
NXP USA Inc. - LPC3220FET296/01,5 Datasheet

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
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consumer electronics. Each subcategory serves a specific
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each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
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such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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NXP Semiconductors LPC3220/30/40/50
16/32-bit ARM microcontrollers
 Multi-layer AHB system that provides a separate bus for each AHB master, including 
both an instruction and data bus for the CPU, two data busses for the DMA controller, 
and another bus for the USB controller, one for the LCD, and a final one for the 
Ethernet MAC. There are no arbitration delays in the system unless two masters 
attempt to access the same slave at the same time.

 External memory controller for DDR and SDR SDRAM as well as for static devices. 

 Two NAND flash controllers: One for single-level NAND flash devices and the other for 
multi-level NAND flash devices.

 Master Interrupt Controller (MIC) and two Slave Interrupt Controllers (SIC), supporting 
74 interrupt sources.

 Eight channel General Purpose DMA (GPDMA) controller on the AHB that can be 
used with the SD card port, the high-speed UARTs, I2S-bus interfaces, and SPI 
interfaces, as well as memory-to-memory transfers.

 Serial interfaces:

 10/100 Ethernet MAC with dedicated DMA Controller.

 USB interface supporting either device, host (OHCI compliant), or On-The-Go 
(OTG) with an integral DMA controller and dedicated PLL to generate the required 
48 MHz USB clock.

 Four standard UARTs with fractional baud rate generation and 64 byte FIFOs. One 
of the standard UARTs supports IrDA.

 Three additional high-speed UARTs intended for on-board communications that 
support baud rates up to 921 600 when using a 13 MHz main oscillator. All 
high-speed UARTs provide 64 byte FIFOs.

 Two SPI controllers.

 Two SSP controllers.

 Two I2C-bus interfaces with standard open-drain pins. The I2C-bus interfaces 
support single master, slave, and multi-master I2C-bus configurations.

 Two I2S-bus interfaces, each with separate input and output channels. Each 
channel can be operated independently on three pins, or both input and output 
channels can be used with only four pins and a shared clock.

 Additional peripherals:

 LCD controller supporting both STN and TFT panels, with dedicated DMA 
controller. Programmable display resolution up to 1024  768.

 Secure Digital (SD) memory card interface, which conforms to the SD Memory 
Card Specification Version 1.01.

 General Purpose (GP) input, output, and I/O pins. Includes 12 GP input pins, 24 
GP output pins, and 51 GP I/O pins.

 10-bit, 400 kHz Analog-to-Digital Converter (ADC) with input multiplexing from 
three pins. Optionally, the ADC can operate as a touch screen controller.

 Real-Time Clock (RTC) with separate power pin and dedicated 32 kHz oscillator. 
NXP implemented the RTC in an independent on-chip power domain so it can 
remain active while the rest of the chip is not powered. The RTC also includes a 
32-byte scratch pad memory.

 32-bit general purpose high-speed timer with a 16-bit pre-scaler. This timer 
includes one external capture input pin and a capture connection to the RTC clock. 
Interrupts may be generated using three match registers.
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16/32-bit ARM microcontrollers
5. Block diagram

 

Fig 1.  Block diagram of LPC3220/30/40/50
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NXP Semiconductors LPC3220/30/40/50
16/32-bit ARM microcontrollers
7. Functional description

7.1 CPU and subsystems

7.1.1 CPU

NXP created the LPC3220/30/40/50 using an ARM926EJ-S CPU core that includes a 
Harvard architecture and a 5-stage pipeline. To this ARM core, NXP implemented a 32 kB 
instruction cache, a 32 kB data cache and a Vector Floating Point coprocessor. The 
ARM926EJ-S core also has an integral Memory Management Unit (MMU) to provide the 
virtual memory capabilities required to support the multi-programming demands of 
modern operating systems. The basic ARM926EJ-S core V5TE instruction set includes 
DSP instruction extensions for native Jazelle Java Byte-code execution in hardware. The 
LPC3220/30/40/50 operates at CPU frequencies up to 266 MHz.

7.1.2 Vector Floating Point (VFP) coprocessor 

The LPC3220/30/40/50 includes a VFP co-processor providing full support for 
single-precision and double-precision add, subtract, multiply, divide, and 
multiply-accumulate operations at CPU clock speeds. It is compliant with the IEEE 754 
standard for binary Floating-Point Arithmetic. This hardware floating point capability 
makes the microcontroller suitable for advanced motor control and DSP applications. The 
VFP has 3 separate pipelines for floating-point MAC operations, divide or square root 
operations, and Load/Store operations. These pipelines operate in parallel and can 
complete execution out of order. All single-precision instructions execute in one cycle, 
except the divide and square root instructions. All double-precision multiply and 
multiply-accumulate instructions take two cycles. The VFP also provides format 
conversions between floating-point and integer word formats.

