1E = n + 1 clock cycles 1
0x1F = 32 clock cycles (reset value on
nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCDynamictRFC

The 5-bit, read/write, MPMCDynamictRFC register enables you to program the
auto-refresh period and auto-refresh to active command period, tgec. It is recommended
that this register is modified either during system initialization or when there are no current
or outstanding transactions. This can be ensured by waiting until the MPMC is idle and
then entering either low-power or disabled mode. This value is found normally in SDRAM
data sheets as trrc Or sometimes as trc. This register can be accessed with one wait
state. Table 3-56 gives a description of register MPMCDynamictRFC.

Table 56. Description of the register MPMCDynamictRFC (address 0x1700 804C)

Bit Symbol Access Reset Description
Value
31:5 - - - Reserved
4:0 tRFC R/W Ox1F Auto-refresh period and auto-refresh to

active command period, tRFC:
0x0-0x1E = n + 1 clock cycles [
0x1F = 32 clock cycles (reset value on
nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCDynamictXSR

The 5-bit, read/write, MPMCDynamictXSR register enables you to program the exit
self-refresh to active command time, tysg. It is recommended that this register is modified
either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. This value is found normally in SDRAM data sheets as tysg.
This register can be accessed with one wait state. Table 3-57 gives a description of
register MPMCDynamictXSR.

Table 57. Description of the register MPMCDynamictXSR (address 0x1700 8050)

Bit Symbol Access Reset Description
Value
315 - - - Reserved
4:0 tXSR R/W Ox1F Exit self-refresh to active command time,
tXSR:

0x0-Ox1E = n + 1 clock cycles [1
0x1F = 32 clock cycles (reset value on
nPOR)

[1] The delay is in MPMCCLK cycles.
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MPMCDynamictRRD

The 4-bit, read/write, MPMCDynamictRRD register enables you to program the active
bank A to active bank B latency, tgrp. It is recommended that this register is modified
either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. This value is found normally in SDRAM data sheets as tgrp.
This register can be accessed with one wait state. Table 3-58 gives a description of
register MPMCDynamictRRD.

Table 58. Description of the register MPMCDynamictRRD (address 0x1700 8054)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3:0 tRRD R/W OxF Active bank A to active bank B latency,
tRRD:

0x0-0xE = n + 1 clock cycles [
OxF = 16 clock cycles (reset value on nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCDynamictMRD

The 4-bit, read/write, MPMCDynamictMRD register enables you to program the load
mode register to active command time, tyrp. It is recommended that this register is
modified either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. This value is found normally in SDRAM data sheets as tyrp
or trsa. This register can be accessed with one wait state. Table 3-59 gives a description
of register MPMCDynamictMRD.

Table 59. Description of the register MPMCDynamictMRD (0x1700 8058)

Bit Symbol Access Reset Description
Value
31:4 - - - Reserved
3.0 tMRD R/W OxF Load mode register to active command time,
tMRD:

0x0-0xE = n + 1 clock cycles [
OxF = 16 clock cycles (reset value on nPOR)

[1] The delay is in MPMCCLK cycles.

MPMCStaticExtendedWait

The 10-bit, read/write, MPMCStaticExtendedWait register is used to time long static
memory read and write transfers (that are longer than can be supported by the
MPMCStaticWaitRd[n] or MPMCStaticWaitWr[n] registers) when the EW bit of the
MPMCStaticConfig registers is enabled. There is only a single MPMCStaticExtendedWait
register. This is used by the relevant static memory chip select when the appropriate
ExtendedWait (EW) bit in the MPMCStaticConfig register is set. It is recommended that
this register is modified either during system initialization or when there are no current or
outstanding transactions. However, when necessary, these control bits can be altered
during normal operation. This register can be accessed with one wait state. Table 3—60
gives a description of register MPMCStaticExtendedWait.
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Table 60. Description of the register MPMCStaticExtendedWait (address 0x1700 8080)

Bit Symbol Access Reset Description
Value
31:10 - - - Reserved
9:0 EXTENDEDWAI R/W 0x0 External wait time out, EXTENDEDWAIT:
T 0x0 = 16 clock cycles I (reset value on
nPOR)

0x1-0x3FF = (n+1) x16 clock cycles

[1] The delay is in MPMCCLK cycles.

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

6
16x10°x|20x10°|| —1 = 49 = 0x31
16
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4.19 MPMCDynamicConfig0

The 11-bit, read/write, MPMCDynamicConfig0 registers enable you to program the
configuration information for the relevant dynamic-memory chip select. This register is
modified normally only during system initialization. These registers can be accessed with
one wait state. Table 3—-61 gives a description of register MPMCDynamicConfigO.

Table 61. Description of the register MPMCDynamicConfig0 (address 0x1700 8100)
Bit Symbol Access Reset Description
Value
3121 - - - Reserved
20 P R/W 0x0 Write protect, P:
0 = writes not protected (reset value on nPOR)
1 = write protected.
19 B R/W 0x0 Buffer enable, B:
0 = buffer disabled for accesses to this chip select (reset
value on nPOR)
1 = buffer enabled for accesses to this chip select 1]
18:15 - - - Reserved
14 AM R/W 0x0 Address mapping, AM. 0 = reset value on nPOR
13 - - - Reserved
12:7 AM R/W 0x0 Address mapping, AM. 00000000 = reset value on nPOR
2
6:5 - - - Reserved
4:3 MD R/W 0x0 Memory device, MD:
00 = SDRAM (reset value on nPOR)
01 = low-power SDRAM
10 = Micron SyncFlash
11 = reserved
2:0 - - - Reserved

[1] The buffers must be disabled during SDRAM and SyncFlash initialization. They must also be disabled when
performing SyncFlash commands. The buffers must be enabled during normal operation.

[2] The SDRAM column and row width and number of banks are computed automatically from the address
mapping.

Address mappings that are not shown in Table 3—62 are reserved.

Table 62. Address mapping

[14] [12] [11:9] [8:7] Description

16-bit external bus high-performance address mapping (Row, Bank, Column)

0 0 000 00 16Mb (2Mx8), 2 banks, row length = 11, column length =9

0 0 000 01 16Mb (1Mx16), 2 banks, row length = 11, column length = 8

0 0 001 00 64Mb (8Mx8), 4 banks, row length = 12, column length =9

0 0 001 01 64Mb (4Mx16), 4 banks, row length = 12, column length = 8

0 0 010 00 128Mb (16Mx8), 4 banks, row length = 12, column length = 10
0 0 010 01 128Mb (8Mx16), 4 banks, row length = 12, column length = 9
0 0 011 00 256Mb (32Mx8), 4 banks, row length = 13, column length = 10
0 0 011 01 256Mb (16Mx16), 4 banks, row length = 13, column length =9
0 0 100 00 512Mb (64Mx8), 4 banks, row length = 13, column length = 11
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Table 62. Address mapping
[14] [212] [11:9] [8:7] Description

0 0 100 01 512Mb (32Mx16), 4 banks, row length = 13, column length = 10
16-bit external bus low-power SDRAM address mapping (Bank, Row, Column)

0 1 000 00 16Mb (2Mx8), 2 banks, row length = 11, column length =9

0 1 000 01 16Mb (1Mx16), 2 banks, row length = 11, column length = 8

0 1 001 00 64Mb (8Mx8), 2 banks, row length = 12, column length =9

0 1 001 01 64Mb (4Mx16), 4 banks, row length = 12, column length = 8

0 1 010 00 128Mb (16Mx8), 4 banks, row length = 12, column length = 10
0 1 010 01 128Mb (8Mx16), 4 banks, row length = 12, column length = 9

0 1 011 00 256Mb (32Mx8), 4 banks, row length = 13, column length = 10
0 1 011 01 256Mb (16Mx16), 4 banks, row length = 13, column length =9
0 1 100 00 512Mb (64Mx8), 4 banks, row length = 13, column length = 11
0 1 100 01 512Mb (32Mx16), 4 banks, row length = 13, column length = 10

The LPC31xx always interface with external SDRAM devices using a 16-bit wide data
bus. The SDRAM chip select can be connected to a single 16-bit memory device; in this
case x16 mapping values ( MPMCDynamicConfig0[8:7] = 01) should be used. When the
SDRAM chip select is connected to two 8-bit memory devices to form a 16-bit external
system memory, x8 mapping values ( MPMCDynamicConfig0[8:7] = 00) should be used.
For linear AHB address to SDRAM bank mapping the bank select signals (BAx) of the
SDRAM device should be connected as shown in the following tables.
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Table 63. 16-bit wide data bus address mapping, SDRAM (RBC)
16-bit wide device 16M SDRAM (1M x 16, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AHB address to row address 9/BA - - - 20 19 18 17 16 15 14 13 12 11 10
AHB address to column address  9/BA - - - AP - - 8 7 6 5 4 3 2
Memory device connections BA - - - 100AP 9 8 7 6 5 4 3

Two 8-bit wide devices 16M SDRAM (2M x 8, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address - 10/BA - - 21 20 19 18 17 16 15 14 13 12 11
AHB address to column address - 10/BA - - AP - 9 8 7 6 5 4 3 2 1
Memory device connections - BA - - 0AP 9 8 7 6 5 4 3 2 1 O
16-bit wide device 64M SDRAM (4M x 16, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 9/BA0  10/BAl - 22 21 20 19 18 17 16 15 14 13 12 11
AHB address to column address  9/BA0  10/BA1 - - AP - - 8 7 6 5 4 3 2 1
Memory device connections BAO BA1 - 11 10AP 9 8 7 6 5 4 3 2 1 0
Two 8-bit wide devices 64M SDRAM (8M x 8, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AHB address to row address 11/BA1 10/BAO - 23 22 21 20 19 18 17 16 15 14 13 12
AHB address to column address ~ 11/BA1 10/BAO - - AP - 9 8 7 6 5 4 3 2 1
Memory device connections BA1l BAO - 11 100AP 9 8 7 6 5 4 3

16-bit wide device 128M SDRAM (8M x 16, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 11/BA1 10/BAO - 23 22 21 20 19 18 17 16 15 14 13 12
AHB address to column address ~ 11/BA1 10/BAO - - AP - 9 8 7 6 5 4 3 2
Memory device connections BAl BAO - 11 100AP 9 8 7 6 5 4 3

Two 8-bit wide devices 128M SDRAM (16M x 8, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 11/BA0 12/BA1 - 24 23 22 21 20 19 18 17 16 15 14 13
AHB address to column address ~ 11/BA0 12/BAl - - AP 10 9 8 7 6 5 4 3 2
Memory device connections BAO BA1 - 11 10/AP 9 8 7 6 5 4 3

16-bit wide device 256M SDRAM (16M x 16, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 11/BA1 10/BA0 24 23 22 21 20 19 18 17 16 15 14 13 12
AHB address to column address  11/BA1 10/BAO - - AP - 9 8 7 6 5 4 3 2
Memory device connections BAl BAO 12 11 100AP 9 8 7 6 5 4 3 2 1 O
Two 8-bit wide devices 256M SDRAM (32M x 8, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 11/BA0 12/BA1 25 24 23 22 21 20 19 18 17 16 15 14 13
AHB address to column address  11/BA0  12/BA1 - - AP 10 9 8 7 6 5 4 3 2 1
Memory device connections BAO BA1 12 11 100AP 9 8 7 6 5 4 3 2 1 O
16-bit wide device 512M SDRAM (32M x 16, RBC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
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Table 63. 16-bit wide data bus address mapping, SDRAM (RBC) ...continued

AHB address to row address 11/BA0 12/BA1 25
AHB address to column address 11/BA0 12/BA1 -

Memory device connections BAO BA1l 12
Two 8-bit wide devices 512M SDRAM (64M x 8, RBC)
External address pin, EBI_A[14:0] 14 13 12

13/BA1 12/BA0 26
AHB address to column address  13/BA1 12/BA0 -
Memory device connections BAl BAO 12

AHB address to row address

24

11

11
25
11
11

23 22
AP 10
10/AP 9
10 9
24 23
AP 10
10/AP 9

21 20
9 8
8 7
8 7
22 21
9 8
8 7

19 18
7 6
6 5
6 5
20 19
7 6
6 5

17

16 15 14 13
4 3 2 1
3 2 1 O

3 2 1 O
17 16 15 14
4 3 2 1
3 2 1 O
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Table 64. 16-bit wide data bus address mapping, SDRAM (BRC)
16-bit wide device 16M SDRAM (1M x 16, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AHB address to row address - 20/BAO - - 19 18 17 16 15 14 13 12 11 10 9
AHB address to column address - 20 - - AP - - 8 7 6 5 4 3 2 1
Memory device connections - BA - - 100AP 9 8 7 6 5 4 3 0
Two 8-bit wide devices 16M SDRAM (2M x 8, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 21/BA - - - 20 19 18 17 16 15 14 13 12 11 10
AHB address to column address  21/BA - - - AP - 9 8 7 6 5 4 3 2
Memory device connections BA - - - 100AP 9 8 7 6 5 4 3 0
16-bit wide device 64M SDRAM (4M x 16, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 21/BA0 22/BA1 - 20 19 18 17 16 15 14 13 12 11 10 9
AHB address to column address  21/BA0 22/BAl1 - - AP - - 8 7 6 5 4 3 2 1
Memory device connections BAO BA1l - 11 100AP 9 8 7 6 5 4 0
Two 8-bit wide devices 64M SDRAM (8M x 8, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 23/BA1 22/BA0 - 21 20 19 18 17 16 15 14 13 12 11 10
AHB address to column address  23/BA1 22/BA0 - - AP - 9 8 7 6 5 4 3 2 1
Memory device connections BA1 BAO - 11 10AP 9 8 7 6 5 4 3 2 1 O
16-bit wide device 128M SDRAM (8M x 16, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 23/BA1 22/BAO — 21 20 19 18 17 16 15 14 13 12 11 10
AHB address to column address  23/BA1 22/BA0 — — AP — 9 8 7 6 5 4 3 2
Memory device connections BAl BAO - 11 10AP 9 8 7 6 5 4 3 2 1 O
Two 8-bit wide devices 128M SDRAM (16M x 8, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 23/BA0 24/BA1 — 22 21 20 19 18 17 16 15 14 13 12 11
AHB address to column address  23/BA0 24/BA1 — — AP 10 9 8 7 6 5 4 3 2
Memory device connections BAO BA1l - 11 10AP 9 8 7 6 5 4 3 2 1 O
16-bit wide device 256M SDRAM (16M x 16, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 23/BA0 24/BA1 22 21 20 19 18 17 16 15 14 13 12 11 10
AHB address to column address  23/BA0 24/BA1 — — AP — 9 8 7 6 5 4 3 2
Memory device connections BAO BA1l 12 11 10AP 9 8 7 6 5 4 3 2 1 O
Two 8-bit wide devices 256M SDRAM (32M x 8, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 25/BA1 24/BA0 23 22 21 20 19 18 17 16 15 14 13 12 11
AHB address to column address  25/BA1 24/BA0 — — AP 100 9 8 7 6 5 4 3 2 1
Memory device connections BA1 BAO 12 11 10AP 9 8 7 6 5 4 3 2 1 O
16-bit wide device 512M SDRAM (32M x 16, BRC)

External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
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Table 64. 16-bit wide data bus address mapping, SDRAM (BRC) ...continued
AHB address to row address 25/BA1 24/BAO0 23 22 21 20 19 18 17 16 15 14 13 12 11
AHB address to column address  25/BA1 24/BA0 — — AP 10 9 8 7 6 5 4 3 2 1
Memory device connections BAl1 BAO 12 11 10AP 9 8 7 6 5 4 3 2 1 0
Two 8-bit wide devices 512M SDRAM (64M x 8, BRC)
External address pin, EBI_A[14:0] 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AHB address to row address 25/BA0 26/BA1 24 23 22 21 20 19 18 17 16 15 14 13 12
AHB address to column address  25/BA0 26/BA1 — 11 AP 10 9 8 7 6 5 4 3 2 1
Memory device connections BAO BA1l 12 11 10AP 9 8 7 6 5 4 3 2 1 O
4.20 MPMCDynamicRasCas0
The 4-bit, read/write, MPMCDynamicRasCasO0 registers enable you to program the RAS
and CAS latencies for the relevant dynamic memory. It is recommended that these
registers are modified either during system initialization or when there are no current or
outstanding transactions. This can be ensured by waiting until the MPMC is idle and then
entering low-power or disabled mode. The MPMCDynamicRasCasO0 registers are
accessed with one wait state. The values programmed into these registers must be
consistent with the values used to initialize the SDRAM memory device. Table 3—65 gives
a description of register MPMCDynamicRasCas0.
Table 65. Description of the register MPMCDynamicRasCasO0 (address 0x1700 8104)
Bit Symbol Access Reset Description
Value
31:10 - - - Reserved
9:8 CAS R/W 0x3 CAS latency, CAS:
00 = reserved
01 = one clock cycle
10 = two clock cycles
11 = three clock cycles (reset value on nPOR)
7:2 - - - Reserved
1:0 RAS R/W 0x3 RAS latency (active to read/write delay), RAS:
00 = reserved
01 = one clock cycle [
10 = two clock cycles
11 = three clock cycles (reset value on nPOR)
[1] The RAS to CAS latency (RAS) and the CAS latency (CAS) are each defined in MPMCCLK cycles.
4.21 MPMCStaticConfig0/1

UM10362_0

The 8-bit, read/write, MPMCStaticConfig0/1 registers are used to configure the static
memory configuration. It is recommended that these registers are modified either during
system initialization or when there are no current or outstanding transactions. This can be
ensured by waiting until the MPMC is idle and then entering low-power or disabled mode.
The MPMCStaticConfig0/1 registers are accessed with one wait state. Synchronous burst
mode memory devices are not supported. Table 3—66 gives a description of register
MPMCStaticConfig0/1.
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Table 66. Description of the register MPMCStaticConfig (MPMCStaticConfig0, address
0x1700 8120 and MPMCStaticConfigl 0x1700 8220)

Bit  Symbol
312 -

1

20 WP

19 B

1819 -

8 EW

7 BLS

6 PC

54 -

Access

R/W

R/W

R/W

R/W

Reset Description

Value

0x0

0x0

0x0

0x0
0x0

0x0

0x0

reserved

WP R/W 0x0 Write protect.

