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1.1 Introduction

UM10326

NXP Semiconductor designed the LPC32x0 for embedded applications requiring high
performance and low power consumption.

NXP achieved their performance objectives using an ARM926EJ-S CPU core with a
Vector Floating Point co-processor and a large set of standard peripherals, including USB
On-The-Go. Figure 1 shows a block diagram of the LPC32x0. The LPC32x0 operates at
CPU frequencies up to 266 MHz. The basic ARM926EJ-S CPU Core implementation uses
a Harvard architecture with a 5-stage pipeline. 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 also includes a set of DSP instruction extensions including single
cycle MAC operations and native Jazelle Java Byte-code execution in hardware. The NXP
implementation has one 32 kB Instruction Cache and one 32 kB Data Cache.

For low power consumption, the LPC32x0 takes advantage of NXP Semiconductor's
advanced technology development expertise to optimize Intrinsic Power, and software
controlled architectural enhancements to optimize Power Management.

The LPC32x0 also includes 128 to 256 kB of on-chip static RAM, a NAND Flash interface,
an Ethernet MAC, an LCD controller that supports STN and TFT panels, and an external
bus interface that supports SDR and DDR SDRAM as well as static devices. In addition,
the LPC32x0 includes a USB 2.0 Full Speed interface, seven UARTSs, two 12C interfaces,
two SPI/SSP ports, two 12S interfaces, two single output PWMs, a motor control PWM,
four general purpose timers with capture inputs and compare outputs, a Secure Digital
(SD) interface, and a 10-bit A/D converter with a touch screen sense option.
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LPC32x0 diagram
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UM10326

ARM926EJS processor, running at CPU clock speeds up to 266 MHz
A Vector Floating Point coprocessor.

A 32 kB instruction cache and a 32 kB data cache.

Up to 256 kB of internal SRAM.

Selectable boot-up from various external devices: NAND Flash, SPI memory, USB,
UART, or static memory.

A 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.

An External memory controller for DDR and SDR SDRAM, as well as static devices.
— The address bus provides up to 16 MB for each of the 4 static chip selects.

— The controller provides two dynamic memory chip selects addressing up to
512 MB each.

Two NAND Flash controllers. One for single level NAND Flash devices and the other
for multi-level NAND Flash devices.

An Interrupt Controller, supporting 73 interrupt sources.

An eight channel General Purpose AHB DMA controller (GPDMA) that can be used
with the SD card port, the 14-clock UARTS, I12S ports, and SPI interfaces, as well as
memory-to-memory transfers.

Serial Interfaces:
— A 10/100 Ethernet MAC with dedicated DMA Controller.

— A 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 UARTSs with fractional baud rate generation and 64 byte FIFOs. One
of the standard UART’s supports IrDA.

— Three additional 14-clock UARTSs intended for on-board communications that
support baudrates up to 921,600 bps when using a 13 MHz main oscillator.All
14-clock UARTSs provide 64-byte FIFOs.

— Two SPI controllers.
— Two SSP controllers.

— Two 12C-bus Interfaces with standard open drain pins. The 12C-bus Interfaces
support single master, slave and multi-master 12C configurations.

— Two I12S interfaces, each with separate input and output channels. Each channel
can be operated independently on 3 pins, or both input and output with one 12S
interface can be done on only 4 pins.

Additional Peripherals:

— LCD controller supporting both STN and TFT panels, with dedicated DMA
controller. Programmable display resolution up to 1024x768.

— Secure Digital (SD) memory card interface.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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General purpose input, output, and 1/O pins. Includes 12 general purpose input
pins, 24 general purpose output pins, and 51 general purpose 1/O pins.

A touch screen controller, which can alternatively operate as a 10 bit, 400kHz A/D
Converter with input multiplexing from 3 pins.

Real Time Clock (RTC) with separate power pin. This RTC has a 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.

A 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 3 match registers.

Six enhanced Timer/Counters which are identical except for the peripheral base
address. A minimum of two capture inputs and two match outputs are pinned out
for four timers. Timer 1 brings out a third match output, while Timers 2 and 3 bring
out all four match outputs, Timer 4 has one capture register and Timer 5 has no pin
connections.

A 32-bit Millisecond timer driven from the RTC clock. This timer can generate
interrupts using 2 match registers.

A Watchdog Timer. The watchdog timer is clocked by PERIPH_CLK.

Two single output PWM blocks.

One PWM designed for Motor Control.

Keyboard scanner function allows automatic scanning of up to an 8x8 key matrix.
Up to 18 external interrupts.

Standard ARM Test/Debug interface for compatibility with existing tools.
Emulation Trace Buffer with 2K 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.
296 pin TFBGA package.

UM10326

Consumer
Medical
Network Control

Industrial

Communications
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1.4 Ordering Information

Table 1.  Ordering information

Type number

LPC3220FET296[

LPC3230FET296L1

LPC3240FET2961

LPC3250FET296L1

LPC3220FET296/012]

LPC3230FET296/012]

LPC3240FET296/01[2

LPC3250FET296/012]

Package

Name Description Version

TFBGA296 plastic thin fine-pitch ball grid array package; 296 balls; body SOT1048-1
15x15x0.7 mm

TFBGA296 plastic thin fine-pitch ball grid array package; 296 balls; body SOT1048-1
15x15x0.7 mm

TFBGA296 plastic thin fine-pitch ball grid array package; 296 balls; body SOT1048-1
15x15x0.7 mm

TFBGA296 plastic thin fine-pitch ball grid array package; 296 balls; body SOT1048-1
15x15x0.7 mm

TFBGA296 plastic thin fine-pitch ball grid array package; 296 balls; body SOT1048-1
15x15x0.7 mm

TFBGA296 plastic thin fine-pitch ball grid array package; 296 balls; body SOT1048-1
15x15x0.7 mm

TFBGA296 plastic thin fine-pitch ball grid array package; 296 balls; body SOT1048-1
15x15x0.7 mm

TFBGA296 plastic thin fine-pitch ball grid array package; 296 balls; body SOT1048-1

15x15x0.7 mm

[1] Available in Revision “-" and “A”. F = -40 °C to +85 °C temperature range. Note that Revision “A” parts with and without the /01 suffix are

identical. For example, LPC3220FET296 Revision “A” is identical to LPC3220FET296/01 Revision “A”.

[2] Available starting with Revision “A”.

1.4.1 Ordering options

Table 2.  Part options

Type number SRAM (kB) 10/100 Ethernet LCD Temperature range (°C) Package
Controller

LPC3220FET296 128 0 0 -40 to +85 TFBGA296
LPC3230FET296 256 0 1 -40 to +85 TFBGA296
LPC3240FET296 256 1 0 -40 to +85 TFBGA296
LPC3250FET296 256 1 1 -40 to +85 TFBGA296
LPC3220FET296/01 128 0 0 -40 to +85 TFBGA296
LPC3230FET296/01 256 0 1 -40 to +85 TFBGA296
LPC3240FET296/01 256 1 0 -40 to +85 TFBGA296
LPC3250FET296/01 256 1 1 -40 to +85 TFBGA296
UM10326 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. Al rights reserved.
User manual Rev. 3 — 22 July 2011 7 of 721
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The following block diagram shows the bus connections between the CPU, peripherals,
and external memory.
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Fig 2. LPC32x0 block diagram
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1.6 CPU Subsystem

UM10326

16.1

1.6.2

1.6.3

CPU

NXP implemented the LPC32x0 using an ARM926EJ-S CPU core that has a Harvard
architecture and a 5-stage pipeline. To the ARM926EJ-S CPU core, NXP added 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 ARM926EJ-S core V5TE instruction set includes DSP
instruction extensions, and can execute native Jazelle Java Byte-code in hardware. The
LPC32x0 operates at CPU frequencies up to 266 MHz.

Vector Floating Point (VFP) coprocessor

The LPC32x0 has 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 micro controller 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.

Emulation and debugging

The LPC32x0 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.

EmbeddedICE

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
EmbeddedICE protocol converter. The EmbeddedICE 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 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.

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 of 2 k x 24 bits captures the trace information under software debugger
control. Data from the Embedded Trace Buffer is recovered by the debug software
through the JTAG port.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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The trace contains information about when the ARM core switches between states.
Instruction trace (or PC trace) 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.

1.7 AHB Bus Architecture

UM10326

1.7.1

1.7.2

The LPC32x0 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.
In addition to the AHB matrix the LPC32x0 has two peripheral busses the APB and the
FAB. A short description of the busses are described in the following sections.

AHB Matrix

To increase performance, the LPC32x0 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 micro controller performance.

In the LPC32x0, 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

e USB Controller

e LCD Controller

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

APB bus

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

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.

1.8 Internal Memory

On-Chip SRAM (IRAM)

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 LPC32x0 provides 256 kB of internal SRAM.

On-Chip ROM

An on-chip 16 kB ROM contains the necessary code to load code from one of four
sources, UART5, SSPO (in SPI mode), EMC (CS0 SRAM) memory, or NAND FLASH, and
copy it to IRAM. The code loaded to IRAM will typically be FLASH programming software.
The boot process is handled by an on-chip bootloader that looks at the state of a pin
(GPI1_1) to see if it should attempt to download a program over a serial link (UARTS5) or
one of three alternate sources, SSP0O, EMC (CS0) memory, and NAND Flash and then
branch to its entry point and execute. If the GPI_1 pin is low it will boot from UART5
(SERVICE_N boot), if it is set high, it will test in sequence each of the remaining possible
sources for the presence of download code. The bootloader will first test for boot code in
the SSPO, if this fails it will test for boot code in EMC memory and if this fails it will test the
NAND Flash for boot code.

The bootloader reserves a small portion (8kB from 0x0000 EO0O to 0x0000 FFFF) on the
Internal SRAM during the boot process. This space is no longer used once the boot loader
has passed control to the downloaded code.

1.9 External Memory Interfaces

UM10326

The LPC32x0 includes three external memory interfaces.

¢ an interface supporting two NAND Flash controllers, an Multi-level and a Single-level.

* an external memory controller (EMC) interface for SODRAM, DDR SDRAM, and Static
Memory devices.

* a Secure Digital Memory Controller (SDCARD) interface.

1.9.1 NAND flash controller Interface

The LPC32x0 includes two NAND flash controllers, one for multi-level NAND flash
devices and one for single-level 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.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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The MLC NAND flash controller supports up to 2 Gbit devices with small (528 byte) or
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.
Single-Level Cell (SLC) NAND flash controller

The SLC NAND flash controller interfaces to single-level NAND flash devices up to 2 Gbit
in size. 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.

External Memory Controller Interface

The LPC32x0 includes an External Memory Controller (EMC) that supports SDRAM, DDR
SDRAM, and Static memory devices. The EMC provides an interface between the system
bus and external (off-chip) memory devices.

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

e EMC_DYCSO0_N in the address range 0x8000 0000 to OX9FFF FFFF

¢ EMC_DYCS1_N 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.

¢ EMC_CSO0_N in the address range OxE000 0000 to OXEOFF FFFF

e EMC_CS1 N in the address range OxE100 0000 to OXE1FF FFFF

¢ EMC_CS2 N in the address range OxE200 0000 to OXE2FF FFFF

¢ EMC_CS3 N in 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.
It also supports Micron SyncFlash types of memory
* 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
— extended wait
* Power-saving modes dynamically control EMC_CKE and EMC_CLK
¢ Dynamic memory self-refresh mode supported by software
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¢ Controller supports 2K, 4K, and 8K row address synchronous memory parts. That is,
typical 512Mb, 256Mb, 128Mb, and 16Mb parts, with 8, 16, or 32 DQ (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)

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

* Conformance to the SD Memory Card Specification Version 1.01.
* 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.

1.10 AHB Master Peripherals

UM10326

1.10.1

The LPC32x0 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 demands of the
peripheral.

General purpose DMA controller (GPDMA)

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 receives. 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

* 14-clock UART'’s

* 12S0 and 12S1 Ports

* SPI1 and SPI2 Interfaces

* SSPO 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
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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
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 block and
the CPU share a dedicated AHB subsystem that is used to access the Ethernet SRAM for
Ethernet data, control, and status information. All other AHB traffic in the LPC32x0 takes
place on a different AHB subsystem, effectively separating Ethernet activity from the rest
of the system. The Ethernet DMA can also access off-chip memory via the EMC, as well
as the SRAM located on another AHB. However, using memory other than the Ethernet
SRAM, especially off-chip memory, will slow Ethernet access to memory and increase the
loading of its AHB. The Ethernet block interfaces between an off-chip Ethernet PHY using
the Media Independent Interface (MIl) or Reduced MIl (RMII) protocol and the on-chip
Media Independent Interface Management (MIIM) serial bus.

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 shared 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
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— 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 MIl or RMII interface

— PHY register access is available via the MIIM interface

USB interface
The LPC32x0 supports USB in either DEVICE, HOST, or OTG configuration.

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
condition is indicated via status registers. An interrupt is also generated if enabled. The
DMA controller when enabled transfers data between the endpoint buffer and the USB
RAM.

Features

¢ Fully compliant with USB 2.0 full-speed specification.

* Supports 32 physical (16 logical) endpoints.

* Supports control, bulk, interrupt and isochronous endpoints.
¢ Scalable realization of endpoints at run time.

¢ Endpoint maximum packet size selection (up to USB maximum specification) by
software at run time.

* RAM message buffer size based on endpoint realization and maximum packet size.
* Supports bus-powered capability with low suspend current.

* Supports DMA transfer on all non-control endpoints.

* One duplex DMA channel serves all endpoints.

¢ Allows dynamic switching between CPU controlled and DMA modes.

¢ Double buffer implementation for bulk and isochronous endpoints.

1.10.3.2 USB HOST controller

UM10326

The host controller enables data exchange with various USB devices attached to the bus.
It consists of register interface, serial interface engine and DMA controller. The register
interface complies to the OHCI specification.

Features

* OHCI compliant.
* OHCI specifies the operation and interface of the USB host controller and SW driver.
* The host controller has four USB states visible to the SW driver:

— USBOperational: Process lists and generate SOF tokens.

— USBReset: Forces reset signaling on the bus, SOF disabled.
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— USBSuspend: Monitor USB for wake-up activity.
— USBResume: Forces resume signaling on the bus.
* HCCA register points to interrupt and isochronous descriptors list.
¢ ControlHeadED and BulkHeadED registers point to control and bulk descriptors list.