7.1.3 Emulation and debugging

The LPC3220/30/40/50 supports emulation and debugging via a dedicated JTAG serial 
port. An Embedded Trace Buffer allows tracing program execution. The dedicated JTAG 
port allows debugging of all chip features without impact to any pins that may be used in 
the application.

7.1.3.1 Embedded ICE

Standard ARM EmbeddedICE logic provides on-chip debug support. The debugging of 
the target system requires a host computer running the debugger software and an 
Embedded ICE protocol converter. The Embedded ICE protocol converter converts the 
Remote Debug Protocol commands to the JTAG data needed to access the ARM core.

The ARM core has a Debug Communication Channel (DCC) function built-in. The debug 
communication channel allows a program running on the target to communicate with the 
host debugger or another separate host without stopping the program flow or entering the 
debug state.
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7.2.1 APB

Many peripheral functions are accessed by on-chip APBs that are attached to the higher 
speed AHB. The APB performs reads and writes to peripheral registers in three peripheral 
clocks.

7.2.2 FAB

Some peripherals are placed on a special bus called FAB that allows faster CPU access 
to those peripheral functions. A write access to FAB peripherals takes a single AHB clock 
and a read access to FAB peripherals takes two AHB clocks.

7.3 Physical memory map

The physical memory map incorporates several distinct regions, as shown in Figure 3. 
When an application is running, the CPU interrupt vectors are re-mapped to allow them to 
reside in on-chip SRAM (IRAM).
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packet filtering and wake-up on LAN activity. Automatic frame transmission and reception 
with scatter-gather DMA off-loads many operations from the CPU. The Ethernet DMA can 
access off-chip memory via the EMC, as well as the IRAM. The Ethernet block interfaces 
between an off-chip Ethernet PHY using the Media Independent Interface (MII) or 
Reduced MII (RMII) protocol and the on-chip Media Independent Interface Management 
(MIIM) serial bus.

7.6.2.1 Features

• Ethernet standards support:

– Supports 10 Mbit/s or 100 Mbit/s PHY devices including 10 Base-T, 100 Base-TX, 
100 Base-FX, and 100 Base-T4.

– Fully compliant with IEEE standard 802.3.

– Fully compliant with 802.3x Full Duplex Flow Control and Half Duplex back 
pressure.

– Flexible transmit and receive frame options.

– Virtual Local Area Network (VLAN) frame support.

• Memory management:

– Independent transmit and receive buffers memory mapped to SRAM.

– DMA managers with scatter/gather DMA and arrays of frame descriptors.

– Memory traffic optimized by buffering and pre-fetching.

• Enhanced Ethernet features:

– Receive filtering.

– Multicast and broadcast frame support for both transmit and receive.

– Optional automatic Frame Check Sequence (FCS) insertion with Circular 
Redundancy Check (CRC) for transmit.

– Selectable automatic transmit frame padding.

– Over-length frame support for both transmit and receive allows any length frames.

– Promiscuous receive mode.

– Automatic collision back-off and frame retransmission.

– Includes power management by clock switching. Wake-on-LAN power 
management support allows system wake-up using the receive filters or a magic 
frame detection filter.

• Physical interface

– Attachment of external PHY chip through standard MII or RMII interface.

– PHY register access is available via the MIIM interface.

7.6.3 USB interface

The LPC3220/30/40/50 supports USB in either device, host, or OTG configuration.

7.6.3.1 USB device controller

The USB device controller enables 12 Mbit/s data exchange with a USB host controller. It 
consists of register interface, serial interface engine, endpoint buffer memory and DMA 
controller. The serial interface engine decodes the USB data stream and writes data to the 
appropriate end point buffer memory. The status of a completed USB transfer or error 
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• Supports Host Negotiation Protocol (HNP) and Session Request Protocol (SRP) for 
dual-role devices under software control. HNP is partially implemented in hardware.

• Provides programmable timers required for HNP and SRP.

• Supports slave mode operation through AHB slave interface.

• Supports the OTG ATX from NXP (ISP 1302) or any external CEA-2011OTG 
specification compliant ATX.

7.6.4 LCD controller

The LCD controller provides all of the necessary control signals to interface directly to a 
variety of color and monochrome LCD panels. Both STN (single and dual panel) and TFT 
panels can be operated. The display resolution is selectable and can be up to 1024  768 
pixels. Several color modes are provided, up to a 24-bit true-color non-palettized mode.

