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Revision history

Rev Date Description
2.2 20130125 LPC18xx user manual.
Modifications: ® GPIO group interrupt wake-up from power-down modes corrected in Section 16.3.2. Only wake-up

from sleep mode supported.
® Section 4.3.5.4.1 “Supported QSPI devices” moved to Chapter 4 “LPC18xx Boot ROM".

® SPIFI register map and register descriptions added in Chapter 19 “LPC18xx SPI Flash Interface

(SPIFI)".

® Bit description of Table 924 “CAN error counter (EC, address 0x400E 2008 (C_CANO) and 0x400A
4008 (C_CANL1)) bit description” corrected.

® Bit clock calculation and bit description corrected in Section 41.6.1.4 “CAN bit timing register”.

21 20121203 LPC18xx user manual.
® Description of ADC pins on digital/analog input pins changed. Each input to the ADC is connected to
ADCO and ADCL1. See Table 117, Table 118, Table 959, and Section 14.1.

® Description of extra status bits added to Table 498 “DMA Status register (DMA_STAT, address
0x4001 1014) bit description”.

* Use of lower SPIFI memory clarified. See Table 280 “SPIFI flash memory map”.

® Description of DAC DMA_ENA bit clarified in Table 973 “D/A Control register (CTRL - address
0x400E 1004) bit description”.

* Pseudo-code for PLL registers updated by code snippets from LPC18xx sample code in Chapter 10.
* Reset delay clock cycles explained in Section 12.4.1 “RGU reset control register”.
® Section 19.6 “Supported QSPI devices” updated.
* Part S25FL129P0XNFI01 added to the list of devices supported by the SPIFI boot ROM driver.
2 20121012 LPC18xx user manual.
Modifications: ® Statement about the connection between sampling pin P2_7 and the watchdog timer overflow bit is
incorrect and was removed in Section 44.4.1 “Sampling of pin P2_7" and Figure 164.
® |RC accuracy corrected for flash-based parts in Section 1.2.
® Description of the 12C mask registers clarified in Section 40.7.10.
® Description of the 12C slave address updated in Section 40.7.8.
® Flash-based parts LPC183x, LPC182x, LPC181x added.
® SCT alias register locations corrected in Table 578.

® SCT with dither engine added for flash-based parts. See Chapter 27 “LPC18xx State Configurable
Timer (SCT) with dither engine”.

* UART1 TER register location and bit description corrected. See Section 37.6.17.

® Section 24.6.2 “MAC Frame filter register” updated to include hash filter option.

® Section 24.7.1 “Hash filter” with examples added.

® Polarity of the DMACSYNC bit in the GPDMA SYNC register corrected (see Table 215).
® OTP API function table corrected. Location 0x1C is reserved. See Table 11.

® SPIFI data rate and maximum clock corrected to SPIFI_CLK = 104 MHz and 52 MBJ/s.
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Revision history ...continued

Rev Date Description

Modifications: 4

The following changes were made on the TFBGA180 pinout in Table 117:
— P1_13 moved from ball D6 to L8.

— P7_5 moved from ball C7 to A7.

— PF_4 moved from ball L8 to D6.

— RESET moved from ball B7 to C7.

— RTCX2 moved from ball A7 to B7.

— Ball G10 changed from VSS to VDDIO.

EMC Configuration register, bit 8 changed to reserved. See Table 292 “EMC Configuration register
(CONFIG - address 0x4000 5008) bit description”.

DMA mux control register bit descriptions corrected. See Table 39.

ETM time stamping feature not implemented. See Chapter 46 “LPC18xx JTAG, Serial Wire Debug
(SWD), and trace functions”.

Bit 0 in the RGU RESET_STATUSO (Table 105) register changed to reserved. Section 12.5.1
“Determine the cause of a core reset” added.

Micron part N25Q256 removed from the list of devices supported by the SPIFI boot ROM driver. See
Table 282 “Supported QSPI devices”.

Section 20.6.5 “Dynamic Memory Refresh Timer register” register description updated.

Description of the Motor control PWM INVDC bit updated in Table 664 “MCPWM Control read
address (CON - 0x400A 0000) bit description”.

Description of the Alarm timer PRESETVAL bit updated in Table 729 “Preset value register (PRESET
- 0x4004 0004) bit description”.

1.6 20120903 LPC18xx user manual.

Modifications: 4

CLKMODES feature removed from SCT. Bit value CLKMODE = 0x3 changed to reserved in
Table 577 “SCT configuration register (CONFIG - address 0x4000 0000) bit description”.

SSPO boot pin functions corrected in Table 12 and Table 13. Pin P3_3 = SSP0_SCK, pin P3_6 =
SSPO_SSEL, pin P3_7 = SSP0_MISO, pin P3_8 = SSP0_MOSI.

Details for GIMA clock synchronization added in Section 15.3.2.

RESET_EXT_STATUSO register removed in Chapter 12.

Reset value of BASE_SAFE_CLK register changed to R (read-only) in Table 74.

Reset delay values corrected in Figure 30 “RGU Reset structure”.

POR reset value of the event router STATUS register corrected. See Table 24 and Table 30.
USB boot mode updated: 12 MHz external crystal required. See Section 4.3.5.5.

Reset priorities for POR and CORE_RST updated in Chapter 12 “LPC18xx Reset Generation Unit
(RGU)".

Reset values updated in Table 102 “Register overview: RGU (base address: 0x4005 3000)".
IAP invoke call entry pointer clarified in Section 43.8 “IAP commands”.

EMC memory data and control lines clarified for the LQFP208 package in Table 283.

Figure 10 updated to include boot process for AES capable parts.

Editorial updates.

1.5 20120710 LPC18xx user manual.
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Revision history ...continued

Rev Date Description

Modifications: 4

Description of USB CDC device class updated in Table 449 “USBD_CDC_API class structure” and
Table 450 “USBD_CDC_INIT_PARAM class structure”.

AES only available for LPC18Sxx parts.

Table 14 “Boot image header use” added.

Section 21.11 “USB power optimization” updated.

Section 22.7.1 “Susp_CTRL module for USB1” added for USBL1.
Bank, Row, Column SDRAM addressing added in Table 307.

1.4 20120607 LPC18xx user manual.

Modifications: L

Description of CCU auto mode updated (see Section 11.5.3).

Parameter t, updated in Table 16.

Examples updated for ISP “Copy RAM to flash” and ISP “Go” commands in Table 948 and Table 952.
Syncflash removed from Chapter 20.

Parts LPC1837/33 added.

Maximum power consumption in the USB Suspended state corrected according to USB 2.0 ECN
specification (Section 21.11.1).

Programming procedure for the SDRAM mode register added in Section 20.7.5.

Clock ramp-up procedures for core clock added in Section 10.2.1.

Parameters for ISP/IAP command “Copy RAM to flash” updated (Table 951 and Table 964).
Flash accelerator register waitstate values added (see Table 40 and Table 41).

Description of ISP/IAP read part id command updated (see Table 955 and Table 967).
Description of the event router outputs updated (see Section 7.3).

LQFP100 package removed.

Part IDs corrected in Table 956; also see Errata note ES_LPC18X0_A.

1.3 20120502 LPC18xx user manual.

Modifications: 4

UM10430

Part IDs corrected in Table 955.

OTP memory bank 0 changed to reserved.

Support for AES encryption added (see Table 16; parts LPC18Sxx only).
Hardware IP checksum feature removed from ethernet block.

USB frame length adjust register added (see Table 44 and Table 45); for parts with on-chip flash
only).
Flash accelerator control registers added (see Table 39 and Table 40).

Support for SAMPLE pin added to the CREGO register (Table 35).

Read option removed from EEPROM CMD register (Table 985).

Add definition of page size in Section 43.5.

Corrected SRAM address for ISP use in Section 43.4.5.7.