USB OTG Controller

USB OTG (On-The-Go) is a supplement to the USB 2.0 specification that augments the
capability of existing mobile devices and USB peripherals by adding host functionality for
connection to USB peripherals.

Features
¢ Fully compliant with On-The-Go supplement to the USB Specification 2.0 Revision

1.0.

* 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 1301) or any external CEA-20110TG
specification compliant ATX.

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 x 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.

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 x 200, 320 x 240,
640 x 200, 640 x 240, 640 x 480, 800 x 600, and 1024 x 768

¢ Hardware cursor support for single-panel displays
¢ 15 gray-level monochrome, 3375 color STN, and 32 K color palettized TFT support
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¢ 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 x 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

1.11 System Functions

UM10326

1111

1.11.2

To enhance the performance of the LPC32x0 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 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 _N and to the internal chip reset.

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_N pin.
¢ Can be used as a standard timer if watchdog is not used.

¢ Pause control to stop counting when core is in debug state.
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Millisecond timer

The millisecond timer is clocked by 32 kHz RTC clock, so a pre-scaler 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.

Clocking and Power Control Features

Clocking

Clocking in the LPC32x0 is designed to be versatile, so that system and peripheral
requirements may be met, while allowing optimization of power consumption. Clocks to
most functions may be turned off if not needed and some peripherals do this
automatically.

The LPC32x0 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.These three operational modes give control over processing speed and power
consumption. In addition, clock rates to different functional blocks may be changed by
switching clock sources, reconfiguring PLL values, or altering clock divider configurations.
This allows a trade-off of power versus processing speed based on application
requirements.

Crystal Oscillator

The main oscillator is the basis for the clocks most chip functions use by default.
Optionally, many functions can be clocked instead by the output of a PLL (with a fixed
397x rate multiplication) which runs from the RTC oscillator. In this mode, the main
oscillator may be turned off unless the USB interface is enabled. If a SYSCLK frequency
other than 13 MHz is required in the application, or if the USB block is not used, the main
oscillator may be used with a frequency of between 1 MHz and 20 MHz.

PLLs

The LPC32x0 includes three PLLs: The 397x PLL allows boosting the RTC frequency to
13.008896 MHz for use as the primary system clock. The USB PLL provides the 48 MHz
clock required by the USB block; and the HCLK PLL provides the basis for the CPU clock,
the AHB bus clock, and the main peripheral clock.

Power Control Modes
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The LPC32x0 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.

Reset

Reset is accomplished by an active low signal on the RESET_N 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 Vpp 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 N 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_N pin can be driven as high as 1.95 V.

The RESET N pin is also used to isolate the RTC power domains from other on chip
power domains.To minimize power consumption in the RTC power domain while power is
removed from other power domains, the RESET_N pin must be held low.

1.12 Serial communication peripherals

UM10326

In addition to the Ethernet MAC and USB interfaces there many more serial
Communication peripheral interfaces on the LPC32x0. Here is a list of the available serial
communication interfaces.

¢ seven UARTSs; four Standard UARTs and three 14-clock UARTs

¢ two SPI Serial I/O Controllers

* two SSP Serial I/O Controllers

¢ two |2C Serial I/O Controllers

¢ two I12S Audio Controllers

A short functional description of each of these peripherals is provided in the following
sections.
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UARTS
The LPC32x0 contains seven UARTSs. Four are standard UARTS, and three are 14-clock
UARTS.

Standard UARTs — The four standard UARTs are downwards compatible with the
INS16Cx50. These UARTSs 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 B, 32 B, 48 B, and 60 B.

¢ Transmitter FIFO trigger points at 0 B, 4 B, 8 B, and 16 B.

* Register locations conform to 16C550 industry standard.

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

* The standard UARTSs 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 UARTSs 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.
14-clock UARTs — The three 14-clock UARTSs 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 oversampling from 16x to 14x, and
altering the rate generation logic.

Features

* Each 14-clock UART has 64 byte Receive and Transmit FIFOs.

* Receiver FIFO trigger points at 1 B, 4 B, 8 B, 16 B, 32 B, and 48 B.
¢ Transmitter FIFO trigger points at 0 B, 4 B, and 8 B.

* Each 14-clock UART has an internal baud rate generator.

* The 14-clock UARTs are designed to support data rates of (2400, 4800, 9600, 19200,
38400, 57600, 115200, 230400, 460800, 921600) bit/s.

¢ Each UART includes an internal loopback mode.

SPI serial I/O controller

The LPC32x0 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
(SP1 mode 0 to 3 compatible slave devices).

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
LPC32x0 does not support operation as a slave.
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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.

SSP serial 1/0O Controller

The LPC32x0 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

¢ Maximum SPI bus data bit rate of one half (Master mode) and one twelfth (Slave
mode) of the input clock rate

¢ DMA transfers supported by GPDMA

I2C-bus serial I/O controller

There are two I2C-bus interfaces in the LPC32x0. The blocks for the 12C-bus are a master
only implementation supporting the 400 kHz 12C-bus mode and lower rates, with 7-bit
slave addressing. Each has a four word FIFO for both transmit and receive. An interrupt
signal is available from each block.

Features
* The two I2C-bus blocks are standard 12C-bus compliant interfaces that may be used in
Single Master mode only.
* Programmable clock to allow adjustment of 12C-bus transfer rates.
* Bidirectional data transfer.
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¢ 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 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 I2S interfaces on the LPC32x0 provides a separate
transmit and receive channel, providing a total of two transmit channels and two receive
channels. Each I12S 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 pcm sampling frequencies (16, 22.05, 32, 44.1,48, 96) kHz

* Configurable word select period in master mode (separately for 12S input and output)

* Two 8 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

* Controls include reset, stop and mute options separately for 12S input and 12S output

1.13 General purpose I/O

UM10326

Some device pins that are not dedicated to a specific peripheral function have been
designed to be general purpose inputs, outputs, or I/0Os. Also, some pins may be
configured either as a specific peripheral function or a general purpose input, output, or
I/0. A total of 87 pins can potentially be used as general purpose input/outputs, general
purpose outputs, and 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.

There are 12 GPI, 24 GPO, and 38 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.
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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 38
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).

1.14 Other Peripherals

UM10326
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In addition to the Serial Communication peripherals and GPIO there are many general
purpose peripherals available in the LPC32x0. Here is a list of the remaining peripherals
on the LPC32x0.

Keyboard Scanner

10-Bit Analog-to-Digital-Converter

Real-Time Clock

Millisecond Timer

A High-speed Timer

4 General Purpose 32-Bit Timer/External Event Counters
2 simple Pulse-Width Modulators

2 Versatile Pulse-Width Modulators

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

Keyboard Scanner

The keyboard scanner function can automatically scan a keyboard of up to 64 keys in an
8 x 8 matrix. In operation, the keyboard scanner’s internal state machine will normally be
in an idle state, with all KEY_ROWI[n] 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.

Features

* Supports up to 64 keys in 8 x 8 matrix.

* Programmable debounce period.

* A key press can wake up the CPU from Stop mode.
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10-bit ADC

The ADC is a three channel, 10-bit successive approximation ADC. The ADC may be
configured to produce results with a resolution anywhere from 10 bits to 3 bits. When high
resolution is not needed, lowering the resolution can substantially reduce conversion time.

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.

Features

* Measurement range of 0 V to VDD_AD (nominally 3 V).
* Low noise ADC.

¢ Maximum 10-bit resolution, resolution can be reduced to any amount down to 3 bits
for faster conversion.

* Three input channels.
* Uses 32 kHz RTC clock

RTC

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
RTCCLK 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
I’s.

The Real-Time Clock has a special power domain independent of the rest of the chip and
is designed both to be very low power as well as to work down to low voltage levels (follow
a discharging battery). It has 32 words of SRAM that can be used to hold data between
microcontroller power cycles. The RTC generates a one-second tick from a dedicated

32 kHz crystal oscillator and uses 32-bit registers which should never need resetting
because it takes 136 years to reach the maximum register count.

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 B) of very low voltage SRAM. This SRAM is
able to hold its contents down to the minimum RTC operating voltage.

Features

* Measures the passage of time in seconds.
¢ 32-bit up and down seconds counters.
¢ Ultra low power design to support battery powered systems.
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¢ 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.
e 32 words (128 B) 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.

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 prescale 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 prescaler.

¢ 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.

Millisecond timer

The Millisecond timer is clocked by the 32 kHz RTC clock. The registers are accessed on
a different clock domain while the counter is counting on. This solution speeds up
accesses to the Millisecond timer. Reads and writes to registers in the Millisecond timer
are clocked by the HCLK. It takes a maximum of three HCLK before the writes are
performed to the register.

Features

* 32-bit Timer/Counters.

¢ Counter or Timer operation.

¢ Two 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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General purpose 32-bit timers/external event counters

In addition to the High Speed Timers the LPC32x0 includes four 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.

Features

¢ A 32-bit Timer/Counter with a programmable 32-bit prescaler
¢ 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

— Set LOW on match
Set HIGH on match
Toggle on match

Do nothing on match

8-bit Pulse width modulators

The LPC32x0 provides two 8-bit 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 prescaler.

¢ Duty cycle programmable in 255 steps.

¢ Qutput 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. At the same time, the MCPWM is highly
configurable for other generalized timing, counting, capture, and compare applications.

Features

* a 32-bit timer (TIM)
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* a 32-hit period register (PER)

* a 32-bit pulse-width (match) register (PW)

* a 10-bit dead-time register (DT) and an associated 10-bit dead-time counter (DTIM)
* a 32-bit capture register

¢ two PWM (match) outputs (MCnA and MCnB) with opposite polarities

* a period interrupt, a pulse-width interrupt, and a capture interrupt

1.14.9 Timer/counters and Real-Time Clock (RTC)

A 32-bit Watchdog timer can generate internal as well as external resets. This capability
allows synchronizing hardware system resets with internal ones. It serves to notify the
system that a Watchdog Reset took place as well, which can be a sign that a software or
hardware malfunction has occurred.

1.15 System control and analog blocks

These are the blocks responsible for Clock generation, Reset, Power-up and Booting of
the chip. There is also a 10-bit A/D converter on-chip that can run at up to 400 kHz
sampling frequency.

Clock generation: There are 2 main clock sources. The main crystal oscillator which
shares the power domain of the microcontroller and a 32 kHz oscillator which drives the
RTC and has its own power domain to keep the RTC alive. The main clock is multiplied up
by a PLL to generate the high-speed CPU clock (max. 266 MHz). The RTC 32 kHz clock
can also be multiplied up and used as an input to the main PLL so that the entire
microcontroller can run from the RTC oscillator clock. Note that having two PLLs in series
increases the jitter. Therefore the main crystal oscillator must be used to generate the
USB clock. All other sub-systems can use the up-multiplied RTC clock.

Boot-up on Powering on the chip is handled by an on-chip bootloader in ROM that looks at
the state of a pin to see if it should attempt to download a program over a serial link
(UART) or download a program from NAND Flash and then branch to it. Since the
bootloader is in ROM it takes no user memory space.

1.16 Debug and trace blocks

UM10326

The microcontroller uses the standard ARM Enhanced JTAG Debug interface and,
therefore, works with all standard ARM Development tools and hardware. Evaluation and
development boards will be available from third party vendors. Software development and
debugging tools and compilers from many vendors including ARM are available now and
are well proven and mature.

Embedded Trace support is provided through use of an ETB (Embedded Trace Buffer)
RAM block which stores Trace information in on-chip RAM to be read out later via the
CPU or the E-JTAG interface. This saves over 20 pins and enables true Real-time
operation over the Trace window. Both Data and Instruction values can be traced. The
trace information is saved to a 45-byte FIFO whose contents are transferred to the ETB in
Real-time.
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1.17 Architectural power management

Several techniques are employed to allow full user control and customizing of power
management as follows:

1.

Programmable clock enabling: Each peripheral and AHB matrix has a selectable
Clock Enable bit. Thus the user can control which combinations of peripherals he
enables for his particular system design and also when to enable them. Further,
several peripherals have local power savings means (such as sleep modes) for more
power savings.

Low-Voltage Operation: The microcontroller is able to operate down to 0.9 Volts which
reduces power tremendously (dynamic power is reduced by more than 50 % over
1.2 V operation) but requires operation at lower clock frequencies. This is suitable for
very low power standby modes where system operation is required but performance
can be compromised. The chip has a pin indicating that the chip is in a low power
state so that the software can manage the system accordingly.

PLL Clock control: The system has full control over the PLL multiplier and can
therefore manage this aspect of power. Note that high-speed DRAM control must be
taken into account so that Refresh rates are maintained in low speed modes.

STOP mode: In this mode, the AHB matrix clock is disabled and the ARM clock is
stopped. This is basically a Static-power-only mode.

AHB Bus Matrix Clock Control: The ARM CPU clock can be divided by a factor of 2, 4,
or 8 to derive the Peripheral Bus clock. This can be used as a power control
mechanism if only low bandwidth transfers are to be handled. Note that the CPU can
execute out of its local 64 kB of SRAM and does not need to access the DRAM
continuously (of course it also has caches).

System operation on RTC Clock: The RTC oscillator uses a 32 kHz crystal and runs at
much lower power than the main crystal oscillator. A dedicated PLL is available which
multiplies the RTC clock to a frequency where it can be further multiplied by the main
PLL to generate the > 200 MHz CPU clock. In the case where the increased jitter
caused by cascading PLLs is acceptable, this allows for lower power operation.

Power domain switching: The RTC clock is on a separate power domain and also has
32 words of low-power SRAM. To save the maximum amount of power, the
microcontroller power can be turned off altogether while keeping the RTC alive with
some critical system information that can be saved between power cycles. This also
eliminates leakage current power consumption.

Using all the power management techniques allows for very flexible power management
and permits power consumption to be tailored to required computational and peripheral
operation requirements.

UM10326
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2.1 Bus architecture
2.1.1 Block diagram, AHB matrix view
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Fig 3. LPC32x0 block diagram, AHB matrix view
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The AHB Bus matrix connects AHB Masters to AHB slaves. One benefit of using an AHB
bus matrix is parallel AHB transfers. The maximum parallelism occurs when the five
masters perform an AHB transfer at the same time. However, the 3 AHB slave ports
connected to the EMC controller converge to a single external memory device which limits
memory access to one data transfer at a time. The EMC controller takes advantage of this
architecture as it can overlap a data transfer with a command for the next transfer.