0 = writes not protected (reset value on nPOR)
1 = write protected.

Buffer enable.

0 = write buffer disabled (reset value on nPOR)
1 = write buffer enabled.

Read undefined. Write as 0.

Extended wait (EW) uses the MPMCStaticExtendedWait
Register to time both the read and write transfers rather than
the MPMCStaticWaitRd and MPMCStaticWaitWr Registers.
This enables much longer transactions.

0 = Extended wait disabled (reset value on nPOR)
1 = Extended wait enabled.

This bit affects the behavior of the EBI_NCAS_BLOUT _0,
EBI_NRAS_BLOUT_1 and EBI_nWE signals on the External
Memory Interface. When the BLS bit is set to 1, the
nBLOUT[1:0] signals are byte lane enable strobes and will be
low for both static memory read and write access, and signal
EBI_nWE will be low for writes. This is used when interfacing
to a static memory with multiple byte lane strobe pins and a
separate write strobe pin.

When the BLS bit is set to 0, the nBLOUT[1:0] signals become
byte lane write strobes and will only be low during static
memory writes. The EBI_nWE signal never goes active when
BLS is 0.

Writes:

1 = The active bits in nBLOUT[1:0] are LOW; EBI_nWE is
active

0 = The active bits in nBLOUT[1:0] are LOW; EBI_nWE is NOT
active

Reads:

1 = The active bits in nBLOUT[1:0] are LOW

0 = All the bits in nBLOUT[1:0] are HIGH

Chip select polarity, PC:

0 = active LOW chip select

1 = active HIGH chip select

The relevant MPMCSTCSxPOL signal determines the value of
the chip select polarity on power-on reset, nPOR. Software

can override this value. This field is unaffected by AHB reset,
HRESETnN. B

Reserved
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Table 66. Description of the register MPMCStaticConfig (MPMCStaticConfig0, address
0x1700 8120 and MPMCStaticConfigl 0x1700 8220) ...continued

Bit Symbol Access Reset Description
Value

3 PM R/W 0x0 Page mode, PM:
0 = disabled (reset value on nPOR)
1 = Async page mode enabled (page length four)
In page mode the MPMC can burst up to four external
accesses. 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.

- - - Reserved

1:0 MW R/W 0x0 Memory width, MW:
00 = 8-bit (reset value for chip select 0, 2 and 3 on nPOR)
01 = 16-hit
10 =reserved
11 =reserved
The MPMCSTCS1MWI/[1:0] signal determines the value of the
chip select 1 memory width field on power-on reset, nPOR.
Software can override this value. This field is unaffected by
AHB reset, HRESETn. 4

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

[2] For chip select 1, the value of the MPMCSTCS1PB signal is reflected in this field. When programmed this
register reflects the last value that is written into it.

[3] The value of the relevant MPMCSTCSxPOL signal is reflected in this field. When programmed this register
reflects the last value that is written into it.

[4] For chip select 1, the value of the MPMCSTCS1MW/[1:0] signal is reflected in this field. When programmed
this register reflects the last value that is written into it. MPMCSTCS1MWI[1:0] value can be set in
SYSCREG_WIRE_EBI_MSIZE_INIT (address 0x1300 2874).

MPMCStaticWaitWen0/1

The 4-bit, read/write, MPMCStaticWaitWen0/1 registers enable you to program the delay
from the chip select to the write enable. It is recommended that these registers are
modified either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. The MPMCStaticWaitWenO0/1 registers are accessed with
one walit state. Table 3—67 gives a description of register MPMCStaticWaitWenO0/1.

Table 67. Description of the register MPMCStaticWaitWen (MPMCStaticWaitWenO0, address
0x1700 8204 and MPMCStaticWaitWen1, address 0x1700 8224)

Bit Symbol Access Reset Description
Value
314 - - - Reserved
3.0 WAITWEN R/W 0x0 Wait write enable, WAITWEN Delay from chip select

assertion to write enable:

0000 = one HCLK cycle delay between assertion of
chip select and write enable (reset value on nPOR)
0001-1111 = (n + 1) HCLK cycle delay [

[1] The delay is (WAITWEN +1) x tHCLK.
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MPMCStaticWaitOen0/1

The 4-bit, read/write, MPMCStaticWaitOen0/1 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 either during system initialization or when
there are no current or outstanding transactions. This can be ensured by waiting until the
MPMC is idle and then entering low-power or disabled mode. The
MPMCStaticWaitOen0/1 registers are accessed with one wait state. Table 3—68 gives a
description of register MPMCStaticWaitOen0/1.

Table 68. Description of the register MPMCStaticWaitOen (MPMCStaticWaitOenO, address
0x1700 8208 and MPMCStaticWaitOenl, address 0x1700 8228)

Bit Symbol Access Reset Description
Value
314 - - - Reserved
3:0 WAITOEN R/W 0x0 Wait output enable, WAITOEN Delay from

chip select assertion to output enable:
0000 = No delay (reset value on nPOR)
0001-1111= n cycle delay [

[1] The delay is WAITOEN x tHCLK.

MPMCStaticWaitRd0/1

The 5-bit, read/write, MPMCStaticWaitRdO0/1 registers enable you to program the delay
from the chip select to the read access. It is recommended that these registers are
modified either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. It is not used when the extended wait bit is enabled in the
MPMCStaticConfig0/1 registers. The MPMCStaticWaitRdO0/1 registers are accessed with
one wait state. Table 3-69 gives a description of register MPMCStaticWaitRdO0/1.

Table 69. Description of the register MPMCStaticWaitRd (MPMCStaticWaitRd0, address
0x1700 820C and MPMCStaticWaitRd1, address 0x1700 8022C)

Bit Symbol Access Reset Description
Value

315 - - - Reserved

4:0 WAITRD R/W 0x1F  Non-page mode read wait states or asynchronous page
mode read first access wait state, WAITRD Non-page
mode read or asynchronous page mode read, first read
only:

00000-11110 = (n + 1) HCLK cycles for read accesses [1
11111 = 32 HCLK cycles for read accesses (reset value
on nPOR)

[1] For non-sequential reads, the wait state time is (WAITRD + 1) x tHCLK.

MPMCStaticWaitPage0/1

The 5-bit, read/write, MPMCStaticWaitPage0/1 registers enable you to program the delay
for asynchronous page mode sequential accesses. It is recommended that these registers
are modified either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. MPMCStaticWaitPage0/1 is accessed with one wait state.
Table 3—70 gives a description of register MPMCStaticWaitPage0/1.
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Table 70. Description of the register MPMCStaticWaitPage (MPMCStaticWaitPage0, address
0x1700 8210 and MPMCStaticWaitPagel, address 0x1700 8230)

Bit Symbol Access Reset Description
Value
315 - - - Reserved
4:0 WAITPAGE R/W Ox1F  Asynchronous page mode read after the first read wait

states, WAITPAGE Number of wait states for
asynchronous page mode read accesses after the first
read:

00000-11110 = (n+ 1) HCLK cycle read access time [
11111 = 32 HCLK cycle read access time (reset value
on nPOR)

[1] For asynchronous page mode read for sequential reads, the wait state time for page mode accesses after
the first read is (WAITPAGE + 1) x tHCLK.

MPMCStaticWaitWr0/1

The 5-bit, read/write, MPMCStaticWaitWr0/1 registers enable you to program the delay
from the chip select to the write access. It is recommended that these registers are
modified either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. These registers are not used when the extended wait (EW)
bit is enabled in the MPMCStaticConfig register. The MPMCStaticWaitWr0/1 registers are
accessed with one wait state. Table 3—71 gives a description of register
MPMCStaticWaitWr0/1.

Table 71. Description of the register MPMCStaticWaitWr (MPMCStaticWaitWr0,address
0x1700 8214 and MPMCStaticWaitWr1, address 0x1700 8234)

Bit Symbol Access Reset Description
Value
31:5 - - - Reserved
4:0 WAITWR R/W Ox1F Write wait states, WAITWR SRAM wait state

time for write accesses after the first read:
00000-1110 = (n + 2) HCLK cycle write
access time [

11111 = 33 HCLK cycle write access time
(reset value on nPOR)

[1] The wait state time for write accesses after the first read is WAITWR (n + 2) x tHCLK.

MPMCStaticWaitTurn0/1

The 4-bit, read/write, MPMCStaticWaitTurn0/1 registers enable you to program the
number of bus turnaround cycles. It is recommended that these registers are modified
either during system initialization or when there are no current or outstanding
transactions. This can be ensured by waiting until the MPMC is idle and then entering
low-power or disabled mode. The MPMCStaticWaitTurn0/1 registers are accessed with
one wait state. 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. Table 3—72
gives a description of register MPMCStaticWaitTurn0/1.
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Table 72. Description of the register MPMCStaticWaitTurn (MPMCStaticWaitTurnO, address
0x1700 8218 and MPMCStaticWaitTurnl, address 0x1700 8238)

Bit Symbol Access Reset Description
Value

314 - - - Reserved

3.0 WAITTURN R/W OxF Bus turnaround cycles, WAITTURN:
0000-1110 = (n + 1) HCLK turnaround cycles [
1111 = 16 HCLK turnaround cycles (reset value on nPOR)

[1] Bus turnaround time is (WAITTURN + 1) x tHCLK.

5. Power optimization

The MPMC is partly low-level clock gated. This feature is built in hardware and software
does not have any control over this feature. Low-level clock gating involves grouping a
number (in this case 32) of d-type flip-flops together and only enabling a clock to them
when required. This is done for reducing power consumption.

6. Programming guide

UM10362_0

6.1

6.2

SDRAM initialization

This chapter describes the initialization of both high performance and low performance
SDRAM. And describes in more detail the initialization of the Mode Register and/or
Extended Mode Register that is part of the initialization of the SDRAM.

Initialization of high performance SDRAM (RBC)

Although the initialization for different kind of SDRAMs is almost the same, it is advised to
check the SDRAM data sheet for the start up procedure. For extensive examples consult
the ARM Technical Reference Manual of the MPMC (PI172). An example is given below:

1. Disable buffers during SDRAM initialization. Dynamic-memory clock enable (CE)
must be HIGH during SDRAM initialization. Enable MPMC and use normal address
map in control register.

2. Wait 100ms after the power is applied and the clocks are stable.

3. Set SDRAM Initialization value to NOP in Dynamic Control register, to perform a NOP
command to SDRAM.

4. Set SDRAM Initialization value to PALL in Dynamic Control register, to perform a
pre-charge all command to SDRAM.

5. Program minimum refresh value (0x1 = 16 HCLKS) in MPMCDynamicRefresh
register..

6. Wait until several (Micron recommends minimum of 2 refresh cycles for their
SDRAMs) SDRAM refresh cycles have occurred.

7. Program the operational value in the refresh register.
8. Program the operational value in the latency register.
9. Program the operational value in the configuration register.
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10. Set SDRAM Initialization value to MODE in Dynamic Control register, to perform a
MODE command to SDRAM.

11. Read from SDRAM to program mode register.

12. Set SDRAM Initialization value to NORMAL. Dynamic-memory clock enable (CE) can
be made LOW, than idle devices are de-asserted to save power.

13. Enable buffers.

It does not matter what type of SDRAM is used for choosing high performance or low
power address mapping. Meaning to say it is possible to use a high performance SDRAM
with low power address mapping and the other way around, but it can have an influence
on the power dissipation.

Example:

voi d sdram_init(void)

{

pSYSCREG_REGS syscregs = (pSYSCREG_REGS) SYSCREG_BASE;

pvhMpomcPl 172Regs pl 172Regs =

pvhMpmcPl 172Regs) AHB_MPMC_PL172_CFG_BASE;

Ulnt32 *ptr = NULL;

int i =0

volatile int j,addr;

syscregs->mpmp_del aymodes=0x0;

pl 172Regs- >MpmcCont rol = 0x01;

pl 172Regs- >MpmeConfig = 0x000;

pl 172Regs- >MpmeDyCnt | = VH_MPMC_DYCNTL_REG_POR_VAL;

Il Ensure that the following values have the following val ue:

pl 172Regs- >MpmeDyCnt | = 0x7; // Clock enable must be high during SDRAM initialisation
pl 172Regs- >MpmcDynami ¢[ SDRAM SEL]. Config = 0x0; // During SDRAM initialisation buffers
Il disabled.

[* Clock out delay methodol ogy */

pl 172Regs- >MpmecDyRdCf g = 0x00;

[* 0. Clear Mbit in MPMCControl */

pl 172Regs- >MpmcCont rol = 0x01;

[* 1. Wait 100ms after the power is applied and the clocks are stabilized

¥

for (i=500;i>0;i--) {}

[* 2. Set SDRAM Initialization (1) value to NOP. This issues a NOP to the SDRAM */
pl 172Regs- >MpmcDyCnt | = 0x183; //issue NOP to SDRAM

[* wait */

for (i=4;i>0;i--) {}

[* 3. Set SDRAM Initialization (1) value to PALL (PRE-ALL). This issues a pre charge
all instruction to the SDRAM */

pl 172Regs->MpmeDyCnt| = 0x103; //issue pre charge all instruction to the SDRAM
memori es

[* Wait for tRP approx */

for (i=4;1>0;i--) {}

[* 4. Performa number of refresh cycles */

pl 172Regs- >MpmcDyRef = 0x2;

[* Wait for tRP approx */

for (i=4;i>0;i--) {}
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[* 5 Wait until two SDRAM refresh cycles have occurred */
for(i=10;i>0;i--) {}

[* 6. Program the operational value in the refresh register.

MomcDyRef = (tref [ #rows) * HCLK / 16.

For tref = 64000 ms, #rows = 4096, HCLK = 16 MHz & MpmcDyRef =11,7 => 0xB */
pl 172Regs- >MpmcDyRef = 0xB;

[* Wait for tRP approx */

for (i=20;i>0;i--) {}

[* 7. Program the operational value in the latency register. */

pl 172Regs- >MpmcDynami c[ SDRAM_SEL] . RasCas = 0x0202;

[* Wait for tRP approx */

for (i=20;i>0;i--) {}

[* 8. Programthe operational value in the configuration register. */

pl 172Regs- >MpmcDynam ¢[ SDRAM SEL]. Config = 0x00280; // RBC address mapping
[* Wait for tRP approx */

for (i=20;i>0;i--) {}

[* 9. Set SDRAM Initialization (1) value to MODE. */

pl 172Regs- >MpmcDyCnt | = 0x083;

addr = SDRAMO + 0x11800; /* */

ptr = (UInt32 *) addr;

for (i =0; i <1; i++) {

[* 10. Read from SDRAM to program mode register. Wite 0x22 to add pins 0f SDRAM */
jo=optri];

Il The following "if' statement doesn't have any functional value. This is done to
avoid that the // statement j = ptr[i] is not conpiled away.

if (jr= (i | (1<<9) | (2<<18) | (3<<27))){}}

[* Wit some time */

for (i=400;i>0;i--) {}

[* 11. Initialisation of SDRAMto SDRAM NORMAL.*/

pl 172Regs- >MpmcDyCnt | = 0x000; //initialisation to SDRAM NORMAL

[* 12. Buffers are enabled.*/

pl 172Regs- >MpmcDynami ¢[ SDRAM SEL] . Config = 0x80283; // RBC address mapping
pl 172Regs- >MpmcCont rol = 0x01;}

Initialization of low power SDRAM (BRC)

The procedure shown in Section 3-6.2 can be used also for the initialization of a low
power SDRAM. In that case only the address mapping has to be changed for low power
and the address for programming the Mode Register has to be changed.

For a specific low power initialization sequence, you can consult the ARM Technical
Reference Manual of the MPMC.

Initialization Mode Register or Extended Mode Register of SDRAM

Dependent of the size of the SDRAM, RBC address mapping or BRC address mapping
you have to read from different addresses to program the Mode register or Extended
Mode Register of the (mobile) SDRAM.

High performance SDRAM (RBC)
Writing 0x23 to the Mode Register implies the following:
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¢ Burst length =8

¢ Burst type = Sequential

* CAS latency =2

¢ QOperating mode = Standard Operation

¢ Write burst mode = Programmed Burst Length.

Offset mode register settings are given in Table 3—73:

Table 73. High performance SDRAM address mapping (RBC)

SDRAM size (Mbit) Total SDRAM size Bit places shifted Offset mode register
(bit) address [1
16 (1Mx16) 2 MB 10 0x08CO00
16 (2Mx8) 4 MB 11 0x11800
64 (4Mx16) 8 MB 11 0x11800
64 (8Mx8) 16 MB 12 0x23000
128 (8Mx16) 16 MB 12 0x23000
128 (16Mx8) 32 MB 13 0x46000
256 (16Mx16) 32 MB 12 0x23000
256 (32Mx8) 64 MB 13 0x46000
512 (32Mx16) 64 MB 13 0x46000
512 (64Mx8) 128 MB 14 0x8C000

[1] Base address of the SDRAM is 0x3000 0000 for programming mode register.

Example: Initialization of the mode register of a high performance SDRAM 64 Mbit (4M x
16) with RBC address mapping.

#define SDRAM)_BASE 0x30000000

#define SDRAMO SDRAMO_BASE

int addr;

Ulnt32 *ptr = NULL;

addr = SDRAMD + 0x11800; //see Tahle above
ptr = (UInt32 *) addr;

Low power SDRAM (BRC)
Writing 0x23 to the Mode Register implies the following:

e Burstlength =8

¢ Burst type = Sequential

* CAS latency = 2

¢ Operating mode = Standard Operation

* Write burst mode = Programmed Burst Length.

Writing 0x00 to the Extended Mode Register, implies the following:

¢ Partial array self-refresh = All Banks
* Temperature compensated self-refresh = 70°C.