Update description of bit 0 in the USBSTS_D and bit 5:0 in ENDPTCOMPLETE registers of USB0/1.
Update procedure Section 21.10.8.1.2 “Setup packet handling using the trip wire mechanism”.
TFBGA package pinout added in Chapter 13.

Timer/SCT cross-connections updated for CTOUT_1, CTOUT_4, CTOUT_5, CTOUT_9, CTOUT_10,
CTOUT_12, and CTOUT_13 in Chapter 13, Table 574, and Section 27.5.

Polarity of bit OUTSEL in the SCT EVCTRL register swapped (see Table 600).
Description of STOP_I/H bits in the SCT CTRL register updated (see Table 577).
Description of BOD wake-up corrected in Table 21.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.

User manual

Rev. 2.2 — 25 January 2013 4 of 1254



NXP Semiconductors UM10430

LPC18xx user manual

Revision history ...continued

Rev Date Description
1.2 20120329 LPC18xx user manual.
Modifications: ® Chapter 18 updated.

* EEPROM memory location corrected in Figure 5.

* EEPROM memory access explained (Section 2.3.4).

* SDRAM low-power mode removed in Chapter 20.

® Motorcontrol PWM hardware noise filtering removed.

® Description of the QEI register VEL corrected.

® |SP commands for flash parts updated in Chapter 43.

® Chapter 38 updated.

* Appendix describing parts LPC18xx Rev ‘-’ removed.

* References to parts LPC18xx Rev ‘-’ removed throughout the document.

* Remove condition RTC_ALARM = LOW on reset for entering debug mode.

® Ethernet chapter updated: PPS and auxiliary timestamp features removed.

® Chapter 34 added.

* Reset value of bit ETB in the ETBCFG register changed to one (see Table 41).
® Connection of USBO_VBUS/USB1_VBUS signals added (Section 21.5.1).

® Description of ADC GDR register updated (Section 41.6.2).

®* UART1 FIFOLVL register removed.

® Pin reset states updated in Table 113 and Table 114.

® SCT register map updated in Table 570.

® Changed maximum clock frequency for SWD and ETB access to 120 MHz in Chapter 45.
* Reduced and normal power modes removed in Chapter 9.

1.1 20111212 Preliminary LPC18xx user manual.

Modifications: ® SPIFI boot pins added to Table 12 and Table 13.
® Description of SPIFI boot mode added (Section 4.3.5.4).
® Chapter 19 added.
* PMUCON register removed in Chapter 8.
® Ethernet time stamp registers added (see Table 455).
* Reset value corrected for WWDT and CREG resets in Table 100.
* Maximum operating frequency corrected.
® Editorial updates.
® Use of SPIFI memory areas explained in Table 275.

1 20111202 Preliminary LPC18xx user manual.

Contact information

For more information, please visit: http://www.nxp.com

For sales office addresses, please send an email to: salesaddresses@nxp.com

UM10430 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.

User manual Rev. 2.2 — 25 January 2013 5 of 1254




UM10430

Chapter 1: LPC18xx Introductory information
Rev. 2.2 — 25 January 2013 User manual

1.1 Introduction

1.2 Features

The LPC18xx are ARM Cortex-M3 based microcontrollers for embedded applications.
The ARM Cortex-M3 is a next generation core that offers system enhancements such as
low power consumption, enhanced debug features, and a high level of support block
integration.

The LPC18xx operate at CPU frequencies of up to 180 MHz. The ARM Cortex-M3 CPU
incorporates a 3-stage pipeline and uses a Harvard architecture with separate local
instruction and data buses as well as a third bus for peripherals. The ARM Cortex-M3
CPU also includes an internal prefetch unit that supports speculative branching.

The LPC18xx include up to 200 kB of on-chip SRAM data memory (flashless parts) or up
to 136 kB of on-chip SRAM and up to 1 MB of flash (parts with on-chip flash), a quad SPI
Flash Interface (SPIFI), a State Configurable Timer (SCT) subsystem, two High-speed
USB controllers, Ethernet, LCD, an external memory controller, and multiple digital and
analog peripherals.

Remark: This user manual describes parts LPC1850/30/20/10 (flashless parts) and the
flash-based LPC18xx parts.

UM10430

* Processor core
— ARM Cortex-M3 processor, running at frequencies of up to 180 MHz.
— ARM Cortex-M3 built-in Memory Protection Unit (MPU) supporting eight regions.
— ARM Cortex-M3 built-in Nested Vectored Interrupt Controller (NVIC).
— Non-maskable Interrupt (NMI) input.
— JTAG and Serial Wire Debug, serial trace, eight breakpoints, and four watch points.
— ETM and ETB support.
— System tick timer.

* On-chip memory (flashless parts LPC1850/30/20/10)
— Up to 200 kB SRAM total for code and data use.

— Two 32 kB SRAM blocks with separate bus access. Both SRAM blocks can be
powered down individually.

— 64 kB ROM containing boot code and on-chip software drivers.
— 32 bit One-Time Programmable (OTP) memory for general-purpose customer use.

* On-chip memory (parts with on-chip flash)
— Up to 1 MB total dual bank flash memory with flash accelerator.

— In-System Programming (ISP) and In-Application Programming (IAP) via on-chip
boot loader software.

— Up to 136 kB SRAM for code and data use.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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Two 32 kB SRAM blocks with separate bus access. Both SRAM blocks can be
powered down individually.

64 kB ROM containing boot code and on-chip software drivers.
32 bit One-Time Programmable (OTP) memory for general-purpose customer use.

Clock generation unit

Crystal oscillator with an operating range of 1 MHz to 25 MHz.

12 MHz internal RC oscillator trimmed to 1 % (flashless parts) or 2 % (flash-based
parts) accuracy.

Ultra-low power RTC crystal oscillator.

Three PLLs allow CPU operation up to the maximum CPU rate without the need for
a high-frequency crystal. The second PLL is dedicated to the High-speed USB, the
third PLL can be used as audio PLL.

Clock output.

Serial interfaces:

Quad SPI Flash Interface (SPIFI) with 1-, 2-, or 4-bit data at rates up to 52 MB per
second.

10/100T Ethernet MAC with RMII and MiII interfaces and DMA support for high
throughput at low CPU load. Support for IEEE 1588 time stamping/advanced time
stamping (IEEE 1588-2008 v2).

One High-speed USB 2.0 Host/Device/OTG interface with DMA support and
on-chip PHY.

One High-speed USB 2.0 Host/Device interface with DMA support, on-chip
full-speed PHY and ULPI interface to external high-speed PHY.

USB interface electrical test software included in ROM USB stack.

Four 550 UARTs with DMA support: one UART with full modem interface; one
UART with IrDA interface; three USARTSs support synchronous mode and a smart
card interface conforming to ISO7816 specification.

Two C_CAN 2.0B controllers with one channel each.

Two SSP controllers with FIFO and multi-protocol support. Both SSPs with DMA
support.

One Fast-mode Plus I2C-bus interface with monitor mode and with open-drain 1/0
pins conforming to the full 12C-bus specification. Supports data rates of up to
1 Mbit/s.

One standard 12C-bus interface with monitor mode and standard I/O pins.
Two 12S interfaces with DMA support, each with one input and one output.

Digital peripherals:

External Memory Controller (EMC) supporting external SRAM, ROM, NOR flash,
and SDRAM devices.

LCD controller with DMA support and a programmable display resolution of up to
1024H x 768V. Supports monochrome and color STN panels and TFT color
panels; supports 1/2/4/8 bpp CLUT and 16/24-bit direct pixel mapping.

SD/MMC card interface.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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— Eight-channel General-Purpose DMA (GPDMA) controller can access all
memories on the AHB and all DMA-capable AHB slaves.

— Up to 164 General-Purpose Input/Output (GPIO) pins with configurable
pull-up/pull-down resistors and open-drain modes.

