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NXP Semiconductors LPC3220/30/40/50

3. Applications

16/32-bit ARM microcontrollers

@ Six enhanced timer/counters which are architecturally identical except for the
peripheral base address. Two capture inputs and two match outputs are pinned out
to four timers. Timer 1 brings out a third match output, timers 2 and 3 bring out all
four match outputs, timer 4 has one match output, and timer 5 has no inputs or
outputs.

@ 32-bit millisecond timer driven from the RTC clock. This timer can generate
interrupts using two match registers.

@ WatchDog timer clocked by the peripheral clock.

@ Two single-output PWM blocks.

€ Motor control PWM.

€ Keyboard scanner function allows automatic scanning of an up to 8 x 8 key matrix.
@ Up to 18 external interrupts.

Standard ARM test/debug interface for compatibility with existing tools.

Emulation Trace Buffer (ETB) with 2048 x 24 bit RAM allows trace via JTAG.

Stop mode saves power while allowing many peripheral functions to restart CPU
activity.

On-chip crystal oscillator.

An on-chip PLL allows CPU operation up to the maximum CPU rate without the
requirement for a high frequency crystal. Another PLL allows operation from the
32 kHz RTC clock rather than the external crystal.

Boundary scan for simplified board testing.
User-accessible unique serial ID number for each chip.
TFBGA296 package with a 15 mm x 15 mm x 0.7 mm body.

LPC3220_30_40_50

Consumer
Medical
Industrial
Network control
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16/32-bit ARM microcontrollers

6. Pinning information

ENET_RXD2(2

LPC3220_30_40_50

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

6.1 Pinning
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Fig 2. Pin configuration for SOT1048-1 (TFBGA296)
Table 3.  Pin allocation table (TFBGA296)
Pin  Symbol Pin  Symbol Pin |Symbol
Row A
A3 12C2_SCL
A4 12S1TX_CLK/MAT3[0] A5 12C1_SCL A6 MS_BS/MAT2[1]
A7 |MS_DIO1/MATO[1] A8 | MS_DIOO/MATO[0] A9 SPI2_DATIO/MOSI1/LCDVD[20]1
A10 SPI2_DATIN/MISO1/ All GPIO_1 Al12 GPIO_O
LCDVD[21]&/GPI_27
Al13 | GPO_21/U4_TX/LCDVD[3]l Al4 GPO_15/MCOA1/LCDFP A15 GPO_7/LCDVD[2]l
Al16 GPO_6/LCDVD[18]
Row B
B2 GPO_20 B3 |GPO_5
B4 12S1TX_WS/CAP3[0] B5 PO[0)/I2S1RX_CLK B6 |I2C1_SDA
B7 MS_SCLK/MATZ2[0] B8 MS_DIO2/MATO[2] B9 |SPI1_DATIO/MOSIO/MCI2
B10 SPI2_CLK/SCK1/LCDVD[23]X B1l GPIO_4/SSEL1/LCDVD[22]&l B12 |[GPO_12/MCOA2/LCDLEM
B13 GPO_13/MCOB1/LCDDCLKMI B14 GPO_2/MAT1[0/LCDVD[0] |B15 GPI_19/U4 RX
B16 GPI_8/KEY_COLS6/ B17 n.c.
SPI2_BUSY/ENET_RX_DVI
Row C
Cl FLASH_RD C2 GPO_19 C3 | GPO_O/TST_CLK1
C4 USB_ATX_INT C5 |USB_SEO VM/U5_TX C6 TST_CLK2
C7 | GPI_6/HSTIM_CAP/ C8 |MS_DIO3/MATOI[3] C9 | SPI1_CLK/SCKO
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6.2 Pin description