The AHB matrix implements the AHB Lite bus standard. This means that there is no Bus
request / grant arbitration and no split/retry signaling.

Multi-layer AHB Matrix
The AHB bus matrix runs from HCLK and schedules Master requests for each slave port
as follows:
1. The master with the highest priority requesting the slave port will receive it regardless
of the underlying uniform scheduling algorithm.

2. If all masters have the same priority, then the master selected by the uniform
scheduler is given the slave port.

3. If no master is requesting the slave port, the slave port will generate idle cycles with
all HSEL signals inactive. No address or data signals will toggle.

4. When a master asserts its LOCK signal, once it has been granted the slave port it will
remain granted until the lock is removed.

Whenever a slave port’s current master issues a non sequential or idle access, and the
LOCK signal is inactive, the slave port is re-arbitrated.

The AHB matrix has the following attributes:

* No memory space access check. (All the 4 GB address range is valid).

* 32 bit wide data busses.

* Master bus access control enabled.

¢ Each master only has access to the slave ports shown in the block diagram.
The Master bus access control functionality is mainly used for stopping masters from
doing AHB transfers when the ARM enters debug mode. The ARM DBG_ACK signal is
used to activate the ‘disable_req’ signals going into the AHB matrix. The AHB matrix
allows the current transfer for each master to complete before it inactivates the
AHB_GRANT signal to the master, so that no data is lost. It also activates the

‘disable_grant’ signal for the ARM to read status. Software may also force the AHB matrix
to disable AHB_GRANT to the masters.

Note: A Fetch Abort or a Data Abort resulting from an access to any AHB slave is
considered a software bug. Software must treat such exceptions as unrecoverable errors.

Bus bridges

AHB to FAB bridge

A Fast Access Bus (FAB) bridge interfaces a number of FAB slaves to AHB matrix Slave
Port 7. The registers in these slaves are clocked by HCLK.
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Write accesses to FAB peripherals take a single HCLK cycle, read accesses take two
HCLK cycles. Write accesses are accomplished using write holding registers. Read
accesses are done directly from the slave. Logic is included to prevent read-back of
registers that have a write in the process of being completed.

FAB slaves are clocked by PERIPH_CLK even though they are connected to a bus
running at full HCLK speed.

AHB to APB bridges

There are two AHB to APB bridges, one on Slave Port 7 and one on Slave Port 5.

Transfer performance

AHB Matrix throughput

Bandwidth is reduced if two or more Masters compete for the same slave layer. This
situation is likely to happen on SDRAM accesses even though there are 3 SDRAM slave
ports. To maximize CPU performance, one Slave Port is assigned to instruction fetch, and
another to data access.

SDRAM throughput

The SDRAM controller will have the highest throughput if many AHB slave ports are used
because it can buffer single write accesses and it may overlap the end of one transfer with
the start of a new one.

Arbitration

If there is more than one master accessing the same slave port, the AHB matrix

schedules the accesses using an arbiter. The arbitration scheme used by the AHB matrix
is a round robin scheduling. In general this is a good algorithm for avoiding extremely long
latencies since no master can occupy any slave port for more than one burst period. The
longest burst is 8. Masters with the same priority level will be arbitrated using round robin.

In addition to the AHB matrix arbiter, the SDRAM controller also has an arbiter prioritizing
among requests from the four AHB data ports. AHB port 0 has highest priority. In addition,
each data port has a time-out counter with programmable time-out. Whenever a time-out
occurs, the priority is raised.

Data coherency

SDRAM

Data coherency between different AHB data ports is only guaranteed if write buffering is
disabled. This is done by programming the E bit to 0 in EMCAHBControl0-4 registers.
However this will reduce write performance.

ARM CPU

Any cache region defined as copy-back may have a data coherency problem. There is no
insurance that other masters will access correct data. A solution for this configuration is to
change the cache policy to write-through for the data region or to force cache write-backs
using software before allowing access by the other masters.
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2.2 Memory map

Figure 4 shows the memory map for the AHB matrix. This view represents all address
sources except the USB interface.

40GB OXFFFF FFFF
(RESERVED) 0xE400 0000
OXE3FF FFFF
EMC_CS3 OXE300 0000
EMC CS2 OXE2FF FFFF
— 0xE200 0000
EMC CS1 OXE1FF FFFF
— 0xE100 0000
EMC €S0 OXEOFF FFFF
off-chip memory _ 0xE000 0000
OXDFFF FFFF
(RESERVED)
0xC000 0000
OXBFFF FFFF
EMC_DYSC1
_ 0xA000 0000
EMC DvSCo OX9FFF FFFF
2.0GB — 0x8000 0000
’ Ox7FFF FFFF
(RESERVED)
0x5000 0000
OX4FFF FFFF
(RESERVED)
peripherals on AHB
matrix slave port 7
APB peripherals 0x4008 0000 to 0x400F FFFF
Loch FAB peripherals 0x4000 0000 to 0x4007 FFFF 0x4000 0000
’ Ox3FFF FFFF
peripherals on AHB (RESERVED)
matrix slave port 6
AHB peripherals 0x3000 0000 to Ox31FF FFFF 0x3000 0000
768 MB OX2FFF FFFF
(RESERVED)
peripherals on AHB
matrix slave port5 AHB peripherals 0x200A 0000 to 0x200B FFFF
APB peripherals 0x2008 0000 to 0x2009 FFFF
AHB peripherals 0x2000 0000 to 0x2007 FFFF 0x2000 0000
OXLFFF FFFF
(RESERVED)
0x1000 0000
IROM 0x0C00 0000 to OXOFFF FFFF OxOFFF FFFF
IRAM 0x0800 0000 to OXOBFF FFFF
on-chipmemory {f-=-—---——--——--—-—----—-- e m e m——m———— - -~
dummy for DMA garbage 0x0400 0000 to OX07FF FFFF
IROM or IRAM 0x0000 0000 to Ox03FF FFFF 0x0000 0000

0.0GB

Fig 4. Overall LPC32x0 memory map

2.2.1 CPU memory space
The following table gives the address space for the LPC32x0, as seen by the AHB matrix.
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Overview of LPC32x0 memory space

Address

0x0000 0000 to
OXOFFF FFFF

0x1000 0000 to
OXLFFF FFFF

0x2000 0000 to
OX2FFF FFFF

0x3000 0000 to
OX3FFF FFFF

0x4000 0000 to
OX4FFF FFFF

0x5000 0000 to
OX7FFF FFFF

0x8000 0000 to
OXFFFF FFFF

Function
On-Chip Memory on AHB matrix slave 3 (see Figure 3):
0x0000 0000 to Ox03FF FFFF = IROM or IRAM.

0x0400 0000 to 0x07FF FFFF = Dummy space for DMA. Reads as all zeroes,
write has no effect.

0x0800 0000 to OXOBFF FFFF = IRAM (128 - 256 kB populated).
0x0C00 0000 to OXOFFF FFFF = IROM (16 kB populated).
Reserved

Peripherals on AHB matrix slave 5 (see Figure 3):
0x2000 0000 to 0x2007 FFFF = AHB peripherals.
0x2008 0000 to 0x2009 FFFF = APB peripherals.
0x200A 0000 to 0x200B FFFF = AHB peripherals.
Peripherals on AHB matrix slave 6 (AHB peripherals)

Peripherals on AHB matrix slave 7 (see Figure 3):
0x4000 0000 to 0x4007 FFFF = FAB peripherals.
0x4008 0000 to 0x400F FFFF = APB peripherals.
Reserved

Off-Chip Memory

Two dynamic memory banks, 512 MB each
0x8000 0000 - 0x9FFF FFFF EMC_DYCSO0_N
0xA000 0000 - OXBFFF FFFF EMC_DYCS1_N

Four static memory banks, 16 MB each
0OxEO000 0000 OXEOFF FFFF EMC_CSO0
OxE100 0000 OXE1FF FFFF EMC_CS1
0xE200 0000 OXE2FF FFFF EMC_CS2
0xE300 0000 OXE3FF FFFF EMC_CS3

Accessed as follows:
®* ARM 9 instruction fetch via AHB matrix slave port 0 to EMC port 3.
* ARM 9 data access via AHB matrix slave port 1 to EMC port 4.

* DMA controller (both channels) via AHB matrix slave port 2 to EMC
port O.

Peripheral addresses

Table 4 shows the base addresses of the peripheral devices present on the LPC32x0.

Table 4.
Base Address
0x2002 0000
0x2008 4000
0x2008 8000
0x2008 C000
0x2009 0000
0x2009 4000

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

Peripheral devices on the LPC32x0

Peripheral AHB Slave Port Peripheral Type
SLC NAND Flash controller 5 AHB
SSPO 5 APB
SPI1 5 APB
SSP1 5 APB
SPI2 5 APB
12S 0 5 APB
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Peripheral devices on the LPC32x0

Base Address
0x2009 8000
0x2009 C000
0x200B 0000
0x3100 0000
0x3102 0000
0x3104 0000
0x3106 0000
0x3108 0000
0x310C 0000
0x310E 0000
0x4000 4000
0x4000 8000
0x4000 C000
0x4001 0000
0x4001 4000
0x4001 8000
0x4001 C000
0x4002 4000
0x4002 4080
0x4002 8000
0x4002 C000
0x4003 0000
0x4003 4000
0x4003 8000
0x4003 C000
0x4004 0000
0x4004 4000
0x4004 8000
0x4004 C000
0x4005 0000
0x4005 4000

0x4005 8000
0x4005 C000
0x4006 0000
0x4008 0000
0x4008 8000
0x4009 0000
0x4009 8000

Peripheral

SD card interface
12S 1

MLC NAND Flash controller
DMA controller
USB interface
LCD interface
Ethernet interface
EMC configuration
ETB configuration
ETB data

System control functions

Master interrupt controller (MIC)
Slave interrupt controller 1 (SIC1)
Slave interrupt controller 2 (SIC2)

UART 1

UART 2

UART 7

RTC

RTC internal SRAM
GPIO

Timer 4

Timer 5

Millisecond timer
High speed timer
Watchdog timer
Debug

Timer0

ADC (Touch screen controller)
Timerl

Keyboard Scan

UART control register
(general UART control)

Timer2

PWM1 and PWM2
Timer3

UART 3

UART 4

UART 5

UART 6
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Peripheral Type
APB
APB
AHB
AHB
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AHB
AHB
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FAB
FAB
FAB
FAB
FAB
FAB
FAB
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FAB
FAB
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FAB
FAB
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FAB
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APB
APB
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Table 4. Peripheral devices on the LPC32x0

Base Address Peripheral AHB Slave Port Peripheral Type
0x400A 0000 12C1 7 APB
0x400A 8000 12C2 7 APB
0x400E 8000 MCPWM 7 APB
UM10326 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

User manual Rev. 3 — 22 July 2011 35 of 721



UM10326

Chapter 3: LPC32x0 System control block
Rev. 3 — 22 July 2011 User manual

3.1 System control block

UM10326

3.1.1

3.1.2

The System Control Block includes system features and control registers that are not
directly related to specific chip functions. These include chip reset and Boot Map control.

Reset

Reset is accomplished by an active LOW signal on the RESET_N input pin. A reset pulse
with a minimum width of 10 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 generates an internal device reset. Details of Watchdog Timer operation may
be found in the Watchdog Timer chapter.

Most on-chip registers are loaded with a pre-defined value upon occurrence of an internal
or external reset. Note that only a few bits in the Real Time Clock are affected by an
internal or external reset. Other RTC registers and bits are not modified by reset so that
the RTC can continue operation independent of chip reset.

Power
Main
Oscillator |
| .
<«—— Oscillator startup time —»e— Minimum 10
clock times
Reset_n

SYSCLK

Fig 5. Power-up reset

Boot Map control register (BOOT_MAP - 0x4000 4014)

On reset, the ARM executes code beginning at address 0x0000 0000. The Boot Map
control register aliases either Internal ROM or Internal RAM to start at address 0x0000
0000 to provide support options for the ARM vector table. By default this address maps to
IROM memory containing instructions from the boot code. Both IROM and IRAM are
available at other addresses at all times (see the Bus Architecture and Memory Map
chapter). IRAM can be mapped in during the boot process so the application has IRAM for
all exception vectors. Code execution must not be within the switched address space
when the memory switch takes place.
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Boot map control register (BOOT_MAP - 0x4000 4014)

Bit
0

Function
0 = IROM located at address 0x0000 0000
1 = IRAM located at address 0x0000 0000

Reset value
0

Additional information about the Boot procedure may be found in the Boot Process

chapter.

3.1.3 Unique serial ID registers (SERIAL_IDO - 0x4000 4130 to SERIAL_ID3 -
0x4000 413C)

Every LPC32x0 chip contains a unique 128-bit serial ID number hard-coded into the four
SERIAL_ID registers.

Table 6.  Serial ID register (SERIAL_IDO - 0x4000 4130)

Bit Access Function Reset value
31:.0 RO Serial ID, bits 31 to 0. part dependent
Table 7.  Serial ID register (SERIAL_ID1 - 0x4000 4134)

Bit Access Function Reset value
31:0 RO Serial ID, bits 63 to 32. part dependent
Table 8.  Serial ID register (SERIAL_ID2 - 0x4000 4138)

Bit Access Function Reset value
31:.0 RO Serial ID, bits 95 to 64. part dependent
Table 9.  Serial ID register (SERIAL_ID3 - 0x4000 413C)

Bit Access Function Reset value
31:0 RO Serial ID, bits 127 to 96. part dependent

UM10326
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4.1 Introduction

4.2 Overview

The LPC32x0 provides detailed control of clock usage among chip functions, allowing fine
tuning of power consumption in the target application. Most clocks can be disabled either
globally or at an individual peripheral. Clock frequencies can be separately controlled
through the use of PLLs, multiplexers, and dividers.

This section describes the generation of the various clocks needed by the LPC32x0 and
options of clock source selection, as well as power control and wake-up from reduced
power modes. Functions described in the following subsections include:
¢ Clocking and power control
— Clock identification
— Default clock settings
* Power reduction modes
— RUN, Direct RUN, and STOP modes
— Start controller
— Autoclocking
* Oscillators
* PLLs
* Clock dividers
¢ Clock usage in peripheral blocks
* Register description

UM10326

Clocking in the LPC32x0 is versatile, so system and peripheral requirements may be met
while still permitting optimization of power consumption. By default, the Main Oscillator is
the source for the clocks used in most chip functions. Optionally, many functions can be
clocked by the output of a PLL (with a fixed 397x rate multiplication) which is sourced from
the Real Time Clock oscillator. In this mode, the Main Oscillator may be turned off unless
the USB interface is enabled.