Offset mode register settings are given in Table 3—74.
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Table 74. Low power SDRAM address mapping (BRC)

SDRAM size Total SDRAM Bit places Offset mode Offset Extended

(Mbit) size shifted (bit) register address mode register
e} address [2]

16 (1Mx16) 2 MB 9 0x04600 0x0100000

16 (2Mx8) 4 MB 10 0x08C00 0x0200000

64 (4Mx16) 8 MB 9 0x04600 0x0200000

64 (8Mx8) 16 MB 10 0x08C00 0x0800000

128 (8Mx16) 16 MB 10 0x08CO00 0x0800000

128 (16Mx8) 32 MB 11 0x11800 0x0800000

256 (16Mx16) 32 MB 10 0x08CO00 0x0800000

256 (32Mx8) 64 MB 11 0x11800 0x2000000

512 (32Mx16) 64 MB 11 0x11800 0x2000000

512 (64Mx8) 128 MB 12 0x23000 0x4000000

[1] Base address of the SDRAM is 0x3000 0000 for programming mode register.
[2] Base address of the SDRAM is 0x3000 0000 for programming extended mode register.

Example:
Initialization of the mode register of a low power SDRAM 256 Mbit (16M x 16) with BRC
address mapping:

#define SDRAM)_BASE 0x30000000

#define SDRAMO SDRAMO_BASE

int addr;

Ulnt32 *ptr = NULL;

addr = SDRAMO + 0x8C00; //see Table above
ptr = (UInt32 *) addr;

6.7 MPMC_testmodel register configuration by measurement
MPMC_testmodel should be set to 0x20 (when base frequency is 24 MHz).

When the MCPC is configured for a certain SDRAM, the duration of the SDRAM refresh
period can be measured using the following method:

1. Enable the clock-gating of the SDRAM (bits 0 and 1 of the MpmcDyCntl then should
be '0")

2. Perform the SDRAM initialization, without any clock-initialization

3. Stop the system

4. Now measure the MPMC__clkout pin using an oscilloscope and trigger it do a one-shot
measurement

5. Count the amount of clock-cycles used by the SDRAM refresh
This needs to be measured once only for a specific type of SDRAM:
* Check MPMC setting with sdram configuration used.

Now: mpmc_testmodel= <amount of measured clocks> * fracdiv_setting_highspeed.
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Remark: The fractional divider_setting_highspeed determines how much faster the base
runs than the AHB clock. The 'amount of measured clocks' are AHB cycles.
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1. Introduction

The EBI module acts as multiplexer with arbitration between the NAND flash and the
SDRAM/SRAM memory modules connected externally through the MPMC.

The main purpose of using the EBI module is to save external pins. However only data
and address pins are multiplexed. Control signals towards and from the external memory
devices are not multiplexed.

1.1 Feature list

* Multiplexing of 16 bit data and 16 bit address signals.

¢ Two ports of three ports are connected to support MPMC and NAND flash.

* Request, Grant, and Back off mechanism is used for arbitration.

* In case of equal priority and simultaneous requests, a round-robin scheme is used.
* Priority can be set per port via software.

2. General description

2.1 Block diagram
Figure 4-10, shows the block diagram of the EBI module with all connected modules.
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data out D[15:0]

address out A[15:0]
MPMC data in D[15:0]

arbitration port 1

data out D[15:0]

address out A[15:0]
NAND FLASH ["4ata in D[15:0]

<~ - EBI_D[15:0]

Arbiraton port 2 L mLCD_DBJ15:2)/
EBI_A[15:2]

data out D[15:0] EBI Col A 0 ALE
address out A[15:0 -

UNUSED datain D :LLJ5:O[ : Eol A 1 OLE
arbitration port 3
EBI_CLK

CGU reset

MPMC EBI timeout value

SYSCREG NAND flash EBI timeout value,
unused port EBI timeout value

Fig 10. EBI block diagram

Interface description

Clock Signals

Table 4-75 gives detailed information about the clock that is connected to the EBI module.

Table 75. EBI Module Clock Overview

Clock Name 1/O Source/ Description
Destination
EBI_CLK | CGU Main Clock off the module. This clock should run

on the same clock as the highest clock on which
the external memory controllers are running.

When external memory controllers run on different clock frequencies following restriction
should be applied:

¢ All of the clocks must be synchronous and an integer multiple of each other.
* The fastest clock should also be connected to the EBI_CLK.

Reset Signals

The CGU creates an asynchronous low-active reset signal (hPOR) that resets the logic in
the EBI_CLK domain.
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External memory controller interface signals

In total, three external memory controller interface ports are available on the EBI module.
On the LPC314x two ports are used: port 1 for the MPMC and port 2 for the NAND flash
controller. Port 3 is not connected.

External Pin Connections

Table 4-76 shows all external pin connections towards and from external memory
devices.

Table 76. EBI external pin connections

Name Type Reset Description
Value
mLCD_A[15:2]/ (0] - 16 bit address output towards all connected
EBI_A[15:2] external memories.
EBI_A_O_ALE o -
EBI_A_1 CLE 0] -
EBI_DI[15:0] 110 - 16 bit data towards and from all connected

external memories.

3. Register overview

4. Functional

The EBITIMEOUTVALUE signals for ports one to three signals are connected to software
registers that reside in the SYSCREG module. Section 4—4.2 will describe in more detail
about the usage of the EBITIMEOUTVALUE registers/ports.

description

4.1

UM10362_0

Arbitration

The arbitration inside of the EBI module is explained in the example that follows.

An external memory controller 1 can indicate via its EBIREQ1 signal that it needs external
bus access. The EBI module will wait until the currently granted external memory
controller 2 is finished, by looking to its EBIREQ?Z2 signal to go low. After that the external
memory controller 1, which requested external bus access will be granted access to the
external bus via its EBIGNT1 signal. In case the requesting external memory controller 1
has a higher priority then the already granted external memory controller 2, the back off
mechanism is used. An EBIBACKOFF2 signal is sent to external memory controller 2,
which indicates that external memory controller 2 should end its current external bus
access as soon as possible, by making EBIREQ?2 low. In that case, EBIGNT2 can go low,
and EBIGNT1 can go high.

See Figure 4-11.
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esow | [ [Tl L[ L L L L L
vevoe - L LI L L L L L L L L L

EBIREQ1

EBIGNTA1

EBIBACKOFF1

EBIREQ2

EBIGNT2

EBIBACKOFF2

Fig 11. EBI Arbitration Diagram

Priority

The EBITIMEOUTVALUE is used to set the priority. When an external memory controller 1
is producing a request, its EBITIMEOUTVALUE is loaded in a register. When the counter
reaches zero, the BACKOFF signal is sent to the external memory controller that currently
occupies the external bus. When more requests are sent but the EBITIMEOUTVALUE
settings are different, the counter that first reaches zero is given the highest priority so
gets its EBIGNT signal set to access the bus. When priorities are equal, a round-robin
mechanism is used.

Clock restrictions

All clocks shall be synchronous, and an integer multiple of each other. The fastest clock
should also be connected to the EBICLK. The example below indicates that EBICLK is
equal to MEMCLK1. MEMCLK?2 is equal to half of the EBICLK frequency illustrates what
is described above.

ok T LT UL JERERERE
memclkt U1 ] PPN L L L L L L L L L L

MEMCLK2

EBIREQ1

EBIGNT1

EBIBACKOFF1

EBIREQ2

EBIGNT2

EBIBACKOFF2

Fig 12. Timing Restrictions
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5. Power optimization

The EBI module has clock gating inserted via synthesis.

6. Programming guide

UM10362_0

The EBI module has an internal arbitration mechanism, which does not need any
programming. The only thing which can be programmed, is the priority of the different
ports. This can be done by programming values in the EBITIMEOUTVALUEL..3 registers,
which reside in the SYSCREG module. The lower the programmed value is, the higher the
priority of that port is. By default in the LPC314x port 1 (MPMC) has the highest priority.
Port 2 (NAND flash) and 3 (not used) have equal priority.
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The memory map provides information about the memory address space of all internal
registers and memory definitions for both internal and external memories. For more
detailed information use the module chapters of this document.

Table 77. General address map
Module Max Address Space Data Device Remark
Width Size

Shadow Space 0x0000 0000 0x0000 OFFF 4 kB

Internal SRAM 0 0x1102 8000 0x1103 FFFF 32 bit 96 kB

Internal SRAM 1 0x1104 0000 0x1105 7FFF 32 bit 96 kB

Internal SROM 0 0x1200 0000 0x1201 FFFF 32 bit 128 kB

EROM 0

NANDFLASH buffer 0x7000 0000 0x7000 07FF 32 bit 2 kB

External SRAM 0 0x2000 0000 0x2000 FFFF 8 bit 64 kB When MPMCSTCSO0
is configured for 8hit
device.

- 0x2000 0000 0x2001 FFFF 16 bit 128 kB When MPMCSTCSO0
is configured for 16bit
device.

External SRAM 1 0x2002 0000 0x2002 FFFF 8 bit 64 kB When MPMCSTCS1
is configured for 8bit
device.

- 0x2002 0000 0x2003 FFFF 16 bit 128 kB When MPMCSTCS1
is configured for 16bit
device.

External SDRAM 0  0x3000 0000 Ox37FF FFFF 16 bit 128 MB

Peripherals 0x1300 0000 0x1300 7FFF 32 bit 32 kB APBO

0x1300 8000 0x1300 BFFF 32 bit 16 kB APB1

0x1500 0000 0x1500 3FFF 32 bit 16 kB APB2

0x1600 0000 0x1600 03FF 32 bit 1kB APB3

0x1700 0000 0x1700 OFFF 32 bit 4 kB APB4

0x1700 8000 0x1700 8FFF 32 bit 4 kB MPMC cfg
0x1800 0000 0x1800 03FF 32 bit 1kB MCI

0x1900 0000 0x1900 OFFF 32 bit 4 kB USB OTG

0x6000 0000 0x6000 OFFF 32 bit 4 kB Interrupt controller
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LPC3141/3143

4GB
L

reserved

26B I
L

reserved

A

NAND flash/AES buffer(1)

reserved

_J* 0x6000 1000

interrupt controller

reserved

_J* 0x4000 0000

external SDRAM bank 0

) 0x2004 0000

external SRAM bank 1

external SRAM bank 0

reserved

Y 0x1900 1000

USB OTG

reserved

* 0x1800 0900

MCI/SD/SDIO

reserved

)< 0x1700 9000

MPMC configuration registers

APB4 domain

APB3 domain

APB2 domain

reserved

APB1 domain

APBO domain

reserved

* 0x1202 0000

128 kB ISROM

reserved

96 kB ISRAM1

96 kB ISRAMO

reserved

g vyl

0GB

shadow area

(1) LPC3143 only.

Fig 13. LPC314x memory map

OXFFFF FFFF

~0x8000 0000
> 0x7000 0800

0x7000 0000

APB4 domain

0x6000 0000

0x3000 0000

0x2002 0000
0x2000 0000

0x1900 0000

0x1800 0000

0x1700 8000
PE——

0x1700 0000

-— |

0x1600 0000

APB3 domain

APB2 domain

0x1500 0000

~ 0x1300 BOOO

0x1300 8000
-

0x1300 0000

0x1200 0000

0x1105 8000

0x1104 0000

*0x1102 8000

" 0x0000 1000
0x0000 0000

APB1 domain

APBO domain

reserved

NAND flash controller

DMA

reserved

12SRX_1

12SRX_0

12STX_1

12STX_0

12S system config

reserved

SPI

UART

reserved

LCD

PCM

12C1

12C0

PWM

timer 3

timer 2

timer 1

timer O

RNG

OoTP

CGU

IOCONFIG

SYSCONFIG register

WDT

ADC 10 bit

event router

0x1700 8000

0x1700 1000

0x1700 0800
0x1700 0000

0x1600 0280
0x1600 0200
0x1600 0180
0x1600 0100
0x1600 0080

0x1600 0000

0x1500 3000
0x1500 2000
0x1500 1000
0x1500 0800
0x1500 0400

0x1500 0000
0x1300 BOOO
0x1300 A400

0x1300 A00O
0x1300 9000
0x1300 8C00
0x1300 8800
0x1300 8400
0x1300 8000
0x1300 6000
0x1300 5000
0x1300 4000
0x1300 3000
0x1300 2800
0x1300 2400
0x1300 2000
0x1300 0000

002aae307
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The internal ROM memory is used to store the boot code of the LPC314x. After a reset,
the ARM processor will start its code execution from this memory. The boot process for
the LPC3143 is similar to the LPC3141. However, the LPC3154 uses SHAL hash
checking and AES decryption for secure booting.

1.1 Feature list
The LPC3143 ROM has the following features:

Supports secure booting from SPI flash, NAND flash, SD/SDHC/MMC cards, UART,
and USB (DFU class) interfaces.

Supports SHA1 hash checking on the boot image.

Supports non-secure boot from UART and USB (DFU class) interfaces during
development. Once the AES key is programmed in the OTP, only secure boot is
allowed through UART and USB.

Supports secure booting from managed NAND devices such as moviNAND, iNAND,
eMMC-NAND and eSD-NAND using SD/MMC boot mode.

The LPC3141 ROM has the following features:

Supports non-secure booting from SPI flash, NAND flash, SD/SDHC/MMC cards,
UART, and USB (DFU class) interfaces.

Supports option to perform CRC32 checking on the boot image.

Supports non-secure boot from UART and USB (DFU class) interfaces during
development.

Supports non-secure booting from managed NAND devices such as moviNAND,
iNAND, eMMC-NAND and eSD-NAND using SD/MMC boot mode.

Features common to all devices:

UM10362_0

Contains pre-defined MMU table (16 kB) for simple systems available at location
0x1201 C000.

Contains CRC32 lookup table to aid in faster computation of CRC32. Accessible at
location 0x1201 5CBC.

Full implementation of AHB protocol compliant to AMBA specification (Rev 2.0).

Configurable latency (0, 1, 2 AHB wait states) through
SYSCREG_ISROM_LATENCY_CFG (address 0x1300 2860) register (see
Table 27-554).

ROM capacity of 128 kB.

© NXP B.V. 2009. All rights reserved.

User manual

Rev. 00.02 — 9 September 2009 81 of 577



NXP Semiconductors UM10362

Chapter 6: LPC314x ISROM/Boot ROM

2. General description

2.1

211

212

213

Interface description

Clock signals
The CGU will provides the clock for the ISROM module (see Table 6-78).

Table 78. ISROM module clock overview.

Clock name 1/0 Source/ Max Freq Description
destination
ISROM_CLK | CcGU 75 MHz Main clock of the module - runs all internal
logic.

Reset sighals

The CGU provides an asynchronous low-active reset (AHB_RST_N) which resets the
logic in the ISROM_CLK clock domain.

DMA Transfers

The ISROM module does not make use of flow control but is able to make use of DMA via
the DMA module.

3. Register overview

4. Functional

The ISROM latency configuration registers resides in the SysCReg module (see

Section 27-4.5).

description

UM10362_0

All of the ARM cores are configured to start executing the code upon reset with the
program counter being set to the value 0x0000 0000. The design of LPC314x is such that
the first 4 kB page of the ROM (starting at 0x1200 0000) is shadowed upon reset over the
first 4 kB page of the address space of the processor. This ensures that the first code
executed in the system is the boot code of the ROM. The boot code starts with position
independent set of instructions that branches the execution of the code to the address
space occupied by the ROM, thus removing the limitation of 4 kB for the code size.

The boot ROM determines the boot mode based on reset state of GP1IO0, GPIO1, and
GPIO2 pins. Table 6—79 shows the various boot modes supported on the LPC314x.

Table 79. LPC314x boot modes
Boot mode GPIOO GPIO1 GPIO2 Description

NAND 0 0 0 Boots from NAND flash. If proper image is not found,
boot ROM will switch to DFU boot mode.

SPI 0 0 1 Boot from SPI NOR flash connected to SPI_CS_OUTO. If
proper image is not found, boot ROM will switch to DFU
boot mode.

DFU 0 1 0 Device boots via USB using DFU class specification.
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Table 79. LPC314x boot modes
Boot mode GPIOO GPIO1 GPIO2 Description

SD/MMC 0 1 1 Boot ROM searches all the partitions on the
SD/MMC/SDHC/MMC+/eMMC/eSD card for boot image.
If partition table is missing, it will start searching from
sector 0. A valid image is said to be found if a valid image
header is found, followed by a valid image. If a proper
image is not found, boot ROM will switch to DFU boot

mode.

Reserved 0 1 0 0 Reserved for testing.

NOR flash 1 0 1 Boot from parallel NOR flash connected to
EBI_NSTCS_1.1

UART 1 1 0 Boot ROM tries to download boot image from UART
((115200 — 8 — n -1) assuming 12 MHz FFAST clock).

Test 1 1 1 Boot ROM is testing ISRAM using memory pattern test.

After test switches to UART boot mode.

[1] For security reasons this mode is disabled when JTAG security feature is used.

4.1 Boot process

LPC314x top level boot process is illustrated in Figure 6-14. The boot ROM reads the
OTP polyfuses into the data register as described in the OTP chapter (see Section 19-5).
Based on the values of security fuses the JTAG access to the chip is enabled. By default
the JTAG access to the chip is disabled at reset.

As shown in the picture the boot ROM determines the boot mode based on the reset state
of the pins GPIO0, GPIO1 and GPIO2. The boot ROM indicates any error during boot
process by toggling GPIO2 pin hence it is advised to connect this pin to a LED to get
visual feedback. Boot ROM copies/downloads the image to internal SRAM at location
0x1102 9000 and jumps to that location (sets ARM’s program counter register to 0x1102
9000) after image verification. Hence the images for LPC314x should be compiled with
entry point at 0x1102 9000. On LPC3141 the image and header are validated using
CRC32 checksum algorithm. On LPC3143 the image and header are validated using a
160-bit SHA1 hash algorithm.
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Test mode
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4.2 Boot image format

LPC314x boot ROM expects the boot image be compiled with entry point at 0x1102 9000
and has the layout described in the Table 6—80 (except for “Parallel NOR flash” boot

4.3

Chapter 6: LPC314x ISROM/Boot ROM

mode).