LPC3220/30/40/50

16/32-bit ARM microcontrollers

Table 4. Pin description
Symbol Pin Power supply Type Description
domain
vADINO/TS_YM (UNES) VDD_AD vanalog in ADC input O/touch screen Y minus
ADINL/TS_XM T14 VDD_AD analog in ADC input O/touch screen X minus
'ADIN2/TS_AUX_IN V16 VDD _AD ‘analogin  ADC input 2/touch screen AUX input
DBGEN G14 VDD_IOD I: PD Device test input
LOW = JTAG in-circuit debug available; normal
operation.
HIGH = 1/O cell boundary scan test; for board
assembly BSDL test.
EMC_AJ[0]/P1[0] L3 VDD_EMC I/0 EMC address bit 0
I/0 Port 1 GPIO bit 0
EMC_A[1]/P1[1] L4 VDD_EMC I/0 EMC address bit 1
I/0 Port 1 GPIO bit 1
EMC_A[2]/P1[2] M1 VDD_EMC I/0 EMC address bit 2
I/0 Port 1 GPIO bit 2
EMC_A[3]/P1[3] M2 VDD_EMC I/0 EMC address bit 3
I/0 Port 1 GPIO bit 3
EMC_A[4]/P1[4] M3 VDD_EMC I/0 EMC address bit 4
I/O Port 1 GPIO bit 4
EMC_A[5]/P1[5] N1 VDD_EMC I/0 EMC address bit 5
I/O Port 1 GPIO hit 5
EMC_A[6]/P1[6] N2 VDD_EMC I/0 EMC address bit 6
I/O Port 1 GPIO bhit 6
EMC_A[7/P1[7] N3 VDD_EMC I/0 EMC address bit 7
I/O Port 1 GPIO hit 7
EMC_A[8]/P1[8] M4 VDD_EMC I/O EMC address bit 8
I/O Port 1 GPIO hit 8
EMC_A[9]/P1[9] P1 VDD_EMC I/0 EMC address bit 9
I/O Port 1 GPIO hit 9
EMC_AJ[10]/P1[10] P2 VDD_EMC I/0 EMC address bit 10
I/O Port 1 GPIO bit 10
EMC_A[11]/P1[11] P3 VDD_EMC I/0 EMC address bit 11
I/O Port 1 GPIO hit 11
EMC_A[12]/P1][12] N4 VDD_EMC I/0 EMC address bit 12
I/O Port 1 GPIO bit 12
EMC_A[13]/P1][13] R1 VDD_EMC I/0 EMC address bit 13
I/O Port 1 GPIO bit 13
EMC_A[14]/P1][14] R2 VDD_EMC I/0 EMC address bit 14
I/O Port 1 GPIO bhit 14

LPC3220_30_40_50
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LPC3220/30/40/50

16/32-bit ARM microcontrollers

Table 4. Pin description ...continued
Symbol Pin Power supply Type Description
domain

PO[1)/ D7 VDD_IOB I/O Port 0 GPIO bit 1
I2S1IRX_WS I/O I2S1 receive word select
PO[2)/ M17 |VDD_IOA I/O Port 0 GPIO bit 2
I2SORX_SDA/ 1’0 12S0 receive data
LCDVD[4] -

I/O LCD data bit 4 (LPC3230 and LPC3250 only)
PO[3)/ M18 VDD_IOA Ie} Port 0 GPIO bit 3
I2SORX_CLK/ I/O 12S0 receive clock
LCDVD[5] -

I/O LCD data bit 5 (LPC3230 and LPC3250 only)
PO[4)/ L15 VDD_IOA I/O Port 0 GPIO bit 4
I2SORX_Ws/ I/O 12S0 receive word select
LCDVD[6] .

I/O LCD data bit 6 (LPC3230 and LPC3250 only)
PO[5)/ L16 VDD_IOA le} Port 0 GPIO bit 5
12S0TX_SDA/ I/O 12S0 transmit data
LCDVD[7] -

I/O LCD data bit 7 (LPC3230 and LPC3250 only)
Po[6]/ L17 VDD_IOA I/O Port 0 GPIO bit 6
12S0TX_CLK/ 1’0 12S0 transmit clock
LCDVD[12] -

I/0 LCD data bit 12 (LPC3230 and LPC3250 only)
Po[7)/ L18 VDD_IOA le} Port 0 GPIO bit 7
12S0TX_WS/ I/O 12S0 transmit word select
LCDVD[13] -

I/O LCD data bit 13 (LPC3230 and LPC3250 only)
PLL397_LOOP R14 VDD_PLL397 analog filter PLL397 loop filter

(for external components)

PWM_OUT1/ D14 vDD_IOD (0] PWM1 out
LCDVDI[16] o LCD data bit 16 (LPC3230 and LPC3250 only)
PWM_OUT2/INTSTAT/ D15 VDD_IOD (0] PWM2 output/internal interrupt status[il
LCDVD[19] o LCD data bit 19 (LPC3230 and LPC3250 only)
RESET M14 VDD_RTC | Reset input, active LOW
RESOUT G4 VDD_IOC (0] Reset out. Reflects external and WDT reset
RTCX_IN P16 VDD_RTC analog in RTC oscillator input
RTCX_OUT P17 VDD_RTC analog out |RTC oscillator output
SPI1_CLK/ Cc9 VvDD_IOD (0] SPI1 clock out
SCKo (0] SSPO clock out
SPI1_DATIN/ C10 VvDD_IOD I/0 SPI1 data in
MISOO/ 1o SSPO MISO
GPI_25/ - -
MCI1 I/O General purpose input bit 25