An on-chip 512-byte color palette allows reducing bus utilization (i.e. memory size of the 
displayed data) while still supporting a large number of colors. 

The LCD interface includes its own DMA controller to allow it to operate independently of 
the CPU and other system functions. A built-in FIFO acts as a buffer for display data, 
providing flexibility for system timing. Hardware cursor support can further reduce the 
amount of CPU time needed to operate the display. 

7.6.4.1 Features

• AHB bus master interface to access frame buffer.

• Setup and control via a separate AHB slave interface.

• Dual 16-deep programmable 64-bit wide FIFOs for buffering incoming display data.

• Supports single and dual-panel monochrome Super Twisted Nematic (STN) displays 
with 4-bit or 8-bit interfaces.

• Supports single and dual-panel color STN displays.

• Supports Thin Film Transistor (TFT) color displays.

• Programmable display resolution including, but not limited to: 320  200, 320  240, 
640  200, 640  240, 640  480, 800  600, and 1024  768.

• Hardware cursor support for single-panel displays.

• 15 gray-level monochrome, 3375 color STN, and 32 k color palettized TFT support.

• 1, 2, or 4 bits-per-pixel (bpp) palettized displays for monochrome STN.

• 1, 2, 4, or 8 bpp palettized color displays for color STN and TFT.

• 16 bpp true-color non-palettized, for color STN and TFT.

• 24 bpp true-color non-palettized, for color TFT.

• Programmable timing for different display panels.

• 256 entry, 16-bit palette RAM, arranged as a 128  32 bit RAM.

• Frame, line, and pixel clock signals.

• AC bias signal for STN, data enable signal for TFT panels.

• Supports little and big-endian, and Windows CE data formats.

• LCD panel clock may be generated from the peripheral clock or from a clock input pin.
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7.7 System functions

To enhance the performance of the LPC3220/30/40/50 incorporates the following system 
functions, an Interrupt Controller (INTC), a watchdog timer, a millisecond timer, and 
several power control features. These functions are described in the following sections

7.7.1 Interrupt controller

The interrupt controller is comprised of three basic interrupt controller blocks, supporting a 
total of 73 interrupt sources. Each interrupt source can be individually enabled/disabled 
and configured for high or low level triggering, or rising or falling edge triggering. Each 
interrupt may also be steered to either the FIQ or IRQ input of the ARM9. Raw interrupt 
status and masked interrupt status registers allow versatile condition evaluation. In 
addition to peripheral functions, each of the six general purpose input/output pins and 
12 of the 22 general purpose input pins are connected directly to the interrupt controller.

7.7.2 Watchdog timer

The watchdog timer block is clocked by the main peripheral clock, which clocks a 32-bit 
counter. A match register is compared to the Timer. When configured for watchdog 
functionality, a match drives the match output low. The match output is gated with an 
enable signal that gives the opportunity to generate two type of reset signal: one that only 
resets chip internally, and another that goes through a programmable pulse generator 
before it goes to the external pin RESOUT and to the internal chip reset.

7.7.2.1 Features

• Programmable 32-bit timer.

• Internally resets the device if not periodically reloaded.

• Flag to indicate that a watchdog reset has occurred.

• Programmable watchdog pulse output on RESOUT pin.

• Can be used as a standard timer if watchdog is not used.

• Pause control to stop counting when core is in debug state.

7.7.3 Millisecond timer

The millisecond timer is clocked by 32 kHz RTC clock, so a prescaler is not needed to 
obtain a lower count rate.

The millisecond timer includes three match registers that are compared to the 
Timer/Counter value. A match can generate an interrupt and the cause the Timer/Counter 
either continue to run, stop, or be reset.

7.7.3.1 Features

• 32-bit Timer/Counter, running from the 32 kHz RTC clock.

• Counter or Timer operation.

• Three 32-bit match registers that allow:

– Continuous operation with optional interrupt generation on match.

– Stop timer on match with optional interrupt generation.

– Reset timer on match with optional interrupt generation.

• Pause control to stop counting when core is in debug state.
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output to be used directly. The maximum PLL output frequency supported by the CPU is 
266 MHz. The only output frequency supported by the USB PLL is 48 MHz, and the clock 
has strict requirements for nominal frequency (500 ppm) and jitter (500 ps). 

7.7.4.4 Power control modes

The LPC3220/30/40/50 supports three operational modes, two of which are specifically 
designed to reduce power consumption. The modes are: Run mode, Direct Run mode, 
and Stop mode.