Table 80. LPC3141 Image format

Field Name Offset Sizein Description

bytes

Image Header

vector 0x00 4 Valid ARM instruction. Usually this will be a branch
instruction to entry point of the image.

magic 0x04 4 This field is used by boot ROM to detect a valid image
header. This field should always be set to 0x41676d69.

execution_crc32 0x08 4 CRC32 value of execution part of the image (offset
0x80 onwards). If the ‘image_type’ is set to ‘OxA’, this
field is ignored by boot ROM.

ReservedO 0x0C 16 Should be zero.

imageType oxl1Cc 4 Specifies whether CRC check should be done on the
image or not.
OxA — No CRC check required.
0xB — Do CRC32 check on both header and execution
part of the image.

imageLength 0x20 4 Total image length including
header rounded up to the nearest 512 byte boundary.
In C language the field can be computed as:
i mgeLength = (Actual length + 511) & ~Ox1FF;.

releaselD 0x24 4 Release or version number of the image. Note, this field
is not used by boot ROM but is provided to track the
image versions.

buildTime 0x28 4 Time (expressed in EPOC time format) at which image
is built. Note, this field is not used by boot ROM but is
provided to track the image versions.

sbzBootParameter 0x2C 4 Should be zero.

cust_reserved 0x68 60 Reserved for customer use.

header_crc32 ox6C 4 CRC32 value of the header (bytes 0x00 to 0x6C of the
image). If the ‘image_type’ is set to ‘OXA, this field is
ignored by boot ROM.

Reservedl 0x70 16 Should be zero.

Execution Part

Program code 0x80 Max. 128 Program code. The maximum size of the image allowed

kB by boot ROM is 128 kB (including header). The final

image has to be padded to the nearest 512 byte
boundary.

NAND boot mode

Figure “NAND boot flow” details the boot-flow steps of the NAND boot mode. As already
mentioned, the execution of this mode happens only if the mode pins had proper value on
reset (see Table 6-79).
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4.3.1 NAND parameters

The boot ROM expects the NAND flash device settings. The bad block list information is
written in block zero. The LPC314x boot ROM defines NAND flash parameters page as

below:
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Table 81. NAND flash parameters

Field Name Offset Sizein Description
bytes
tag 0x00 8 Parameter page marker. This field
should always be set as ASCII string
"NANDflsh".
interface_width 0x08 1 This field should be set to 0x10 when

16-bit NAND device is connected. Boot
ROM assumes 8-bit NAND device if any
other value is set in this field.

reserved 0x09 1 Should be zero.

page_size_in_bhytes 0x0A 2 Page size in bytes. For small page
NAND flash set to 512.

page_size_in_32bit_words 0x0C 2 Page size in number of 32-bit words. For
small page NAND flash set to 128.

pages_per_block O0x0E 2 Number of pages per block.

nbr_of blocks 0x10 4 Number of block present on device.

amount_of_address_bytes 0x14 1 Number of page address cycles
expected by device during read/program
operations.

amount_of_erase_address_bytes 0x15 1 Number of address cycles expected by
device during erase operation.

support_read_terminate 0x16 1 Set non-zero value for devices which
require 2nd read command (0x30) cycle.

page_increment_byte nr 0x17 1 Number of address bytes used for
column addressing.

device_name 0x18 40 User defined ASCII string.

timing1 0x40 4 Value to be set in NandTimingl register.

timing2 0x44 4 Value to be set in NandTiming2 register.

ecc_mode 0x48 1 Set 0 for no hardware ECC.

Set 5 to use 5 bit ECC corrector.
Set 8 to use 8 bit ECC corrector.
Other values are ignored.

Reserved 0x49 3 Should be zero.

User_def 0x4C 176 User defined values.

CRC32 OxFC 4 CRC32 value of the above defined
structure.

NAND device manufacturers pre-mark bad blocks on their devices. These marker
locations vary from one manufacturer to another. The LPC31xx boot ROM code should
use this information and skip bad blocks during the boot process. For this purpose, the
LPC31xx boot ROM defines a bad block list page as part of block 0. The format of the bad
block list page is shown below.
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Table 82. Bad block list page

Field Name Offset Sizein Description
bytes

page_size page_size page_size
512 byte 2048 byte 4096 byte

Page 1

Bad_block_list_size 0x00 0x00 0x00 4 Size of bad block list

Bad block number  0x04 0x04 0x04 4 First bad block number

Bad block number  0x08 0x08 0x08 4 Second bad block number

Marker Ox1F8 Ox7F8 OxFF8 3 Bad page marker. This field should always be set as
ASCII string "BAD".

Bad_page_nr Ox1FB Ox7FB OxFFB 1 Page number. Value = 1.

CRC32 0x1FC Ox7FC OxFFC 4 CRC32 value of the current page excluding the current
word. l.e. CRC32 of bytes 0 to (page_size — 4) of this
page.

Page 2

Bad block number  0x00 0x00 0x00 4 Bad block number m, where m = page_size/4 -3+ 1=
126/510/1022 for page_size = 512/2048/4096 byte.

Bad block number  0x04 0x04 0x04 4 Bad block number m + 1.

Marker 0x1F8 Ox7F8 OxFF8 3 Bad page marker. This field should always be set as
ASCII string "BAD".

Bad_page_nr Ox1FB Ox7FB OxFFB 1 Page number. Value = 2.

CRC32 O0x1FC OX7FC OxFFC 4 CRC32 value of the current page excluding the current

word, for example CRC32 of bytes 0 to 508 of this
page for a 512-byte page.

Last bad block page n

Bad block number  0x00 0x00 0x00 4 Bad block number m + (n — 2) x (m + 1), where
m = page_size/4 — 3 = 125/509/1021 byte.

Bad block number  0x04 0x04 0x04 4 Next bad block number

Marker 0x08 0x08 0x08 3 Bad page marker. This field should always be set as
ASCII string "BAD".

Bad_page_nr 0x0B 0x0B 0x0B 1 Page number. Value = n.

CRC32 0x0C 0x0C 0x0C 4 CRC32 value of the current page excluding the current

word. l.e. CRC32 of bytes 0 to 12 of this page.

In the above table, the assumption is made that the last bad block page contained only 2
bad block numbers. If the number of bad blocks is less than 125/509/1021 (for a
512/2048/4096-byte device), then the page 1 structure will be as shown in Table 6-83.

The boot ROM always reads one full page (512 byte for small, 2 kB or 4 kB for large)
before it parses the bad block list. If ECC is enabled in the parameter page, then the
NAND programmer should write the complete page, or else the ECC will fail on
subsequent sub-pages. The boot ROM will treat this as an error and not boot from NAND.
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Table 83. Bad block list page (page 1)

Field Name

Page 1
Bad_block_list_size
bad block number
bad block humber

Marker

Bad_page_nr
CRC32

Unused

Offset Size in bytes Description

page_size page_size page size

512 byte 2048 byte 4096 byte

0x00 0x00 0x00 4 Size of bad block list

0x04 0x04 0x04 4 First bad block number

0x08 0x08 0x08 4 Second bad block number

OxYY (where  OxYY (where  OxYY (where 3 Bad page marker. This field

OXYY < Ox1F8) OxYY < Ox7F8) OxYY < OxFF8) should always be set as
ASCII string "BAD".

OxYY + 3 oxYY + 3 OxYY + 3 1 Page number. Value = 1.

oxYY + 4 OxYY + 4 oxYY + 4 4 CRC32 value of the current
page excluding the current
word. l.e. CRC32 of bytes 0
to (0xYY+4) of this page.

OxYY + 8 OxYY + 8 OxYY + 8 0x1F8 — OxYY — 8 Fill remaining page with

(512 byte) OxFF

0X7F8 — OxYY -8
(2048 byte)
OXFF8 — OxYY — 8
(4096 byte)

UM10362_0

Since boot ROM needs to know the number of address cycles, chip select, timings, device
bus width, page size etc. to read the parameter page, it employs the following
pseudo-code algorithm to auto-detect and read the NAND parameter page. Once it reads
the parameter page, it uses the values configured in that page to access the NAND
device.

1. For each chip select (NAND_NCS _0to NAND_NCS_3) repeat steps 2 to 12.
2. Determine if it is a pseudo 16-bit setup. A pseudo 16-bit setup is defined as

connecting two identical 8-bit wide NAND devices (same manufacturer & same
product type) in parallel to LPC34x to create a 16-bit wide device. Boot ROM sends
READID command on both upper and lower byte of 16-bit NAND bus and checks if
the responses received on both upper byte and lower byte of the bus are identical.

If the device is pseudo 16-bit, from now onwards repeat command and address bytes
on both upper and lower byte of the bus. As far as data is concerned treat the device
as a 16-bit wide device.

4. If no response is received, check the presence of device on next chip select.

5. Initially assume 8-bit wide device and do the following steps.

6. Access the NAND device assuming number of address cycles & requires 2nd read

command (0x30) cycle in the following order: {address cycles, Command 0x30
required} {5,yes},{4,no0},{4,yes},{3,n0},{0,n0},{5,n0},{6,yes},{6,no}.

Issue reset to NAND device every time the access method is changed.

8. Read page with hardware ECC check disabled.
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9. Check whether the page has parameter information. Verification involves checking the
presence of parameter marker (ASCII string "NANDflsh") at offset 0x00 and also
checking whether the CRC32 of the parameter page matches the value set at offset
OxFC.

10. Repeat read page (steps 7 and 8) with hardware ECC set to 5-bit mode and then 8-bit
mode.

11. Repeat steps 7 to 9 until a valid parameter page is found using following page
indexes: 0, 16, 32, 64, 128, 256.

12. If no valid parameter page is found repeat steps 5 to 10 assuming 16-bit device.

Once the boot ROM reads the parameter page it employs the following algorithm to read
bad block list.

1. Repeat the following steps 2 to 3 until valid bad block list is found using current page
index as: 1, 17, 33, 65 and 257.

2. Check the page has valid bad block “page 1" information. See “Bad block list pages”
table for more information on page structure.

3. Read next pages until all bad block numbers are read. Note, the first page contains
the “Bad_block_list_size” field which tells boot ROM how many blocks are marked
bad on this device.

4.3.2 Search for the valid NAND flash executable image

The first step in the execution of the image from the NAND flash is the search for it. The
search for the valid image starts at the block 1 of the NAND flash. Block 0 of the NAND
flash is filled in with the information about initial bad blocks and information about the
geometry of the NAND flash itself, used during the initialization of the ROM based NAND
flash driver. This can be seen in Figure 6-16.

Last block
searched
for the
Block 0 Block 1 Block 2 Block 3 Block 4 Block 5 Block 6 Block 7 image by
ROM boot
code. Block
1024

Image
Color Legend
Contents of Parameter Block not used Block used by
. the block D block D Bad Block D by image image

Fig 16. NAND search

It is recommended that the application which stored the image on the NAND flash, should
make sure that it occupies a contiguous set of good physical blocks, so there is no need
for the bad block management scheme to be implemented in the ROM boot. Boot ROM
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skips bad blocks as long as the bad block is listed in the bad block list page. In the
example in Figure 6-16 the image occupies 3 blocks, and the first free set of the
contiguous 3 blocks are blocks 3 to 5. The search process tries to find appropriate header
in block 1 and fails. The header check is started by loading 128 bytes from the beginning
of the current block (block 1 in this case) and checking the magic word first. There is a
high probability that the block that does not contain header has an incorrect magic word
value, so no more time is spent on this block and next block can be searched. If the magic
word value was correct, the challenging of the header continues by computing the CRC32
(for LPC3141) over header scope and comparing it against the one stored in the header.
The probability of an accidental match is quite small. CRC32 check for LPC3141 is done
on the execution part of the image, that the computed CRC32 (for LPC3141) matches the
one that was stored in the header.

In the example illustrated in Figure 616, the normal course of action would be the failed
search starting from the block 1, failed search starting from the block 2 and successful
search starting from the block 3.

The LPC314x boot ROM searches for valid image starting from Block 1 to block 1024 (if
present on the device). If a bad block is present in between the image blocks and the
block is listed in bad block list page, the boot ROM skips that block and assumes the
consecutive blocks have the rest of the image.

SPI NOR-flash boot mode

Figure 6—17 details the boot-flow steps of the SPI NOR-flash boot mode. As already
mentioned, the execution of this mode happens only if the mode pins had proper value on
reset (see Boot modes Table 6—79).
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Fig 17. SPI boot flow

As illustrated in the figure Figure 6-17, for LPC314x boot ROM to support a SPI
NOR-flash boot, the device should support “High frequency continuous array read”
(command 0x0B). Since boot ROM doesn't rely on response for commands 0xAB, 0xB9
and 0x9F, as long as the SPI devices ignore or respond correctly to these command
LPC314x should be able to boot from them.

45 DFU boot mode

Device Firmware Upgrade (DFU) is a USB class specification defined by USB.org.
LPC314x boot ROM uses this class specification to implement USB boot mode. Figure
Figure 6—18 details the boot-flow steps of the USB boot mode.
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Fig 18. USB DFU boot mode
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The boot flows in following steps through the DFU mode:

1. Setup the clocks for DFU mode.
2. Initialize USB OTG stack that implements DFU class.
3. Enable and configure any additional necessary hardware (i.e. supply voltage must be

guaranteed to be greater than 3.1 V).

Wait for the detection of the connection of the USB host. This is implemented as a
polling loop that blocks the execution until condition USB connected is read. When the
VBUS of the USB is not detected within 2 minute, the boot ROM indicates error by
toggling GPIO2 for 2 minutes and then driving GPIO3 high.

Start downloading the first header of the EBN file. The EBN file is a collection of
objects. Each object consists of the header and the TEA (Tiny Encryption Algorithm)
encrypted image. Apart from the size of the image, the header indicates the TEA key
offset and the 32b CRC of the contained image. If the EBN header indicates the size
of the object is larger than 128 KB, an error is sighaled to the USB host and the
execution is returned to the top, waiting for the USB connection.

Download the rest of the EBN image and perform TEA decryption using the key
indicated by the key offset in the EBN header.
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7. Calculate CRC32 checksum value of the TEA decrypted image and compare it
against the value stored in the EBN header. When the hash values do not match, the
error is signaled to the host and the execution is returned to the top, waiting for the
USB connection.

8. Validate the header of the execution image, using header CRC32 checksum value
(only done if image_type is set to 0xB), checking the magic values, size and image
type indicator.

9. Calculate the CRC32 checksum value for execution part of the image (only done if
image_type is set to 0xB) and compare it against the value stored in execution image
header. If the calculated and stored checksum values do not match an error is
signaled to the USB host and the execution is returned to the top, waiting for the USB
connection.

Table 84. EBN image format

Field name Offset Size Description
(bytes)
Vector 0x00 4 Should always be 0XE600 0010
Starting sector 0x04 4 Each sector is 2048 bytes so if this field is n, then the
image will be copied to (0x1102 9000 + (n x 2048))
location.
Key index 0x08 4 Boot ROM has 64 pre-built 128 bit keys. This field tells

which key out of 64 is used to encrypt the image.
Customers who want to know at least one key value to
create their own program can use the Key0O which is
0x91EC6C69 EACEEODO 6972503A F69228BF.

Initial vector 1 0x0C 4 Initial vector 1 used by TEA encryption.

Initial vector 2 0x10 4 Initial vector 2 used by TEA encryption.

Image CRC 0x14 4 Image CRC. Use the CRC table available in boot ROM.
Image size 0x18 4 Image size in bytes.

SD/MMC boot mode

Figure “SD/MMC boot flow” details the boot-flow steps of the SD/MMC boot mode. As
already mentioned, the execution of this mode happens only if the mode pins had proper
value on reset (see Boot modes Table 6-79).
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image (length set in
header)
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Fig 19. SD/MMC boot flow

./ IsValid N Go to USB DFU
'W mode
Yes
See main boot flow

As illustrated in Figure 6—19, boot ROM supports parsing of partition tables on the card.
The boot ROM doesn’t have any knowledge of file system. Hence to boot from SD/MMC
cards the user has to create “OxDF” partition and copy the boot image directly to the raw

sectors of that partition.

As shown creation of partition type “OXxDF” is not a compulsory requirement but, it speeds
up the search process. A user could create any other partition type and dump the boot

image to that partition.

LPC314x boot ROM deploys a comprehensive card detection process to detect MMC,
eMMC, SD1.1, SD2.0, SDHC, eSD, managed-NAND and moviNAND devices.

LPC314x boot ROM interacts with memory cards in 1-bit bus mode only.
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4.7 UART boot mode

Figure 6—20 details the boot-flow steps of the UART boot mode. As already mentioned,
the execution of this mode happens only if the mode pins had proper value on reset (see
Boot modes Table 6-79).

Init UART assuming Transmit boot
Enable all clocks » FFAST_IN =12MHz. prompt on
115200-8-n-1 UART_TXD

I

Start minute timer

Did we
receive any
data?

Change timer to 1
second timeout.

o1

— | Receive rest of the data | |«

No

Did 1 minute
timer expire?

Yes—¢

Transmit
timeout

Yes

prompt on
No Is Valid UART_TXD
Header?
No—— P
v

Yes Toggle GPI02

N 333msec ON

o—— P

667msec OFF.
For 120 times.

Is Valid
image?

7]

See main boot flow Ye:

Drive GPIO3 high.
Infinite loop.

Fig 20. UART boot mode

As illustrated in Figure 6—20 configure UART with following settings:

¢ Baud rate = 115200 (UART divisor registers are programmed 12MHz crystal
frequency)

¢ Data bits = 8
¢ Parity = None
* Stop hits=1

The boot ROM doesn’t implement any flow control or any handshake mechanisms during
file transfer. Hence it is recommended to create CRC check images (image_type set to
0xB) for UART boot.

4.8 Parallel NOR-flash boot mode

Unlike other boot modes “NOR-flash” boot mode uses simplified image header. When this
boot mode is selected boot ROM reads EBI_NSTCS_1 chip select area in 16 bit mode.
The wait states for the interface are set to default values. See MPMC chapter for details.
In this boot mode boot ROM copies the image from NOR-flash to ISRAMO (location
0x1102 9000) and jumps to that location (sets the program counter of ARM to 0x1102
9000). Also no CRC check is done to validate the image.