I Motor control channel 1 input
SPI1_DATIO/ B9 VDD_IOD I/O SPI1 data out (and optional input)
MOSIO/ 1o SSPO MOSI
MCI2 -

I Motor control channel 2 input

LPC3220_30_40_50
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16/32-bit ARM microcontrollers

Table 4. Pin description ...continued
Symbol Pin Power supply Type Description
domain
'SPI2_CLK/ B10 VDD _IOD i SPI2 clock out
SCK1/ 0 SSP1 clock out
LCDVD[23]
I/0 LCD data bit 23 (LPC3230 and LPC3250 only)
SPI2_DATIO/ A9 VDD_IOD 110 SPI2 data out (and optional input)
MOSI1/ 1o SSP1 MOSI
LCDVD[20]
I/0 LCD data bit 20 (LPC3230 and LPC3250 only)
SPI2_DATIN/ A10 VDD_IOD 110 SPI2 data in
MISO1/ 1o SSP1 MISO
LCDVD[21])/
GPI_27 I/0 LCD data 21 (LPC3230 and LPC3250 only)
le] General purpose input bit 27
SYSCLKEN/ G17 VDD_IOD oT Clock request out for external clock source
LCDVD[15] T LCD data bit 15 (LPC3230 and LPC3250 only)
SYSX_IN T17 VDD_OSC ianalog in System clock oscillator input
SYSX_OUT R15 VDD_OSC analog out  System clock oscillator output
TS XP R13 VDD_AD >I/O Touchscreen X output
TS_YP ul6 VDD_AD le] Touchscreen Y output
TST_CLK2 C6 VvDD_IOB o Test clock 2 out
Ul_RX/CAP1[0O)/ K15 VDD_IOA le} HS UART 1 receive
GPI_15 I/O Timer 1 capture input O
I/O General purpose input bit 15
Ul TX K16 VDD_IOA Ie HS UART 1 transmit
U2_HCTS/ J18 VDD_IOA I/0 HS UART 2 Clear to Send input
U3_CTS/GPI_16 | UART 3 Clear to Send
I/O General purpose input bit 16
U2_RX/ K18 VDD_IOA 110 HS UART 2 receive
U3_DSR/GPI_17 1/0 UART 3 data set ready
I/O General purpose input bit 17
U2_TX/U3_DTR K17 VDD_IOA O HS UART 2 transmit
(0] UART 3 data terminal ready out
U3_RX/ J14 VvDD_IOD le} UART 3 receive
GPI_18 I/O General purpose input bit 18
U3_TX Ji7 VvDD_IOD O UART 3 transmit
U5_RX/ F18 VvDD_IOD /0 UART 5 receive
GPI_20 I General purpose input bit 20
U5_TX H15 |VvDD_IOD Ie UART 5 transmit
U6_IRRX/ F17 VvDD_IOD I/0 UART 6 receive (with IrDA)
GPI_21 I General purpose input bit 21
U6_IRTX Gl16 |vDD_IOD o] UART 6 transmit (with IrDA)

LPC3220_30_40_50
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16/32-bit ARM microcontrollers

7.1.3.2 Embedded trace buffer

The Embedded Trace Module (ETM) is connected directly to the ARM core. It compresses
the trace information and exports it through a narrow trace port. An internal Embedded
Trace Buffer (ETB) of 2048 x 24 bits captures the trace information under software
debugger control. Data from the ETB is recovered by the debug software through the
JTAG port.

The trace contains information about when the ARM core switches between states.
Instruction shows the flow of execution of the processor and provides a list of all the
instructions that were executed. Instruction trace is significantly compressed by only
broadcasting branch addresses as well as a set of status signals that indicate the pipeline
status on a cycle by cycle basis. For data accesses either data or address or both can be
traced.

7.2 AHB matrix

The LPC3220/30/40/50 has a multi-layer AHB matrix for inter-block communication. AHB
is an ARM defined high-speed bus, which is part of the ARM bus architecture. AHB is a
high-bandwidth low-latency bus that supports multi-master arbitration and a bus
grant/request mechanism. For systems that have only one (CPU), or two (CPU and DMA)
bus masters a simple AHB works well. However, if a system requires multiple bus masters
and the CPU needs access to external memory, a single AHB bus can cause a bottleneck.

To increase performance, the LPC3220/30/40/50 uses an expanded AHB architecture
known as Multi-layer AHB. A Multi-layer AHB replaces the request/grant and arbitration
mechanism used in a simple AHB with an interconnect matrix that moves arbitration out
toward the slave devices. Thus, if a CPU and a DMA controller want access to the same
memory, the interconnect matrix arbitrates between the two when granting access to the
memory. This advanced architecture allows simultaneous access by bus masters to
different resources with an increase in arbitration complexity. In this architectural
implementation, removing guaranteed central arbitration and allowing more than one bus
master to be active at the same time provides better overall microcontroller performance.