Run mode is the normal operating mode for applications that require the CPU, AHB bus, 
or any peripheral function other than the USB block to run faster than the main oscillator 
frequency. In Run mode, the CPU can run at up to 266 MHz and the AHB bus can run at 
up to 133 MHz.

Direct Run mode allows reducing the CPU and AHB bus rates in order to save power. 
Direct Run mode can also be the normal operating mode for applications that do not 
require the CPU, AHB bus, or any peripheral function other than the USB block to run 
faster than the main oscillator frequency. Direct Run mode is the default mode following 
chip reset.

Stop mode causes all CPU and AHB operation to cease, and stops clocks to peripherals 
other than the USB block.

7.7.4.5 Reset

Reset is accomplished by an active LOW signal on the RESET input pin. A reset pulse 
with a minimum width of 10 main oscillator clocks after the oscillator is stable is required to 
guarantee a valid chip reset. At power-up, 10 milliseconds should be allowed for the 
oscillator to start up and stabilize after VDD reaches operational voltage. An internal reset 
with a minimum duration of 10 clock pulses will also be applied if the watchdog timer 
generates an internal device reset.

The RESET pin is located in the RTC power domain. This means that the RTC power 
must be present for an external reset to have any effect. The RTC power domain 
nominally runs from 1.2 V, but the RESET pin can be driven as high as 1.95 V.

7.8  Communication peripheral interfaces

In addition to the Ethernet MAC and USB interfaces there are many more serial 
communication peripheral interfaces available on the LPC3220/30/40/50. Here is a list of 
the serial communication interfaces:

• Seven UARTs; four standard UARTs and three high-speed UARTs

• Two SPI serial I/O controllers

• Two SSP serial I/O controllers

• Two I2C serial I/O controllers

• Two I2S audio controllers

A short functional description of each of these peripherals is provided in the following 
sections.
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7.8.1 UARTs

The LPC3220/30/40/50 contains seven UARTs. Four are standard UARTs, and three are 
high-speed UARTs.

7.8.1.1 Standard UARTs

The four standard UARTs are compatible with the INS16Cx50. These UARTs support 
rates up to 460800 bit/s from a 13 MHz peripheral clock.

Features

• Each standard UART has 64 byte Receive and Transmit FIFOs.

• Receiver FIFO trigger points at 16, 32, 48, and 60 Bytes.

• Transmitter FIFO trigger points at 0, 4, 8, and 16 Bytes.

• Register locations conform to the “550” industry standard.

• Each standard UART has a fractional rate pre-divider and an internal baud rate 
generator.

• The standard UARTs support three clocking modes: on, off, and auto-clock. The 
auto-clock mode shuts off the clock to the UART when it is idle.

• UART 6 includes an IrDA mode to support infrared communication.

• The standard UARTs are designed to support data rates of (2400, 4800, 9600, 
19200, 38400, 57600, 115200, 230400, 460800) bit/s.

• Each UART includes an internal loopback mode.

7.8.1.2 High-speed UARTs

The three high-speed UARTs are designed to support rates up to 921600 bit/s from a 
13 MHz peripheral clock for on-board communication in low noise conditions. This is 
accomplished by changing the over sampling from 16 to 14 and altering the rate 
generation logic.

Features

• Each high-speed UART has 64-byte Receive and Transmit FIFOs.

• Receiver FIFO trigger points at 1, 4, 8, 16, 32, and 48 B.

• Transmitter FIFO trigger points at 0, 4, and 8 B.

• Each high-speed UART has an internal baud rate generator.

• The high-speed UARTs are designed to support data rates of (2400, 4800, 9600, 
19200, 38400, 57600, 115200, 230400, 460800, 921600) bit/s.

• The three high speed UARTs only support (8N1) 8-bit data word length, 1-stop bit, no 
parity, and no flow control as a the communications protocol.

• Each UART includes an internal loopback mode.

7.8.2 SPI serial I/O controller

The LPC3220/30/40/50 has two Serial Peripheral Interfaces (SPI). The SPI is a 3-wire 
serial interface that is able to interface with a large range of serial peripheral or memory 
devices (SPI mode 0 to 3 compatible slave devices).
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7.9.2 Keyboard scanner

The keyboard scanner function can automatically scan a keyboard of up to 64 keys in an 
8  8 matrix. In operation, the keyboard scanner’s internal state machine will normally be 
in an idle state, with all KEY_ROWn pins set high, waiting for a change in the column 
inputs to indicate that one or more keys have been pressed.