LPC314x boot ROM expects the boot image be compiled with entry point at 0x1102 9000
and has the layout described in the table “NOR Image format”.
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Virtual
Address
Range

0x00000000

0x00100000

0x00200000

UM10362_0

4.9

4.10

411

Sizein Entry Type

bytes

1M

1M

1M
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Table 85. NOR image format
Field Name Offset Sizein Description
bytes
Image Header
vector 0x00 4 Valid ARM instruction. Usually this will be a branch instruction
to entry point of the image.
magic 0x04 4 This field is used by boot ROM to detect a valid image header.

This field should always be set to 0x3150F2ES5.

Total image length including header. Maximum allowed value is
128 kB.

imageLength 0x08 4

Test mode

LPC314x boot ROM does memory pattern tests on ISRAMO and ISRAML1. During the test
if any errors are found the boot ROM will toggle GPIO2 pin continuously for 2 minutes and
then drives GPIO3 pin high. See Figure 6—14 for details. If the memory test passes, the
boot ROM changes to UART boot mode.

ISROM latency

The CPU can read boot-code from the ROM via the ISROM module. The CPU will
address the ISROM module, which will translate the incoming AHB address in a ROM
address. Based on this address the ROM will provide the ISROM module with data, which
is stored on the given address. Then the ISROM module will transport the data read from
the ROM to the CPU. By changing the latency through the memory controller less or more
pipeline stages will be added. The more pipeline stages are used, the higher the
frequency is which can be used, but the bigger the latency through the ISROM module is.

Built-in MMU table

ARMO926EJS core requires memory management unit (MMU) to be initialized to make use
of Data-cache and other memory protection functionality. For initializing MMU a translation
table is required which defines section entries (Virtual to physical address mapping, cache
enable, buffer enable, domain permission etc.). See ARM926EJS TRM for more details.
The translation table has up to 4096 x 32-bit entries (total 16 kB of memory), each
describing 1MB of virtual memory. This enables up to 4GB of virtual memory to be
addressed. For systems which don’t use any external memory (or systems which have
tight memory requirement), LPC314x boot ROM provides a pre-defined MMU translation
table in its ISROM. This translation table is available at location 0x1201 C000 in ISROM.

MMU translation table

Physical C B  Other settings
Address
Section entry 0x00000000 0 0 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.
COARSE TABLE 0x11057C00 - - Memory mapping defined by Coarse page
table at 0x11057CO00. Belongs to domain O.
COARSE TABLE 0x11057800 - - Memory mapping defined by Coarse page

table at 0x11057800. Belongs to domain 0
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Virtual
Address
Range
0x00300000
0x00400000
0x00500000
0x00600000
0x00700000
0x00800000
0x00900000
0x00A00000
0x00B00000
0x00C00000
0x00D00000
0x00E00000
0x00F00000
0x01000000
0x01100000
0x01200000
0x01300000
0x01400000
0x01500000
0x01600000

0x01700000

0x01800000

UM10362_0

Sizein Entry Type

bytes

1M

1M

M

1M

1M

M

1M

1M

M

1M

1M

M

1M

M

M

1M

1M

M

1M

1M

1M

1M

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

COARSE TABLE

Physical
Address

0x11057400

0x11057000

0x11056C00

0x11056800

0x11056400

0x11056000

0x11055C00

0x11055800

0x11055400

0x11055000

0x11054C00

0x11054800

0x11054400

0x11054000

0x11053C00

0x11053800

0x11053400

0x11053000

0x11052C00

0x11052800

0x11052400

0x11052000

Other settings

Memory mapping defined by Coarse page
table at 0x11057400. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11057000. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11057CO00. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11057800. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11057400. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11057000. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11057C00. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11057800. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11057400. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11057000. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11057C00. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11057800. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11057400. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11054000. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11053C00. Belongs to domain 0.

Memory mapping defined by Coarse page
table at 0x11053800. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11053400. Belongs to domain O

Memory mapping defined by Coarse page
table at 0x11053000. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11052C00. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11052800. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11052400. Belongs to domain 0

Memory mapping defined by Coarse page
table at 0x11052000. Belongs to domain 0
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Table 86. MMU translation table ...continued

Virtual Sizein Entry Type Physical Other settings

Address bytes Address

Range

0x01900000 1M COARSE TABLE 0x11051C00 Memory mapping defined by Coarse page
table at 0x11051CO00. Belongs to domain 0

0x01A00000 1M COARSE TABLE 0x11051800 Memory mapping defined by Coarse page
table at 0x11051800. Belongs to domain 0

0x01B0000O 1M COARSE TABLE 0x11051400 Memory mapping defined by Coarse page
table at 0x11051400. Belongs to domain 0O

0x01C00000 1M COARSE TABLE 0x11051000 Memory mapping defined by Coarse page
table at 0x11051000. Belongs to domain 0

0x01D00000 1M COARSE TABLE 0x11050C00 Memory mapping defined by Coarse page
table at 0x11050CO00. Belongs to domain 0

0x01E00000 1M COARSE TABLE 0x11050800 Memory mapping defined by Coarse page
table at 0x11050800. Belongs to domain 0O

0x01F00000 1M COARSE TABLE 0x11050400 Memory mapping defined by Coarse page
table at 0x11050400. Belongs to domain 0

0x02000000 1M COARSE TABLE 0x11050000 Memory mapping defined by Coarse page
table at 0x11050000. Belongs to domain 0

0x02100000 1M FINE TABLE 0x11057000 Memory mapping defined by Fine page table
at 0x11057000. Belongs to domain 0.

0x02200000 1M FINE TABLE 0x11056000 Memory mapping defined by Fine page table
at 0x11056000. Belongs to domain 0.

0x02300000 1M FINE TABLE 0x11055000 Memory mapping defined by Fine page table
at 0x11055000. Belongs to domain 0.

0x02400000 1M FINE TABLE 0x11054000 Memory mapping defined by Fine page table
at 0x11054000. Belongs to domain 0.

0x02500000 1M FINE TABLE 0x11053000 Memory mapping defined by Fine page table
at 0x11053000. Belongs to domain 0.

0x02600000 1M FINE TABLE 0x11052000 Memory mapping defined by Fine page table
at 0x11052000. Belongs to domain 0.

0x02700000 1M FINE TABLE 0x11051000 Memory mapping defined by Fine page table
at 0x11051000. Belongs to domain 0.

0x02800000 1M FINE TABLE 0x11050000 Memory mapping defined by Fine page table
at 0x11050000. Belongs to domain 0.

0x02900000 231M Section entries OxFFFO0000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

Ox10FFFFFF Supervisor R/W.

0x11000000 1M Section entry 0x11000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x11100000 1M Section entry 0x11000000 Belongs to domain 0x0, cache enabled, write
buffer enabled, and permission - User R/W,
Supervisor R/W.

0x11200000 14M Section entries O0xFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,
Supervisor R/W.

Ox11FFFFFF

UM10362_0
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Table 86. MMU translation table ...continued

Virtual Sizein Entry Type Physical Other settings

Address bytes Address

Range

0x12000000 1M Section entry 0x12000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x12100000 1M Section entry 0x12000000 Belongs to domain 0x0, cache enabled, write
buffer enabled, and permission - User R/W,
Supervisor R/W.

0x12200000 14M Section entries OxFFFO00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,
Supervisor R/W.

Ox12FFFFFF

0x13000000 1M Section entry 0x13000000 Belongs to domain 0x0, cache enabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x13100000 31M Section entries OxFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

Ox14FFFFFF Supervisor R/W.

0x15000000 1M Section entry 0x15000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x15100000 15M Section entries OxFFFO0000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

Ox15FFFFFF Supervisor R/W.

0x16000000 1M Section entry 0x16000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x16100000 15M Section entries OxFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

Ox16FFFFFF Supervisor R/W.

0x17000000 1M Section entry 0x17000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x17100000 15M Section entries OxFFFO00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

Ox17FFFFFF Supervisor R/W.

0x18000000 1M Section entry 0x18000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x18100000 15M Section entries OxFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

Ox18FFFFFF Supervisor R/W.

0x19000000 1M Section entry 0x19000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x19100000 111M  Section entries O0xFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

OX1FFFFFFF Supervisor R/W.

UM10362_0
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Table 86. MMU translation table ...continued

Virtual Sizein Entry Type Physical Other settings

Address bytes Address

Range

0x20000000 1M Section entry 0x20000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x20100000 1M Section entry 0x20000000 Belongs to domain 0x0, cache enabled, write
buffer enabled, and permission - User R/W,
Supervisor R/W.

0x20200000 254M  Section entries OxFFFO0000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

Ox2FFFFFFF Supervisor R/W.

0x30000000 256M Section entries 0x30000000 to Belongs to domain 0x0, cache disabled, write

to Ox3FFFFFFF buffer disabled, and permission - User R/W,

Ox3FFFFFFF Supervisor R/W.

0x40000000 256M  Section entries 0x30000000 to Belongs to domain 0x0, cache enabled, write

to Ox3FFFFFFF buffer enabled, and permission - User R/W,

Ox4FFFFFFF Supervisor R/W.

0x50000000 256M  Section entries OxFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

OX5FFFFFFF Supervisor R/W.

0x60000000 1M Section entry 0x60000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x60100000 255M  Section entries O0xFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

OX6FFFFFFF Supervisor R/W.

0x70000000 1M Section entry 0x70000000 Belongs to domain 0x0, cache disabled, write
buffer disabled, and permission - User R/W,
Supervisor R/W.

0x70100000 2303M Section entries OxFFF00000 Belongs to domain OxF, cache disabled, buffer

to disabled, and permission - User no access,

OXFFFFFFFF Supervisor R/W.

In the above table when,

C =0, Cache is disabled for that section of virtual memory space.
C =1, Cache is enabled for that section of virtual memory space.
B = 0, Write buffer is disabled for that section of virtual memory space.

B = 1, Write buffer is enabled for that section of virtual memory space.

5. Programming guide

UM10362_0

5.1

Creating LPC314x bootable partition on SD/MMC cards using the
‘fdisk’ utility

This section gives the step-by-step instructions in creating LPC314x bootable partition on
SD/MMC cards using “fdisk” utility available on Linux PC.
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1. Invoke fdisk on the device node associated with SD card. Use ‘dmesg’ command to

figure out “/dev/sdxx” device Linux used for the current USB card reader. The
“/dev/sdxx” log entries appear at the very end of the dmesg output.

$ sudo fdisk /dev/sde
[sudo] password for xxx_user:

. Print the current partition table entries.

Command (m for help): p

Di sk /dev/sde: 32 MB, 32112640 bytes

1 heads, 62 sectors/track, 1011 cylinders
Units = cylinders of 62 * 512 = 31744 bytes
Disk identifier: 0xde283a86

Devi ce Boot Start End Blocks Id System
[ dev/sdel 2 899 27838 6 FAT16
[ dev/ sde2 900 1011 3472 df Bootlt

Command (m for help):

. Note, always create "bootit" (partition type OxDF) partition as second partition. So that

when the card is plugged back into a Windows PC it doesn't format “bootit” partition.
Windows will not complain as long as the first partition is either FAT or NTFS patrtition.

4. You could use 'm' command under “fdisk” to get help on other “fdisk” commands.
5. Delete all existing partitions on the card one at a time

Command (m for help): d
Partition number (1-4): 1
Command (m for help): d
Partition number (1-4): 2

. Now create new partitions. To specify the amount of space you need to specify start

block and end block for each partition. This is usually the cylinders numbers. Since
they vary from card to card it is little confusing what to specify. So we create the
second partition first with +1M (1 MB size).

Command (m for help): n

Command action

e extended

p primary partition (1-4)

p

Partition number (1-4): 2

First cylinder (1-1011, default 1):

Using default value 1

Last cylinder or +size or +sizeMor +sizeK (1-1011, default 1011): +1M
Command (m for help): t

Selected partition 2

Hex code (type L to Iist codes): df

Changed system type of partition 2 to df (Bootlt)
Command (m for help):

. Now create first partition of type FAT16 or FAT32. The card used in illustration is

32MB only so we will create FAT16 in this example.

Command (m for help): n
Command action

e extended

p primary partition (1-4)
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p

Partition number (1-4): 1

First cylinder (34-1011, default 34):

Using default value 34

Last cylinder or +size or +sizeMor +sizeK (34-1011, default 1011):
Using default value 1011

Command (m for help): t

Partition number (1-4): 1

Hex code (type L to list codes): 6

Changed system type of partition 1 to 6 (FATL16)
Command (m for help): p

Di sk /dev/sde: 32 MB, 32112640 hytes

1 heads, 62 sectors/track, 1011 cylinders
Units = cylinders of 62 * 512 = 31744 bytes
Disk identifier: 0xde283a86

Device Boot Start End Blocks Id System
[ dev/sdel 34 1011 30318 6 FATL6
[ dev/sde2 1 33 1022+ df Bootlt

Partition table entries are not in disk order
Command (m for help):

Now write the table and exit from fdisk

Command (m for help): w

The partition table has been altered!

Calling ioctl() to re-read partition table.

WARNING: |f you have created or modified any DOS 6. x
partitions, please see the fdisk manual page for additional
information.

Syncing di sks.

$

Now dump the boot image to /dev/sde2 partition using "dd" command as follows. If
you are using latest LPC314x CDL, the bin files generated by make system can be
written directly to the card. If not then you need to create the image in the format
described in Section 6—4.2.

$ sudo dd if=./image.hin of=/dev/sde2 hs=512
[sudo] password for xxxuser

102+1 records in

102+1 records out

52528 bytes (53 kB) copied, 0.186911 s, 281 kB/s
$

Now the card is ready for booting. Don't forget to "sync" the card before ejecting. Also
don't forget to put LPC314x in SD/MMC boot mode.

CRC look-up table

LPC314x boot ROM has CRC32 lookup table to aid in faster computation of CRC32.
Various CRC32 fields described in image formats used by boot ROM use this table which
is accessible at location 0x1201 5CBC. The following C code gives an example on how to
use this CRC table.

#define crc32table ((const u32*)0x12015CBC)
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u32 crc32_compute(u8 *data, int length)

{
u32 crc = OXFFFFFFFF,

while (length--)

{
crc = crc32table[(crc ™ *datat+) & OxFF] “(crc >> 8);
}
cre A= OxFFFFFFFF,
return crc;
}

UM10362_0

© NXP B.V. 2009. All rights reserved.

User manual Rev. 00.02 — 9 September 2009

104 of 577



UM10362

Chapter 7: LPC314x Internal Static RAM (ISRAM) memory
controller
Rev. 00.02 — 4 September 2009 User manual

1. Introduction

11

The ISRAM controller is used as a memory controller between the AHB bus and the
internal RAM memory. The internal RAM memory can be used as working memory for the
ARM processor and as temporary storage to execute the code that is loaded by boot
ROM from external devices such as SPI-flash, NAND flash, parallel NOR-flash and
SD/MMC cards.

Feature list

¢ Full implementation of AHB protocol compliant to AMBA specification (Rev 2.0).

¢ Configurable latency (0, 1 or 2 AHB wait states) through
SYSCREG_ISRAMO_LATENCY_CFG (address 0x1300 2858, see Table 27-552) and
SYSCREG_ISRAM1_LATENCY_CFG (address 0x1300 285C, see Table 27-553)
registers in SYSCREG

* Support bus endianess configuration through ARM926 coprocessor register setting.
¢ Single AHB slave interface towards multiple memory instances (ROM or SRAM).

* OR-bus compliant outputs.

* RAM capacity of 128 kB.

¢ Implemented as two memories of 96 kB. ISRAMO starting at address 0x1102 8000
and ISRAML1 starting at address 0x1104 0000.

2. General description

UM10362_0

2.1

211

212

Interface description

Clock Signals
CGU will provides the clocks the ISRAM module (see Table 7-87).

Table 87. ISRAM module clock overview

Clock name 1/0 Source/ Max. Description
destination Freq.
ISROMO/1_CLK | CcGuU 75 MHz. Main clock of the module. This clock is part

of the AHB bus, and runs on the same
clock as the AHB main clock.

Reset sighals

The CGU provides an asynchronous active-low reset (AHB_RST_N) which resets the
logic in the ISRAMO/1_CLK clock domain.
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2.1.3 DMA transfers

The ISRAM module does not make use of flow control, but it is able to make use of DMA
via the DMA module.

3. Register overview

The latency configuration signal is programmed by software through the
SYSCREG_ISRAMO/1_LATENCY_CFG registers in the SYSCREG block (see
Section 27-4.4).

4. Functional description

The CPU can read or write data from or to the RAM via the ISRAM module. The CPU wiill
address the ISRAM module, which will translate the incoming AHB address in a RAM
address. Based on this address the RAM will provide the ISRAM module with data, which
is stored on that address or will store data from the ISRAM module into the RAM. Then
the ISRAM module will transport the data read from the RAM to the CPU, in case of a read
operation, or transport data from the CPU to the RAM in case of a write operation.

By changing the latency through the memory controller less or more pipeline stages will
be added. The more pipeline stages are used, the higher the frequency is which can be
used, but the bigger the latency through the ISRAM module is.

5. Power optimization

UM10362_0

This section describes the power optimization possibilities that are included in the ISRAM
module.

Internal power consumption is minimized by extensive use of enable signals, thus
limiting the switching power dissipated. The user cannot influence this process.

SRAM is designed to support the low power features of memory. According to the low
power use of memory specifications, the address, data, WEB and BSEL inputs to
memory remain still when no memory transfer is under progress. The user cannot
influence this process.

When the memory is not used the addresses remain as still as much as possible.

When memory is inactive, keep the CL input activated (CL = H) to prevent any
toggling on the address, DATA and BSEL inputs, from consuming any power within
the RAM.

The CS input should be inactive (CS = L) to prevent the memory from being activated
and consuming any read or write power when clock is activated (CL transition L to H).

The Write Enable (low-active) input should be placed in the read position (WEB = H)
when the RAM is not selected as this will stop any transition on the DATA and BSEL
inputs from consuming any power within the RAM.