In the LPC3220/30/40/50, the multi-Layer AHB system has a separate bus for each of
seven AHB Masters:

* CPU data bus

* CPU instruction bus

* General purpose DMA Master 0

* General purpose DMA Master 1

* Ethernet controller

* USB controller

* LCD controller

There are no arbitration delays unless two masters attempt to access the same slave at
the same time.
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7.4

7.4.1

7.4.2

7.5

751

7.5.1.1

LPC3220_30_40_50

16/32-bit ARM microcontrollers

Internal memory

On-chip ROM

The built-in 16 kB ROM contains a program which runs a boot procedure to load code
from one of four external sources, UART 5, SSPO (SPI mode), EMC Static CSO memory,
or NAND FLASH.

After reset, execution always begins from the internal ROM. The bootstrap software first
reads the SERVICE input (GPI_1). If SERVICE is LOW, the bootstrap starts a service boot
and can download a program over serial link UART 5 to IRAM and transfer execution to
the downloaded code.

If the SERVICE pin is HIGH, the bootstrap routine jumps to normal boot. The normal boot
process first tests SPI memory for boot information if present it uploads the boot code and
transfers execution to the uploaded software. If the SPI is not present or no software is
loaded, the bootloader will test the EMC Static CS0 memory for the presence of boot code
and if present boots from static memory, If this test fails the boot loader will test external
NAND flash for boot code and boot if code is present.

The boot loader consumes no user memory space because it is in ROM.

On-chip SRAM

On-chip SRAM may be used for code and/or data storage. The SRAM may be accessed
as 8, 16, or 32 bit memory. The LPC3220/30/40/50 provides 256 kB of internal SRAM.

External memory interfaces

The LPC3220/30/40/50 includes three external memory interfaces, NAND Flash
controllers, Secure Digital Memory Controller, and an external memory controller for
SDRAM, DDR SDRAM, and Static Memory devices.

NAND flash controllers

The LPC3220/30/40/50 includes two NAND flash controllers, one for multi-level cell
NAND flash devices and one for single-level cell NAND flash devices. The two NAND
flash controllers use the same pins to interface to external NAND flash devices, so only
one interface is active at a time.

Multi-Level Cell (MLC) NAND flash controller

The MLC NAND flash controller interfaces to either multi-level or single-level NAND flash
devices. An external NAND flash device is used to allow the bootloader to automatically
load a portion of the application code into internal SRAM for execution following reset.

The MLC NAND flash controller supports small (528 byte) and large (2114 byte) pages.
Programmable NAND timing parameters allow support for a variety of NAND flash
devices. A built-in Reed-Solomon encoder/decoder provides error detection and
correction capability. A 528 byte data buffer reduces the need for CPU supervision during
loading. The MLC NAND flash controller also provides DMA support.
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7.5.1.2

7.5.2

7.5.2.1

7.5.3

LPC3220_30_40_50

16/32-bit ARM microcontrollers

Single-Level Cell (SLC) NAND flash controller

The SLC NAND flash controller interfaces to single-level NAND flash devices. DMA page
transfers are supported, including a 20-byte DMA read and write FIFO. Hardware support
for ECC (Error Checking and Correction) is included for the main data area. Software can
correct a single bit error.

SD card controller

The SD interface allows access to external SD memory cards. The SD card interface
conforms to the SD Memory Card Specification Version 1.01.

Features

¢ 1-bit and 4-bit data line interface support.
* DMA is supported through the system DMA controller.

¢ Provides all functions specific to the SD memory card. These include the clock
generation unit, power management control, command and data transfer.

External memory controller

The LPC3220/30/40/50 includes a memory controller that supports data bus SDRAM,
DDR SDRAM, and static memory devices. The memory controller provides an interface
between the system bus and external (off-chip) memory devices.

The controller supports 16-bit and 32-bit wide SDR SDRAM devices of 64 Mbit, 128 Mbit,
128 Mbit, 256 Mbit, and 512 Mbit sizes, as well as 16-bit wide data bus DDR SDRAM
devices of 64 Mbit, 128 Mbit, 128 Mbit, 256 Mbit, and 512 Mbit sizes. Two dynamic
memory chip selects are supplied, supporting two groups of SDRAM:

* DYCSO in the address range 0x8000 0000 to Ox9FFF FFFF

* DYCSL1 in the address range 0xA000 0000 to OXBFFF FFFF
The memory controller also supports 8-bit, 16-bit, and 32-bit wide asynchronous static
memory devices, including RAM, ROM, and flash, with or without asynchronous page
mode. Four static memory chip selects are supplied for SRAM devices:

* CSO0 in the address range OXE000 0000 to OXEOFF FFFF

* CS1inthe address range OxE100 0000 to OXE1FF FFFF

* CS2in the address range 0xE200 0000 to OXE2FF FFFF

* CS3in the address range OXE300 0000 to OXE3FF FFFF
The SDRAM controller uses three data ports to allow simultaneous requests from multiple
on-chip AHB bus masters and has the following features.