When a keypress is detected, the matrix is scanned by setting one output pin high at a 
time and reading the column inputs. After de-bouncing, the keypad state is stored and an 
interrupt is generated. The keypad is then continuously scanned waiting for ‘extra key 
pressed’ or ‘key released’. Any new keypad state is scanned and stored into the matrix 
registers followed by a new interrupt request to the interrupt controller. It is possible to 
detect and separate up to 64 multiple keys pressed.

7.9.2.1 Features

• Supports up to 64 keys in 8  8 matrix.

• Programmable de-bounce period.

• A key press can wake up the CPU from Stop mode.

7.9.3 Touch screen controller and 10-bit ADC 

The LPC3220/30/40/50 microcontrollers includes Touch Screen Controller (TSC) 
hardware, which automatically measures and determines the X and Y coordinates where 
a touch screen is pressed. In addition, the TSC can measure an analog input signal on the 
AUX_IN pin. 

Optionally, the TSC can operate as an Analog-to-Digital Converter (ADC). The ADC 
supports three channels and uses 10-bit successive approximation to produce results with 
a resolution of 10 bits in 11 clock cycles.

The analog portion of the ADC has its own power supply to enhance the low noise 
characteristics of the converter. This voltage is only supplied internally when the core has 
voltage. However, the ADC block is not affected by any difference in ramp-up time for 
VDD_AD and VDD_CORE voltage supplies.

7.9.3.1 Features

• Measurement range of 0 V to VDD_AD (nominally 3.3 V).

• Low-noise ADC.

• 10-bit resolution.

• Three input channels.

• Uses 32 kHz RTC clock or peripheral clock.

7.9.4 Real-Time Clock (RTC) and battery RAM

The RTC runs at 32768 Hz using a very low power oscillator. The RTC counts seconds 
and can generate alarm interrupts that can wake up the device from Stop mode. The RTC 
clock can also clock the 397x PLL, the Millisecond Timer, the ADC, the Keyboard Scanner 
and the PWMs. The RTC up-counter value represents a number of seconds elapsed since 
second 0, which is an application determined time. The RTC counter will reach maximum 
value after about 136 years. The RTC down-counter is initiated with all ones.
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Two 32-bit match registers are readable and writable by the processor. A match will result 
in an interrupt provided that the interrupt is enabled. The ONSW output pin can also be 
triggered by a match event and cause an external power supply to turn on all of the 
operating voltages, as a way to startup after power has been removed.

The RTC block is implemented in a separate voltage domain. The block is supplied via a 
separate supply pin from a battery or other power source. 

The RTC block also contains 32 words (128 bytes) of very low voltage SRAM. This SRAM 
is able to hold its contents down to the minimum RTC operating voltage.

7.9.4.1 Features

• Measures the passage of time in seconds.

• 32-bit up and down seconds counters.

• Ultra-low power design to support battery powered systems.

• Dedicated 32 kHz oscillator.

• An output pin is included to assist in waking up when the chip has had power removed 
to all functions except the RTC.

• Two 32-bit match registers with interrupt option.

• 32 words (128 bytes) of very low voltage SRAM.

• The RTC and battery RAM power have an independent power domain and dedicated 
supply pins, which can be powered from a battery or power supply.

Remark: The LPC3220/30/40/50 will run at voltages down to 0.9 V at frequencies below 
14 MHz. However, the ARM core cannot access the RTC registers and battery RAM when 
the core supply voltage is at 0.9 V and the RTC supply is at 1.2 V.

7.9.5 Enhanced 32-bit timers/external event counters

The LPC3220/30/40/50 includes six 32-bit Timer/Counters. The Timer/Counter is 
designed to count cycles of the system derived clock or an externally-supplied clock. It 
can optionally generate interrupts or perform other actions at specified timer values, 
based on four match registers. The Timer/Counter also includes four capture inputs to trap 
the timer value when an input signal transitions, optionally generating an interrupt.

7.9.5.1 Features

• A 32-bit Timer/Counter with a programmable 32-bit pre-scaler.

• Counter or Timer operation.

• Up to four 32-bit capture channels per timer, that can take a snapshot of the timer 
value when an input signal transitions. A capture event may also optionally generate 
an interrupt.

• Four 32-bit match registers that allow:

– continuous operation with optional interrupt generation on match

– stop timer on match with optional interrupt generation

– reset timer on match with optional interrupt generation

• Up to four external outputs corresponding to match registers, with the following 
capabilities:
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9. Limiting values

 

[1] The following applies to Table 7:

a) This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive 
static charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated 
maximum.

b) Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to VSS unless 
otherwise noted.