— GPIO registers are located on the AHB for fast access. GPIO ports have DMA
support.

— State Configurable Timer (SCT) subsystem on AHB.

— Four general-purpose timer/counters with capture and match capabilities.
— One motor control PWM for three-phase motor control.

— One Quadrature Encoder Interface (QEI).

— Repetitive Interrupt timer (RI timer).

— Windowed watchdog timer.

— Ultra-low power Real-Time Clock (RTC) on separate power domain with 256 bytes
of battery powered backup registers.

— Event recorder with 3 inputs to record event identification and event time; can be
battery powered. The event recorder is available on parts with on-chip flash only.

— Alarm timer; can be battery powered.

Digital peripherals available on flash-based parts LPC18xx only:
— Event monitor in the RTC power domain.

Analog peripherals:
— One 10-bit DAC with DMA support and a data conversion rate of 400 kSamples/s.
— Two 10-bit ADCs with DMA support and a data conversion rate of 400 kSamples/s.

Security (LPC18Sxx parts only):

— Hardware-based AES security engine programmable through an on-chip API.
— Two 128 bit secure OTP memories for AES key storage and customer use.

— Random number generator (RNG) accessible through AES API.

Unique ID for each device.

Power:

— Single 3.3V (2.2 V to 3.6 V) power supply with on-chip internal voltage regulator
for the core supply and the RTC power domain.

— RTC power domain can be powered separately by a 3 V battery supply.

— Four reduced power modes: Sleep, Deep-sleep, Power-down, and Deep
power-down.

— Processor wake-up from Sleep mode via wake-up interrupts from various
peripherals.

— Wake-up from Deep-sleep, Power-down, and Deep power-down modes via
external interrupts and interrupts generated by battery powered blocks in the RTC
power domain.

— Brownout detect with four separate thresholds for interrupt and forced reset.
— Power-On Reset (POR).

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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¢ Available as 144-pin and 208-pin LQFP packages and as 100-pin, 180-pin, and

256-pin LBGA packages.

1.3 Ordering information (flashless parts LPC1850/30/20/10)

Table 1.

Ordering information

Type number Package

Name ‘Description Version
LPC1850FET256 LBGA256 Plastic low profile ball grid array package; 256 balls; body 17 x 17 x 1 mm SOT740-2
LPC1850FET180 TFBGA180 Thin fine-pitch ball grid array package; 180 balls SOT570-3
LPC1850FBD208 LQFP208 Plastic low profile quad flat package; 208 leads; body 28 x 28 x 1.4 mm SOT459-1
LPC1830FET256 LBGA256 Plastic low profile ball grid array package; 256 balls; body 17 x 17 x 1 mm SOT740-2
LPC1830FET180 TFBGA180 Thin fine-pitch ball grid array package; 180 balls SOT570-3
LPC1830FET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
LPC1830FBD144 LQFP144  Plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1
LPC1820FET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
LPC1820FBD144 LQFP144  Plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1
LPC1810FET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
LPC1810FBD144 LQFP144  Plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1
Table 2. Ordering options (flashless parts)
Type number Total LCD Ethernet USBO USB1 ADC PWM  QEI GPIO Package

SRAM (Host, (Host, channels

Device, Device)/
OTG) ULPI
interface

LPC1850FET256 200kB yes yes yes yeslyes 8 yes yes 164 LBGA256
LPC1850FET180 200kB yes yes yes yeslyes 8 yes yes 118 TFBGA180
LPC1850FBD208 200kB yes yes yes yeslyes 8 yes yes 142 LQFP208
LPC1830FET256 200kB no yes yes yeslyes 8 yes yes 164 LBGA256
LPC1830FET180 200kB no yes yes yeslyes 8 yes yes 118 TFBGA180
LPC1830FET100 200kB no yes yes yes/no 4 no no 49 TFBGA100
LPC1830FBD144 200kB no yes yes yes/no 8 yes no 83 LQFP144
LPC1820FET100 168 kB no no yes no 4 no no 49 TFBGA100
LPC1820FBD144 168 kB no no yes no 8 yes no 83 LQFP144
LPC1810FET100 136 kB no no no no 4 no no 49 TFBGA100
LPC1810FBD144 136 kB no no no no 8 yes no 83 LQFP144
UM10430 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. Al rights reserved.
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1.4 Ordering information (parts with on-chip flash)

Table 3.  Ordering information (parts with on-chip flash)
Type number Package

Name Description Version
LPC1857FET256 LBGA256 Plastic low profile ball grid array package; 256 balls; body 17 x 17 x 1 mm SOT740-2
LPC1857JET256 LBGA256 Plastic low profile ball grid array package; 256 balls; body 17 x 17 x 1 mm SOT740-2
LPC1857JBD208 LQFP208 Plastic low profile quad flat package; 208 leads; body 28 x 28 x 1.4 mm SOT459-1
LPC1853FET256 LBGA256 Plastic low profile ball grid array package; 256 balls; body 17 x 17 x 1 mm SOT740-2
LPC1853JET256 LBGA256 Plastic low profile ball grid array package; 256 balls; body 17 x 17 x 1 mm SOT740-2
LPC1853JBD208 LQFP208 Plastic low profile quad flat package; 208 leads; body 28 x 28 x 1.4 mm SOT459-1
LPC1837FET256 LBGA256 Plastic low profile ball grid array package; 256 balls; body 17 x 17 x 1 mm SOT740-2
LPC1837JET256 LBGA256 Plastic low profile ball grid array package; 256 balls; body 17 x 17 x 1 mm SOT740-2
LPC1837JBD144 LQFP144 Plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1
LPC1837JET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
LPC1833FET256 LBGA256 Plastic low profile ball grid array package; 256 balls; body 17 x 17 x 1 mm SOT740-2
LPC1833JET256 LBGA256 Plastic low profile ball grid array package; 256 balls; body 17 x 17 x 1 mm SOT740-2
LPC1833JBD144 LQFP144 Plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1
LPC1833JET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
LPC1827JBD144 LQFP144 Plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1
LPC1827JET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
LPC1825JBD144 LQFP144 Plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1
LPC1825JET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
LPC1823JBD144 LQFP144 Plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1
LPC1823JET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
LPC1822JBD144 LQFP144 Plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1
LPC1822JET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
LPC1817JBD144 LQFP144 Plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1
LPC1817JET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
LPC1815JBD144 LQFP144 Plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1
LPC1815JET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
LPC1813JBD144 LQFP144 Plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1
LPC1813JET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
LPC1812JBD144 LQFP144 Plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1
LPC1812JET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
UM10430 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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Table 4.  Ordering options (parts with on-chip flash)
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LPC1857FET256 1MB 512kB 512kB 136kB yes yes yes yeslyes yes yes 8 F 164
LPC1857JET256 1MB 512kB 512kB 136kB yes yes yes yeslyes yes yes 8 J 164
LPC1857JBD208 1MB 512kB 512kB 136kB yes yes yes yeslyes yes yes 8 J 142
LPC1853FET256 512kB 256 kB 256 kB 136 kB yes yes yes yeslyes yes yes 8 F 164
LPC1853JET256 512kB 256 kB 256 kB 136kB yes yes yes yeslyes yes yes 8 J 164
LPC1853JBD208 512kB 256 kB 256 kB 136kB yes yes yes yeslyes yes yes 8 J 142
LPC1837FET256 1MB 512kB 512kB 136kB no yes yes yeslyes yes yes 8 F 164
LPC1837JET256 1MB 512kB 512kB 136kB no yes yes yeslyes yes yes 8 J 164
LPC1837JBD144 1MB 512kB 512kB 136 kB no yes yes yes/lyes yes no 8 J 83
LPC1837JET100 1MB 512kB 512kB 136kB no yes yes yeslyes no no 4 ] 49
LPC1833FET256 512kB 256 kB 256 kB 136 kB no yes yes yeslyes yes yes 8 F 164
LPC1833JET256 512kB 256 kB 256 kB 136 kB no yes yes yeslyes yes yes 8 J 164
LPC1833JBD144 512kB 256 kB 256 kB 136 kB no yes yes yesl/lyes yes no 8 J 83
LPC1833JET100 512kB 256 kB 256 kB 136 kB no yes yes yeslyes no no 4 ] 49
LPC1827JBD144 1MB 512kB 512kB 136 kB no no yes no/ho yes no 8 J 83
LPC1827JET100 1MB 512kB 512kB 136kB no no yes no/no no no 4 ] 49
LPC1825JBD144 768 kB 384kB 384kB 136kB no no yes no/ho yes no 8 J 83
LPC1825JET100 768kB 384kB 384kB 136kB no no yes no/no no no 4 J 49
LPC1823JBD144 512kB 256 kB 256 kB 104 kB no no yes no/ho yes no 8 J 83
LPC1823JET100 512kB 256 kB 256 kB 104 kB no no yes no/no no no 4 ] 49
LPC1822JBD144 512kB 512kB O0kB 104 kB no no yes no/ho yes no 8 J 83
LPC1822JET100 512kB 512kB O0kB 104 kB no no yes no/no no no 4 ] 49
LPC1817JBD144 1MB 512kB 512kB 136kB no no no no/no yes no 8 J 83
LPC1817JET100 1MB 512kB 512kB 136kB no no no no/no  no no 4 J 49
LPC1815JBD144 768 kB 384kB 384kB 136kB no no no no/no yes no 8 J 83
LPC1815JET100 768 kB 384kB 384kB 136kB no no no no/no  no no 4 J 49
LPC1813JBD144 512kB 256 kB 256 kB 104 kB no no no no/no yes no 8 J 83
LPC1813JET100 512kB 256 kB 256 kB 104 kB no no no no/no  no no 4 J 49
LPC1812JBD144 512kB 512kB O0kB 104 kB no no no no/no yes no 8 J 83
LPC1812JET100 512kB 512kB O0kB 104 kB no no no no/no  no no 4 J 49