Whichever clock source is selected, a programmable PLL allows the CPU clock to be
raised as high as 266 MHz. The AHB bus clock (HCLK) can be derived from that clock
and may be as high as 133 MHz.

Clocks to most functions may be individually turned off when those features are not
required in the application. In addition, many functions have dedicated clock dividers that
may be tuned to provide the required performance without using power unnecessarily.

Another form of power reduction is provided in the form of alternate operational modes.
Typically, the CPU is operated from a high frequency clock provided by a PLL. This option
is called RUN Mode. At times when the application does not require such performance,
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the PLL may be bypassed and the CPU run at a slower rate. This is called Direct RUN
Mode. When the CPU has nothing to do but wait for an external event, clocking can be
stopped entirely until the event occurs. This is called STOP mode.

Switching between RUN mode and Direct RUN Mode is accomplished entirely under
software control. Since the CPU is halted in STOP Mode, hardware must restart clocking
when a selected event occurs. This hardware is called the Start Controller.

Details of clocking and power control are found in the following section.

4.3 Clocking and power control

UM10326

43.1

The LPC32x0 includes three operational modes that provide control over processing
speed and power consumption. In addition, clock rates to different functional blocks may
be controlled by changing clock sources, re-configuring PLL values, or altering clock
divider configurations. This allows a trade-off of power versus processing speed based on
application requirements.

The LPC32x0 also implements a separate power domain in order to allow turning off
power to the bulk of the device while maintaining operation of the Real Time Clock and a
small static RAM.

Power consumption is determined primarily by the clock frequencies selected and by
which functional blocks are being clocked at any time. Therefore, to minimize power
consumption, it is important to turn off clocks to any unused functional blocks. Most
functional blocks have a clock enable/disable control contained in a register that is
described in this chapter. Some blocks also have more elaborate clock controls.

Clock identification

All clocks in the LPC32x0 are derived from one of two base clock sources. These are
OSC_CLK, the output of the main oscillator, and the 13.008896 MHz clock, which is
generated by multiplying the 32 kHz RTC clock by 397. This clock is referred to as the 13’
clock.The 13’ MHz clock has a nominal frequency of 13.008896 MHz and has more jitter
than the crystal-based OSC_CLK.

Table 10 describes the major clocks in the LPC32x0 and summarizes how they are used.
Figure 6 shows the major clock sources and their distribution in the LPC32x0.

Table 10. Clocks and clock usage

Clock Name Description

OSC_CLK Main oscillator clock — This clock runs from an external crystal in the range
of 1 MHz to 20 MHz, typically 13 MHz.

Used by: USB PLL, HCLK PLL, SYSCLK.

RTC_CLK RTC clock — Based on 32.768 kHz RTC oscillator.
Used by: PLL397, Keyscan, ADC, PWM, MS Timer.
SYSCLK System Clock — Based on the main oscillator frequency (OSC_CLK) or the

13’ MHz PLL397 output.
Used by: clock generation logic.
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Table 10. Clocks and clock usage

Clock Name
ARM_CLK

HCLK

PERIPH_CLK

clk48mhz

DDRAM_CLK

MSSDCLK

Description

ARM Clock — Based on the HCLK PLL output, SYSCLK, or PERIPH_CLK.
Clock switching and HCLK PLL settings give ARM_CLK a very wide range of
potential frequencies

Used by: ARM9 CPU, MSSDCLK.

AHB Bus Clock — Based on PERIPH_CLK, SYSCLK, or HCLK PLL output
divided by 1, 2, or 4.

The AHB HCLK will typically be ARM_CLK divided by 2 but can run at the
same frequency as the ARM or be divided by 4. The AHB HCLK frequency
should not be set higher than 133 MHz or lower than SYSCLK.

Used by: the AHB matrix and USB AHB, AHB slaves, FAB slaves, and APB
slaves.

Peripheral Clock — Based on SYSCLK or HCLK PLL output divided by 1 to
32. The maximum supported frequency of PERIPH_CLK is 20 MHz, typically
13 MHz.

Typically, the PERIPH_CLK divider setting is chosen such that the
PERIPH_CLK frequency remains the same when switching from Direct RUN
mode to RUN mode, taking into account the HCLK PLL settings. This case
occurs when the PERIPH_CLK frequency equals the SYSCLK frequency in
RUN Mode.

Used by: Many peripheral functions.
USB 48 MHz clock — Based on OSC_CLK.

The USB interface must be run from a 48 MHz clock. The USB specification
has strict requirements for frequency (500 ppm) and jitter (500 ps). For this
reason, the crystal-based OSC_CLK is used as the source for this clock, and
must be running while the USB is active. OSC_CLK is divided by n before it
enters the USB PLL, which must multiply the frequency up to 48 MHz when
the USB is to be used.

Used by: USB block.

DDR SDRAM Clock — Based on the HCLK PLL output or SYSCLK, divided
by 1 or 2.

If DDR SDRAM is used, this clock must be programmed to be twice the HCLK
frequency. In RUN mode this is typically the same as the ARM_CLK
frequency, but there is support for ARM clocking 4 times as fast as HCLK as
well. In Direct RUN mode, it is not possible to generate this clock, so DDR
SDRAM cannot be accessed in Direct RUN mode.

Used by: EMC controller.
SD Card Clock — Based on ARM_CLK, divided by 1 to 15.

The Main oscillator and the RTC oscillator are shown at the lower left of the diagram. To
the right of the Main oscillator may be found the clock mode logic, governed by the Start
Controller. To the right of the clock mode logic is the HCLK PLL, clock switching logic and
clock dividers, which provide clocks to most of the chip. Certain peripherals that are partly
clocked by the RTC clock are shown at the lower right of Figure 6, while the USB block
and its special clocking logic are shown at the top.

UM10326
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Fig 6. Clock generation for the LPC32x0

Details of how clocks are enabled, switched, and otherwise controlled are contained in the
remainder of this chapter.

4.3.2 Default clock settings

At reset, the main oscillator is turned on, providing OSC_CLK, which is routed to
SYSCLK. SYSCLK is then routed to all of the clocks that are enabled at reset: ARM_CLK;
HCLK; and PERIPH_CLK.

Following is a summary of clock related settings and other information:

* OSC_CLK: Running, frequency determined by external crystal

¢ RTC_CLK: Running, frequency = 32.768 kHz if the correct external crystal is present
* SYSCLK: Running, frequency = OSC_CLK

¢ ARM_CLK: Running, frequency = OSC_CLK

¢ HCLK: Running, frequency = OSC_CLK

¢ PERIPH_CLK: Running, frequency = OSC_CLK

¢ clk48mhz: Stopped

¢ DDRAM_CLK: Stopped

* MSSDCLK: Stopped

¢ PLL397x: Running, frequency = 13.008896 MHz if RTC_CLK is running and loop
control components are present

* HCLK PLL: Powered down, output off
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¢ USB PLL: Powered down, output off

4.4 Operational modes

44.1

4.4.2

4.4.3

UM10326

The LPC32x0 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

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 SYSCLK
frequency.

¢ HCLK is running from the HCLK PLL output divided by 1, 2, or 4. The maximum
allowed frequency is 133 MHz.

* ARM_CLK is running from the HCLK PLL output. The maximum allowed frequency is
266 MHz.

* Note that the CPU may be placed in the Wait for Interrupt mode while in RUN mode.
Details of the Wait for Interrupt mode may be found in ARM architecture
documentation, in coprocessor 15 register c7.

Direct RUN mode

Direct RUN mode allows reducing the CPU, AHB, and possibly the PERIPH_CLK 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 SYSCLK frequency. Direct RUN mode is the default
mode following chip reset.

* ARM_CLK, HCLK, and PERIPH_CLK are running from SYSCLK: either 13’ MHz or
OSC_CLK.

* AHB transfers are allowed.

* The HIGHCORE pin drives low and indicates the need for normal core voltage supply.
In this mode the core voltage may be stabilizing. It only needs to be stable at nominal
level when going to RUN Mode.

Note: the PERIPH_CLK divider (controlled by register bits HCLK_DIV_CTRL[6:2]) is
typically configured to produce the same frequency as SYSCLK, thus allowing peripheral
functions to operate at the same speed in both RUN and Direct RUN modes.

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

* HCLK is stopped, preventing any AHB communication.

* ARM_CLK is stopped, preventing any instruction execution.

* PERIPH_CLK is stopped, halting most peripheral blocks.

* The HIGHCORE pin drives high to indicates that a lowered core voltage supply is
possible.
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Note that USB clock generation (from OSC_CLK through clk48mhz, including the main
oscillator) is not affected by transitions to RUN mode, Direct RUN mode, or STOP mode.
Control of the USB clock is completely separate from these modes.

Figure 7 shows the possible transitions between the power modes.

The STOP mode is entered when the “STOP” clock gating circuitry stops SYSCLK, which
is the base clock for the ARM subsystem, including all peripherals except the USB block.
STOP mode is entered when software writes a one to PWR_CTRL][0] and the “Start
activated” signal is inactive (see Figure 8). STOP mode is exited when one of the active
start signals generates the correct edge, which is programmable. This will automatically
clear PWR_CTRL[O].

When entering STOP mode, the CPU must run from either the main oscillator or the 13’
MHz clock from PLL397.

Asynch start Software writes
signal triggered PWR_CTRL[2] =1

/‘\/‘\

\/\/

Software writes Software writes
PWR_CTRL[0] = 1 PWR_CTRL[2] =0

Fig 7. Power mode transitions

4.4.4 Start controller and related functions

4.4.4.1 Start controller

The Start controller provides a means to exit the STOP mode upon occurrence of a
number of potential events. These events include interrupts from peripherals that are able
to operate without any clock based on SYSCLK, and state changes on selected pins.
Each Start source can be individually configured, enabled/disabled, and monitored by
software.

The following list summarizes the potential Start sources.

¢ ADC interrupt

¢ USB interrupts

* USB_DAT_VP pin

¢ Millisecond Timer interrupt

* High Speed Timer capture input
¢ RTC interrupt
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¢ Keyboard scanner interrupt

¢ GPIO_ through GPIO_5 pins

* UART 2 and 7 HCTS pins (U2_HTCS and U7_HTCS)

¢ UART 1 through 5, and UART 7 RX pins (Un_RX)

* UART 6 IRRX pin (U6_IRRX)

e SDIO_INT_N (MS_DIO[1]) pin

¢ MSDIO_START condition (Logical OR of MS_DIO[3:0] pins)
¢ GPI_0 through GPI_9, GPI_19, and GPI_28 pins

* SYSCLKEN pin

* SPI1 and 2 DATIN pins

¢ Ethernet MAC

* PO_GPIO and P1_GPIO combined as a single start signal

Figure 8 shows how the Start Controller works and the interaction of the Start feature with
other chip functions. Due to the number of potential Start sources, there are two registers
for each kind of function related to the Start Controller. One set of registers includes
internally generated Start sources, plus some pin sources. The related register names end
in ‘_INT’. The second set of registers includes only pin sources. The related register
names end in *_PIN’.

The bottom of Figure 8 shows details of the operation of a single Start source. At the left is
the signal that can trigger a Start. Moving to the right, there is a multiplexer that allows
selecting which polarity of the signal generates a Start condition. The polarity selection is
controlled by a bit in either the START_APR_INT or the START_APR_PIN register.
Continuing to the right, there is the flip-flop that records the occurrence of the Start event.
The output of this flip-flop provides the raw status of the Start signal (which may be read
as a bit in either the START_RSR_INT or the START_RSR_PIN register), prior to
masking. Finally, there is the gate that allows enabling or disabling the Start source, as
controlled by a bit in either the START_ER_INT or the START_ER_PIN register. The
output of this gate represents an event that will actually cause a Start to occur and may be
read in either the START_SR_INT or the START_SR_PIN register. Finally, all of the Start
sources are combined and used to generate the ‘Start activated’ signal that causes the
device to exit STOP Mode.
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SYSCLKEN pin level to Start Controller START Source <
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SYSCLKEN output value PWR_CTRL[4] pin
SYSCLKEN force control bit PWR_CTRL[3]
HIGHCORE select PWR_CTRL[1] —
HIGHCORE output value PWR_CTRL[5] 1'7
™ . HIGHCORE
. = pin
STOP Mode control bit PWR_CTRL[0] 0
Clear
PWR_CTRL[0] PWR_CTRLI9]
D Q> Self Refresh request
SDRAM self refresh exit enable PWR_CTRL][7] > to SDRAM Controller
Update SDRAM self refresh request PWR_CTRL[8]
A
OSC_CLK —»| Dual [ OSC CLK ]
e SYSCLK
. 0c 13'MHz
13'MHZ = Gate >

Other
Start
sources

SYSCLK
clock
switch

Start activated

Start

: START_SR_INT[n] or
Signal

START_SR_PIN[n]

1-»D Q

[ r
Reset

START_ER_INT|[n] or
START_ER_PIN[n]

START_APR_INT[n] or

START. APR_PIN[] START_RSR_INT]n] or

START_RSR_PIN[n]

START_RSR_INT[n] or
START_RSR_PIN[n]

. Example of One
Write ‘1’ to clear

Start Source

Fig 8. Start controller with core voltage selection and SDRAM self refresh control

The STOP clock gate circuitry prevents any glitches on the output clocks for all timing
relationships between start events and clocks. If the “Start activated” signal goes active
any time before or at the same time as software writes PWR_CTRL[0] to a 1, STOP mode
will not be entered. In this case PWR_CTRL][0] will not be cleared by hardware. Software
should always read PWR_CTRL][O] after going out of STOP mode and clear
PWR_CTRLJO] if not cleared by hardware.