[2] Core, PLL, oscillator, and RTC supplies; applies to pins VDD_CORE, VDD_COREFXD, VDD_OSC, VDD_PLL397, VDD_PLLHCLK, 
VDD_PLLUSB, VDD_RTC, VDD_RTCCORE, and VDD_RTCOSC.

[3] I/O pad supply; applies to domains VDD_EMC.

[4] Applies to VDD_AD pins.

[5] Applies to pins in the following domains VDD_IOA, VDD_IOB, VDD_IOC, and VDD_IOD.

[6] Including voltage on outputs in 3-state mode.

[7] Based on package heat transfer, not device power consumption. Calculated package thermal resistance (ThetaJA): 35.766 C/W (with 
JEDEC Test Board and 0 m/s airflow, 15 % accuracy).

[8] Human body model: equivalent to discharging a 100 pF capacitor through a 1.5 k series resistor.

[9] Charge device model per AEC-Q100-011.

Table 7. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).[1]

Symbol Parameter Conditions Notes Min Max Unit

VDD(1V2) supply voltage (1.2 V) [2] 0.5 +1.4 V

VDD(EMC) external memory controller 
supply voltage

[3] 0.5 +4.6 V

VDDA(3V3) analog supply voltage (3.3 V) [4] 0.5 +4.6 V

VDD(IO) input/output supply voltage [5] 0.5 +4.6 V

VIA analog input voltage 0.5 +4.6 V

VI input voltage 1.8 V pins [6] 0.5 +2.4 V

3.3 V pins [6] 0.5 +4.6 V

IDD supply current per supply pin - 100 mA

ISS ground current per ground pin - 100 mA

Tstg storage temperature 65 +150 C

Ptot(pack) total power dissipation 
(per package)

max. junction temp 125 C
max. ambient temp 85 C

[7] - 1.12 W

VESD electrostatic discharge voltage HBM [8] - 2500 V

CDM [9] - 1000 V
LPC3220_30_40_50 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2014. All rights reserved.

Product data sheet Rev. 2.1 — 24 June 2014 45 of 80



NXP Semiconductors LPC3220/30/40/50
16/32-bit ARM microcontrollers
10. Static characteristics

 

Table 8. Static characteristics
Tamb = 40 C to +85 C, unless otherwise specified.

Symbol Parameter Conditions Min Typ[1] Max Unit

VDD(1V2) supply voltage (1.2 V) core supply voltage for 
full performance; 
266 MHz (see Figure 4); 
VDD_CORE supply domain

[2] 1.31 1.35 1.39 V

core supply voltage for 
normal performance; 
208 MHz (see Figure 4);
VDD_CORE supply domain

[2] 1.1 1.2 1.39 V

core supply voltage for 
reduced power; 
up to 14 MHz CPU;
VDD_CORE supply domain

[2] 0.9 - 1.39 V

RTC supply voltage;
VDD_RTC supply domain

[3] 0.9 - 1.39 V

PLL and oscillator supply 
voltage

[4] 1.1 1.2 1.39 V

VDD(EMC) external memory 
controller supply voltage 

in 1.8 V range [5] 1.7 1.8 1.95 V

in 2.5 V range [6] 2.3 2.5 2.7 V

in 3.3 V range [7] 2.7 3.3 3.6 V

VDD(IO) input/output supply 
voltage

VDD_IOA, VDD_IOB, and 
VDD_IOD supply domain

in 1.8 V range

1.7 1.8 1.95 V

in 3.3 V range 2.7 3.3 3.6 V

VDD_IOC supply domain

in 1.8 V range

1.7 1.8 1.95 V

in 3.3 V range 2.3 3.3 3.6 V

VDDA(3V3) analog supply voltage
(3.3 V)

applies to pins in VDD_AD 
power domain

2.7 3.3 3.6 V
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Fig 8. External memory write access
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11.4 DDR SDRAM controller
 

[1] All values valid for EMC pads set to fast slew rate at 1.8 V unless otherwise specified (see SDRAMCLK_CTRL register in the LPC32x0 
User manual).

[2] CMD_DLY = COMMAND_DELAY bit field in SDRAMCLK_CTRL[18:14] register, see External Memory Controller (EMC) chapter in 
LPC32x0 User manual.

[3] Applies to signals EMC_DQM[3:0], EMC_DYCS[1:0], EMC_RAS, EMC_CAS, EMC_WR, EMC_CKE[1:0].

[4] DQS_DELAY, see LPC32x0 User manual, External Memory Controller Chapter, Section 8 DDR DQS delay calibration for details on 
configuring this value.

