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NXP Microcontrollers

Leading the 32-bit Flash-based ARM7 devices
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NXP – The ARM7 Innovation Leader

July 2003 :  Announced LPC2104/5/6 series
– The first ARM7 MCU with Flash optimized for performance

December 2003: Announced LPC21x9, LPC229x series
– Added ADC, CAN, and External Memory Interface

September 2004: Announced LPC213x series
– Up to 512 KB Flash, Single 3.3V Supply, DAC, More ADC

April 2005:  Announced LPC214x series
– Added USB, Enhanced ADC, Enhanced UARTs

October 2005:  Announced LPC2101/2/3 series
– Added HVQFN48 package, Fast I/O
– First ARM7 MCU below $1.50
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September 2006:  Announced LPC2300 series
– Added Ethernet, Dual AHB, Internal RC Oscillator, Dual-CAN and I2S

December 2006:  Announced LPC246x series
– Added USB Host, On The Go, up to 98 KB RAM

February 2007:  Announced LPC247x series
– Added QVGA LCD Controller

Consistency throughout LPC2000 series allows for easy migration

NXP – The ARM7 Innovation Leader (cont.)
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Best Flash Performance in the Market

“In all seven benchmark tests, the NXP LPC2129 
showed a consistent performance edge of 37 percent to 
51 percent compared with the other ARM7-based 
devices, demonstrating the impact of the LPC2129’s 
optimized flash interface.”
-November 8, 2006:  EEMBC® Scores for NXP’s ARM7-Based LPC2129 Show 
Dramatic Effect of Memory Subsystem on Microcontroller Performance 

http://www.eembc.org/
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Microcontrollers all running the SAME IAR compiled EEMBC Telecom code

EEMBC ARM7 Performance Benchmark
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ARM7 Flash Performance
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Memory Accelerator Module (MAM)

Three 128-bit buffers:

Prefetch buffer
– Four 32-bit (or eight 16-bit) words are loaded via 

128-bit interface to Flash
– Initiated as soon as Flash completes the previous 

access
– Eliminates any code fetch penalty for sequential 

instructions

Branch Trail buffer (branch target cache)
– Captures the 128-bit line when a code branch occurs
– When the branch occurs again, instructions are 

already available

Data Bypass buffer
– Subsequent Data Requests are satisfied from the Data 

Bypass latch if next requested Data is sequential to 
previous fetched

Bus 
Interface

Prefetch buffer

Data Bypass buffer

Branch Trail buffer

ARM 
local 
bus

128-bit 
wide 
Flash

Patented NXP module that allows full speed execution of code from on-chip Flash 
without the need of cache
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NXP Innovation in Embedded Flash

6 Metal eFlash Technology in 
Nijmegen, The Netherlands & SSMC in Singapore

2T NOR cell for robustness (100K erase cycles)

Automotive qualified Flash

Read operation down to 1.2V

128-bit wide word with 8-bit ECC for single-bit error correction

Very high bandwidth with MAM

Our on-chip Flash is secure and low power
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LPC2100
48 pins

LPC2100
64 pins

LPC2210
0K/16K

ADC

LPC2212/14
128-256K/16K

ADC

LPC2119/29
128/256K FL
16K SRAM

CAN (2)

LPC2200
144 pins

LPC2194
256K/16K
CAN (4)

LPC2104/5/6
128K FL

16-64K RAM

LPC2114/24
128K –256 K FL

16K SRAM
ADC

LPC2290
0K/16K
CAN (2)

LPC2292
256K/16K
CAN (2)

UART(2), I2C
SPI

UART(2), I2C 
SPI(2)
EMI

Flash Security

UART(2), I2C, SPI(2), 
ADC(1-2), DAC

Flash Security

UART(2), I2C 
SPI(2), EMI

Flash Security

LPC2294
256K/16K
CAN (4)