* Dynamic memory interface supports SDRAM, DDR-SDRAM, and low-power variants.

¢ Read and write buffers to reduce latency and improve performance.

¢ Static memory features include

asynchronous page mode read

programmable wait states

bus turnaround cycles

output enable and write enable delays
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7.6

7.6.1

7.6.2

LPC3220_30_40_50

16/32-bit ARM microcontrollers

— extended wait
* Power-saving modes dynamically control EMC_CKE[1:0] and EMC_CLK.
* Dynamic memory self-refresh mode supported by software.

¢ Controller supports 2 k, 4 k, and 8 k row address synchronous memory parts. That is,
typical 512 MB, 256 MB, 128 MB, and 16 MB parts, with 8, 16, or 32 data bits per
device.

* Two reset domains enable dynamic memory contents to be preserved over a soft
reset.

¢ This controller does not support synchronous static memory devices (burst mode
devices).

AHB master peripherals

The LPC3220/30/40/50 implements four AHB master peripherals, which include a
General Purpose Direct Memory Access (GPDMA) controller, a 10/100 Ethernet Media
Access Controller (MAC), a Universal Serial Bus (USB) controller, and an LCD controller.
Each of these four peripherals contain an integral DMA controller optimized to support the
performance demands of the peripheral.

General Purpose DMA (GPDMA) controller

The GPDMA controller allows peripheral-to memory, memory-to-peripheral,
peripheral-to-peripheral, and memory-to-memory transactions. Each DMA stream
provides unidirectional serial DMA transfers for a single source and destination. For
example, a bidirectional port requires one stream for transmit and one for receive. The
source and destination areas can each be either a memory region or a peripheral, and
can be accessed through the same AHB master, or one area by each master. The DMA
controller supports the following peripheral device transfers.

¢ Secure Digital (SD) Memory interface
¢ High-speed UARTs

* 1250 and 12S1 ports

¢ SPI1 and SPI2 interfaces

* SSPO0 and SSP1 interfaces

* Memory

The DMA controls eight DMA channels with hardware prioritization. The DMA controller
interfaces to the system via two AHB bus masters, each with a full 32-bit data bus width.
DMA operations may be set up for 8-bit, 16-bit, and 32-bit data widths, and can be either
big-endian or little-endian. Incrementing or non-incrementing addressing for source and
destination are supported, as well as programmable DMA burst size. Scatter or gather
DMA is supported through the use of linked lists. This means that the source and
destination areas do not have to occupy contiguous areas of memory.

Ethernet MAC

The Ethernet block contains a full featured 10 Mbit/s or 100 Mbit/s Ethernet MAC
designed to provide optimized performance through the use of DMA hardware
acceleration. Features include a generous suite of control registers, half or full duplex
operation, flow control, control frames, hardware acceleration for transmit retry, receive
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7.7

7.7.1

7.7.2

7.7.2.1

7.7.3

7.7.3.1

LPC3220_30_40_50

16/32-bit ARM microcontrollers

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

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.

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.

Features

* Programmable 32-bit timer.

¢ |nternally 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.

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.

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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Only a single master and a single slave can communicate on the interface during a given
data transfer. During a data transfer the master always sends a byte of data to the slave,
and the slave always sends a byte of data to the master. The SPI implementation on the
LPC3220/30/40/50 does not support operation as a slave.

Features

* Supports slaves compatible with SPI modes 0 to 3.

¢ Half duplex synchronous transfers.

* DMA support for data transmit and receive.

¢ 1-bit to 16-bit word length.

* Choice of LSB or MSB first data transmission.

* 64 x 16-bit input or output FIFO.

* Bit rates up to 52 Mbit/s.

¢ Busy input function.

¢ DMA time out interrupt to allow detection of end of reception when using DMA.
* Timed interrupt to facilitate emptying the FIFO at the end of a transmission.