[5] Test conditions for measurements: Tamb = 40 C to +85 C; operating frequency range foper = 52 MHz to 133 MHz; EMC_DQM[3:0] and 
EMC_D[31:0] driving 2 inches of 50  characteristic impedance trace with 10 pF capacitive load; no external source series termination 
resistors used. EMC pads set to fast slew rate at 1.8 V or 2.5 V (see SDRAMCLK_CTRL register in the LPC32x0 User manual).

Table 14. EMC DDR SDRAM memory interface dynamic characteristics[1]

CL = 25 pF, Tamb = 25 C, unless otherwise specified.

Symbol Parameter Conditions Min Typical Max Unit

foper operating frequency - 104 133 MHz

tCK clock cycle time 7.5 9.6 - ns

tCL CK LOW-level width - 0.5  tCK - ns

tCH CK HIGH-level width - 0.5  tCK - ns

td(V)ctrl control valid delay time [2][3] - (CMD_DLY  0.25) + 1.5 - ns

th(ctrl) control hold time [2][3] - (CMD_DLY  0.25)  1.5 - ns

td(AV) address valid delay time [2] - (CMD_DLY  0.25) + 1.5 - ns

th(A) address hold time [2] - (CMD_DLY  0.25)  1.5 - ns

tsu(Q) data output set-up time EMC_D[31:0] 
and 
EMC_DQM[3:0] 
to 
EMC_DQS[1:0] 
out

[5] 0.08 
 tCK

0.15  tCK 0.25 
 tCK

ns

th(Q) data output hold time EMC_D[31:0] 
and 
EMC_DQM[3:0] 
to 
EMC_DQS[1:0] 
out

[5] 0.25 
 tCK

0.35  tCK 0.42 
 tCK

ns

tDQSH DQS HIGH time for WRITE 
command

- 0.5  tCK - ns

tDQSL DQS LOW time for WRITE 
command

- 0.5  tCK - ns

tDQSS WRITE command to first DQS latching 
transition time

for DQS out - tCK + 0.7 - ns

tDSS DQS falling edge to CK set-up time for DQS in - 0.5  tCK - ns

tDSH DQS falling edge hold time from CK for DQS in - 0.5  tCK - ns

td(DQS) DQS delay time for DQS in [4] - DQS_DELAY - ns

tsu(D) data input set-up time - 0.3 - ns

th(D) data input hold time - 0.5 - ns
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Fig 10. DDR control timing parameters
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Fig 11. DDR write timing parameters
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(1) The delay of the EMC_DQS[1:0] signal is determined by the DQS_DELAY settings. See LPC32x0 User manual, External 
Memory Controller Chapter, section DDR DQS delay calibration for details on configuring this value.

Fig 12. DDR read timing parameters
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[1] THCLK = 1/HCLK

[2] Rsu = bit field R_SETUP[3:0] in register SLC_TAC[3:0] for reads

[3] Rh = bit field R_HOLD[3:0] in register SLC_TAC[7:4] for reads

[4] Rw = bit field R_WIDTH[3:0] in register SLC_TAC[11:8] for reads

[5] Rb = bit field R_RDY[3:0] in register SLC_TAC[15:12] for reads

[6] Wsu = bit field W_SETUP[3:0] in register SLC_TAC[19:16] for writes

[7] Wh = bit field W_HOLD[3:0] in register SLC_TAC[23:20] for writes

[8] Ww = bit field W_WIDTH[3:0] in register SLC_TAC[27:24] for writes

[9] Wb = bit field W_RDY[3:0] in register SLC_TAC[31:28] for writes

 

tWH WE HIGH hold time write [1][6][7] - THCLK  (Wsu + Wh) - ns

tWHR WE HIGH to RE LOW time write [1][7][9] - (THCLK  Wh) + (2  THCLK 
 Wb) 

- ns

tWP WE pulse width write [1][8] - THCLK  Ww - ns

tREHRBL RE HIGH to R/B LOW time write [1][3][5] - (THCLK  Rh) + (2  THCLK  
Rb)

- ns

Table 18. Dynamic characteristics of SLC NAND flash memory controller  …continued
Tamb = 40 C to +85 C.

Symbol Parameter Conditions Min Typ Max Unit

Fig 17.  MLC NAND flash memory write timing (writing to NAND flash)
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13. Package outline

 

Fig 25. Package outline SOT1048-1 (TFBGA296)
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17. Legal information

17.1 Data sheet status
 

[1] Please consult the most recently issued document before initiating or completing a design. 

[2] The term ‘short data sheet’ is explained in section “Definitions”. 