LPC2220
0K/64K

ADC,72 MHz

LPC214x
32K-512K FL
8K-40K RAM
USB, 3V Reg

LPC213x
32-512K FL

8-32K SRAM
3V Reg

LPC2300/2400
100/144 pins

208 pins

Ethernet, USB, CAN
3V regulated
Flash Security

LPC2364/6/8
128-512K FL
34-58K RAM

LPC2101/2/3
8K–32K FL

2K – 8K RAM
ADC, LV RTC, 

Security

LPC2378
512K/58K
MiniBus

LPC2468
512K/98K
EMI, OTG

LPC2470/8
0K -512K/98K
EMI,OTG,LCD

Sampling
Q2 07

Released
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LPC2104/5/6 Block Diagram
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Advanced Peripheral Bus (APB)
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70 MHz Operation (63MIPS) from both on-chip Flash and SRAM
128 bit-wide Flash with Error Correction 
User-code protection
2 I2C, 2 UARTs, 1 SPI, 1 SPI/ SSP
8-channel 10-bit ADC (400K samples/sec)

5 Timers (Capture/Match/PWM/WDT)

Up to 32 I/O pins (5V tolerant), 17.5 MHz toggle rate
32KHz RTC
ISP, IAP, Parallel Programmer Support
Pricing is based on 100 pieces through Digikey Germany

LPC210x Series Overview

€ 1,52
€ 1,91
€ 2,27

Price
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VLSI Peripheral Bus (VPB)
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VLSI Peripheral Bus (VPB)
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VLSI Peripheral Bus (VPB)
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VLSI Peripheral Bus (VPB)
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APB

Real Time Clock

Vbat

Watchdog Timer

System Control

D/A ConverterAout

A/D ConverterAin7:0

General Purpose I/OP0,1,...

2 x 4 x MAT
PWM0, 12 x 4 x CAP

2 x 6 x PWM

Capture / Compare
Timers 0, 1, 2, 34 x 4 x MAT

4 x 4 x CAP

External InterruptsEINT3:0

RTC
Oscillator

  X1
  X2

* : Peripherals supported by the GP DMA Controller

*SD/MMC Card
Interface MCICMD, MCIDAT3:0

MCICLK, MCIPWR

FS/SSEL1

MOSI1
MISO1

SCK1

*SSP1 Interface

FS/SSEL0

MOSI0
MISO0

SCK0

SPI, *SSP0 Interface
(no DMA on SPI)

RXSDA,TXSDA

RXCLK, TXCLK
RXWS,TXWS

TxD1

UART0, 2, 3 RxD0,2,3
TxD0,2,3

I2C Interfaces 0, 1, 2 SDA0, 1, 2
SCL0, 1, 2

CAN Channels 1, 2 TX2, 1
RX2, 1

DSR, CTS, DCD, RI

RxD1
DTR, RTSUART1

2 KB Battery RAM
Power Domain 2

*I2S Interface

  Alarm

LPC2300/2400 Block Diagram APB Peripherals
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LPC2000 Serial Communication Channels

Two SSP Interfaces
– Synchronous Serial Communication up to 36 Mbit/s

• Perfect for external converters and wireless interfaces
– Compatible with Freescale’s SPI, TI SSI, and National Microwire buses
– 8 Frame FIFOs for both transmit and receive; 4 to 16 bits per frame

SPI Interface
– Synchronous Serial Communication up to 9 Mbit/s

Up to three Fast-Mode I²C compliant bus interfaces
(Otherwise known as Two-Wire, SM Bus, DDC-Direct Digital Control)
– 400 Kbit/s, 7-bit addressing
– Full Multi-master capable 

Up to four UARTs
– Industry standard 16C550 interfaces up to 4.5 Mbit/s
– Modem control I/O
– 550 Mode has Programmable depth FIFO

20

A/D Converter
Successive Approximation conversion

Max resolution is 10-bits (+/-2 LSB)

400KHz Sampling Rate (conversion time ~ 2.44 us)

Conversion can start from external event or Timer Match

Separate result register for each channel
– Reduces the interrupt overhead by a factor of 8

Separate result registers also available for burst mode

Select Single
Channel

ADCR (7:0) 