When the memory is not used the DATA and BSEL inputs should either remain stable
as much as is possible or the memory should be placed in the read mode (WEB = H)
or the memory should be placed in inactive mode with CL input activated (CL = H).
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6. Programming guide

In total one value can be programmed, and two values are fixed by default. The latency
through the ISRAM module can be programmed by software via register
ISRAM_LATENCY_CFG (see Table 27-552 and Table 27-553). Table 7—88 gives an
overview of possible latency settings.

Table 88. ISRAM_latency_cfg.

Value Description

00 No latency (default in the LPC314x)
01 Insert 1 wait state

11 Insert 2 wait states

Table 7—89 indicates which configuration settings can be done in the ISRAM module.

Table 89. ISRAM configuration settings.

Name Description Setting in this IC

bigend_a 0: setin little endianess mode  Follows AHBO big endianess setting.
1: set in big endianess mode This signal is connected internally to
CFGBIGEND signal coming out of
ARMO926 core. To change endianess user
has to set endian bit (bit7) of control
register c1 of ARM926EJ-S processor.

stall_req_a 0: normal mode fixed to O

1: stall mode, operation is
halted.
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1. Introduction

Universal Serial Bus (USB) is a standard protocol developed to connect several types of
devices to each other in order to exchange data or for other purposes. Many portable
devices can benefit from the ability to communicate to each other over the USB interface
without intervention of a host PC. The addition of the On-The-Go functionality to USB
makes this possible without losing the benefits of the standard USB protocol. Examples of
USB devices are: PC, mouse, keyboard, MP3 player, digital camera, USB storage device
(USB stick).

1.1 Features

* Complies with Universal Serial Bus specification 2.0.

* Complies with USB On-The-Go supplement.

¢ Complies with Enhanced Host Controller Interface Specification.
* Complies with AMBA specification.

* Supports auto USB 2.0 mode discovery.

¢ Supports all high-speed USB-compliant peripherals.

¢ Supports all full-speed USB-compliant peripherals.

* Supports all low-speed USB-compliant peripherals.

¢ Supports software HNP and SRP for OTG peripherals.
¢ Contains UTMI+ compliant transceiver (PHY).

* Supports power management.

* Supports four endpoints, control endpoint included.

1.2 About USB On-The-Go

The USB On-The-Go block enables usage in both device mode and in host mode. This
means that you can connect to a PC to exchange data, but also to another USB device
such as a digital camera or MP3 player.

The LPC314x boot ROM implements the Device Firmware Upgrade (DFU) class
specification to download new applications into internal SRAM.

1.3 USB acronyms and abbreviations

Table 90. USB related acronyms

Acronym Description

ATX Analog Transceiver

DCD Device Controller Driver

dQH device Endpoint Queue Head
dTD device Transfer Descriptor
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USB related acronyms

Acronym
EOP
EP
FS
HCD
HS
LS
MPS
NAK
oTG
PID
QH
SEO
SOF
TT
usB

Description

End Of Packet

End Point

Full Speed

Host Controller Driver
High Speed

Low Speed

Maximum Packet Size
Negative Acknowledge
On-The-Go

Packet Identifier
Queue Head

Single Ended O

Start Of Frame
Transaction Translator
Universal Serial Bus

1.4 Transmit and receive buffers

The USB OTG controller contains a Tx buffer to store data to be transmitted on the USB
and an Rx buffer to store data received from the USB. The Rx buffer contains 256 words,
and the Tx buffer contains 128 words for each endpoint in device mode and 512 words in
host mode.

1.5 Fixed endpoint configuration

Table 8-91 shows the supported endpoint configurations. The Maximum Packet Size
(MPS) (see Table 8-92) is dependent on the type of endpoint and the device configuration
(low-speed, full-speed, or high-speed).

Table 91. Fixed endpoint configuration

Logical Physical Endpoint type Direction

endpoint endpoint

0 0 Control Out

0 1 Control In

1 2 Bulk/Isochronous Out

1 3 Interrupt/Bulk/Isochronous In

2 4 Bulk/Isochronous Out

2 5 Interrupt/Bulk/Isochronous In

3 6 Bulk/Isochronous Out

3 7 Interrupt/Bulk/Isochronous In
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Table 92. USB Packet size

Endpoint type Speed
Control Low-speed
Full-speed
High-speed
Isochronous Low-speed
Full-speed
High-speed
Interrupt Low-speed
Full-speed
High-speed
Bulk Low-speed
Full-speed
High-speed

Packet size (byte)
8

8, 16, 32, or 64

64

n/a

up to 1023

up to 1024

upto 8

up to 64

up to 1024

n/a

8, 16, 32, or 64

8, 16, 32, 64 or 512

2. General description

UM10362_0

2.1 Block diagram

ARM926EJ-S

SYSTEM
MEMORY

AHB

master

slave

TX-BUFFER
(DUAL-PORT RAM)

RX-BUFFER
(DUAL-PORT RAM)

USB 2.0 HIGH-SPEED

oTG

Fig 21. High-speed USB OTG block diagram

USB bus
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2.2 Interface description

2.2.1 Clock signals

Table 93. Clock signals of the USB-OTG

Clock name 1/0 Source/ Description
destination
USB_OTG_AHB_CLK | CGU AHB bus clock. Minimum frequency is 53 MHz in
order to meet the turn-around times.
USB_OTG_CLK | USB PLL 480 MHz main USB clock. This clock is generated

by dedicated USB PLL present on chip. This PLL
can be programmed through the SYSCREG block,
see Section 27-4.3.1.

2.2.2 Pin connections

Table 94. USB-OTG pin configuration

Name Type Description

USB_DP 10 Positive USB line

USB_DM 10 Negative USB line

USB_ID | Indicates to the USB transceiver whether in device (USB_ID
HIGH) or host (USB_ID LOW) mode

USB_VBUS | USB power

USB_RREF 10 Connected to external resistor for reference current

Power and ground pins

USB_VDDA33_DRV Analog power supply for driver
USB_VDDA33 Analog power supply (3.3 V) for PHY
USB_VSSA _TERM Analog termination ground
USB_GNDA Analog ground

USB_VSSA_REF Analog reference ground

2.2.3 Interrupt requests
The USB controller has one configurable USB interrupt request line.

Pins USB_VBUS and USB_ID are external pins connected to the event router. In addition
the following USB signals are connected to the event router: usb_otg_vbus_pwr_en,
usb_atx_pll_lock, usb_otg_ahb_needclk (see Table 17—353).

2.2.4 Reset signals
The CGU provides one AHB domain reset signal to the USB register block.

3. Register overview

Table 95. Register access abbreviations

Abbreviation Description
R/W Read/Write
R/WC Read/Write one to Clear
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Table 95. Register access abbreviations

Abbreviation
R/WO

RO

WO

Description
Read/Write Once
Read Only

Write Only

Table 96. Register overview: USB OTG controller (register base address 0x1900 0000)

Name

Device/host capability registers

CAPLENGTH RO
HCIVERSION RO
HCSPARAMS RO
HCCPARAMS RO
DCIVERSION RO
DCCPARAMS RO
Device/host operational registers
USBCMD R/W
USBSTS R/W
USBINTR R/W
FRINDEX R/W
PERIODICLISTBASE_ R/W
DEVICEADDR
ASYNCLISTADDR _ R/W
ENDPOINTLISTADDR

TTCTRL R/W
BURSTSIZE R/W
TXFILLTUNING R/W
BINTERVAL R/W
ENDPTNAK R/W
ENDPTNAKEN R/W
CONFIGFLAG RO
PORTSC1 R/W
OTGSC R/W
USBMODE R/W
Device endpoint registers
ENDPTSETUPSTAT R/W
ENDPTPRIME R/W
ENDPTFLUSH R/W
ENDPTSTATUS RO
ENDPTCOMPLETE R/W
ENDPTCTRLO R/W

Access Address offset Description
0x000 - OXOFF Reserved

0x100
0x102
0x104
0x108
0x120
0x124

0x140
0x144
0x148
0x14C
0x154

0x158

0x15C

0x160
0x164
0x174
0x178
0x17C
0x180
0x184
0x1A4
O0x1A8

0x1AC
0x1B0
0x1B4
0x1B8
0x1BC
0x1CO

Capability register length

Host interface version number

Host controller structural parameters
Host controller capability parameters
Device interface version number
Device controller capability parameters

USB command

USB status

USB interrupt enable
USB frame index

Frame list base address/
USB device address

Next asynchronous list address/
Address of endpoint list in memory

Asynchronous buffer status for
embedded TT

Programmable burst size

Host transmit pre-buffer packet tuning
Length of virtual frame

Endpoint NAK

Endpoint NAK Enable

Configured flag register

Port status/control 1

OTG status and control

USB device mode

Endpoint setup status
Endpoint initialization
Endpoint de-initialization
Endpoint status
Endpoint complete
Endpoint control 0
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Table 96. Register overview: USB OTG controller (register base address 0x1900 0000)

Name Access Address offset Description

ENDPTCTRL1 R/W 0x1C4 Endpoint control 1
ENDPTCTRL2 R/W 0x1C8 Endpoint control 2
ENDPTCTRL3 R/W 0x1CC Endpoint control 3

Use of registers

The register interface has bit functions described for device mode and bit functions
described for host mode. However, during OTG operations it is necessary to perform
tasks independent of the controller mode.

The only way to transition the controller mode out of host or device mode is by setting the
controller reset bit. Therefore, it is also necessary for the OTG tasks to be performed
independently of a controller reset as well as independently of the controller mode.

Hardware reset or
USBCMD RST bit=1

write 10 to USBMODE write 11 to USBMODE

DEVICE
MODE =10

Fig 22. USB controller modes

The following registers and register bits are used for OTG operations. The values of these
register bits are independent of the controller mode and are not affected by a write to the
RESET bit in the USBCMD register.

¢ All identification registers

¢ All device/host capabilities registers

¢ All bits of the OTGSC register (Section 8—4.2.15)

¢ The following bits of the PORTSC register (Section 8—4.2.14):
— PTS (parallel interface select)

— STS (serial transceiver select)

— PTW (parallel transceiver width)

— PHCD (PHY low power suspend)

— WKOC, WKDC, WKCN (wake signals)
— PICJ[1:0] (port indicators)

— PP (port power)
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4. Register description

4.1 Device/host capability registers

Table 97. CAPLENGTH (address 0x1900 0100)

Bit Symbol R/W Reset value Description

7:0 CAPLENGTH RO 0x40 Indicates offset to add to the register base
address at the beginning of the Operational
Register

Table 98. HCIVERSION (address 0x1900 0102)
Bit Symbol R/W Reset value Description

15:0 HCIVERSION RO 0x100 BCD encoding of the EHCI revision number
supported by this host controller.

Table 99. HCSPARAMS (address 0x1900 0104)

Bit Symbol R/W Reset value Description

31:28 - - - These bits are reserved and should be set to
zero.

2724 N_TT RO 0x0 Number of Transaction Translators. This field

indicates the number of embedded
transaction translators associated with the
USB2.0 host controller.

23:20 N_PTT RO 0x0 Number of Ports per Transaction Translator.
This field indicates the number of ports
assigned to each transaction translator within
the USB2.0 host controller.

19:17 - - - These bits are reserved and should be set to
zero.

16 PI RO 0x1 Port indicators. This bit indicates whether the
ports support port indicator control.

15:12 N_CC RO 0x0 Number of Companion Controller. This field

indicates the number of companion
controllers associated with this USB2.0 host
controller.

11:8 N_PCC RO 0x0 Number of Ports per Companion Controller.
This field indicates the number of ports
supported per internal Companion Controller.

75 - - - These bits are reserved and should be set to
zero.
4 PPC RO 0ox1 Port Power Control. This field indicates

whether the host controller implementation
includes port power control.

3:0 N_PORTS RO 0x1 Number of downstream ports. This field
specifies the number of physical downstream
ports implemented on this host controller.
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Bit
31:9

15:8

7:4

Symbol

EECP

IST

ASP

PFL

ADC

R/W

RO

RO

RO

RO

RO

Reset value Description

These bits are reserved and should be set to
Zero.

EHCI Extended Capabilities Pointer. This
optional field indicates the existence of a
capabilities list.

Isochronous Scheduling Threshold. This field
indicates, relative to the current position of
the executing host controller, where software
can reliably update the isochronous
schedule.

Asynchronous Schedule Park Capability. If
this bit is set to a one, then the host controller
supports the park feature for high-speed
gueue heads in the Asynchronous
Schedule.The feature can be disabled or
enabled and set to a specific level by using
the Asynchronous Schedule Park Mode
Enable and Asynchronous Schedule Park
Mode Count fields in the USBCMD register.

Programmable Frame List Flag. If set to one,
then the system software can specify and use
a smaller frame list and configure the host
controller via the USBCMD register Frame
List Size field. The frame list must always be
aligned on a 4K-boundary. This requirement
ensures that the frame list is always
physically contiguous.

64-bit Addressing Capability. If zero, no 64-bit
addressing capability is supported.

Table 101. DCIVERSION (address 0x1900 0120)

Bit
15:0

Symbol

R/W

DCIVERSION RO

Reset value

Ox1

Description

The device controller interface conforms to
the two-byte BCD encoding of the interface
version number contained in this register.

Table 102. DCCPARAMS (address 0x1900 0124)

Bit
31:9

4.0

Symbol

HC
DC

DEN

R/W

RO
RO

RO

Reset value

0x1
0ox1

Ox4

Description

These bits are reserved and should be set to
zero.

Host Capable.
Device Capable.

These bits are reserved and should be set to
Zero.

Device Endpoint Number.
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4.2 Devicel/host operational registers

USB Command register (USBCMD)

The host/device controller executes the command indicated in this register.

Device mode

Table 103. USB Command register (USBCMD - address 0x1900 0140) bit description - device mode

Bit Symbol

0 RS

1 RST

3:2 FS[1:0]
PSE
ASE
IAA

7 -

9:8  ASP[1:0]
10 -

11 ASPE
12 ATDTW

UM10362_0

Value

Description Access

Run/Stop R/W

Writing a one to this bit will cause the device controller to enable a pull-up
on USB_DP and initiate an attach event. This control bit is not directly
connected to the pull-up enable, as the pull-up will become disabled upon
transitioning into high-speed mode. Software should use this bit to prevent
an attach event before the device controller has been properly initialized.

Writing a 0 to this bit will cause a detach event.
Controller reset. R/W

Software uses this bit to reset the controller. This bit is set to zero by the
Host/Device Controller when the reset process is complete. Software
cannot terminate the reset process early by writing a zero to this register.

When software writes a one to this bit, the Device Controller resets its
internal pipelines, timers, counters, state machines etc. to their initial
values. Writing a one to this bit when the device is in the attached state is
not recommended, since the effect on an attached host is undefined. In
order to ensure that the device is not in an attached state before initiating a
device controller reset, all primed endpoints should be flushed and the
USBCMD Run/Stop bit should be set to 0.

Set to 0 by hardware when the reset process is complete.

Not used in device mode. -
Not used in device mode. -
Not used in device mode. -

Not used in device mode. Writing a one to this bit when the device mode is -
selected, will have undefined results.

Reserved. These bits should be set to 0. -
Not used in Device mode. -
Reserved.These bits should be set to 0. -
Not used in Device mode. -
Add dTD trip wire R/W

This bit is used as a semaphore to ensure the to proper addition of a new
dTD to an active (primed) endpoint’s linked list. This bit is set and cleared
by software during the process of adding a new dTD. See also

Section 8-8.

This bit shall also be cleared by hardware when its state machine is hazard
region for which adding a dTD to a primed endpoint may go unrecognized.

Reset
value

o O o
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Table 103. USB Command register (USBCMD - address 0x1900 0140) bit description - device mode ...continued

Bit Symbol Value

13 SUTW

14 - -

15 FS2

23:16 ITC
0x0
Ox1
0x2
Ox4
0x8
0x10
0x20
0x40

31:24 -

Description

Setup trip wire

During handling a setup packet, this bit is used as a semaphore to ensure
that the setup data payload of 8 bytes is extracted from a QH by the DCD
without being corrupted. If the setup lockout mode is off (see USBMODE
register) then there exists a hazard when new setup data arrives while the
DCD is copying the setup data payload from the QH for a previous setup
packet. This bit is set and cleared by software and will be cleared by
hardware when a hazard exists. (See Section 8-8).

Reserved.These bits should be set to 0.
Not used in device mode.
Interrupt threshold control.

The system software uses this field to set the maximum rate at which the
host/device controller will issue interrupts. ITC contains the maximum
interrupt interval measured in micro-frames. Valid values are shown below.
All other values are reserved.

Immediate (no threshold)
1 micro frame.

2 micro frames.

4 micro frames.

8 micro frames.

16 micro frames.

32 micro frames.

64 micro frames.

Reserved

Access Reset

value
R/W 0

0
R/W 0x8

0

4.2.1.2 Host mode

Table 104. USB Command register (USBCMD - address 0x1900 0140) bit description - host mode

Bit Symbol Value

0 RS

UM10362_0

Description

Run/Stop

When set to a 1, the Host Controller proceeds with the execution of
the schedule. The Host Controller continues execution as long as thi
bit is set to a one.

When this bit is set to 0, the Host Controller completes the current
transaction on the USB and then halts. The HC Halted bit in the
status register indicates when the Host Controller has finished the
transaction and has entered the stopped state. Software should not

Access Reset
value

RIW 0

S

write a one to this field unless the host controller is in the Halted state

(i.e. HCHalted in the USBSTS register is a one).
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Bit Symbol Value

1 RST

1

0
2 FSO see

Table 8-105
3 FS1 see

Table 8-105
4 PSE

1

0
5 ASE
6 IAA

1

0

8:9  ASP[1:0]

UM10362_0

Description Access Reset
value
Controller reset. R/W 0

Software uses this bit to reset the controller. This bit is set to zero by
the Host/Device Controller when the reset process is complete.
Software cannot terminate the reset process early by writing a zero to
this register.

When software writes a one to this bit, the Host Controller resets its
internal pipelines, timers, counters, state machines etc. to their initial
value. Any transaction currently in progress on USB is immediately
terminated. A USB reset is not driven on downstream ports. Software
should not set this bit to a one when the HCHalted bit in the USBSTS
register is a zero. Attempting to reset an actively running host
controller will result in undefined behavior.