4.4.4.2 Core voltage selection

The HIGHCORE output pin may be used to save additional power during STOP Mode or
low frequency operation, by signaling external circuitry to lower the core supply voltage. If
any on-chip clocks are running above 13 MHz, nominal core supply voltage (1.2 V) must
be supplied. If all on-chip clocks are running at or below 13 MHz (DIRECT RUN Mode), or
during STOP Mode, the core supply voltage may be lowered to 0.9 V (see DC
specifications for voltage limits). The logic related to the HIGHCORE pin is shown in

Figure 8.
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The HIGHCORE output pin is driven low after reset. A low indicates to an external power
supply controller that nominal core voltage is needed. If software writes a 0 to the
PWR_CTRLJ[1] bit, the HIGHCORE pin will drive high during STOP mode. The external
power supply controller may then cause the core voltage be lowered to 0.9 V if the
SYSCLK frequency is not above 13 MHz. After exit from STOP mode, the core voltage
needs to stabilize to the nominal voltage before the ARM can change to higher frequency
operation, if needed. The power supply must ensure that any over/under swing on the
core voltage is within the operating limits. The USB clock cannot be operated in the low
core voltage mode. It is important that software reads PWR_CTRL][O0] after exiting from
STOP mode. If this bit is 1, it needs to be written to a 0 by software in order to guarantee
the correct level on the HIGHCORE pin.

In order to lower the operating voltage at low frequencies when not entering STOP Mode,
software must control the value of the HHGHCORE pin. This is accomplished by writing a 1
to the PWR_CTRLJ[1] bit, causing the value of the PWR_CTRL[5] bit to appear on the
HIGHCORE pin. When changing power supply voltages, all operating clocks must be at
13 MHz or lower prior to reducing the core supply voltage and remain there until the core
supply voltage has stabilized at the nominal voltage. Only then any of the clock speeds
can be increased to above 13 MHz.

SDRAM self-refresh control

The SDRAM Self Refresh Request signal (see EMCSREFREQ, PWR_CTRL[9]) is an
input to the SDRAM controller and takes the SDRAM in and out of self refresh mode. Any
external SDRAM devices must be put in self refresh mode before the system enters
STOP mode. This is done by software writing first a 1 to PWR_CTRL[9], next a 1 to
PWR_CTRL][7], and then writing a 1 and then a 0 to PWR_CTRL[8]. This will assert the
SDRAM Self Refresh Request signal. Setting the SDRAM Self Refresh Exit Enable bit
(PWR_CTRL[7]) ensures that the SDRAM Self Refresh Request signal is de-asserted as
soon as the system exits STOP mode. Software must then wait for the SDRAM controller
to indicate that it has put the SDRAM in self refresh mode by polling an SDRAM controller
register. Before entering STOP mode, software must program PWR_CTRL[9] to 0. When
the system exits STOP mode, the SDRAM Self Refresh Request signal is cleared
automatically. The logic controlling the SDRAM Self Refresh Request signal is shown in

Figure 8.

System clock request

The SYSCLK_EN pin can be used as a method to request external circuitry to provide a
clock to the Main oscillator input, SYSX_IN. This allows the possibility of turning off an
external clock source when the LPC32x0 is in STOP Mode. This is not necessary if a
crystal is connected to the Main oscillator.

When the PWR_CTRL[3] bit = 0 (the default state), SYSCLKEN is driven high when the
chip is not in STOP Mode and can be turned off (high impedance) when STOP Mode is
entered.

If the SYSCLKEN function is not needed in the system, PWR_CTRL[3] can be used to
force the SYSCLKEN pin to always be turned on (not high impedance) and driven to the
level defined by PWR_CTRLI[4]. This allows SYSCLKEN to be used as a simple General
Purpose output pin.
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4.4.5 Auto clocking

Some peripherals functions (listed in the AUTOCLK _CTRL register description later in this
chapter) have auto clocking functionality. This autoloaded functionality can be disabled.
The autoloaded circuitry enables when the device is accessed and disables HCLK
automatically when the HCLK is not accessed for a predefined number of cycles. Note
that some peripherals also have a software controlled clock gate which can stop all clocks
to the autoloaded circuitry.

4.5 Internal SRAM Power off Switches

4.6 Oscillators

The Internal SRAM in the LPC32x0 is optimized for low power operation. To lower the
current consumption even further, the blocks of internal memory can be switched off. The
LPC32x0 does not have a built in power down mode. Instead, the internal SRAM contains
several Power Off Switches (POS). Each switch controls a 64 kB block of internal SRAM
(IRAM). These power switches are external to the IRAM and remove all power to the
memory block. This reduces the power consumption of the memory to a very low value.

Two asynchronous signals (POS0 and POS1) control the power-down behavior of the
memory blocks. Both pins have the same functionality (POS) but are used sequentially to
reduce peak charge-up currents.

* POSO enables a small POS transistor with limited current capability. This smaller
transistor charges the memory using a low current to avoid having larger peak
currents.

* POS1 enables the large POS transistor allowing the IRAM block to enter operational
mode.

There is a maximum of 256 kB of internal memory in the LPC32x0 family, one 64 kB block
is always powered and the other three 64 kB blocks have power off switches.

There is no time sequencing requirement to powering off a block of memory, we
recommend setting POS0 before POS1. To power up a memory block the POSO0 switch
should be turned on 2 psec before POS1 is turned on. Violating this timing requirement
can result in a current spike in the power supply.

If the power is turned off using the POS switches the contents of the IRAM in the block is
lost.

UM10326

As shown in Figure 6, there are two crystal oscillators. One is a 32 kHz oscillator that runs
the Real Time Clock. This oscillator can be used to run the entire chip (with the exception
of the USB block), with SYSCLK equal to 13.008896 MHz through the use of the 397x
PLL. The value 13.008896 MHz is referred to as 13’ MHz. The USB block cannot be
connected to 13' MHz because this would not meet the timing requirements set forth in
the USB specification.
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If a SYSCLK frequency other than 13 MHz is required in the application, or if the USB
block is not used, the main oscillator may be used with a frequency of between 1 MHz and
20 MHz. For USB operation, a frequency of at least 13 MHz must be used in order to
satisfy the input requirements of the USB PLL. A 13 MHz crystal or an off the shelf crystal
of 16 MHz are recommended in a system requiring USB operation.

Main oscillator control

The register bit OSC_CTRL[1] reflects the state of pin DBGEN. The register bit
OSC_CTRL[0] is 0 after reset, allowing the main oscillator to run as long as
OSC_CTRL[1] is also 0. The external reset input RESET_N must be active until the
oscillator outputs a stable clock (typically 2 milliseconds, refer to the data sheet for
details). During active reset the output clock of the main oscillator is stopped by the
‘Power-up clock gating’ block. This prevents any bad clocks from the oscillator during
startup to propagate through the device. When RESET_N goes inactive (high), the main
oscillator output will be enabled. In addition the Reset_int signal will be held low for
another 16 clock cycles before going high. The Reset_int signal is used for internal reset
of the device. When RESET_N becomes active, Reset_int will become active
immediately.

The CPU begins execution using OSC_CLK. If the 13’ MHz clock will be used, software
must wait for it to be stable before it can be used as the SYSCLK clock source. In order for
switching from OSC_CLK to the 13’ MHz clock to function correctly, OSC_CLK must be
running at 13 MHz. This is a limitation of the clock switching circuitry.

Note that the main oscillator may use an external clock signal connected to SYSX_IN via
a 100 pF series capacitor instead of a crystal. The amplitude of the external clock must be
at least 200 mV rms.

The main oscillator has software controllable tuning capacitors. By default, there are

6.4 pF load capacitors added to the SYSX_IN and SYSX_OUT pins. The external load
capacitors should be configured to have a value which makes the sum of both capacitors
have the nominal value for the crystal. Software can then tune the range down by 6.4 pF,
or up by 6.3 pF.

OSC_CTRL[8:2]
OSC_CTRL[1]
J__Hl l—OSC_CTRL[O]
XTAL (1 =
L mode
— Main
T Il Oscillator powersp | OSC-CLK
L Clock
6 .
« gating
J__”J RESET_N—> — Reset int
Off
Chip

Fig 9. Main oscillator control
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4.7.1

The LPC32x0 includes three PLLs: one allows boosting the RTC frequency to
13.008896 MHz for use as SYSCLK; one provides the 48 MHz clock required by the USB
block; and one provides the basis for HCLK, ARM_CLK, and PERIPH_CLK. All three
PLLs and how they are connected are shown in Figure 6.

The first PLL is a fixed 397x frequency multiplier and is controlled by the register
PLL397_CTRL, described in Section 4.11.4.

The other two PLLs, referred to as the HCLK PLL and the USB PLL, are identical in
operation. Both are described in the following sections.

PLL397

PLL397 multiplies the 32768 Hz RTC clock up to a 13.008896 MHz clock. The PLL is
designed for low power operation and low jitter. PLL397 requires an external low pass
loop filter for proper operation. This is shown in Figure 10 and detailed below.

UM10326

Digital lock detector » PLL Lock
» Spare Mixed signal > PLL MSLOCK
lock detector
A A
RTC_CLK i Erigi(;ileizsse/ > Charge Pump Xglr:?r%?led > ?)iv 13' MH
| > y > 13’ z

(32768 Hz > peoryqyr > Oscillator 2
from RTC

0SC)

—| Div by 397 |«
PLL397_LOOP pin
ci R
T
Fig 10. PLL397 and external low pass filtering

Use the following external components for the loop filter.

Table 11. External PLL397 component values

Component Value - Type - package Tolerance

R 120 kQ - 0603 1%

C1 150 pF - COG - 0603 5%

Cc2 3900 pF - COG - 0805 5%

The signals are noise sensitive, so the PCB tracks must be short. Note that package type
indicated is the largest one to use. Smaller is better.
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4.7.2 HLCK and USB PLL operation

The HCLK and USB PLLs accept an input clock frequency in the range of 1 MHz to
20 MHz. The input frequency is multiplied up to a higher frequency, then divided down to
provide the output clock.

The PLL input may initially be divided down by a pre-divider value ‘N’, which may have the
values 1, 2, 3, or 4. This pre-divider can allow a greater number of possibilities for the
output frequency. Refer to Figure 11 for a block diagram of the PLL.

Note: the pre-divider in the USB PLL must not be confused with the pre-divider that
divides the OSC_CLK prior to its arrival at the input to the USB PLL, refer to Figure 6.

Following the PLL input divider is the PLL multiplier. This can multiply the pre-divider
output by a value ‘M’, in the range of 1 through 256. The resulting frequency must be in
the range of 156 MHz to 320 MHz. The multiplier works by dividing the output of a Current
Controlled Oscillator (CCO) by the value of M, then using a phase detector to compare the
divided CCO output to the pre-divider output. The error value is used to adjust the CCO
frequency.

At the PLL output, there is a post-divider that can be used to bring the CCO frequency
down to the desired PLL output frequency. The post-divider value ‘P’ can divide the CCO
output by 1, 2, 4, 8, or 16. The post-divider can also be bypassed, allowing the PLL CCO
output to be used directly.

An alternative connection allows feeding the PLL output back to the multiplier, rather than
using the CCO output directly, although this tends to reduce the PLL output frequency
options.

Each PLL is configured by a control register: HCLKPLL_CTRL for the HCLK PLL, and
USB_CTRL for the USB PLL. The PLL multiplier, pre-divider, and post-divider values are
contained in these registers, as well as other PLL controls and the PLL Lock status.

The PLLs are turned off following a chip Reset and must be enabled by software if they
are to be used. Software must fully configure the PLL, wait for the PLL to Lock, then cause
the PLL to be connected as a clock source.
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Fig 11. Block diagram of the HCLK and USB PLLs

4.7.3 PLL control bit descriptions

The PLLs are controlled by bits in the HCLKPLL_CTRL and USB_CTRL registers. The
USB_CTRL register also contains additional bits to control other USB functions. Refer to
Table 12.

Warning: Improper setting of PLL values may result in incorrect operation of any chip
function that is dependent on it.

Table 12. PLL control bits

Bit(s) Description Access Reset
value

16 PLL Power down. This bit is used to start and stop the PLL. The PLL R/W 0
output must not be used until the PLL is in a Locked state, as indicated
by the PLL LOCK bit.
0 = The PLL is in power down mode.
1 =The PLL is in operating mode.

15 Bypass control. Determines whether the PLL multiplier is used. R/W 0
0 = The CCO output clock is sent to post divider (normal PLL operation).
1 =The PLL input clock bypasses the CCO and is sent directly to the
post divider.

14 Direct output control. Determines whether the PLL post-divider is used. R/W 0
0 = The output of the post-divider is used as output of the PLL.
1 = The output of the PLL is the undivided CCO output, bypassing the
post divider.

13 Feedback divider path control. Determines whether the CCO output is R/W 0
fed directly to the PLL feedback divider or whether it goes through the
post-divider first.
0 = The feedback divider is clocked by the CCO output.
1 = The feedback divider is clocked by FCLKOUT (the post-divider
output).
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Table 12. PLL control bits

Bit(s) Description Access Reset
value

12:11 PLL post-divider (P) setting. Supplies the value ‘P’ in the PLL frequency R/W 00
calculations. This divider divides down the CCO output. This field is
encoded as follows:
00 = divide by 2 (P=1)
01 = divide by 4 (P=2)
10 = divide by 8 (P=4)
11 = divide by 16 (P=8)

10:9 PLL pre-divider (N) setting. Supplies the value ‘N’ in the PLL frequency R/W 00
calculations. The pre-divider reduces the input frequency before it goes
to the CCO phase detector. The value stored here is N - 1, giving a
range for N of 1 through 4:
00=1
01=2
10=3
11=4

8:1 PLL feedback divider (M) setting. Supplies the value ‘M’ in the PLL R/W 0x00
frequency calculations. The feedback divider divides the output
frequency before it is fed back to the CCO phase comparator. The value
stored here is M - 1, giving a range for M of 1 through 256:
00000000 =1
00000001 =2
11111110 = 255
11111111 = 256

0 PLL LOCK status. This bit indicates the status of the PLL. RO 0
0 =the PLL is not locked. The PLL output clock must not be used.
1 =the PLL is locked. The PLL output clock is stable and ready to be
used.

4.7.4 PLL modes and frequency calculation
The PLLs have six basic modes of operation, with different properties and frequency
calculations.

The PLL equations in the following mode descriptions use the following parameters:

¢ FCLKIN, the frequency of the PLL input clock.

* FREF, the frequency of the PLL reference clock, which is the output of the pre-divider.
* FCCO, the frequency of PLL Current Controlled Oscillator.

¢ FCLKOUT, the output frequency of the PLL.

¢ N PLL, pre-divider setting based on the bits in the relevant control register. N can
have the values 1, 2, 3, or 4.