[1] J=-40°Cto+105°C;F=-40°Cto +85°C.
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1.5 Block diagram (flashless parts LPC1850/30/20/10)

SWD/TRACE PORT/JTAG

HIGH-SPEED PHY

)

29p0o-|

\JU
c
w

UU
c
[

UU
c
[

8apoo-q
wo)sAs

TEST/DEBUG
INTERFACE ETHERNET( || HIGH-
10/100 SPEED 1 ys1(1)
. DMA MAC usBoM 1 Viosts || Lot sD/
IEEE 1588 || HOST/ [ pevice MMC
CORTEX-M3 DEVICE/
oTG

U

U

LPC1850/30/20/10

U U masters

AHB MULTILAYER MATRIX

slaves

<:d

|

= connected to DMA

ﬁ ]j ﬁ ﬁ slaves | SPIFI |
| BrRIDGEO || BRIDGE1 || BRIDGE2 || BRIDGE3 | [ BRIDGE | | BRIDGE | | EMC |
H H _____ 1\/[_ _____ [ esxsrROM |
| wwor | JMoToR, [ RTver || et || cou |: | ALARMTIMER |E 64/96 kB LOCAL SRAM
| USARTO | pwm | [ usart2 | [ 10-bitbac | [ ccur |1| BackupRecisTERs |1 [ 40KBLOCAL SRAM
|
[ uvarTs | [ usarts || ccano || ccuz |: [PowER MODE CONTROLl: 16/32 kB AHB SRAM
1
| 2s0 | [ miverz | [ 1ositanco | [ Rreu |'| conFeuraTON |r| - ieKBF
REGISTERS I
| st | [ mmers | [ 1obitapct | ! [ evenrrourer |: | — |
l comi || ssei | ! [ orpmEmORY |: | HS GPIO |
) ! I
ey = '[ rc | RrcOsc |!] scT |
: :
interrupts 1 | 12 MHz IRC | |
! 1
e | _ Frcrowenoou
GPIO GROUP1
interrupt

AES available on LPC18Sxx parts only.

002aaf218

Fig 1. LPC18xx Block diagram (flashless parts)
UM10430 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
User manual Rev. 2.2 — 25 January 2013 12 of 1254



NXP Semiconductors

UM10430

Chapter 1: LPC18xx Introductory information

1.6 Block diagram (parts with on-chip flash)

SWD/TRACE PORT/JTAG

HIGH-SPEED PHY

)

64 kB ROM

32 kB LOCAL SRAM

40 kB LOCAL SRAM

LPC185x/3x
TEST/DEBUG
INTERFACE ETHERNET(")
GPDMA 10/100
ARM MAC
IEEE 1588
CORTEX-M3

jon
c
"

8poo-q
wo)sAs

—

Uo-
c
"

—
sng
8p0o-|

HIGH-
SPEE? usB1(1)
usBo()

HOST/
HOST/ 1 pevice
DEVICE/
oTG

Lcp SD/

MMC

32 kB AHB SRAM

16 kB +
16 kB AHB SRAM

EEPROM

Ul

U mastersU

AHB MULTILAYER MATRIX

512/256 kB FLASH A(1)

512/256 kB FLASH B(1)

slaves

SCU

GPIO PIN
INTERRUPTS

GPIO GROUPO
INTERRUPT

GPIO GROUP1
INTERRUPT

|

GIMA

= connected to DMA

C[ H ]j C[ slaves | SPIFI |
| BrIDGEO |[ BRIDGE1 |[ BRIDGE2 || BRIDGE3 || BRIDGE | [ BRIDGE | | EMC |
]:[ ]:[ , R L\/[ _____ N AES |
| WWDT | Cl\(/)l%ggl_ | RI TIMER | | 12C1 | | cGU ||| ALARM TIMER |: | TS GPIo |
PWM(1) | USART2 | | 10-bit DAC | | ccut |: | BACKUP REGISTERS || | rpees |
1
| UART1 | [ usarts |[ ccano || ccuz |: [PowER MODE CONTROL|:
| so | [ mmerz | [ 1ositanco | [ reu |'[ conFicuraTion |t
! REGISTERS !
| ?st | [ mimers | [ 10witanct | ' !
| EVENTROUTER |1
l o.cant_| [IEERI I OTP MEMORY I

:| RTC |« RTcoOsC |:

12 MHz IRC

1
EVENT RECORDER | 1

1
RTC POWER DOMAIN

Fig 2.

AES available on LPC18Sxx parts only.
(1) Not available on all parts (see Table 4).

LPC185x/3x block diagram (parts with on-chip flash)
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2.1 How to read this chapter

The following peripherals and memory blocks are only available on selected parts and are
reserved otherwise:

* Ethernet: available only on LPC185x/3Xx.

¢ USBO: available only on LPC185x/3x/2x.

* USBLI: available only on LPC185x/3x.

¢ LCD: available only on parts LPC185x.

* SRAM: see Table 5.

* Flash: see Table 6.

2.2 Basic configuration

In the CREG block (see Table 44), select the interface to access the 16 kB block of RAM
located at address 0x2000 C000. This RAM memory block can be accessed either by the
Embedded Trace Buffer (ETB), or it can be used as normal SRAM on the AHB bus.

Remark: When the ETB is used, the 16 kB memory space at 0x2000 CO00 must not be
used by any other process.

2.3 Memory configuration

2.3.1 On-chip static RAM

The LPC18xx support up to 136 kB SRAM (parts with on-chip flash) or up to 200 kB
SRAM (flashless parts LPC1850/30/20/10) with separate bus master access for higher
throughput and individual power control for low power operation (see Figure 7 and

Figure 8).