This bit is set to zero by hardware when the reset process is
complete.

Bit O of the Frame List Size bits.

This field specifies the size of the frame list that controls which bits in
the Frame Index Register should be used for the Frame List Current
index. Note that this field is made up from USBCMD bits 15, 3, and 2.

Bit 1 of the Frame List Size bits.

This bit controls whether the host controller skips processing the R/W
periodic schedule.

Use the PERIODICLISTBASE register to access the periodic
schedule.

Do not process the periodic schedule.

This bit controls whether the host controller skips processing the R/W
asynchronous schedule.

Use the ASYNCLISTADDR to access the asynchronous schedule.
Do not process the asynchronous schedule.

This bit is used as a doorbell by software to tell the host controller to R/W
issue an interrupt the next time it advances asynchronous schedule.

Software must write a 1 to this bit to ring the doorbell.

When the host controller has evicted all appropriate cached schedule
states, it sets the Interrupt on Async Advance status bit in the
USBSTS register. If the Interrupt on Sync Advance Enable bit in the
USBINTR register is one, then the host controller will assert an
interrupt at the next interrupt threshold.

Software should not write a one to this bit when the asynchronous
schedule is inactive. Doing so will yield undefined results.

The host controller sets this bit to zero after it has set the Interrupt on
Sync Advance status bit in the USBSTS register to one.

Reserved
Asynchronous schedule park mode R/W

11

© NXP B.V. 2009. All rights reserved.

User manual

Rev. 00.02 — 9 September 2009

118 of 577



NXP Semiconductors UM10362

Chapter 8: LPC314x High-speed USB On-The-Go (OTG) controller

Table 104. USB Command register (USBCMD - address 0x1900 0140) bit description - host mode ...continued

Bit Symbol Value Description Access Reset
value

00, 01, 10,11 Contains a count of the number of successive transactions the host
controller is allowed to execute from a high-speed queue head on the
Asynchronous schedule before continuing traversal of the
Asynchronous schedule. Valid values are 0x1 to 0x3.

Remark: Software must not write 00 to this bit when Park Mode
Enable is one as this will result in undefined behavior.

10 - - Reserved. - 0
11 ASPE Asynchronous Schedule Park Mode Enable R/W

Park mode is enabled.

Park mode is disabled.

12 ATDTW - Not used in Host mode. - 0
13 SUTW - Not used in Host mode. -
14 - - Reserved. -
15 FS2 see Bit 2 of the Frame List Size bits. -
Table 8-105
23:16 ITC Interrupt threshold control. R/W 0x8

The system software uses this field to set the maximum rate at which
the host/device controller will issue interrupts. ITC contains the
maximum interrupt interval measured in micro-frames. Valid values
are shown below. All other values are reserved.

0x0 Immediate (no threshold)
0x1 1 micro frame.
0x2 2 micro frames.
0x4 4 micro frames.
0x8 8 micro frames.
0x10 16 micro frames.
0x20 32 micro frames.
0x40 64 micro frames.
31:24 - Reserved 0

Table 105. Frame list size values
USBCMD bit 15 USBCMD bit 3 USBCMD bit 2 Frame list size

0 0 0 1024 elements (4096 bytes) - default
value

0 0 1 512 elements (2048 bytes)

0 1 0 256 elements (1024 bytes)

0 1 1 128 elements (512 bytes)

1 0 0 64 elements (256 bytes)

1 0 1 32 elements (128 bytes)

1 1 0 16 elements (64 bytes)

1 1 1 8 elements (32 bytes)
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USB Status register (USBSTS)

This register indicates various states of the Host/Device controller and any pending
interrupts. Software sets a bit to zero in this register by writing a one to it.

Remark: This register does not indicate status resulting from a transaction on the serial
bus.

Device mode

register (USBSTS - address 0x1900 0144) register bit description - device mode

Bit Symbol Value Description Access Reset
value
0 ul USB interrupt R/WC 0
1 This bit is set by the Host/Device Controller when

1 UEI
2 PCI
3 FRI
4 -

5 AAI
6 URI

UM10362_0

the cause of an interrupt is a completion of a USB
transaction where the Transfer Descriptor (TD)
has an interrupt on complete (I0OC) bit set.

This bit is also set by the Host/Device Controller
when a short packet is detected. A short packet is
when the actual number of bytes received was
less than the expected number of bytes.

0 This bit is cleared by software writing a one to it.
USB error interrupt R/WC 0
1 When completion of a USB transaction results in

an error condition, this bit is set by the
Host/Device Controller. This bit is set along with
the USBINT bit, if the TD on which the error
interrupt occurred also had its interrupt on
complete (I0C) bit set. The device controller
detects resume signaling only (see

Section 8-8.11.6).

0 This bit is cleared by software writing a one to it.
Port change detect. R/WC 0
1 The Device Controller sets this bit to a one when

the port controller enters the full or high-speed
operational state. When the port controller exits
the full or high-speed operation states due to
Reset or Suspend events, the notification
mechanisms are the USB Reset Received bit
(URI) and the DCSuspend bits (SLI) respectively.

0 This bit is cleared by software writing a one to it.
Not used in Device mode.

0 Reserved.
Not used in Device mode. -

USB reset received R/WC
1 When the device controller detects a USB Reset

and enters the default state, this bit will be setto a

one.
0 This bit is cleared by software writing a one to it.
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Table 106. USB Status register (USBSTS - address 0x1900 0144) register bit description - device mode ...continued

Bit Symbol Value Description Access Reset
value
7 SRI SOF received R/WC 0
1 When the device controller detects a Start Of

(micro) Frame, this bit will be set to a one. When
a SOF is extremely late, the device controller will
automatically set this bit to indicate that an SOF
was expected. Therefore, this bit will be set
roughly every 1 ms in device FS mode and every
125 ps in HS mode and will be synchronized to
the actual SOF that is received. Since the device
controller is initialized to FS before connect, this
bit will be set at an interval of 1ms during the
prelude to connect and chirp.

0 This bit is cleared by software writing a one to it.
8 SLI DCSuspend R/WC 0
1 When a device controller enters a suspend state

from an active state, this bit will be set to a one.

0 The device controller clears the bit upon exiting
from a suspend state. This bit is cleared by
software writing a one to it.

11:9 - - Reserved. Software should only write 0 to

reserved bits.
12 HCH - Not used in Device mode. 0
13 RCL - Not used in Device mode. 0
14 PS - Not used in Device mode. 0
15 AS - Not used in Device mode. 0
16 NAKI NAK interrupt bit RO 0

1 It is set by hardware when for a particular

endpoint both the TX/RX Endpoint NAK bit and

the corresponding TX/RX Endpoint NAK Enable

bit are set.

0 This bit is automatically cleared by hardware

when the all the enabled TX/RX Endpoint NAK

bits are cleared.
17 - - Reserved. Software should only write O to - 0

reserved bits.
18 UAI Not used in Device mode. -
19 UPI Not used in Device mode. -
31:20 - - Reserved. Software should only write O to -

reserved bits.
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4.2.2.2 Host mode

Table 107. USB Status register (USBSTS - address 0x1900 0144) register bit description - host mode

Bit Symbol

0 ul
1 UEI
2 PCI
3 FRI
5 AAI
URI
SRI
8 SLI
11:9 -

UM10362_0

Value

Description Access

USB interrupt (USBINT) R/WC

This bit is set by the Host/Device Controller when the cause of an interrupt
is a completion of a USB transaction where the Transfer Descriptor (TD)
has an interrupt on complete (IOC) bit set.

This bit is also set by the Host/Device Controller when a short packet is
detected. A short packet is when the actual number of bytes received was
less than the expected number of bytes.

This bit is cleared by software writing a one to it.
USB error interrupt (USBERRINT) R/WC

When completion of a USB transaction results in an error condition, this bit
is set by the Host/Device Controller. This bit is set along with the USBINT
bit, if the TD on which the error interrupt occurred also had its interrupt on
complete (I0C) bit set.

This bit is cleared by software writing a one to it.
Port change detect. R/WC

The Host Controller sets this bit to a one when on any port a Connect
Status occurs, a Port Enable/Disable Change occurs, or the Force Port
Resume bit is set as the result of a J-K transition on the suspended port.

This bit is cleared by software writing a one to it.
Frame list roll-over R/WC

The Host Controller sets this bit to a one when the Frame List Index rolls
over from its maximum value to zero. The exact value at which the rollover
occurs depends on the frame list size. For example, if the frame list size (as
programmed in the Frame List Size field of the USBCMD register) is 1024,
the Frame Index Register rolls over every time FRINDEX [13] toggles.
Similarly, if the size is 512, the Host Controller sets this bit to a one every
time FRINDEX [12] toggles (see Section 8—4.2.4).

This bit is cleared by software writing a one to it.
Reserved.
Interrupt on async advance R/WC

System software can force the host controller to issue an interrupt the next
time the host controller advances the asynchronous schedule by writing a
one to the Interrupt on Async Advance Doorbell bit in the USBCMD
register. This status bit indicates the assertion of that interrupt source.

This bit is cleared by software writing a one to it.
Not used by the Host controller. R/WC
SOF received R/WC

In host mode, this bit will be set every 125 us and can be used by host
controller driver as a time base.

This bit is cleared by software writing a one to it.
Not used by the Host controller. -
Reserved.

Reset
value

0
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...continued

Bit Symbol

12 HCH

13 RCL

14 PS

15 AS

16 NAKI
17 -
18 UAI

UM10362_0

Value

Description Access

HCHalted RO

The Host Controller sets this bit to one after it has stopped executing
because of the Run/Stop bit being set to 0, either by software or by the
Host Controller hardware (e.g. because of an internal error).

The RS bit in USBCMD is set to zero. Set by the host controller.

Reclamation RO
An empty asynchronous schedule is detected. Set by the host controller.

No empty asynchronous schedule detected.

Periodic schedule status RO

This bit reports the current real status of the Periodic Schedule. The Host
Controller is not required to immediately disable or enable the Periodic
Schedule when software transitions the Periodic Schedule Enable bit in the
USBCMD register. When this bit and the Periodic Schedule Enable bit are
the same value, the Periodic Schedule is either enabled (if both are 1) or
disabled (if both are 0).

The periodic schedule status is enabled.
The periodic schedule status is disabled.
Asynchronous schedule status

This bit reports the current real status of the Asynchronous Schedule. The
Host Controller is not required to immediately disable or enable the
Asynchronous Schedule when software transitions the Asynchronous
Schedule Enable bit in the USBCMD register. When this bit and the
Asynchronous Schedule Enable bit are the same value, the Asynchronous
Schedule is either enabled (if both are 1) or disabled (if both are 0).

Asynchronous schedule status is enabled.

Asynchronous schedule status is disabled.

Not used on Host mode. -
Reserved.

USB host asynchronous interrupt (USBHSTASYNCINT) R/WC

This bit is set by the Host Controller when the cause of an interrupt is a
completion of a USB transaction where the Transfer Descriptor (TD) has an
interrupt on complete (I0C) bit set and the TD was from the asynchronous
schedule. This bit is also set by the Host when a short packet is detected
and the packet is on the asynchronous schedule. A short packet is when
the actual number of bytes received was less than the expected number of
bytes.

This bit is cleared by software writing a one to it.

Reset
value

1
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...continued

Bit Symbol Value Description

19 UPI

31:20 -

Table 108. USB Interrupt register (USBINTR - address 0x1900 0148) bit description - device mode

USB host periodic interrupt (USBHSTPERINT)

1 This bit is set by the Host Controller when the cause of an interrupt is a
completion of a USB transaction where the Transfer Descriptor (TD) has an
interrupt on complete (IOC) bit set and the TD was from the periodic
schedule. This bit is also set by the Host Controller when a short packet is
detected and the packet is on the periodic schedule. A short packet is
when the actual number of bytes received was less than the expected
number of bytes.

0 This bit is cleared by software writing a one to it.

4.2.3 USB Interrupt register (USBINTR)

Access

R/WC

Reset
value

0

The software interrupts are enabled with this register. An interrupt is generated when a bit
is set and the corresponding interrupt is active. The USB Status register (USBSTS) still
shows interrupt sources even if they are disabled by the USBINTR register, allowing
polling of interrupt events by the software. All interrupts must be acknowledged by
software by clearing (that is writing a 1 to) the corresponding bit in the USBSTS register.

4.2.3.1 Device mode

Bit Symbol
0 UE

1 UEE

2 PCE

3 FRE

4 -

5 AAE

6 URE

7 SRE

UM10362_0

Description

USB interrupt enable

When this bit is one, and the USBINT bit in the USBSTS register is one, the
host/device controller will issue an interrupt at the next interrupt threshold. The
interrupt is acknowledged by software clearing the USBINT bit in USBSTS.
USB error interrupt enable

When this bit is a one, and the USBERRINT bit in the USBSTS register is a one, the
host/device controller will issue an interrupt at the next interrupt threshold. The
interrupt is acknowledged by software clearing the USBERRINT bit in the USBSTS
register.

Port change detect enable

When this bit is a one, and the Port Change Detect bit in the USBSTS register is a
one, the host/device controller will issue an interrupt. The interrupt is acknowledged by
software clearing the Port Change Detect bit in USBSTS.

Not used by the Device controller.

Reserved

Not used by the Device controller.

USB reset enable

When this bit is a one, and the USB Reset Received bit in the USBSTS register is a
one, the device controller will issue an interrupt. The interrupt is acknowledged by
software clearing the USB Reset Received bit.

SOF received enable

When this bit is a one, and the SOF Received bit in the USBSTS register is a one, the
device controller will issue an interrupt. The interrupt is acknowledged by software
clearing the SOF Received bit.

R/W

R/W

R/W

R/W

R/W

Access Reset

value
0
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Table 108. USB Interrupt register (USBINTR - address 0x1900 0148) bit description - device mode ...continued
Bit Symbol Description Access Reset
value
8 SLE Sleep enable R/W 0
When this bit is a one, and the DCSuspend bit in the USBSTS
register transitions, the device controller will issue an interrupt. The interrupt is
acknowledged by software writing a one to the DCSuspend bit.

159 - Reserved - -
16 NAKE  NAK interrupt enable R/W 0
This bit is set by software if it wants to enable the hardware interrupt for the NAK

Interrupt bit. If both this bit and the corresponding NAK Interrupt bit are set, a
hardware interrupt is generated.
17 - Reserved
18 UAIE Not used by the Device controller.
19 UPIA Not used by the Device controller.
31:20 - Reserved
4.2.3.2 Host mode
Table 109. USB Interrupt register (USBINTR - address 0x1900 0148) bit description - host mode
Bit Symbol Description Access Reset
value
0 UE USB interrupt enable R/W 0
When this bit is one, and the USBINT bit in the USBSTS register is one, the
host/device controller will issue an interrupt at the next interrupt threshold. The
interrupt is acknowledged by software clearing the USBINT bit in USBSTS.
1 UEE USB error interrupt enable R/W 0
When this bit is a one, and the USBERRINT bit in the USBSTS register is a one, the
host/device controller will issue an interrupt at the next interrupt threshold. The
interrupt is acknowledged by software clearing the USBERRINT bit in the USBSTS
register.
2 PCE Port change detect enable R/W 0
When this bit is a one, and the Port Change Detect bit in the USBSTS register is a
one, the host/device controller will issue an interrupt. The interrupt is acknowledged
by software clearing the Port Change Detect bit in USBSTS.
3 FRE Frame list rollover enable
When this bit is a one, and the Frame List Rollover bit in the USBSTS register is a
one, the host controller will issue an interrupt. The interrupt is acknowledged by
software clearing the Frame List Rollover bit.
- Reserved -
5 AAE Interrupt on asynchronous advance enable R/W
When this bit is a one, and the Interrupt on Async Advance bit in the USBSTS register
is a one, the host controller will issue an interrupt at the next interrupt threshold. The
interrupt is acknowledged by software clearing the Interrupt on Async Advance bit.
- Not used by the Host controller. -
SRE If this bit is one and the SRI bit in the USBSTS register is one, the host controller will -
issue an interrupt. In host mode, the SRI bit will be set every 125 us and can be used
by the host controller as a time base. The interrupt is acknowledged by software
clearing the SRI bit in the USBSTS register.
8 SLE Not used by the Host controller. - 0

UM10362_0
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Table 109. USB Interrupt register (USBINTR - address 0x1900 0148) bit description - host mode ...

continued ...continued

Bit Symbol Description

159 - Reserved
16 NAKE Not used by the host controller.
17 - Reserved

18 UAIE USB host asynchronous interrupt enable

When this bit is a one, and the USBHSTASYNCINT bit in the USBSTS register is a
one, the host controller will issue an interrupt at the next interrupt threshold. The
interrupt is acknowledged by software clearing the USBHSTASYNCINT bit.

19 UPIA USB host periodic interrupt enable

When this bit is a one, and the USBHSTPERINT bit in the USBSTS register is a one,
the host controller will issue an interrupt at the next interrupt threshold. The interrupt is

acknowledged by software clearing the USBHSTPERINT bit.
31:20 - Reserved

4.2.4 Frame index register (FRINDEX)

4.2.4.1 Device mode

Access Reset

value
R/W 0
R/W 0
R/W 0

In Device mode this register is read only, and the device controller updates the
FRINDEX[13:3] register from the frame number indicated by the SOF marker. Whenever a
SOF is received by the USB bus, FRINDEX][13:3] will be checked against the SOF
marker. If FRINDEX[13:3] is different from the SOF marker, FRINDEX][13:3] will be set to
the SOF value and FRINDEX[2:0] will be set to zero (i.e. SOF for 1 ms frame). If
FRINDEX [13:3] is equal to the SOF value, FRINDEX[2:0] will be incremented (i.e. SOF

for 125 ps micro-frame) by hardware.