* M PLL, feedback divider setting based on bits in the relevant control register. M is an
integer from 1 through 256.

* P PLL, post-divider setting based on the bits in the relevant control register. P can
have the values 1, 2, 4, or 8.

Note: refer to the control register bit field description for information on how to store the
values of N, M, and P in the register.

UM10326 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

User manual Rev. 3 — 22 July 2011 52 of 721




NXP Semiconductors UM10326

UM10326

4.7.4.1

4.7.4.2

4.7.4.3

4.7.4.4

4.7.4.5

4.7.4.6

Chapter 4: LPC32x0 Clocking and power control

Power-down mode

When the PLL power down bit (bit 16 of the PLL_CTRL register) is 0, the analog portion of
the PLL is turned off and the output divider is reset. In this mode, the PLL draws very little
power. The PLL can pass the input clock to the output if the other control bits are set to
enter Direct Bypass mode.

Direct mode

In Direct mode, the PLL output divider is not used, causing FCLKOUT to be equal to
FCCO. Direct Mode is entered when PLL_CTRL[15] =0 and PLL_CTRL[14] = 1. The
related PLL equation is:

FCLKOUT = FCCO = (M x FCLKIN)/N

- 1)
FREF = FCLKIN/N

Bypass mode

In Bypass mode, the analog portion of the PLL is placed in power down mode and the
input clock is routed through the post-divider. Bypass Mode is entered when
PLL_CTRL[15] =1 and PLL_CTRL[14] = 0. The related PLL equation is:

FCLKOUT = FCLKIN/(2 x P) )

Direct Bypass mode

The Direct Bypass mode is a combination of the preceding two mode. The analog portion
of the PLL is placed in power down mode, and the input clock is routed to the PLL output.
Direct Bypass Mode is entered when PLL_CTRL[15] and PLL_CTRL[14] are both set to 1.
The related PLL equation is:

FCLKOUT = FCLKIN 3)

Integer mode

In Integer mode, the PLL CCO output is routed to the post divider, and the PLL feedback
loop is driven by FCLKOUT. Integer Mode is entered when PLL_CTRL][15] = 0,
PLL_CTRL[14] =0, and PLL_CTRL][13] = 1. The related PLL equations are:

FCLKOUT = M x (FCLKIN/N)
FCCO = (FCLKIN/N) x (M x 2P) 4)
FREF = FCLKIN/N

Non-integer mode

In Non-Integer mode, the PLL CCO output is routed to the post divider, and the PLL
feedback loop is driven by the CCO output. Non-Integer Mode is entered when
PLL_CTRL[15], PLL_CTRL[14], and PLL_CTRL[13] all = 0. The related PLL equations
are:

FCLKOUT = (M/(2 x P)) x (FCLKIN/N)
FCCO = M x (FCLKIN/N) (5)
FREF = FCLKIN/N
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PLL requirements
In modes where the PLL is active (Integer Mode and Non-Integer Mode), the PLL inputs
and settings must meet the following conditions:
* FCLKIN must be in the range of 1 MHz to 20 MHz. Bear in mind that OSC_CLK is
divided by n in order to produce FCLKIN to the USB PLL.
* FCCO must be in the range of 156 MHz to 320 MHz.
* FREF must be in the range of 1 MHz to 27 MHz.

Note: selecting a low FCCO frequency will result in lower power consumption.

Notes about the USB PLL

There are constraints to the main oscillator selection if the application requires use of the
USB interface. USB requires that the Fcco of the USB PLL be 192 MHz. This is because
it is the only legitimate value for Fcco that allows the post-divider to produce a 48 MHz
output. This also fixes the post-divider at divide by 4 (P=2). The value of the crystal used
for the main oscillator then must be selected such that it can support the 192 MHz CCO
frequency. Note there is a divide-by-n predivider between OSC_CLK and the USB PLL
input. A 13 MHz crystal, or standard 16 MHz crystal are recommended for this purpose.

For a system using the USB interface, the PLL and divider equations can be reduced to:
OSC_CLK =2496 / M, where M = 104 to 192

OSC_CLK values that can produce a 48 MHz USB clock with no intrinsic rate error are:
13, 15.6, 16, 16.64, 19.2, 19.5, and 19.968 MHz.

Example settings for the HCLK PLL

Examples in the table have the following settings in common:

¢ PLL Power Down: HCLKPLL_CTRL[16] =1
* Bypass control: HCLKPLL_CTRL[15] =0
¢ Direct output control: HCLKPLL _CTRL[14] =1

* Feedback divider path control: HCLKPLL_CTRL[13] = don’t care (due to
HCLKPLL_CTRL[14])

* Pre-divider setting: HCLKPLL_CTRL[10:9] = 00
* Post-divider setting: HCLKPLL_CTRL[12:11] = don’t care (due to
HCLKPLL_CTRL[14])

Table 13. HCLK PLL examples

Output Source Frequency Feedback CCO
clock divider (M) frequency
(MHz) (MHz)
208.14 13.008896 MHz (13’ MHz from RTC and PLL397) 16 208.14
208 13.0000 MHz (from a crystal on the main oscillator) 16 208

200 20.0000 MHz (from a crystal on the main oscillator) 10 200
103.2192  14.7456 MHz (from a crystal on the main oscillator) 7 103.2192
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4.8 Clock dividers

Limited clock dividers are provided for PERIPH_CLK, HCLK, and DDRAM_CLK in the
clock generation circuitry. Many individual peripheral blocks have their own clock dividers
that are used as rate generators, etc. These are described in the chapter for the relevant
peripheral.

The divider associated with PERIPH_CLK is provided primarily to allow the PERIPH_CLK
rate to remain constant when the device is switched from RUN mode to Direct RUN mode.
The PERIPH_CLK divider allows dividing the HCLK PLL output by a value from 1 to 32.
This allows for matching PERIPH_CLK to the SYSCLK rate for the maximum HCLK PLL
output frequency (266 MHz) with a SYSCLK frequency as low as 6.5 MHz. The
PERIPH_CLK divider is controlled by bits 6 through 2 of the HCLKDIV_CTRL register.

The HCLK divider allows selection of the ratio of HCLK to ARM_CLK. HCLK can be the
same rate as ARM_CLK, or it can be divided by 2 or 4. The maximum rate for HCLK is
133 MHz. The HCLK divider is controlled by bits 1 through 0 of the HCLKDIV_CTRL
register.

If DDR SDRAM is used, DDRAM_CLK must be twice the HCLK rate. Typically, HLCK will
run at half the ARM_CLK rate, and DDRAM_CLK will be the same as ARM_CLK. If the
HCLK rate is set to one fourth of ARM_CLK, then DDRAM_CLK should be half of
ARM_CLK. DDRAM_CLK should be stopped (the default at reset) if DDR SDRAM is not
used. The DDRAM_CLK divider is controlled by bits 8 through 7 of the HCLKDIV_CTRL
register.

4.9 SYSCLK switching

UM10326

If the Main Oscillator frequency is 13 MHz, it is possible to switch SYSCLK to the 13’ MHz
clock output by PLL397. If the Main Oscillator frequency is not 13 MHz, switching to 13’
MHz should not be attempted.

Figure 12 shows the basics of the SYSCLK clock switching circuitry. Details such as
synchronizer flip-flops, reset, clock gating and software triggering are not shown.
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Fig 12. SYSCLK source clock switching

If the system is running from the RTC generated 13’ MHz clock (13.008896 MHz), the
main oscillator must be enabled, and the SYSCLK source switched to it when the USB
block is to be used.

The clock switcher circuit allows switching SYSCLK from the 13’ MHz to the main

oscillator clock (if it is running at 13 MHz) without stopping the PLLs. Clocks are switched
at a time when the 13 MHz clock has just slipped behind the 13’ MHz clock in phase. This
ensures that the output clock after the clock switching MUX will have a slightly longer high
period. The PLL output will go slightly down in frequency for a short period, but the effect
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will be limited by the fact that the high clock period during switch over is nearly as short as
the normal 13’ MHz period. The phase synchronization is controlled by the value in the
SYSCLK_CTRL register bits 11 to 2.

If the main oscillator has been started in order to switch to it, the CPU must wait a fixed
time in order ensure that the main oscillator clock is stable. The CPU can then write to bit
1inthe SYSCLK_CTRL register to trigger the circuitry shown in Figure 12. When the main
oscillator and 13’ MHz clocks have slipped to the wanted position, the switching will occur
without any further CPU intervention. the CPU must wait until it gets a response that the
switch has occurred by polling the bit SYSCLK_CTRL][0] register until it is set before
resuming execution at the new clock frequency. The CPU can read the status in the
SYSCLK_CTRL[0] bit to determine which clock is being used at any given time.

Clock switching details

The sampling of the 13 MHz clock on 13’ MHz edges will check if the 13 MHz clock is low
on a rising 13’ MHz clock edge. This means that the 13 MHz is in the correct phase. The
switching point should be shortly after the 13 MHz clock has slipped behind the 13' MHz
clock. First the 10 bit counter with compare will count a number of samples with the wrong
phase before outputting a high to the AND gate. On the first sample with correct phase
after this, the clock will be switched.

4.10 Clock usage in peripheral blocks

Peripheral blocks use one or more of the clocks produced by the clock generation block.
Many peripherals use one clock for the bus interface to the CPU, and another clock for the
peripheral function itself. In the case of the USB block, the USB function is operated from
the special 48 MHz clock generated by the USB PLL, while the bus interface to the CPU
operates from HCLK. The USB clock uses a third clock (PERIPH_CLK) to operate an
I2C-bus interface whose purpose is to communicate with an external USB transceiver.

Table 14 shows clocking for LPC32x0 peripheral functions.

Table 14. Clocks used by various peripheral blocks

Peripheral AHB Matrix Bus Clock Function Clock Source
Location Source
DMA controller Master HCLK HCLK
Ethernet MAC Master HCLK HCLK
USB controller Master HCLK clk48mhz, except I2C clocked by PERIPH_CLK
LCD controller Master HCLK HCLK; external LCDCLKIN (pin)
MLC NAND Flash controller AHB slave HCLK HCLK
SLC NAND Flash interface AHB slave HCLK HCLK
IRAM AHB slave HCLK HCLK
IROM AHB slave HCLK HCLK
External Memory Controller AHB slave HCLK PERIPH_CLK; DDRAM_CLK; RTC_TICK
SD card interface APB HCLK ARM_CLK (divide by N)
12S0 and 12S1 APB HCLK HCLK; HCLK (fractional divider)

UM10326
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Table 14. Clocks used by various peripheral blocks ...continued
Peripheral AHB Matrix Bus Clock Function Clock Source
Location Source
SPI1 and SPI2 APB HCLK HCLK
SSPO and SSP1 APB HCLK HCLK
12C1 and 12C2 APB HCLK HCLK
MCPWM APB HCLK HCLK
Standard UARTs APB HCLK PERIPH_CLK or HCLK (selectable)
System Control Functions FAB HCLK HCLK
GPIO FAB HCLK PERIPH_CLK
Interrupt controllers FAB HCLK PERIPH_CLK
Timer[0,1,2,3] FAB HCLK PERIPH_CLK
14-clock UARTs FAB HCLK PERIPH_CLK; PERIPH_CLK (divide by N)
High speed timer FAB HCLK PERIPH_CLK
Watchdog timer FAB HCLK PERIPH_CLK
Keyboard Scan FAB HCLK 32 kHz RTC_CLK
Millisecond timer FAB HCLK 32 kHz RTC_CLK
PWM1 and PWM2 FAB HCLK PERIPH_CLK; PWM clocked by 32 kHz RTC_CLK or
PERIPH_CLK (selectable)
ADC / Touch screen FAB HCLK 32 kHz RTC_CLK; PERIPH_CLK;
RTC FAB HCLK 32 kHz RTC_CLK
Debug FAB HCLK ARM_CLK, JTAG_TCK
ETB AHB HCLK ARM_CLK

4.11 Register description

Table 15 shows the LPC32x0 clocking and power control registers.

Table 15. Clocking and power control registers

Address Name Description Reset State  Access
0x4000 4044 PWR_CTRL AHB/ARM power control register 0x0000 0012 R/W
0x4000 404C OSC_CTRL Main oscillator control register 0x0000 0100 R/W
0x4000 4050 SYSCLK_CTRL SYSCLK control register 0x0000 0B48 R/W
0x4000 4048 PLL397_CTRL PLL397 PLL control register 0 R/W
0x4000 4058 HCLKPLL_CTRL ARM and HCLK PLL control register 0 R/W
0x4000 4040 HCLKDIV_CTRL HCLK divider settings 0 R/W
0x4000 40A4 TEST_CLK Clock testing control 0 R/W
0x4000 40EC AUTOCLK_CTRL Auto clock control register 0 R/W
0x4000 4030 START_ER_PIN Start Enable register - pin sources 0 R/W
0x4000 4020 START_ER_INT Start Enable register - internal sources 0 R/W
0x4000 4018 PO_INTR_ER Start and Interrupt Enable register; pO & pl sources 0 R/W
0x4000 4038 START_SR_PIN Start status register, pin sources 0 R/-

0x4000 4028 START_SR_INT Start status register, internal sources 0 R/-
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Table 15. Clocking and power control registers ...continued

Address Name Description Reset State  Access
0x4000 4034 START_RSR_PIN Start Raw status register, pin sources 0 R/W
0x4000 4024 START_RSR_INT Start Raw status register, internal sources 0 R/W
0x4000 403C START_APR_PIN Start activation Polarity register, pin sources 0 R/W
0x4000 402C START_APR_INT Start activation Polarity register, internal sources 0 R/W
0x4000 4064 USB_CTRL USB PLL and pad control register 0x0008 0000 R/W
0x4000 401C USBDIV_CTRL USB PLL pre-divider settings 0x0000 000C R/W
0x4000 4080 MS_CTRL SD Card interface clock and pad control 0 R/W
0x4000 40E8 DMACLK_CTRL DMA clock control register 0x0000 0001 R/W
0x4000 40C8 FLASHCLK_CTRL Flash clock control 0x0000 0003 R/W
0x4000 4090 MACCLK_CTRL Ethernet MAC clock control 0 R/W
0x4000 4054 LCDCLK_CTRL LCD clock control 0 R/W
0x4000 407C I2S_CTRL I2S control register 0 R/W
0x4000 4078 SSP_CTRL SSPO and SSP1 clock control 0 R/W
0x4000 40C4 SPI_CTRL SPI1 and SPI2 clock and pin control 0 R/W
0x4000 40AC I2CCLK_CTRL I2C clock control register 0 R/W
0x4000 40C0 TIMCLK_CTRL1 Timer[5:0] and MCPWM clock control 0 R/W
0x4000 40BC TIMCLK_CTRL Timer clock control 0 R/W
0x4000 40B4 ADCLK_CTRL ADC clock control 0 R/W
0x4000 4060 ADCLK_CTRL1 Second ADC clock control register 0 R/W
0x4000 40B0O KEYCLK_CTRL Keypad clock control 0 R/W
0x4000 40B8 PWMCLK_CTRL PWM clock control 0 R/W
0x4000 40E4 UARTCLK_CTRL General UART clock control register 0x0000 000F R/W
0x4000 4110 POSO_IRAM_CTRL Internal Memory power off control register O 0 R/W
0x4000 4114 POS1_IRAM_CTRL Internal Memory power off control register 1 0 R/W

UM10326

4.11.1 Power Control register (PWR_CTRL - 0x4000 4044)

The PWR_CTRL register contains controls for general power related functions.