* SPI clock and data pins may be used as general purpose pins if the SPI is not used.
¢ Slave selects can be supported using GPO or GPIO pins

SSP serial I/O controller

The LPC3220/30/40/50 contains two SSP controllers. The SSP controller is capable of
operation on a SPI, 4-wire SSI, or Microwire bus. It can interact with multiple masters and
slaves on the bus. Only a single master and a single slave can communicate on the bus
during a given data transfer. The SSP supports full duplex transfers, with frames of 4 bits
to 16 bits of data flowing from the master to the slave and from the slave to the master. In
practice, often only one of these data flows carries meaningful data.

Features
* Compatible with Motorola SPI, 4-wire Tl SSI, and National Semiconductor Microwire
buses
¢ Synchronous serial communication
* Master or slave operation
¢ 8-frame FIFOs for both transmit and receive
* 4-bit to 16-bit frame

e Maximum SPI bus data bit rate of %, (Master mode) and %, (Slave mode) of the input
clock rate

* DMA transfers supported by GPDMA

I2C-bus serial I/O controller

There are two 12C-bus interfaces in the LPC32x0 family of controllers. These 12C blocks
can be configured as a master, multi-master or slave supporting up to 400 kHz. The I2C
blocks also support 7 or 10 bit addressing. Each has a four word FIFO for both transmit
and receive. An interrupt signal is available from each block.
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There is a separate slave transmit FIFO. The slave transmit FIFO (TXS) and its level are
only available when the controller is configured as a Master/Slave device and is operating
in a multi-master environment. Separate TX FIFOs are needed in a multi-master because
a controller might have a message queued for transmission when an external master
addresses it to be come a slave-transmitter, a second source of data is needed.

Note that the 12C clock must be enabled in the I2CCLK_CTRL register before using the
I2C. The I2C clock can be disabled between communications, if used as a single master
I2C-bus interface, software has full control of when 12C communication is taking place on
the bus.

Features
¢ The two I2C-bus blocks are standard 12C-bus compliant interfaces that may be used in
Single-master, Multi-master or Slave modes.
* Programmable clock to allow adjustment of I2C-bus transfer rates.
* Bidirectional data transfer.

¢ Serial clock synchronization allows devices with different bit rates to communicate via
one serial bus.

* Serial clock synchronization can be used as a handshake mechanism to suspend and
resume serial transfer.

I2S-bus audio controller

The 12S-bus provides a standard communication interface for digital audio applications
The 12S-bus specification defines a 3-wire serial bus using one data line, one clock line,
and one word select signal. Each I2S connection can act as a master or a slave. The
master connection determines the frequency of the clock line and all other slaves are
driven by this clock source. The two 12S-bus interfaces on the LPC3220/30/40/50 provides
a separate transmit and receive channel, providing a total of two transmit channels and
two receive channels. Each 12S channel supports monaural or stereo formatted data.

Features
* The interface has separate input/output channels each of which can operate in master
or slave mode.
¢ Capable of handling 8-bit, 16-bit, and 32-bit word sizes.
* Mono and stereo audio data supported.

* Supports standard sampling frequencies (8 kHz, 11.025 kHz, 16 kHz, 22.05 kHz,
32 kHz, 44.1 kHz, 48 kHz, 96 kHz).

e Word select period can be configured in master mode (separately for 12S input and
output).

* Two eight-word FIFO data buffers are provided, one for transmit and one for receive.
* Generates interrupt requests when buffer levels cross a programmable boundary.

¢ Two DMA requests, controlled by programmable buffer levels. These are connected
to the GPDMA block.

e Controls include reset, stop, and mute options separately for 12S input and 12S output.
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Other peripherals
In addition to the communication peripherals there are many general purpose peripherals
available in the LPC3220/30/40/50. Here is a list of the general purpose peripherals.
* GPI/O
* Keyboard scanner
* Touch screen controller and 10-bit Analog-to-Digital-Converter
* Real-time clock
¢ High-speed timer
* Four general purpose 32-bit timer/external event counters
* Two simple PWMs
* One motor control PWM

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

General purpose parallel I/O

Some device pins that are not dedicated to a specific peripheral function have been
designed to be general purpose inputs, outputs, or input/outputs. Also, some pins may be
configured either as a specific peripheral function or a general purpose input, output, or
input/output. A total of 51 pins can potentially be used as general purpose input/outputs,
24 as general purpose outputs, and 22 as general purpose inputs.

GPIO pins may be dynamically configured as inputs or outputs. Separate registers allow
setting or clearing any number of GPIO and GPO outputs controlled by that register
simultaneously. The value of the output register for standard GPIOs and GPO pins may
be read back, as well as the current actual state of the port pins.

In addition to GPIO pins on port 0, port 1, and port 2, there are 22 GPI, 24 GPO, and
six GPIO pins. When the SDRAM bus is configured for 16 data bits, 13 of the remaining
SDRAM data pins may be used as GPIOs.