7 56 4 3 012

10-bit SAR
ADC

ADDR0

ADC Inputs

VSSAV3A

ADDR1

ADDR7
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D/A Converter

10-bit DAC

Resistor string architecture

Selectable output drive

Analog Power and Ground pins to minimize noise

Separate Voltage Reference (Vref) pin 

Power-down mode
– A bit that trades off performance vs. power
– Settling time of 1 us (700 uA) or 2.5 us (350 uA)

Buffered output

22

Fast General Purpose I/O

Standard ARM GPIO is implemented on a multi-cycle APB peripheral 
bus (across the AHB/APB Bridge)

Toggling speed of the GPIO is limited due to the 3-stage pipeline, AHB 
bridge and the APB bus (usually less than 4 MHz)

NXP ARM Micros are unique in implementing GPIO directly on the 
Address/Data Bus of the ARM7 (Local Bus) resulting in:

Approximately 400% Speed increase in Toggle Frequency

~18 MHz toggle frequency @ 72 MHz CPU clock

Atomic bit control   (see next slide)

Superior External Interrupt handling support
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Atomic Bit Set/Clear & 32-bit Port-Write

18 MHz Toggle Rate allows “bit-banging” and handshakes

Atomic single-instruction Port Bit Set/Clear capability avoids:
– Multiple instruction Read/Modify/Write sequences  
– Turning off interrupts 
– Over-writing hardware triggered events

32-bit Port write capability allows:
– Change bits simultaneously 
– Write port bits to either 1 or 0 on the same clock edge

18 MHz toggle rate is 400%  faster than the competition

24

Clocks

Main Oscillator
– Operates with external crystal frequencies of 32 kHz to 25 MHz
– Can be used as main CPU clock with or without PLL

Internal RC Oscillator (IRC)
– Nominal 4 MHz, trimmed to 1% accuracy
– May be used as main CPU clock with or without PLL
– Used as main clock on power-up

Real Time Clock (RTC)
– Operates off of 32.768 KHz external crystal or from main oscillator
– Can be used as clock source for RTC and/or Watch Dog Timer
– May be used to clock CPU via the PLL 
– Powered by VBAT pin, connected to battery or 3.3V supply
– 2 KB Battery RAM can be kept alive during deep power down
– RTC alarm output can wake part from power down state

Watch Dog Timer (WDT)
– Programmable 32-bit timer with internal prescaler
– Sourced from RTC clock, the IRC, or the APB peripheral clock
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Clock Sources

26

General Purpose DMA

General Purpose two-channel DMA supports high-speed peripherals as 
well as memory-to-memory transfers

– 32-bit AHB master bus width (support 8-, 16-, or 32-bit transfers)
– Internal four-word FIFO per channel

Can be used with SD/MMC, two SSP and the I2S interface
– Connect peripherals to each other or to memory

Flexible, customizable DMA performance
– Big-endian and little-endian support
– Programmable DMA burst size
– Hardware DMA channel priority
– Can generate interrupts

Dedicated DMAs for each, Ethernet, USB, and LCD Controller
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SD/MMC memory card interface
Conformance to Multimedia Card Specification v2.11
Conformance to Secure Digital Memory Card Physical Layer Specification, 
v0.96
Use as a multimedia card bus or a secure digital memory card bus host
It can be connected to several (~4 based on I/O pin loading) multimedia 
cards, or a single secure digital memory card
DMA supported through the General Purpose DMA Controller

OR

28

XGA LCD Controller

Based on the ARM PrimeCell® PL111
more information: http://www.arm.com/pdfs/DDI0293C_clcdc_pl111_r0p2_trm.pdf 

Single and dual panel Super Twisted Nematic (STN) monochrome 
displays with 4 or 8 bit interfaces
Single and dual panel STN color displays
Thin Film Transistor (TFT) color displays
Resolution up to 1024x768
16 bpp direct true-color for STN and TFT displays.
24 bpp direct true-color for TFT displays.
Hardware Cursor support for single panel displays
Resistive Touchscreen capability by using internal ADC with port pins or 
external switches
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Controller Area Network (CAN)
Compatible with CAN specification 2.0B, ISO 11898-1.