Table 16.

Power Control register (PWR_CTRL - 0x4000 4044)

Bit Function

Reset
value

31:11 Reserved, user software should not write ones to reserved bits. The value read 0
from a reserved bit is not defined.

10 Force HCLK and ARMCLK to run from PERIPH_CLK in order to save power.

0 = Normal mode.
1 = ARM and AHB matrix (HCLK) runs with PERIPH_CLK frequency.

9 EMCSREFREQ value. EMCSREFREQ is used by the SDRAM interface, referto 0
the External Memory Controller chapter for details. This value is not reflected on

EMCSREFREQ before either PWR_CTRL[8] is changed from 0 to 1 or the Start
Controller brings the system out of STOP mode.

0 = No SDRAM self refresh.
1 = SDRAM self refresh request.
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Table 16. Power Control register (PWR_CTRL - 0x4000 4044) ...continued

Bit Function Reset
value
8 Update EMCSREFREQ (SDRAM self refresh request). 0

0 = No action.
1 = Update EMCSREFREQ according to PWR_CTRL][9]. Software must clear this
bit again.

7 SDRAM auto exit self refresh enable. If enabled, the SDRAM will automatically exit 0
self refresh mode when the CPU exits STOP mode. Note: software must always
clear this bit after exiting from STOP mode.

0 = Disable auto exit self refresh.
1 = Enable auto exit self refresh.

6 Reserved, user software should not write ones to reserved bits. The value read 0
from a reserved bit is not defined.
5 HIGHCORE pin level. Allows the HIGHCORE pin to be used as a GPO ifbit1in 0

this register is written with a 1.
0 = HIGHCORE wiill drive low.
1 = HIGHCORE wiill drive high.

4 SYSCLKEN pin level. Can be used if using SYSCLK_EN pin as GPO. Bit 3inthis 1
register should be set to 1 when using the pin as GPO.
0 = SYSCLKEN will drive low.
1 = SYSCLKEN will drive high.

3 SYSCLKEN pin drives high when an external input clock on SYSXIN is requested. 0
The pin is in high impedance mode when no external clock is needed.

0 = SYSCLKEN will drive high when not in STOP mode and 3-state in STOP
mode.

1 = SYSCLKEN will always drive the level specified by bit 4.
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Table 16. Power Control register (PWR_CTRL - 0x4000 4044) ...continued

Bit Function Reset
value
2 RUN mode control. In Direct RUN mode the ARM, HCLK is clocked directly from 0

the SYSCLK mux. This is the default setting. After the PLL outputs a stable clock,
writing a 1 to this register will switch all the above clock sources to the PLL clock or
divided versions of the PLL clock.

Note: the HCLK PLL clock frequency must be higher than SYSCLK frequency.
0 = Direct RUN mode.
1 = Normal RUN mode. ARM, HCLK is sourced from the PLL output.

1 Core voltage supply level signalling control. The output pin HIGHCORE is defined 1
to indicate nominal Core voltage when low and a lowered core voltage when
driving high.
0 = HIGHCORE pin will drive high during STOP mode and drive low in all other
modes.
1 = HIGHCORE pin is always driving the level as specified in bit 5.

0 STOP mode control register. In STOP mode the two clock sources to the 0
AHB/ARM clock mux is stopped. This means that the ARM, the ARM-PLL, and
HCLK clocks are stopped. The USB clock is not stopped automatically by the
STOP mode hardware. The USB clock may be left running or stopped by software
while the system is in STOP mode.

Read:
0 = The Device is not in STOP mode.

1 = An active start event has occurred after this bit has been written to a 1, but
before STOP mode has actually been entered by the hardware. Software must
restore this bit to 0 immediately after exiting STOP mode.

Write:
0 = Restore value to 0 if STOP was never entered.
1 = Instruct hardware to enter STOP mode.

4.11.2 Main Oscillator Control register (OSC_CTRL - 0x4000 404C)

The OSC_CTRL register controls the operation of the main crystal oscillator.
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Table 17. Main Oscillator Control register (OSC_CTRL - 0x4000 404C)

Bit Function Reset
value

31:9 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

8:2 0000000 = Don't add any load capacitance to SYSX_IN and SYSX_OUT. 1000000
XXxXxxxx = Add (xxxxxxx binary x 0.1) pF load capacitance to SYSX_IN and
SYSX_OUT.

1000000 = Default setting of 6.4 pF added.

In total 12.7 pF (nominal value) can be added to the external load capacitors.
Capacitor value on the two pins is always programmed equal. Any difference
must be on the external capacitors.

1 Main oscillator test mode. In test mode the oscillator will not oscillate but pass 0
the external clock supplied at osc_in as the output clock. In typical
applications, this bit should be left at the default value. Bit O in this register
must be 1 (main ocillator disabled) for test mode to work.

0 = Normal to. Either oscillation mode or power down mode.
1 = Test mode.
0 Main oscillator enable. 0
0 = Main oscillator is enabled.
1 = Main oscillator is disabled and in power down mode.

SYSCLK Control register (SYSCLK_CTRL - 0x4000 4050)
The SYSCLK_CTRL register controls switching SYSCLK between the main oscillator and
PLL397.

Table 18. SYSCLK Control Register (SYSCLK_CTRL - 0x4000 4050)

Bit Function Reset
value

31:12 Reserved, user software should not write ones to reserved bits. The value read
from a reserved bit is not defined.

11:2  The number in this register is used by the clock switching circuitry to decide how 0x2D2
long a bad phase must be present before the clock switching is triggered. This
register must always be written with a value before the clock switch is used in
phase detect mode. The recommended value is 0x50, max value is OxA9.
(Higher values may result in no switching at all)

1 A write access to this bit triggers switching between the 13’ MHz clock source 0
and the Main oscillator.

Write:
0 = Switch to Main oscillator.
1 = Switch to 13’ MHz clock source (PLL397 output).
Read: Returns the last written value.
0 SYSCLK MUX status 0
Read only:

0 = Main oscillator selected as the clock source. (Default after external reset, not
reset by watchdog reset)

1 =13 MHz PLL397 output selected as the clock source.
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PLL397 Control register (PLL397_CTRL - 0x4000 4048)
The PLL397_CTRL register controls the 397x PLL that runs from the RTC clock. The
output of this PLL can be selected as the source for SYSCLK.

Table 19. PLL397 Control register (PLL397_CTRL - 0x4000 4048)

Bit Function Reset
value

31:11 Reserved, user software should not write ones to reserved bits. The value read
from a reserved bit is not defined.

10 PLL MSLOCK status (Read only) This is a backup lock signal only to be used if 0
the main lock signal in bit 0 is not functional. This lock signal comes from a mixed
signal lock detect circuit.

0 = PLL is not locked.
1 = PLL is locked. This means that the PLL output clock is stable.

9 PLL397 bypass control. For test only. 0
0 = No bypass.
1 = Bypass. PLL is bypassed and output clock is the input clock.

8:6 PLL397 charge pump bias control. Note that —12.5 % of resistance means 0

+12.5 % of the current.

000 = Normal bias setting.

001 = -12.5 % of resistance.

010 = -25 % of resistance.

011 = -37.5 % of resistance.

100 = +12.5 % of resistance.

101 = +25 % of resistance.

110 = +37.5 % of resistance.

111 = +50 % of resistance.

5:2 Reserved, user software should not write ones to reserved bits. The value read 0
from a reserved bit is not defined.

1 PLL397 operational control. Generally, most of the LPC32x0, including the PLLs, 0
will run from the main oscillator. In this case the PLL397 should be stopped to
save power.

However, it is possible to use the 13’ MHz clock from PLL397 instead. Upon reset,
PLL397 is started by default, but it is the main oscillator clock that is used by the
system. Note that after power-up or being turned on by software, PLL397 needs
time to stabilize and the PLL lock status must go active before the output clock is
used. Software can switch over to the PLL397 clock when it is locked.

0 = PLL397 is running.
1 = PLL397 is stopped and is in low power mode.
0 PLL LOCK status (Read only) 0
0 = PLL is not locked.
1 = PLL is locked. This means that the PLL output clock is stable.

HCLK PLL Control register (HCLKPLL_CTRL - 0x4000 4058)

The HCLKPLL_CTRL register controls the settings of HCLK PLL (see Figure 6) that
supplies the base clock that is normally used for the ARM CPU clock, the AHB HCLK, and
the DDR SDRAM clock. It can also be used as the basis for PERIPH_CLK. The input
clock to the PLL is SYSCLK. The output can be in the range of 26 MHz to 266 MHz.
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Table 20. HCLK PLL Control register (HCLKPLL_CTRL - 0x4000 4058)

Bit Function Reset
value

31:17 Reserved, user software should not write ones to reserved bits. The value read
from a reserved bit is not defined.

16 PLL Power down. This bit is used to start/stop the PLL. Startup time must be 0
respected from when the PLL is started until the output clock is used. Startup
time is indicated by PLL LOCK going high.
0 = PLL is in power down mode.
1 =PLL is in operating mode.

15 Bypass control 0
0 = CCO clock is sent to post divider.
1 = PLL input clock bypasses the CCO and is sent directly to the post divider.

14 Direct output control 0
0 = The output of the post-divider is used as output of the PLL
1 = CCO clock is the direct output of the PLL, bypassing the post divider

13 Feedback divider path control. 0
0 = Feedback divider clocked by CCO clock.
1 = Feedback divider clocked by FCLKOUT.

12:11 PLL post-divider (P) setting. This divider divides down the output frequency. If 0
50 % duty cycle is needed, the post-divider should always be active.
00 = divide by 2 (P=1)
01 = divide by 4 (P=2)
10 = divide by 8 (P=4)
11 = divide by 16 (P=8)

10:9  PLL pre-divider (N) setting. This divider divides down the input frequency before 0
going to the phase comparator.
00=1
01=2
10=3
11=4

8:1 PLL feedback divider (M) setting. This divider divides down the output frequency 0
before being fed back to the phase comparator.

00000000 =1
00000001 =2

11111110 = 255
11111111 = 256

0 PLL LOCK status (Read only) 0
0 = PLL is not locked.
1 = PLL is locked. This means that the PLL output clock is stable.

4.11.6 HCLK Divider Control register (HCLKDIV_CTRL - 0x4000 4040)

The HCLKDIV_CTRL register controls the division factor for some of the clocks that may
be based on the HLCK PLL output clock. These clocks are PERIPH_CLK, HCLK, and
DDRAM_CLK.
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Table 21. HCLK Divider Control register (HCLKDIV_CTRL - 0x4000 4040)

Bit  Function Reset
value

31:8 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

8:7 DDRAM_CLK control. Note that the clock architecture does not support using DDR 0
SDRAM in Direct RUN mode. DDR SDRAM can only be accessed when in RUN
mode and ARM runs twice or 4 times HCLK frequency.

00 = DDRAM clock stopped. Use this setting if external SDR SDRAM is used.

01 = DDRAM nominal speed. DDRAM clock is same speed as ARM. Software
needs to make sure that HCLK is half of this frequency. This is the normal setting for
DDRAM.

10 = DDRAM half speed. DDRAM clock is half the frequency of ARM clock. Can be
used if ARM runs 4 times HCLK frequency.

11 = Not used.

6:2 PERIPH_CLK divider control. PERIPH_CLK is the clock going to APB/FAB slaves. 0
This setting may be programmed once after power up and may not be changed
afterwards. This setting does not affect PERIPH_CLK frequency in Direct RUN
mode.

00000 = PERIPH_CLK is ARM PLL clock in RUN mode.

00001 = PERIPH_CLK is ARM PLL clock divided by 2 in RUN mode.
11110 = PERIPH_CLK is ARM PLL clock divided by 31 in RUN mode.
11111 = PERIPH_CLK is ARM PLL clock divided by 32 in RUN mode.

1:0 HCLK divider control. This setting may typically be programmed once after power 0
up and not changed afterwards. This setting do not affect HCLK frequency in Direct
RUN mode. HCLK must not be set to a frequency higher than 133 MHz.

00 = HCLK is ARM PLL clock in RUN mode.

01 = HCLK is ARM PLL clock divided by 2 in RUN mode.
10 = HCLK is ARM PLL clock divided by 4 in RUN mode.
11 = Not used.

4.11.7 Test Clock Selection register (TEST_CLK - 0x4000 40A4)

For testing purposes, selected internal clocks may be output on the GPO_0/TST_CLK1
pin or the TST_CLK2 pin. For TST_CLK1, the clocks that may be output are
PERIPH_CLK, RTC_CLK, or OSC_CLK. For TST_CLKZ2, the clocks that may be output
are HCLK, PERIPH_CLK, the USB 48 MHz clock, OSC_CLK, or the output of PLL397x.

The TEST_CLK register enables the clock output function and selects the clock that will
be output on GPO_0/TST_CLK1 or TST_CLK2 pins.

UM10326 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

User manual Rev. 3 — 22 July 2011 65 of 721




NXP Semiconductors UM10326

Chapter 4: LPC32x0 Clocking and power control

Table 22. Test Clock Selection register (TEST_CLK - 0x4000 40A4)

Bit Function Reset
value

31:7 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

6:5 The selected clock is output on GPO_0/ TEST_CLK1 pin if bit 4 of this register 0
contains a 1.