Features
¢ Bit-level set and clear registers allow a single instruction set or clear of any number of
bits in one port.
¢ A single register selects direction for pins that support both input and output modes.
¢ Direction control of individual bits.

¢ For input/output pins, both the programmed output state and the actual pin state can
be read.

* There are a total of 12 general purpose inputs, 24 general purpose outputs, and six
general purpose input/outputs.

¢ Additionally, 13 SDRAM data lines may be used as GPIOs if a 16-bit SDRAM
interface is used (rather than a 32-bit interface).
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set LOW on match
set HIGH on match

toggle on match

do nothing on match

High-speed timer

The high-speed timer block is clocked by the main peripheral clock. The clock is first
divided down in a 16-bit programmable pre-scale counter which clocks a 32-bit
timer/counter.

The high-speed timer includes three match registers that are compared to the
timer/counter value. A match can generate an interrupt and cause the timer/counter to
either continue to run, stop, or be reset. The high-speed timer also includes two capture
registers that can take a snapshot of the timer/counter value when an input signal
transitions. A capture event may also generate an interrupt.

Features

* 32-bit timer/counter with programmable 16-bit pre-scaler.

* Counter or timer operation.

Two 32-bit capture registers.

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.

Pulse Width Modulators (PWMs)

The LPC3220/30/40/50 provides two simple PWMs. They are clocked separately by either
the main peripheral clock or the 32 kHz RTC clock. Both PWMs have a duty cycle
programmable in 255 steps.

Features

* Clocked by the main peripheral clock or the 32 kHz RTC clock.

* Programmable 4-bit pre-scaler.

¢ Duty cycle programmable in 255 steps.

* Output frequency up to 50 kHz when using a 13 MHz peripheral clock.

Motor control pulse width modulator

The Motor Control PWM (MCPWM) provides a set of features for three-phase AC and DC
motor control applications in a single peripheral. The MCPWM can also be configured for
use in other generalized timing, counting, capture, and compare applications.

Features
* 32-bit timer
* 32-bit period register
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Limiting values

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

Symbol  Parameter Conditions Notes Min Max Unit
Vbpavz)  supply voltage (1.2 V) [ 05 +1.4 \Y
VbpEMC) 'external memory controller , Bl '—0.5 v+4.6 \%
supply voltage
VbDA@EV3) ‘analog supply voltage (3.3 V) ’ 4 05 +4.6 \%
Vbp(10) input/output supply voltage Bl -0.5 +4.6 \%
Via ‘analog input voltage ’ 0.5 +4.6 \%
V| input voltage 1.8V pins [l 0.5 +2.4 \Y
3.3V pins 8 05 +4.6 Vv
Ibp supply current per supply pin - 100 mA
Iss ‘ground current iper ground pin I- 1100 mA
Tstg storage temperature -65 +150 °C
Piot(pack) ‘total power dissipation imax. junction temp 125 °C m - >1.12 w
(per package) max. ambient temp 85 °C
VEsp electrostatic discharge voltage HBM 8 |- 2500 \%
CDM [ - 1000 v
[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 Vs 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] /O pad supply; applies to domains VDD_EMC.

[4] Applies to VDD_AD pins.

[5] Applies to pins in the following domains VDD_I|OA, VDD_|OB, VDD_IOC, and VDD_|OD.

[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 kQ series resistor.

[9] Charge device model per AEC-Q100-011.
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Table 8.