When the Embedded Trace Buffer is used (see ETBCFG register, Table 44), the 16 kB
memory space at 0x2000 C000 must not be used by any other process.

UM10430 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
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2.3.2

2.3.3

Table 5. LPC18xx SRAM configuration

Chapter 2: LPC18xx Memory mapping

Part

LPC1850
LPC1830
LPC1820
LPC1810
LPC185x
LPC183x
LPC1827
LPC1825
LPC1823
LPC1822
LPC1817
LPC1815
LPC1813
LPC1812

Local SRAM Local SRAM
(11

o o

o o

o o

o o

o e}

o o

o o

— —

x X

o o

96 kB 40 kB

96 kB 40 kB

96 kB 40 kB

64 kB 40 kB

32 kB 40 kB

32 kB 40 kB

32 kB 40 kB

32 kB 40 kB

32 kB 40 kB

32 kB 40 kB

32 kB 40 kB

32 kB 40 kB

32 kB 40 kB

32 kB 40 kB

32 kB

0x2000 8000

16 kB

Figure 3
Figure 3
Figure 3
Figure 3
Figure 5
Figure 5
Figure 5
Figure 5
Figure 5
Figure 5
Figure 5
Figure 5
Figure 5
Figure 5

[1] Top 8 kB at 0x1008 8000 remain powered on in Sleep, Deep-sleep, and Power-down modes (see

Table 49).

[2] To configure SRAM for AHB or ETB access, see Table 44.

Bit banding

Bit-banding offers efficient bit accesses. Bits in the bit-band region (0x2000 0000 to
0x2010 0000 and 0x4000 0000 to 0x40100000) can be accessed in the so-called alias
region at 0x2200 0000 and 0x4200 0000. Reads return the respective bit from the
bit-band region. Writes perform an atomic read-modify-write on the respective bit of the
bit-band region. For details, see the ARM Cortex-M3 technical reference manual.

Remark: Bit banding can not be used with the MAC_RWAKE_FRFLT register (see
Section 24.6.10).

Remark: Although the EEPROM is mapped in a bit-banding capable region, attempts to
write access the EEPROM in the bit-banding aliased memory space will not result in a bit

write

On-chip f

lash

The available flash configuration for the LPC185x/3x/2x/1x is shown in Table 6. An
integrated flash accelerator maximizes performance for use with the two fast AHB buses.
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The flash memory interface includes an intelligent buffering scheme. It can be beneficial
to locate code and static data over the two flash memories to enable parallel code and
data access or to avoid that interrupts corrupt buffer content. The buffers are aligned on
32-byte boundaries.

Table 6.  LPC185x/3x/2x/1x Flash configuration
Part Flash bank A Flash bank A Flash bank A Flash bank B Flash bank B Flash bank B Total flash
256 kB 128 kB 128 kB 256 kB 128 kB 128 kB
0x1A00 0000 0Ox1A04 000 0x1A0 6000 0x1B00 0000 0x1B04 000 0x1B0 6000
LPC18x7 vyes yes yes yes yes yes 1 MB
LPC18x5 vyes yes no yes yes no 768 kB
LPC18x3 yes no no yes no no 512 kB
LPC18x2 vyes yes yes no no no 512 kB
2.3.4 On-chip EEPROM
The LPC185x/3x parts with flash also include a 16 kB EEPROM. The EEPROM is divided
into 128 pages. The last EEPROM page is protected.
2.3.5 Memory retention in the Power-down modes
In Deep-sleep mode, all SRAM content is retained. At wake-up the system can restart
immediately.
In Power-down mode, only the top 8 kB of SRAM block starting at 0x1008 0000 is retained
- that is the upper 8 kB of the SRAM block starting at 0x1008 8000. All other SRAM
content is lost. Common practice is to store the stack and other variables that need to be
retained in this 8 kB memory space as well as code to restart the rest of the system.
In Deep power-down mode, no SRAM content is retained. Variables that need to be
retained in deep power down can be stored in the 256-byte register file located in the RTC
domain at 0x4004 1000.
2.3.6 Memory Protection Unit (MPU)

UM10430

The MPU is a integral part of the ARM Cortex-M3 for memory protection and supported by
all LPC18xx parts. The processor supports the standard ARMv7 Protected Memory
System Architecture model. The MPU provides full support for:

* protection regions

¢ overlapping protection regions, with ascending region priority (7 = highest priority, 0 =
lowest priority)

® access permissions
* exporting memory attributes to the system
MPU mismatches and permission violations invoke the programmable-priority

MemManage fault handler. See the ARMv7-M Architecture Reference Manual for more
information.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.

User manual

Rev. 2.2 — 25 January 2013 16 of 1254



NXP Semiconductors UM10430

Chapter 2: LPC18xx Memory mapping

The access permission bits, TEX, C, B, AP, and XN, of the Region Access Control
Register control access to the corresponding memory region. If an access is made to an
area of memory without the required permissions, a permission fault is raised. For more
information, see the ARMv7-M Architecture Reference Manual.

The MPU is used to enforce privilege rules, to separate processes, and to enforce access
rules. For details on how to use the MPU and for the register description refer to the ARM
Cortex-M3 Technical Reference Manual.
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2.4 Memory map (flashless parts LPC1850/30/20/10)

LPC1850/30/20/10
4GB OXFFFF FFFF

L L

reserved

0xE010 0000

ARM private bus 0XE000 0000

J° 0x8800 0000
0x8000 0000
0x7000 0000
0x6000 0000

reserved
SPIFI data
256 MB dynamic external memory DYCS3

256 MB dynamic external memory DYCS2

reserved " 0x4400 0000

0x4200 0000

peripheral bit band alias region

reserved 0x4010 2000

reserved 0x4010 1000

reserved 0x4010 0000

reserved ] 0x400F 8000

high-speed GPIO Ox400F 4000

reserved " Ox400F 2000

reserved Ox400F 1000

reserved 0x400F 0000

APB peripherals #3 Ox400E 0000

reserved ] 0x400D 0000

APB peripherals #2 0x400C 0000

0x2000 0000 E reserved _1° 0x400B 0000

0x1F00 0000 |16 MB_static external memory CS3 ] APB peripherals #1 | 0x400A 0000

0x1E00 0000 16 MB static external memory CS2 S reserved hE 0x4009 0000

0x1D00 0000 16 MB static external memory CS1 APB peripherals #0 O0x4008 0000

0x1C00 0000 16 MB static external memory CSO NS reserved L 034006 0000
. clocking/reset peripherals

: reserved T RTC domain peripherals 0x4005 0000

0x1800 0000 . - 0x4004 0000

0x1400 0000 64 MB SPIFI data S reserved T ox4001 2000

1GB AHB peripherals 0x4000 0000

reserved S 256 MB dynamic external memory DYCS1 0x3000 0000

128 MB dynamic external memory DYCSO0
0x1041 0000 0x2800 0000

0x1040 0000 64 kB ROM reserved .
R 0x2400 0000
0x1008 A0 reserved 32 MB AHB SRAM bit banding
32 kB + 8 kB local SRAM 0x2200 0000
(LPC1850/30/20/10) reserved
reserved 16 kB AHB SRAM (LPC1850/30/20/10)

0x2000 C000
0x2000 8000

0x1001 8000

32 kB local SRAM (LPC1850/30/20) 16 kB AHB SRAM (LPC1850/30)

16 kB AHB SRAM (LPC1850/30)

0x1001 0000

64 kB local SRAM 0x2000 4000

0x1008 0000 ! 3 _1° 0x2001 0000

(LPC1850/30/20/10) 16 kB AHB SRAM (LPC1850/30/20/10) 0x2000 0000

Oxto000000 L 1J . . local SRAM/
external static memory banks 0x1000 0000
0GB 256 MB shadow area 0x0000 0000