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple devices. The latest product status 
information is available on the Internet at URL http://www.nxp.com. 

17.2 Definitions

Draft — The document is a draft version only. The content is still under 
internal review and subject to formal approval, which may result in 
modifications or additions. NXP Semiconductors does not give any 
representations or warranties as to the accuracy or completeness of 
information included herein and shall have no liability for the consequences of 
use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet 
with the same product type number(s) and title. A short data sheet is intended 
for quick reference only and should not be relied upon to contain detailed and 
full information. For detailed and full information see the relevant full data 
sheet, which is available on request via the local NXP Semiconductors sales 
office. In case of any inconsistency or conflict with the short data sheet, the 
full data sheet shall prevail.

Product specification — The information and data provided in a Product 
data sheet shall define the specification of the product as agreed between 
NXP Semiconductors and its customer, unless NXP Semiconductors and 
customer have explicitly agreed otherwise in writing. In no event however, 
shall an agreement be valid in which the NXP Semiconductors product is 
deemed to offer functions and qualities beyond those described in the 
Product data sheet.

17.3 Disclaimers

Limited warranty and liability — Information in this document is believed to 
be accurate and reliable. However, NXP Semiconductors does not give any 
representations or warranties, expressed or implied, as to the accuracy or 
completeness of such information and shall have no liability for the 
consequences of use of such information. NXP Semiconductors takes no 
responsibility for the content in this document if provided by an information 
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental, 
punitive, special or consequential damages (including - without limitation - lost 
profits, lost savings, business interruption, costs related to the removal or 
replacement of any products or rework charges) whether or not such 
damages are based on tort (including negligence), warranty, breach of 
contract or any other legal theory. 

Notwithstanding any damages that customer might incur for any reason 
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards 
customer for the products described herein shall be limited in accordance 
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make 
changes to information published in this document, including without 
limitation specifications and product descriptions, at any time and without 
notice. This document supersedes and replaces all information supplied prior 
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed, 
authorized or warranted to be suitable for use in life support, life-critical or 
safety-critical systems or equipment, nor in applications where failure or 
malfunction of an NXP Semiconductors product can reasonably be expected 
to result in personal injury, death or severe property or environmental 
damage. NXP Semiconductors and its suppliers accept no liability for 
inclusion and/or use of NXP Semiconductors products in such equipment or 
applications and therefore such inclusion and/or use is at the customer’s own 
risk.

Applications — Applications that are described herein for any of these 
products are for illustrative purposes only. NXP Semiconductors makes no 
representation or warranty that such applications will be suitable for the 
specified use without further testing or modification. 

Customers are responsible for the design and operation of their applications 
and products using NXP Semiconductors products, and NXP Semiconductors 
accepts no liability for any assistance with applications or customer product 
design. It is customer’s sole responsibility to determine whether the NXP 
Semiconductors product is suitable and fit for the customer’s applications and 
products planned, as well as for the planned application and use of 
customer’s third party customer(s). Customers should provide appropriate 
design and operating safeguards to minimize the risks associated with their 
applications and products. 

NXP Semiconductors does not accept any liability related to any default, 
damage, costs or problem which is based on any weakness or default in the 
customer’s applications or products, or the application or use by customer’s 
third party customer(s). Customer is responsible for doing all necessary 
testing for the customer’s applications and products using NXP 
Semiconductors products in order to avoid a default of the applications and 
the products or of the application or use by customer’s third party 
customer(s). NXP does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in 
the Absolute Maximum Ratings System of IEC 60134) will cause permanent 
damage to the device. Limiting values are stress ratings only and (proper) 
operation of the device at these or any other conditions above those given in 
the Recommended operating conditions section (if present) or the 
Characteristics sections of this document is not warranted. Constant or 
repeated exposure to limiting values will permanently and irreversibly affect 
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors 
products are sold subject to the general terms and conditions of commercial 
sale, as published at http://www.nxp.com/profile/terms, unless otherwise 
agreed in a valid written individual agreement. In case an individual 
agreement is concluded only the terms and conditions of the respective 
agreement shall apply. NXP Semiconductors hereby expressly objects to 
applying the customer’s general terms and conditions with regard to the 
purchase of NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted or 
construed as an offer to sell products that is open for acceptance or the grant, 
conveyance or implication of any license under any copyrights, patents or 
other industrial or intellectual property rights.

Document status[1][2] Product status[3] Definition

Objective [short] data sheet Development This document contains data from the objective specification for product development. 

Preliminary [short] data sheet Qualification This document contains data from the preliminary specification. 

Product [short] data sheet Production This document contains the product specification. 
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