Static characteristics ...continued

Tamb = 40 T to +85 <, unless otherwise specified.
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Symbol |Parameter Conditions Min Typll |Max Unit
Ci input capacitance Excluding bonding - - 1.6 pF
pad capacitance
VoL LOW-level 1.8 V outputs; oL =4 mA (4 - - 0.4 \%
output voltage 3.3V outputs; lo, = 4 MA [ ) 0.4 Y,
loL LOW-level VDD(IO) =18V;VoL=04V [101[24] | 3 - - mA
output current VDD(IO) =33V, VoL = 0.4V 3 - - mA
loz OFF-state Vo=0V; Vo= VDD(IO); [20] |. - 10 HA
output current no pull-up/down
loLs LOW-level short-circuit  Vpp(oy = 1.8 V; Vo = [20)[15] | - 40 mA
output current Vbb(o)
Vbp(io) = 3.3 V; VoL = - - 40 mA
Vbb(o)
ONSW pin
Vo output voltage aomj o - Vbp(1v2) \Y
[12][13]
VoH HIGH-level 1.2 V outputs; loy = -1 mA [24] Vbpavz) - 0.4 |- - \%
output voltage
VoL LOW-level 1.2 V outputs; lo. = 4 mA 24 |- - 0.4 Y,
output voltage
lon HIGH-level Vou = VDD(1V2) -04V [10][14] _4 - - mA
output current
loL LOW-level VoL=0.4V [101[24] | 3 - - mA
output current
loz OFF-state Vo=0V; Vo= VDD(lVZ); [20] |. - 15 pA
output current no pull-up/down
lons HIGH-level short-circuit VDD(1V2) =18V, Vou = ov 9] |- - -135 mA
output current
loLs LOW-level short-circuit VoL = Vpp(ivz) [10][15] | - 135 mA
output current
Zo output impedance Vbpave) = 1.2V 40 - 60 Q
Oscillator input/output pins
Vi(xtal) crystal input voltage on pins RTCX_IN and -0.5 - +1.3 \Y,
SYSX_IN
Vo(xtal) crystal output voltage on pins RTCX_OUT and -0.5 - +1.3 \%
SYSX_OUT
RESET pin
V, input voltage 20 /o - 1.95 \Y
[12]
>V|H iHIGH-IeveI input voltage ‘1.2 V inputs 0.7 x Vppavz) - - \%
Vi LOW-level input voltage 1.2 V inputs - - 0.3 x Vppavz) |V
I LOW:-level input current |V, =0 V; no pull-up - - 1 pA
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offset gain
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(1) Example of an actual transfer curve.
(2) The ideal transfer curve.
(3) Differential linearity error (Ep).
(4) Integral non-linearity (Ey(agj)-
(5) Center of a step of the actual transfer curve.
Fig 6. ADC characteristics
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Tey(clk)
MS_SCLK \ \
tdQv) th(Q)
MS_BS (O)
MS_DIO[3:0](0)
tsud) | th(D)
MS_BS (I) ><
MS_DIO[3:0] (I)

Fig 14. SD card pin interface timing

002aaed41

11.7 MLC NAND flash memory controller

Table 17. Dynamic characteristics of the MLC NAND flash memory controller

Tamp = 40 C to +85 <.

Symbol Parameter Min  Typ Max |Unit
tceLre. | CE LOW to RE LOW time me - Theik x CEAp ) ns
tre RE cycle time [isnel |- Thok X (RL+ 1) + Thok x Ry =R - ns
e 'RE HIGH hold time sl |- Theik % (Ry = RL) - ns
trHZ RE HIGH to output high-impedance time LS - Therk X (R — RL) + Theik * Ruz - ns
btRp RE pulse width s - Thewk X (RL+ 1) - ns
trenrsl  RE HIGH to R/B LOW time e - TheLk * Bp - ns
twe 'WE HIGH to R/B LOW time me - Theik % Bo - ns
twe WE cycle time BIEICE Thork X (WL + 1) + Tacik x (Wh = W) - ns
twh 'WE HIGH hold time [TEZE Theik x (Wi — W) I- ns
twp WE pulse width e - Thewk x (WL + 1) - ns

[1] Thck = VHCLK
[21 CEAp = bit field TCEA_DELAY[1:0] in register MLC_TIME_REG[25:24]
[3] W = bit field WR_LOWI[3:0] in register MLC_TIME_REG[3:0]
[4] Wy = bit field WR_HIGH[3:0] in register MLC_TIME_REGJ[7:4]
[5] R_ = bit field RD_LOWI[3:0] in register MLC_TIME_REG[11:8]
[6] Ry = bitfield RD_HIGH [3:0] in register MLC_TIME_REG[15:12]
[7] Ryz = bit field NAND_TA[2:0] in register MLC_TIME_REG[18:16]
[8] Bp = bit field BUSY_DELAY[4:0] in register MLC_TIME_REG[23:19]
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tALs  tALH | tas tALH |
FLASH_ALE | | _\
tcLs | tcLH | tcLs |
FLASH_CLE 4 _*
| |
FLASH_RDY W | |
‘we | twp | twH |
-~ [ ||
FLASH_WR | { /_\{_/ |
RR
-
| | tAR RC L,
RHOH
FLASH_RD | |
fCLR
_tbs_ | toH | tps_| toH_ |
FLASH_IO[7:0] *command | _)Laddress * |
_tcs | teH | tcs | teea ot 1o
e _‘{ — | —{\ =
command | address | data

Fig 18.

MLC NAND Flash memory read timing (reading from NAND flash)
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17. Legal information
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17.1 Data sheet status

Document status(1(2]
Objective [short] data sheet
Preliminary [short] data sheet

Product [short] data sheet

Product status[3! Definition
Development
Qualification

Production

This document contains data from the objective specification for product development.
This document contains data from the preliminary specification.

This document contains the product specification.

1
[2
[3]

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

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

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.

LPC3220_30_40_50

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

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.
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