002aaf228

Fig 3. System memory map - flashless parts LPC1850/30/20/10 (see Figure 4 for detailed addresses of all
peripherals)
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0x400F 0000
0x400E 5000
0x400E 4000
0x400E 3000
0x400E 2000
0x400E 1000
0x400E 0000
0x400C 8000
0x400C 7000
0x400C 6000
0x400C 5000
0x400C 4000
0x400C 3000
0x400C 2000
0x400C 1000
0x400C 0000
0x400B 0000
0x400A 5000
0x400A 4000
0x400A 3000
0x400A 2000
0x400A 1000
0x400A 0000
0x4008 A000
0x4008 9000
0x4008 8000
0x4008 7000
0x4008 6000
0x4008 5000
0x4008 4000
0x4008 3000
0x4008 2000

0x4008 1000
0x4008 0000

Fig 4.

reserved

ADC1

ADCO

LPC1850/30/20/10

APB3
peripherals

C_CANO

DAC

12C1

GIMA

QEI

SSP1

timer3

timer2

USART3

USART2

RI timer

reserved

C_CANT1

1281

APB2
peripherals

-
APB1
peripherals

12S0

12C0

motor control PWM

GPIO GROUP1 interrupt

GPIO GROUPO interrupt

GPIO interrupts

SCU

timer1

timer0

SSPO

UART1 w/ modem

USARTO

WWDT

APBO
peripherals
.

il

external memories and
ARM private bus

reserved

peripheral bit band alias region

reserved

reserved

T 0x4010 2000

reserved

reserved

* 0x400F 8000

high-speed GPIO

reserved

_J° 0x400F 2000

reserved

reserved

APB3 peripherals

reserved

) 0x400D 0000

APB2 peripherals

reserved

] 0x400B 0000

APB1 peripherals

reserved

* 0x4009 0000

APBO peripherals

reserved

" 0x4006 0000

clocking/reset peripherals

RTC domain peripherals

reserved

AHB peripherals

SRAM memories
external memory banks

OXFFFF FFFF

0x6000 0000

" 0x4400 0000

clocking
reset control
peripherals

0x4200 0000

0x4010 1000
0x4010 0000

0x400F 4000

0x400F 1000
0x400F 0000
0x400E 0000

RTC domain
peripherals

0x400C 0000

0x400A 0000

0x4008 0000

0x4005 0000
0x4004 0000 AHB

NS peripherals
0x4001 2000

0x4000 0000

0x0000 0000

reserved

RGU

CCcu2

CCu1

CaGu

reserved

RTC

OTP controller

event router

CREG

power mode control

backup registers

alarm timer

ethernet

reserved

LCD

UsB1

USBO

EMC

SD/MMC

SPIFI

DMA

reserved

SCT

Memory map with peripherals - flashless parts LPC1850/30/20/10 (see Figure 3 for detailed addresses of memory blocks)

0x4006 0000
0x4005 4000

0x4005 3000
0x4005 2000
0x4005 1000
0x4005 0000

0x4004 7000
0x4004 6000
0x4004 5000
0x4004 4000
0x4004 3000
0x4004 2000
0x4004 1000
0x4004 0000
0x4001 2000
0x4001 0000
0x4000 9000
0x4000 8000
0x4000 7000
0x4000 6000
0x4000 5000
0x4000 4000
0x4000 3000
0x4000 2000
0x4000 1000
0x4000 0000

002aaf229
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2.5 Memory map (parts with on-chip flash)

Memory mapping

0x2000 0000
0x1F00 0000
0x1E00 0000
0x1D00 0000

0x1C00 0000

0x1B08 0000

0x1B04 0000

0x1B00 0000

0x1A08 0000

0x1A04 0000

0x1A00 0000

0x1800 0000

4GB

16 MB static external memory CS3

16 MB static external memory CS2

16 MB static external memory CS1

16 MB static external memory CSO

reserved

256 kB flash B

256 kB flash B

reserved

256 kB flash A

256 kB flash A

reserved

LPC18xx

OXFFFF FFFF

reserved

0xE010 0000

ARM private bus

0xE000 0000

reserved

_J° 0x8800 0000

SPIFI data

0x8000 0000

256 MB dynamic external memory DYCS3

0x7000 0000

256 MB dynamic external memory DYCS2

0x6000 0000

reserved

" 0x4400 0000

peripheral bit band alias region

0x4200 0000

reserved
0x4010 2000
reserved 0x4010 1000
reserved 0x4010 0000
reserved Y 0x400F 8000
high-speed GPIO 0x400F 4000
;:zz"rv":: " 0x400F 2000
0x400F 1000
reserved 0x400F 0000
APB peripherals #3 —|  0x400E 0000
reserved Y 0x400D 0000
APB peripherals #2 0x400C 0000

reserved

)° 0x400B 0000

APB peripherals #1

reserved

0x400A 0000
* 0x4009 0000

APB peripherals #0

0x4008 0000

reserved

* 0x4006 0000

clocking/reset peripherals

0x4005 0000

RTC domain peripherals

0x4004 0000

reserved

) 0x4001 2000

AHB peripherals

3 1GB 0x4000 0000
0x1400 0000 64 MB SPIF| data 3 256 MB dynamic external memory DYCS1 0x3000 0000
R reserved | 128 MB dynamic external memory DYCS0
0x1041 0000 : 0x2800 0000
0x1040 0000 64 kB ROM | reserved .
0x1008 A000 - reserved } 0x2400 0000
! 32 MB AHB SRAM bit banding
32 kB + 8 kB local SRAM : 0x2200 0000
0x1008 0000 ! reserved AN
! * 0x2004 4000
reserved } 16 kB EEPROM memory 0x2004 0000
0x1000 8000 } reserved “Y° 0x2001 0000
! 4 x 16 kB AHB SRAM
32 kB local SRAM | 0x2000 0000
0x1000 0000 L local SRAM/
external static memory banks 0x1000 0000
0GB 256 MB shadow memory area 0x0000 0000
Fig 5. System memory map - parts with on-chip flash (overview)
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0x400F 0000
0x400E 5000
0x400E 4000
0x400E 3000
0x400E 2000
0x400E 1000
0x400E 0000
0x400C 8000
0x400C 7000
0x400C 6000
0x400C 5000
0x400C 4000
0x400C 3000
0x400C 2000
0x400C 1000

0x400C 0000
0x400B 0000
0x400A 5000
0x400A 4000
0x400A 3000
0x400A 2000
0x400A 1000
0x400A 0000
0x4008 A000
0x4008 9000
0x4008 8000
0x4008 7000
0x4008 6000
0x4008 5000
0x4008 4000
0x4008 3000
0x4008 2000
0x4008 1000
0x4008 0000

LPC18xx
reserved
ADC1 AF;B:S | l external memories and l
ADCO peripherals ) ARM private bus )
C_CANO
DAC reserved
12C1 peripheral bit band alias region
reserved
GIMA reserved
QEI reserved
SSP1 APB2 reserved
- peripherals
timer3 - high-speed GPIO
timer2 reserved
USART3
reserved
USART2
reserved
RI timer o APB3 peripherals
reserved reserved
— APB2 peripherals
C_CAN1 APB1 perip
1251 peripherals reserved
1280 APB1 peripherals
12C0 5
motor control PWM [eserve
APBO peripherals
GPIO GROUP1 interrupt reserved
GPIO GROUPO interrupt clocking/reset peripherals
GPIO interrupts RTC domain peripherals
SCU
APBO reserved
timer1 peripherals
- I AHB peripherals
timer0
SSPO SRAM, flash, EEPROM memories
external memory banks
UART1 w/ modem
USARTO 256 MB memory shadow area
WWDT

(1) Not available on all parts (see Table 4).

Fig 6.