Global Acceptance Filter for 11-bit identifier as well as 29-bit identifier.

Acceptance filtering of >100 objects possible

Double Receive Buffer and Triple Transmit Buffer.

Programmable Error Warning Limit and Error Counters with read/write 
access.

Single Shot Transmission (no re-transmission).

Listen Only Mode (no acknowledge, no active error flags).

Reception of "own" messages (Self Reception Request).

Additional CAN information related to LPC2000:
– http://www.esacademy.com/
– http://www.semiconductors.bosch.de/en/20/can/index.asp

30

LPC2300 Peripherals
USB 2.0 Full Speed device with PHY and DMA 

– Supports 32 endpoints and all transfer modes
CAN 2.0B with two channels
I2S interface
Three I2C interfaces, 
Three SSP, SSP/SPI interfaces
Four 16C550-type UARTs
SD/MMC memory card interface
8-channel, 10-bit A/D Converter, one channel 10-bit D/A Converter
4 MHz on-chip RC-oscillator trimmed to 1% accuracy, <2% over temperature
Four 32-bit general purpose timers + one 32-bit PWM timer
Real Time Clock with 2 KB SRAM and battery back-up
70 Fast GP I/O lines (104 for LPC2378) with configurable pull up/downs and 64 
interrupts
Single 3.3V power supply (3.0 to 3.6V)



16

31

New LPC2468 and LPC247x series
All of the features of the LPC2368 PLUS:

USB OTG/ Host (OHCI)

External Memory Interface 
– Interface up to 4 banks of 16 MB external memory

98 KB Total SRAM

Ethernet MAC has MII interface in addition to RMII

QVGA LCD Controller (LPC2470 and LPC2478 only)

LQFP and TFBGA 208 packages

Evaluation Boards from Embedded Artists

LPC2468 :  $8.50 for 10 Kpcs

LPC2478 :  $8.99 for 10 Kpcs

LPC2470 :  $5.45 for 10 Kpcs (Flashless device)

32

NXP LPC2000 Family Summary
On-Chip Memories

– Flash: From 8 KB up to 1 MB
– SRAM: From 2 KB to 98 KB

Wide range of peripherals
– CAN2.0B, 32-bit Timers, RTC, UART, I2C, SPI, SSP, I2S, Ethernet 10/100 MAC, USB 

(High Speed, OTG and Device),10-bit ADC, 10-bit DAC, IRC etc.

2007 Roadmap: 
– LCD Controller (XGA), Peripheral enhancements, cost reductions

– Your input can influence roadmaps

Packages:  
– Quad Flat-Pack  QFP from 48-pin up to 208 pins

– Ball Grid Array BGA 180, 208
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LPC2000 Development Tools
Available from traditional 8-bit tool providers as well as established 32-bit providers

LPC2000

Compilers,
IDEs

Evaluation
Boards

RTOS

Emulators

34

MCB2300 Evaluation Board from Keil

Connects to your PC using:
– Serial port for Flash download using FlashMagic
– JTAG interface for program debug using the Keil ULINK and µVision IDE and 

Debugger

Two board options:
– MCB236x with 100 pin LPC2368 
– MCB237x with 144 pin LPC2378

Board features:
– On-chip Ethernet interface
– USB device interface
– Two serial interfaces
– Two CAN interfaces
– Speaker
– Analog input (via potentiometer)
– Eight LEDs

Available directly from Keil
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Embedded Artists LPC2468 OEM Board
LPC2468 in BGA, Small form factor board (70 x 66 mm)

100/10Mbps Ethernet PHY

32 MB SDRAM, 128 MB NAND FLASH, 4 MB NOR FLASH, 
32 kB EEPROM

Ethernet connector, USB OTG/Host/Device connectors, MMC/SD 
connector, CAN interface and connector, JTAG connector and 
ETM footprint

USB-to-serial bridge (UART #0), Full modem RS232 on UART #1

Keys/LEDs via I2C

Power supply directly or powered through USB 5V

192 pin expansion connector (2 mm pitch)
– QVGA expansion
– WLAN expansion available