Table 110. USB frame index register (FRINDEX - address 0x1900 014C) bit description -

device mode

Bit Symbol Description Access

2:0 FRINDEX[2:0]  Current micro frame number RO

13:3 FRINDEX[13:3] Current frame number of the last frame RO
transmitted

31:14 - Reserved

4.2.4.2 Host mode

Reset value
N/A
N/A

N/A

This register is used by the host controller to index the periodic frame list. The register

updates every 125 us (once each micro-frame). Bits[N: 3] are used to select a particular
entry in the Periodic Frame List during periodic schedule execution. The number of bits
used for the index depends on the size of the frame list as set by system software in the

Frame List Size field in the USBCMD register.

This register must be written as a DWord. Byte writes produce undefined results. This
register cannot be written unless the Host Controller is in the 'Halted' state as indicated by
the HCHalted bit in the USBSTS register (host mode). A write to this register while the
Run/Stop bit is set to a one produces undefined results. Writes to this register also affect

the SOF value.

UM10362_0
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Table 111. USB frame index register (FRINDEX - address 0x1900 014C) bit description - host
mode

Bit Symbol Description Access Reset value

2:0 FRINDEX[2:0] Current micro frame number  R/W N/A

N:3 FRINDEX|N:3] Frame list current index R/W N/A

3L:(N+1) - Reserved N/A

Table 112. Number of bits used for the frame list index

USBCMD USBCMD USBCMD Frame list size N

bit 15 bit 3 bit 2

0 0 0 1024 elements (4096 bytes). Default value. 12

0 0 1 512 elements (2048 bytes) 11

0 1 0 256 elements (1024 bytes) 10

0 1 1 128 elements (512 bytes) 9

1 0 0 64 elements (256 bytes) 8

1 0 1 32 elements (128 bytes) 7

1 1 0 16 elements (64 bytes) 6

1 1 1 8 elements (32 bytes) 5

Device address (DEVICEADDR - device) and Periodic List Base
(PERIODICLISTBASE- host) registers

Device mode

The upper seven bits of this register represent the device address. After any controller
reset or a USB reset, the device address is set to the default address (0). The default

address will match all incoming addresses. Software shall reprogram the address after
receiving a SET_ADDRESS descriptor.

The USBADRA bit is used to accelerate the SET_ADDRESS sequence by allowing the
DCD to preset the USBADR register bits before the status phase of the SET_ADDRESS

descriptor.
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Table 113. USB Device Address register (DEVICEADDR - address 0x1900 0154) bit description - device mode

Bit Symbol Value Description Access Reset
value
230 - reserved - 0
24 USBADRA Device address advance
1 When the user writes a one to this bit at the same time or before USBADR

is written, the write to USBADR fields is staged and held in a hidden
register. After an IN occurs on endpoint 0 and is acknowledged, USBADR
will be loaded from the holding register.

Hardware will automatically clear this bit on the following conditions:

* |IN is ACKed to endpoint 0. USBADR is updated from the staging
register.

® OUT/SETUP occurs on endpoint 0. USBADR is not updated.
* Device reset occurs. USBADR is set to 0.

Remark: After the status phase of the SET_ADDRESS descriptor, the
DCD has 2 ms to program the USBADR field. This mechanism will ensure
this specification is met when the DCD can not write the device address
within 2 ms from the SET_ADDRESS status phase. If the DCD writes the
USBADR with USBADRA=1 after the SET_ADDRESS data phase (before
the prime of the status phase), the USBADR will be programmed instantly
at the correct time and meet the 2 ms USB requirement.

0 Any write to USBADR are instantaneous.
31:25 USBADR USB device address R/W 0

4.2.5.2 Host mode

This 32-bit register contains the beginning address of the Periodic Frame List in the
system memory. The host controller driver (HCD) loads this register prior to starting the
schedule execution by the Host Controller. The memory structure referenced by this
physical memory pointer is assumed to be 4 kb aligned. The contents of this register are
combined with the Frame Index Register (FRINDEX) to enable the Host Controller to step
through the Periodic Frame List in sequence.

Table 114. USB Periodic List Base register (PERIODICLISTBASE - address 0x1900 0154) bit description - host mode

Bit Symbol Description Access Reset
value

11:0 - reserved - N/A

31:12 PERBASE[31:12] Base Address (Low) R/W N/A

These bits correspond to the memory address signals[31:12].

4.2.6 Endpoint List Address register (ENDPOINTLISTADDR - device) and
Asynchronous List Address (ASYNCLISTADDR - host) registers

4.2.6.1 Device mode
In device mode, this register contains the address of the top of the endpoint list in system
memory. Bits[10:0] of this register cannot be modified by the system software and will
always return a zero when read.The memory structure referenced by this physical
memory pointer is assumed 64 byte aligned.
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Table 115. USB Endpoint List Address register (ENDPOINTLISTADDR - address 0x1900 0158) bit description - device

mode
Bit Symbol Description Access Reset
value
100 - reserved - 0
31:11 EPBASE[31:11] Endpoint list pointer (low) R/W N/A

These bits correspond to memory address signals [31:11], respectively. This
field will reference a list of up to 4 Queue Heads (QH). (i.e. one queue head
per endpoint and direction.)

4.2.6.2 Host mode

This 32-bit register contains the address of the next asynchronous queue head to be
executed by the host. Bits [4:0] of this register cannot be modified by the system software
and will always return a zero when read.

Table 116. USB Asynchronous List Address register (ASYNCLISTADDR- address 0x1900 0158) bit description - host

mode
Bit Symbol Description Access Reset
value
4:0 - Reserved - 0
31:5 ASYBASE[31:5] Link pointer (Low) LPL R/W N/A

These bits correspond to memory address signals [31:5], respectively. This
field may only reference a Queue Head (OH).

4.2.7 TT Control register (TTCTRL)

4.2.7.1 Device mode
This register is not used in device mode.

4.2.7.2 Host mode

This register contains parameters needed for internal TT operations. This register is used
by the host controller only. Writes must be in Dwords.

Table 117. USB TT Control register (TTCTRL - address 0x1900 015C) bit description - host mode

Bit Symbol Description Access Reset

value
23:0 - Reserved. - 0
30:24 TTHA Hub address when FS or LS device are connected directly. R/W N/A
31 - Reserved. 0

4.2.8 Burst Size register (BURSTSIZE)

This register is used to control and dynamically change the burst size used during data
movement on the master interface of the USB DMA controller. Writes must be in Dwords.

The default for the length of a burst of 32-bit words for RX and TX DMA data transfers is
16 words each.

UM10362_0 © NXP B.V. 2009. All rights reserved.

User manual Rev. 00.02 — 9 September 2009 129 of 577




NXP Semiconductors UM10362

Chapter 8: LPC314x High-speed USB On-The-Go (OTG) controller

Table 118. USB burst size register (BURSTSIZE - address 0x1900 0160) bit description - device/host mode

Bit

7:0

15:8

31:16

UM10362_0

Symbol

RXPBURST

TXPBURST

4.2.9

4291

4.29.2

Description Access Reset
value
Programmable RX burst length R/W 0x10

This register represents the maximum length of a burst in 32-bit words while
moving data from the USB bus to system memory.

Programmable TX burst length R/W 0x10

This register represents the maximum length of a burst in 32-bit words while
moving data from system memory to the USB bus.

reserved - -

Transfer buffer Fill Tuning register (TXFILLTUNING)

Device controller

This register is not used in device mode.

Host controller

The fields in this register control performance tuning associated with how the host
controller posts data to the TX latency FIFO before moving the data onto the USB bus.
The specific areas of performance include the how much data to post into the FIFO and
an estimate for how long that operation should take in the target system.

Definitions:

Ty = Standard packet overhead

T, = Time to send data payload

T = Time to fetch packet into TX FIFO up to specified level

Ts = Total packet flight time (send-only) packet; Ts=Tg + T3

Ty = Total packet time (fetch and send) packet; Tp = Tg + To + Ty

Upon discovery of a transmit (OUT/SETUP) packet in the data structures, host controller
checks to ensure T, remains before the end of the (micro) frame. If so it proceeds to
pre-fill the TX FIFO. If at anytime during the pre-fill operation the time remaining the
[micro]frame is < T4 then the packet attempt ceases and the packet is tried at a later time.
Although this is not an error condition and the host controller will eventually recover, a
mark will be made the scheduler health counter to note the occurrence of a “backoff”
event. When a back-off event is detected, the partial packet fetched may need to be
discarded from the latency buffer to make room for periodic traffic that will begin after the
next SOF. Too many back-off events can waste bandwidth and power on the system bus
and thus should be minimized (not necessarily eliminated). Backoffs can be minimized
with use of the TSCHHEALTH (T) described below.
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Table 119. USB Transfer buffer Fill Tuning register (TXFIFOFILLTUNING - address 0x1900 0164) bit description - host

mode
Bit Symbol Description Access Reset
value
7.0 TXSCHOH FIFO burst threshold R/W 0x2

12:8 TXSCHEATLTH

15:13 -
21:16 TXFIFOTHRES

31:22 -

4.2.10

Table 120. USB BINTERVAL register (BINTERVAL - address 0x1900 0174) bit description - device/host mode

This register controls the number of data bursts that are posted to the TX
latency FIFO in host mode before the packet begins on to the bus. The
minimum value is 2 and this value should be a low as possible to maximize
USB performance. A higher value can be used in systems with unpredictable
latency and/or insufficient bandwidth where the FIFO may underrun because
the data transferred from the latency FIFO to USB occurs before it can be
replenished from system memory. This value is ignored if the Stream Disable
bit in USBMODE register is set.

Scheduler health counter R/W

This register increments when the host controller fails to fill the TX latency
FIFO to the level programmed by TXFIFOTHRES before running out of time
to send the packet before the next Start-Of-Frame .

This health counter measures the number of times this occurs to provide
feedback to selecting a proper TXSCHOH. Writing to this register will clear the
counter. The maximum value is 31.

reserved -
Scheduler overhead R/W

This register adds an additional fixed offset to the schedule time estimator
described above as Tx. As an approximation, the value chosen for this register
should limit the number of back-off events captured in the TXSCHHEALTH to
less than 10 per second in a highly utilized bus. Choosing a value that is too
high for this register is not desired as it can needlessly reduce USB utilization.

The time unit represented in this register is 1.267 us when a device is
connected in High-Speed Mode for OTG and SPH.

The time unit represented in this register is 6.333 pus when a device is
connected in Low/Full Speed Mode for OTG and SPH.

reserved

BINTERVAL register

0x0

0x0

This register defines the binterval value which determines the length of the virtual frame

(see Section 8-5.7).

Bit Symbol Description Access Reset
value
3.0 BINT binterval value (see Section 8-5.7) R/IW 0x00
314 - reserved - -
4.2.11 USB Endpoint NAK register (ENDPTNAK)
4.2.11.1 Device mode

UM10362_0

This register indicates when the device sends a NAK handshake on an endpoint. Each Tx

and Rx endpoint has a bit in the EPTN and EPRN field respectively.

A bit in this register is cleared by writing a 1 to it.
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Table 121. USB endpoint NAK register (ENDPTNAK - address 0x1900 0178) bit description - device mode

Bit

3.0

15:4

Symbol

EPRN[3:0]

19:16 EPTN[3:0]

31:20

UM10362_0

42112

4212

4.212.1

Description

Rx endpoint NAK

Each RX endpoint has one bit in this field. The bit is set when the device
sends a NAK handshake on a received OUT or PING token for the
corresponding endpoint.

Bit 3 corresponds to endpoint 3.

Bit 1 corresponds to endpoint 1.
Bit O corresponds to endpoint 0.
reserved

Tx endpoint NAK

Each TX endpoint has one bit in this field. The bit is set when the device
sends a NAK handshake on a received IN token for the corresponding
endpoint.

Bit 3 corresponds to endpoint 3.

Bit 1 corresponds to endpoint 1.
Bit O corresponds to endpoint 0.
reserved

Host mode
This register is not used in host mode.

USB Endpoint NAK Enable register (ENDPTNAKEN)

Device mode

Access

R/WC

R/WC

Reset
value

0x00

0x00

Each bit in this register enables the corresponding bit in the ENDPTNAK register. Each Tx
and Rx endpoint has a bit in the EPTNE and EPRNE field respectively.
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Table 122. USB Endpoint NAK Enable register (ENDPTNAKEN - address 0x1900 017C) bit description - device mode

Bit Symbol

3:0  EPRNE[3:0]

154 -
19:16 EPTNE[3:0]

Description Access Reset
value
Rx endpoint NAK enable R/W 0x00

Each bit enables the corresponding RX NAK bit. If this bit is set and the
corresponding RX endpoint NAK bit is set, the NAK interrupt bit is set.

Bit 3 corresponds to endpoint 3.

Bit 1 corresponds to endpoint 1.

Bit O corresponds to endpoint 0.

reserved -

Tx endpoint NAK R/W

Each bit enables the corresponding TX NAK bit. If this bit is set and the
corresponding TX endpoint NAK bit is set, the NAK interrupt bit is set.

Bit 3 corresponds to endpoint 3.

Bit 1 corresponds to endpoint 1.
Bit O corresponds to endpoint 0.

0x00

31:20 - reserved - -
4.2.12.2 Host mode
This register is not used in host mode.
4.2.13 CONFIGFLAG register
This register is not used on the LPC314x.
Table 123. CONFIGFLAG (address 0x1900 0180) bit description
Bit Symbol R/W Reset value Description
31:0 CONFIGFLAG R 0x1 Not used in this implementation
4.2.14 Port Status and Control register (PORTSC1)
4.2.14.1 Device mode

UM10362_0

The device controller implements one port register, and it does not support power control.
Port control in device mode is used for status port reset, suspend, and current connect
status. It is also used to initiate test mode or force signaling. This register allows software

to put the PHY into low-power Suspend mode and disable the PHY clock.
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Table 124. Port Status and Control register (PRTSC1 - address 0x1900 0184) bit description - device mode

Bit Symbol
0 CCs
CsC
PE
3 PEC
5:4 -
FPR
7 SUSP
8 PR
9 HSP
11:10 LS
12 PP
13 -

UM10362_0

Value Description

Current connect status RO
Device attached.

A one indicates that the device successfully attached and is operating in
either high-speed mode or full-speed mode as indicated by the High Speed
Port bit in this register.

Device not attached

A zero indicates that the device did not attach successfully or was forcibly
disconnected by the software writing a zero to the Run bit in the USBCMD
register. It does not state the device being disconnected or suspended.

Not used in device mode -

Port enable. RO
This bit is always 1. The device port is always enabled.

Port enable/disable change RO
This bit is always 0. The device port is always enabled.

Reserved RO
Force port resume R/W

After the device has been in Suspend State for 5 ms or more, software
must set this bit to one to drive resume signaling before clearing. The
Device Controller will set this bit to one if a J-to-K transition is detected
while the port is in the Suspend state. The bit will be cleared when the
device returns to normal operation. When this bit transitions to a one
because a J-to-K transition detected, the Port Change Detect bit in the
USBSTS register is set to one as well.

Resume detected/driven on port.
No resume (K-state) detected/driven on port.

Suspend RO
In device mode, this is a read-only status bit .

Port in suspend state
Port not in suspend state

Port reset RO
In device mode, this is a read-only status bit. A device reset from the USB
bus is also indicated in the USBSTS register.

Port is in the reset state.
Port is not in the reset state.
High-speed status RO

Remark: This bit is redundant with bits [27:26] (PSPD) in this register. It is
implemented for compatibility reasons.

Host/device connected to the port is in High-speed mode.

Host/device connected to the port is not in High-speed mode.

Not used in device mode.

Not used in device mode.

Reserved -

Access

Reset
value

0
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Table 124. Port Status and Control register (PRTSC1 - address 0x1900 0184) bit description - device mode

Bit

Symbol

15:14 PIC[1:0]

19:16 PTC[3:0]

20
21
22
23

UM10362_0

WKCN
WKDC
WKOC
PHCD

Value Description

00
01
10
11

0000
0001
0010
0011
0100
0101
0110
0111

1000
to
1111

Port indicator control R/W
Writing to this field effects the value of the USB_OTG_PORT_IND_CTL
register (see Table 27-545).

Port indicators are off.
amber

green

undefined

Port test control R/W
Any value other than 0000 indicates that the port is operating in test mode.

The FORCE_ENABLE_FS and FORCE ENABLE_LS are extensions to the
test mode support specified in the EHCI specification. Writing the PTC field
to any of the FORCE_ENABLE_HS/FS/LS values will force the port into
the connected and enabled state at the selected speed. Writing the PTC
field back to TEST_MODE_DISABLE will allow the port state machines to
progress normally from that point.

TEST_MODE_DISABLE
J_STATE

K_STATE

SEO (host)/NAK (device)
Packet
FORCE_ENABLE_HS
FORCE_ENABLE_FS
invalid in device mode.
Reserved

Not used in device mode. This bit is always 0 in device mode. -
Not used in device mode. This bit is always 0 in device mode. -
Not used in device mode. This bit is always 0 in device mode. -
PHY low power suspend - clock disable (PLPSCD) R/W

In device mode, The PHY can be put into Low Power Suspend — Clock
Disable when the device is not running (USBCMD Run/Stop = 0) or the
host has signaled suspend (PORTSC SUSPEND = 1). Low power suspend
will be cleared automatically when the host has signaled resume. Before
forcing a resume from the device, the device controller driver must clear
this bit.

Writing a 1 disables the PHY clock. Reading a 1 indicates the status of the
PHY clock (disabled).

Writing a 0 enables the PHY clock. Reading a O indicates the status of the
PHY clock (enabled).

Access

Reset
value

00

0000

o O O o
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Table 124. Port Status and Control register (PRTSC1 - address 0x1900 0184) bit description - device mode

Bit Symbol  Value Description Access Reset
value
24 PFSC Port force full speed connect R/W 0
1 Writing this bit to a 1 will force the port to only connect at full speed. It

disables the chirp sequence that allows the port to identify itself as
High-speed. This is useful for testing FS configurations with a HS host, hub
or device.

0 Port connects at any speed.
25 - - reserved
27:26 PSPD Port speed RO 0
This register field indicates the speed at which the port is operating.
00 Full-speed
01 invalid in device mode
10 High-speed
31:28 - - Reserved - -
4.2.14.2 Host mode

The host controller uses one port. The register is only reset when power