1 0x4010 2000

" 0x400F 8000

_J° 0x400F 2000

¥ 0x400D 0000

J* 0x400B 0000

* 0x4009 0000

* 0x4006 0000

Memory mapping - parts with on-chip flash (peripherals)

OXFFFF FFFF

0x6000 0000

* 0x4400 0000

0x4200 0000

0x4010 1000
0x4010 0000

0x400F 4000

0x400F 1000
0x400F 0000
0x400E 0000

0x400C 0000

0x400A 0000

0x4008 0000

0x4005 0000

~0x4004 0000
* 0x4001 2000

0x4000 0000

0x1000 0000

0x0000 0000

clocking
reset control
peripherals

RTC domain
peripherals

AHB
peripherals

reserved

RGU

CCu2

CCuU1

CGU

reserved

RTC/event recoder

OTP controller

event router

CREG

power mode control

backup registers

alarm timer

ethernet

reserved

EEPROM controller

flash B controller

flash A controller

reserved

LCD

USB1

USBO

EMC

SD/MMC

SPIFI

DMA

reserved

SCT

0x4006 0000
0x4005 4000

0x4005 3000
0x4005 2000
0x4005 1000
0x4005 0000

0x4004 7000
0x4004 6000
0x4004 5000
0x4004 4000
0x4004 3000
0x4004 2000
0x4004 1000
0x4004 0000
0x4001 2000
0x4001 0000
0x4000 FO00

0x4000 E000
0x4000 DO0O

0x4000 C000
0x4000 9000
0x4000 8000
0x4000 7000
0x4000 6000
0x4000 5000
0x4000 4000
0x4000 3000
0x4000 2000
0x4000 1000
0x4000 0000
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2.6 AHB multilayer matrix configuration

UM10430

The multilayer AHB matrix enables all bus masters to access any embedded memory as
well as external SPI flash memory connected to the SPIFI interface. When two or more
bus masters try to access the same slave, a round robin arbitration scheme is used; each
master takes turns accessing the slave in circular order. The access length is determined
by the burst access length of the master. For the CPU, the burst size is 1, for the GPDMA,
the burst size can be up to 8. To optimize CPU performance, low-latency code should be
stored in a memory that is not accessed by other bus masters, especially masters that use
a long burst size.

To optimize the CPU performance the ARM Cortex-M3 has three buses for Instruction
(code) (I) access, Data (D) access, and System (S) access. The |- and D-bus access
memory space is located below 0x2000 0000, the S-bus accesses the memory space
starting from 0x2000 0000. When instructions and data are kept in separate memories,
then code and data accesses can be done in parallel in one cycle. When code and data
are kept in the same memory, then instructions that load or store data may take two
cycles.

The LPC18xx peripherals are divided into AHB and APB peripherals. AHB peripherals
such as the USB and ethernet controllers are directly connected to the AHB matrix. APB
peripherals are connected to the AHB matrix via bus bridges.
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R e ks I T AP I SRR e
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1
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1
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1
! 1
: 1
. SPIFI I

1
: 1
| EXTERNAL |,
I MEMORY .
! CONTROLLER 1
1

1
: 1
| AHB REGISTER !
. INTERFACES, :
1 APB, RTC DOMAIN .
1 AHB MULTILAYER MATRIX PERIPHERALS |
! 1
! 1
| e e e e e e e e e e e e e e e e e o e e e e e e e e e e e e e e e E e, e, e, —m— - —
\ = master-slave connection

002aag550
Fig 7. LPC18xx AHB multilayer matrix connections (flashless parts)
UM10430 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2013. All rights reserved.
User manual Rev. 2.2 — 25 January 2013 23 of 1254



NXP Semiconductors

UM10430

Chapter 2: LPC18xx Memory mapping

TEST/DEBUG
INTERFACE

ARM
CORTEX-M3

HIGH-SPEED PHY

DMA

ETHERNET

USBO

USB1

LCD

SD/

System | I-code | D-code
bus bus bus

masters

256/512 kB FLASH A

256/512 kB FLASH B

16 kB EEPROM |

64kBROM |

32 kB LOCAL SRAM

40 kB LOCAL SRAM

32 kB AHB SRAM

16 kB AHB SRAM

16 kB AHB SRAM

SPIFI

EXTERNAL
MEMORY
CONTROLLER

AHB REGISTER

INTERFACES,
APB, RTC DOMAIN
AHB MULTILAYER MATRIX PERIPHERALS
\\ = master-slave connection
002aag544
Fig 8. LPC18xx AHB multilayer matrix connections (parts with on-chip flash)
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3.1 How to read this chapter

3.2 Features

This chapter applies to all LPC18xx parts. AES keys and AES support are available on
LPC18Sxx parts only.

The following bit is reserved for flash-based parts:

JTAG_DISABLE in the OTP memory bank 3, word 0 (bit 31).

¢ The OTP memory stores the following information:

— User programmable are the boot source, the USB vendor and product ID, and the
AES keys.

— Unused fields can be used to store other data.
¢ API support for programming the OTP in Boot ROM provided.

3.3 General description

The OTP contains pre-programmed device specific information using two OTP banks. All
other 384 OTP bits must be programmed by the user.

The virgin OTP state is all zeros. A zero value can be overwritten by a one, but a one in
any of the OTP bits cannot be changed.

Programming the OTP requires a higher voltage than reading. The read voltage is
generated internally. The programming voltage is supplied via pin VPP. The OTP
controller automatically selects the correct voltage. If the VPP pin is not connected, then
the OTP cannot be programmed.

The AES keys in the OTP memory are not readable by software.

3.4 Register description

Table 7. OTP memory description (OTP base address 0x4004 5000)

OTP Word Access Address Size Description Reference
bank offset
0 0 Pre-programmed; cannot  0x000 32 bit Reserved -
be changed by the user.
0 1 Pre-programmed; cannot  0x004 32 bit Reserved -
be changed by the user.
0 2 Pre-programmed; cannot  0x008 32 bit Reserved -

be changed by the user.

UM10430
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Table 7.  OTP memory description (OTP base address 0x4004 5000)

OTP Word
bank

0 3
1 0
1 1
1 2
1 3
2 0
2 1
2 2
2 3
3 0
3 1
3 2
3 3

Access

Pre-programmed; cannot
be changed by the user.

User programmable; initial
state =0

User programmable; initial
state =0

User programmable; initial
state = 0

User programmable; initial
state =0

User programmable; initial
state = 0

User programmable; initial
state = 0

User programmable; initial
state =0

User programmable; initial
state = 0

User programmable; initial
state = 0

User programmable; initial
state = 0

User programmable; initial
state = 0

User programmable; initial
state = 0

Address

offset

0x00C

0x010

0x014

0x018

0x01C

0x020

0x024

0x028

0x02C

0x030

0x034

0x038

0x03C

Size

32 bit

32 hit

32 bit

32 bit

32 bit

32 bit

32 bit

32 bit

32 bit

32 bit

32 bit

32 bit

32 bit

Description

Reserved

General purpose OTP memory 0, word 0, or
AES key 0, word O

General purpose OTP memory 0, word 1, or
AESO key 0, word 1

General purpose OTP memory 0, word 2, or
AESO key 0, word 2

General purpose OTP memory 0, word 3, or
AESO key 0, word 3

General purpose OTP memory 1, word 0, or
AES key 1, word O

General purpose OTP memory 1, word 1, or
AES key 1, word 1

General purpose OTP memory 1, word 2, or
AES key 1, word 2

General purpose OTP memory 1, word 3, or
AES key 1, word 3

Customer control data
General purpose OTP memory 2, word 0, or
USB ID

General purpose OTP memory 2, word 1

General purpose OTP memory 2, word 2

Reference

Table 8
Table 9

Table 10

UM10430

Table 8. OTP memory bank 3, word 0 - Customer control data (address offset 0x030)

Bit Symbol

22:0 -

23 USB_ID_ENABLE
24 -

All information provided in this document is subject to legal disclaimers.