36

LPC3180 Features Summary
Low-Power 208 MHz 32-bit ARM926EJ MCU
Hardware Vector Floating-Point (VFP)
Mobile SDRAM & DDR memory interface
USB OTG, Host, Device
SD Card Interface
NAND Flash Interface
10-bit ADC
MMU for Linux OS or WinCE
Rich serial communication peripherals

Pricing - $7.10 (unit MSRP for 10Ku quantity)

(30 MIPs + 30 MFLOP) per dollar!
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LPC3000 Roadmap
Future family members will include:

Enhancements to Existing Peripherals

I2S

Increased SRAM

Easy to use external bus

Smaller packages, both QFP and BGA

Ethernet

LCD Controller

38

LPC938
8K/512/768

8ch/10b ADC

LPC9311
8K/256

High Drive LPC954
16K/512

8ch/10b ADC

LPC934
8K/256

2x 8b ADC/DAC

LPC925
8K/256

8b ADC/DAC

LPC9103
8b ADC/UART

LPC917
2K/256

8-b ADC
LPC916
2K/256

8-b ADC

LPC914
1K/128
LPC913
1K/128

LPC922
8K/256

LPC908
1K/128

LPC900 Family

44 - 64 pins
LPC91x 

14/16-pin

LPC912
1K/128

LPC915
2K/256

8b ADC/DAC

LPC92x 
20 pins

LPC921
4K/256

LPC924
4K/256

8b ADC/DAC

LPC920
2K/256

LPC93x 
28 pins

LPC90x 
8/10-pin

LPC903
1K/128LPC902
1K/128
LPC901
1K/128

LPC907
1K/128LPC906
1K/128

LPC930
4K/256

LPC935
8K/512/768

2x 8b ADC/DAC

LPC952
8K/256

8ch/10b ADC

LPC9102
8b ADC/PWM

LPC9221
8K/256

High Drive

LPC9107
4ch/8-b 

ADC/DAC
LPC933
4K/256

2x 8b ADC/DAC
LPC932A1
8K/512/768
CCU, SPI

LPC936
16K/512/768

2x 8b ADC/DAC

LPC940x
LCD Control

LPC931
8K/256
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Die Hilfe zur Selbsthilfe
Where to find more information

The most up to date NXP site
www.nxp.com/microcontrollers/ 

List of all LPC2000 devices
www.standardics.nxp.com/products/lpc2000/all/

Very active Yahoo LPC2000 forum
www.tech.groups.yahoo.com/group/lpc2000/

Excellent support for uVision questions
keil.com/forum/threads.asp/

Insiders guide to LPC2300 by Hitex
http://www.hitex.com/download/docs/lpc2300/con-reg-download-lpc2300-book.html

Embedded Systems Academy – training courses and sample code 
www.esacademy.com/

40

NXP Microcontrollers Web-Site
http://www.nxp.com/microcontrollers
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Best way to navigate NXP
Start here:
http://www.standardics.nxp.com/microcontrollers/

LPC2000 information
LPC3000 information
Support section
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The Yahoo LPC2000 Forum
Start here:
http://tech.groups.yahoo.com/group/lpc2000/

Files section:
– To access it, you need to sign up
– More than 100 posts with sample programs and 

schematics for hardware

Links section:
– To access it, you need to sign up
– Approx. 60 links to project pages dedicated 

ARM7 websites, “useful stuff”

Community:
– More than 5200 registered members
– The forum is not controlled by NXP but we participate
– Average daily postings 35-40
– Average time to get an answer for a LPC2000 related technical 

question: less than 10 hours



22

43

Insider’s Guide to LPC2000 
200 page guide to LPC2000 
featuring chapters on:

– ARM7 Core
– Software Development
– System Peripherals
– User Peripherals
– Keil Tutorial
– GNU Tutorial

Perfect for engineers without ARM 
experience

Updated for LPC2300/2400

http://www.hitex.co.uk/download/docs/lpc2300/con-reg-download-lpc2300-book.html
http://www.hitex.co.uk/arm/lpc2000book/book_downloadform.html