Value

Description
Reserved

Setting this bit allows to enable OTP defined USB
vendor and product IDs. When enabled, the USB

driver uses the USB_VENDOR_ID and

USB_PRODUCT_ID values. If disabled, the NXP
vendor ID (0x1FC9) and product ID (0x000C) is

used.
Disabled
Enabled
Reserved
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Table 8. OTP memory bank 3, word 0 - Customer control data (address offset 0x030)

Bit Symbol Value Description
28:25 BOOT_SRC Boot source selection in OTP. For details, see
Table 12.
0000 External pins
0001 UARTO
0010 Reserved
0011 EMC 8-bit
0100 EMC 16-bit
0101 EMC 32-bit
0110 USBO
0111 UsSB1
1000 SPI (via SSP)
1001 UART3
29 - Reserved. Do not write to this bit.
30 - Reserved. Do not write to this bit.
31 JTAG_DISABLE If this bit set, JTAG cannot be enabled by software
and remains disabled. For use of this bit, see
Section 3.1.

Table 9. OTP memory bank 3, word 1 - General purpose OTG memory 2, word 0, or USB ID
(address offset 0x034)

Bit Symbol Description

15:0 USB_VENDOR_ID If USB_ID_ENABLE bit not set, it is used as general purpose
31:16 USB_PRODUCT_ID OTG memory 2, word 0, GP2_0.

Table 10. OTP memory bank 3, word 2 - General purpose OTG memory 2, word 1(address
offset 0x038)

Bit Symbol Description

31:0 GP2_1 General purpose OTG memory 2, word 1.

UM10430

The OTP memory is controlled through a set of simple API calls located in the LPC18xx
ROM.

The API calls to the ROM are performed by executing functions which are pointed to by
pointer within the ROM driver table.
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Ptr to ROM Driver table
0x1040 0104

0x1040 0100

ROM Driver Table

_’—> Ptr to Function 0

0x1040 0104

Ptr to Device Table 0

L

0x1040 0108

Ptr to OTP driver table

Device 0

Ptr to Function 1

Ptr to Function 2

Ptr to Device Table 2

Ptr to Device Table n

Fig 9. OTP driver pointer structure

Ptr to Function n

OTP Driver

otp_Init

otp_ProgBootSrc

otp_ProgJTAGDis

otp_ProgUSBID

Reserved

Reserved

Reserved

Reserved

otp_ProgGP0

otp_ProgGP1

otp_ProgGP2

otp_ProgKey1

otp_ProgKey2

otp_GenRand

3.5.1 OTP function allocation

Table 11. OTP function allocation
Function Offset Description
otp_Init 0x00 Initializes OTP controller.
Parameter - void
Return- unsigned: see the general error codes.
otp_ProgBootSrc 0x04 Programs boot source.
Parameter - unsigned <src>
Return- unsigned: see the general error codes.
otp_ProgJTAGDis 0x08 Set JTAG disable. This command disables JTAG only
when the device is AES capable.
Parameter - void
Return- unsigned: see the general error codes.
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Table 11. OTP function allocation

Function Offset Description

otp_ProgUSBID 0x0C Programs USB_ID.
Parameter - unsigned <prod_id>, unsignhed <vend_id>
Return- unsigned: see the general error codes.

- 0x10 Reserved.
- 0x14 Reserved.
- 0x18 Reserved.
- 0x1C Reserved.
otp_ProgGPO 0x20 Programs the general purpose OTP memory GPO. Use

only if the device is not AES capable.
Parameter - unsigned <data>, unsigned <mask>
Return- unsigned: see the general error codes.

otp_ProgGP1 0x24 Programs the general pupose OTP memory GP1. Use
only if the device is not AES capable.

Parameter - unsigned <data>, unsigned <mask>
Return- unsigned: see the general error codes.

otp_ProgGP2 0x28 Programs the general purpose OTP memory GP2. Use
for customer specific data.

Parameter - unsigned <data>, unsigned <mask>

Return- unsigned: see the general error codes.
otp_ProgKeyl 0x2C Program AES keyl.

Parameter - unsigned char *key (16 bytes expected)

Return- unsigned: see the general error codes.
otp_ProgKey2 0x30 Program AES key2

Parameter - unsigned char *key (16 bytes expected)

Return- unsigned: see the general error codes.

otp_GenRand 0x34 Generate new random number using the hardware
Random Number Generator (RNG).

Parameter - void
Return- unsigned: see the general error codes.
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4.1 How to read this chapter

4.2 Features

This chapter applies to all LPC18xx parts. AES support is available on LPC18Sxx parts
only.

Flash-based parts boot from on-chip flash by default (see Chapter 44), but other boot
modes described in this chapter are also supported. The UART boot mode is only
supported for flashless parts.

The boot ROM memory includes the following features:

* ROM memory size is 64 kB.

¢ Supports booting from UART interfaces, external static memory such as NOR flash,
SPI flash, quad SPI flash, high-speed USB (USBO0), and USBL1.

* Includes API for OTP programming.
* Includes USB drivers.
* ISP mode for loading data to on-chip SRAM and execute code from on-chip SRAM.

AES capable parts also support (LPC18Sxx only):

* CMAC authentication on the boot image.
* Secure booting from an encrypted image.

¢ Supports development mode for booting from a plain text image. Development mode
is terminated by programming the AES key.

¢ API for AES programming.

4.3 Functional description

UM10430

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

The ARM core is configured to start executing code, upon reset, with the program counter
being set to the value 0x0000 0000. The LPC18xx contains a shadow pointer that allows
areas of memory to be mapped to address 0x0000 0000. The default value of the shadow
pointer is 0x1040 0000, ensuring that the code contained in the boot ROM is executed at
reset.

For flash-based parts, the LPC18xx boots from internal flash by default (boot pin P2_7 is
HIGH). If the boot pin is sampled LOW on reset, the boot source is determined by the
setting of the OTP or the states of pins P2_9, P2_8, P1_2, and P1_1. For details see

Figure 166.
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For flash-based and flashless parts alike, several external sources are available for
booting depending on the values of the OTP bits BOOT_SRC (see Section 3.4). If the
OTP memory is not programmed or the BOOT_SRC bits are all zero, the boot mode is
determined by the states of the boot pins P2_9, P2_8, P1 2, and P1_1.

Table 12. Boot mode when OTP BOOT_SRC bits are programmed
Boot mode BOOT_SRC BOOT_SRC BOOT_SRC BOOT_SRC Description
bit 3 bit 2 bit 1 bit 0

Boot pins 0 0 0 0 Boot source is defined by the reset state of P1_1,
P1_2, P2_9, and P2_8 pins. See Table 13.

USARTO 0 0 0 1 Boot from device connected to USARTO using pins
P2_0 and P2_1. For flash parts, enter UART ISP
mode.

SPIFI 0 0 1 0 Boot from Quad SPI flash connected to the SPIFI
interface using pins P3_3 to P3_8.

EMC 8-bit 0 0 1 1 Boot from external static memory (such as NOR
flash) using CS0 and an 8-bit data bus.

EMC 16-bit 0 1 0 0 Boot from external static memory (such as NOR
flash) using CS0 and a 16-bit data bus.

EMC 32-bit 0 1 0 1 Boot from external static memory (such as NOR
flash) using CS0 and a 32-bit data bus.

USBO 0 1 1 0 Boot from USBO.

USB1 0 Boot from USBL1.

SPI(SSP) 1 0 0 0 Boot from SPI flash connected to the SSPO
interface on P3_3 (function SSPO_SCK), P3_6
(function SSPO_SSEL), P3_7 (function
SSP0_MISO0), and P3_8 (function SSPO_MOSI)L1,

USART3 1 0 0 1 Boot from device connected to USART3 using pins
P2_3 and P2_4. For flash parts, enter UART ISP
mode.

[1] The boot loader programs the appropriate pin function at reset to boot