00 = PERIPH_CLK. This clock stops in STOP mode.

01 = RTC clock, un-synchronized version. Available in STOP mode also (32.768
kHz)

10 = Main oscillator clock. Available in STOP mode as long as the main oscillator
is enabled.

11 = Not used.

4 0 =GPO_0/TST_CLK1 output is connected to the GPIO block. 0
1=GPO_0/TST_CLK1 output is the clock selected by register bits [6:5].

3:1 The selected clock is output on the TST_CLK2 pin if bit O of this register contains 0
al.
000 = HCLK.
001 = PERIPH_CLK.
010 = USB clock (48 MHz output from USB PLL).
011 = reserved.
100 = reserved.
101 = Main oscillator clock. Available in STOP mode as long as the main oscillator
is enabled.
110 = reserved.
111 = PLL397 output clock (13.008896 MHz).

0 0 =TST_CLK2 is turned off 0
1 =TST_CLK2 outputs the clock selected by register bits [3:1]

4.11.8 Autoclock Control register (AUTOCLK_CTRL - 0x4000 40EC)

For power saving purposes, a number of functional blocks default to have their clocks
automatically turned off if they have been inactive for a predetermined amount of time.
This feature can be disabled on a block-by-block basis by settings bits in the
AUTOCLK_CTRL register.

Table 23. Autoclock Control register (AUTOCLK_CTRL - 0x4000 40EC)

Bit Function Reset
value

31:7 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

6 0 = Autoclock enabled on USB Slave HCLK. Stops clocking after 128 HCLK of 0
inactivity. There is one clock additional latency to access the USB block if the clock
has been stopped.

1 = Always clocked.
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Table 23. Autoclock Control register (AUTOCLK_CTRL - 0x4000 40EC)

Bit

5:2

Function

Reserved, user software should not write ones to reserved bits. The value read
from a reserved bit is not defined.

0 = Autoclock enabled on IRAM. Stops clocking after 16 HCLKSs of inactivity. There

is one clock additional latency to access the IRAM if the clock has been stopped.
1 = Always clocked.

0 = Autoclock enabled on IROM. Stops clocking after 8 HCLKSs of inactivity. There

is one clock additional latency to access the IROM if the clock has been stopped.
1 = Always clocked.

Reset
value

4.11.9 Start Enable register for Pin Sources (START_ER_PIN - 0x4000 4030)

The START_ER_PIN register allows individually enabling device pins to start up the chip
from STOP mode.

Table 24. Start Enable register for Pin Sources (START_ER_PIN - 0x4000 4030)

Bit Function Reset
value

31 U7_RX 0

30 U7_HCTS 0

29 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

28 U6_IRRX 0

27 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

26 U5_RX/USB_DAT_VP 0

25 GPI1_28 0

24 U3_RX 0

23 U2_HCTS 0

22 U2_RX 0

21 Ul_RX 0

20:19 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

18 SDIO_INT_N (MS_DIO[1] pin) 0

17 MSDIO_START. Logical OR of MS_DIO[3:0] 0

16 GPI_6 / HSTIM_CAP 0

15 GPI_5 0

14 GPI_4 0

13 GPI_3 0

12 GPI_2 0

11 GPI_1/SERVICE_N 0

10 GPI_0/I12S1RX_SDA 0
SYSCLKEN pin 0
SPI1_DATIN 0
GPI_7 0
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Table 24. Start Enable register for Pin Sources (START_ER_PIN - 0x4000 4030) ...continued

Bit Function

SPI2_DATIN
GPI_19/U4 RX
GPI_9

GPI_8

N W~ 01O

from a reserved bit is not defined.

:0 Reserved, user software should not write ones to reserved bits. The value read

Reset
value

0
0
0
0

Start Enable register for Internal Sources (START_ER_INT - 0x4000

4020)

The START_ER_INT register allows individually enabling internal interrupt sources to start

up the chip from STOP mode. It is used in conjunction with the START_ER_PIN,

START_RSR_INT, START_RSR_PIN, START_SR_INT, START_SR_PIN,

START_APR_INT, and START_APR_PIN registers to control startup from STOP mode.

Refer to the Start Controller description in this chapter for more information.

Table 25. Start Enable register for Internal Sources (START_ER_INT - 0x4000 4020)

Bit Function Reset
value
31 TS_INT (AD_IRQ) Touchscreen/ADC interrupt. 0
30 TS_P Touch screen interface press detect, note: active low 0
29 TS_AUX Touch screen interface auxiliary interrupt 0
28:27 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.
26 USB_AHB_NEED_CLK 0
25 MSTIMER_INT 0
24 RTC_INT Interrupt from RTC 0
23 USB_NEED_CLK 0
22 USB_INT 0
21 USB_I2C_INT 0
20 USB_OTG_TIMER_INT 0
19 USB_OTG_ATX_INT_N 0
18:17 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.
16 KEY_IRQ: Keyboard scanner interrupt signal 0
15:8 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.
Ethernet MAC Start request.
Enable Port 0 and Port 1 start request. This enables start request for all PO_[7:0]
and P1_[23:0], signals, which are ORed together. See PO_INTR_ER register for
additional details
5 GPIO_5. See GPIO_O0. 0
GPIO_4. See GPIO_0.
3 GPIO_3. See GPIO_O0.
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Table 25. Start Enable register for Internal Sources (START_ER_INT - 0x4000 4020)

Bit Function Reset
value
GPIO_2. See GPIO_0. 0
GPIO_1. See GPIO_0. 0
GPIO_O0. 0

0 = Start signal is disabled.
1 = Start signal is enabled.

Port 0 and Port 1 start and interrupt enable register (PO_INTR_ER -
0x4000 4018)

The PO_INTR_ER register enables or disables the ORed start and interrupt signals
associated with Ports 0 and 1. Table 26 shows the bit assignment of the PO_INTR_ER
control register.

The PO_INTR_ER register allows individually enabling Port 0 and Port 1 I/O pins as
interrupt sources and to start up the chip from STOP mode. It is used in conjunction with
the START_ER_PIN, START_RSR_INT, START_RSR_PIN, START_SR_INT,
START_SR_PIN, START_APR_INT, and START_APR_PIN registers to control startup
from STOP mode. Refer to the Start Controller description in this chapter for more
information.

Note: There is only a single signal that feeds into bit 6 of the START registers, this means
that there is only single bit control in the START_ER_PIN, START_RSR_INT,
START_RSR_PIN, START_SR_INT, START_SR_PIN, START_APR_INT, and
START_APR_PIN registers for all PO and P1 signals.

Table 26. Port 0 and 1 interrupt and start register control (PO_INTR_ER - 0x4000 4018)

PO_INTR_ER Function Description

31:11 P1.[23:3] see p0.0 description
10 P1.2 see p0.0 description
9 P11 see p0.0 description
8 P1.0 see p0.0 description
7 P0.7 see p0.0 description
6 P0.6 see p0.0 description
5 PO.5 see p0.0 description
4 P0.4 see p0.0 description
3 P0.3 see p0.0 description
2 P0.2 see p0.0 description
1 PO.1 see p0.0 description
0 P0.0 1 = enables both interrupt and start for this pin

0 = disables both interrupt and start for this pin

Start Status Register for Pin Sources (START_SR_PIN - 0x4000 4038)

The START_SR_PIN shows the current state of possible device pin startup sources, after
masking by START_ER_PIN.
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Table 27. Start Status Register for Pin Sources (START_SR_PIN - 0x4000 4038)

Bit  Function Reset
value

31:3 Same sources as for the START_ER_PIN register. Unused bits in this register read 0
as 0. This allows the ARM to use the “find first bit set” CLZ instruction.

Read:
0 = Pin or signal is inactive after masking.
1 = Pin or signal is active after masking.

2:0 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

Start Status Register for Internal Sources (START_SR_INT - 0x4000
4028)

The START_SR_INT shows the current state of possible internal startup sources, after
masking by START_ER_INT.

Table 28. Start Status Register for Internal Sources (START_SR_INT - 0x4000 4028)

Bit Function Reset
value

31:3 Same sources as for the START_ER_INT register. Unused bits in this register 0
read as 0. This allows the ARM to use the “find first bit set” CLZ instruction.

Read:
0 = Pin or signal is inactive after masking.
1 = Pin or signal is active after masking.

2:0 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

Start Raw Status Register for Pin Sources (START_RSR_PIN - 0x4000
4034)

The START_RSR_PIN shows the current state of possible device pin startup sources,
prior to masking.

Table 29. Start Raw Status Register for Pin Sources (START_RSR_PIN - 0x4000 4034)

Bit Function Reset
value
31:3 Same sources as for the START_ER_PIN register. 0
Read:

0 = Pin or signal is inactive before masking.

1 = Pin or signal is active before masking.

Write:

0 = No effect.

1 = The captured state is cleared. Each source can be individually cleared.

2:0 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.
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Start Raw Status Register for Internal Sources (START_RSR_INT -
0x4000 4024)

The START_RSR_INT shows the current state of possible internal startup sources, prior
to masking.

Table 30. Start Raw Status Register for Internal Sources (START_RSR_INT - 0x4000 4024)

Bit  Function Reset
value
31:3 Same sources as for the START_ER_INT register. 0
Read:

0 = Pin or signal is inactive before masking.

1 = Pin or signal is active before masking.

Write:

0 = No effect.

1 = The captured state is cleared. Each source can be individually cleared.

2:0 Reserved, user software should not write ones to reserved bits. The value read from -
a reserved bit is not defined.

Start Activation Polarity Register for Pin Sources (START_APR_PIN -
0x4000 403C)

The START_APR_PIN allows selecting the polarity that device pin start signal sources
use as a start condition.

Table 31. Start Activation Polarity Register for Pin Sources (START_APR_PIN - 0x4000

403C)
Bit Function Reset
value
31:3 Same sources as for the START_ER_INT register. 0

0 = Active state is captured on falling edge of start signal.
1 = Active state is captured on rising edge of start signal.

2:0 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

Start Activation Polarity Register for Internal Sources
(START_APR_INT - 0x4000 402C)

The START_APR_INT allows selecting the polarity that internal start signal sources use
as a start condition.

Table 32. Start Activation Polarity Register for Internal Sources (START_APR_INT - 0x4000

402C)
Bit Function Reset
value
31:3 Same sources as for the START_ER_INT register. 0

0 = Active state is captured on falling edge of start signal.
1 = Active state is captured on rising edge of start signal.

2:0 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.
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4.11.18 USB Control register (USB_CTRL - 0x4000 4064)
The USB_CTRL register provides control of the USB clocks, PLL, and pads.

Table 33. USB Control register (USB_CTRL - 0x4000 4064)

Bit Function Reset
value

31:25 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

24 USB Slave HCLK control. 0
0 = Slave HCLK disabled.
1 = Slave HCLK enabled.

23 usb_i2c_enable. Control signal for mux. the mux drives a "0" out on 0
USB_OE_TP_N when set. This enables “transparent 12C mode” for
communication with an external USB transceiver.
0 =ip_3506_otg_tx_en_nis fed to OE_TP_N pad.
1="0"is fed to OE_TP_N pad.

22 usb_dev_need_clk_en. During initialization the usb_dev_need_clk should notbe 0
fed to the clock switch. After initializing the external USB transceiver, this bit
should be programmed to "1". Note that setting this bit to "0" also disables the
software request in OTG_CLOCK_CONTROL register.
0 = usb_dev_need_clk is not let into the clock switch.
1 =usb_dev_need_clkis let into clock switch.

21 usb_host_need_clk_en. During initialization the usb_host_need_clk_en should not 0
be fed to the clock switch. After initializing the external USB transceiver, this bit
should be programmed to "1". Note that setting this bit to "0" also disables the
software request in OTG_CLOCK_CONTROL register.

0 = usb_host_need_clk_en is not let into the clock switch.
1 =usb_host_need_clk_en is let into clock switch.
20:19 Pad control for USB_DAT_VP and USB_SEO_VM pads. 01
00 = Pull-up added to pad.
01 = Bus keeper. Retains the last driven value.
10 = No added function.
11 = Pull-down added to pad.

18 USB_Clken2 clock control. This bit must be written to a 1 after the PLL indicates 0
stable output clock.

0 = Stop clock going into USB block.
1 = Enable clock going into USB block.

17 USB_Clkenl clock control. This bit should be written to a 0 when USB is not 0
active.

0 =Stop clock going into the USB PLL.
1 = Enable clock going into the USB PLL.

16 PLL Power down. This bit is used to start/stop the PLL. Startup time must be 0
respected from when the PLL is started until the output clock is used. Startup time
is indicated by PLL LOCK going high.

0 = PLL is in power down mode.
1 =PLL is in operating mode.
15 Bypass control. 0
0 = CCO clock is sent to post divider.
1 = PLL input clock bypasses the CCO and is sent directly to the post divider.
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Table 33. USB Control register (USB_CTRL - 0x4000 4064) ...continued

Bit

14

13

12:11

10:9

8:1

Function

Direct output control.

0 = The output of the post-divider is used as output of the PLL.

1 = CCO clock is the direct output of the PLL, bypassing the post divider.
Feedback divider path control.

0 = Feedback divider clocked by CCO clock.

1 = Feedback divider clocked by post FCLKOUT.

PLL post-divider (P) setting. This divider divides down the output frequency. If
50 % duty cycle is needed, the post-divider should always be active.

00 = divide by 2 (P=1)

01 = divide by 4 (P=2)

10 = divide by 8 (P=4)

11 = divide by 16 (P=8)

PLL pre-divider (N) setting. This divider divides down the input frequency before
going to the phase comparator.

00=1

01=2

10=3

11=4

PLL feedback divider (M) setting. This divider divides down the output frequency

before being fed back to the phase comparator. Note: Remember that there is a
pre-divide which defaults to 13 in front of this PLL.

00000000 =1

00000001 =2

11111110 = 255

11111111 = 256

PLL LOCK status (Read only, write is don’t care)

0 = PLL not locked.

1 = PLL locked. This means that the PLL output clock is stable.

Reset
value

USB clock pre-divide register (USB_DIV - 0x4000 401C)

The USB_DIV register controls the clock input to the USB PLL. Table 34 shows the bit
assignment of the USB_DIV control register.

Table 34. USB prettified register (USB_DIV - 0x4000 401C)
USB_DIV Function Description

314

3.0

Reserved Reserved, user software should not write ones to reserved
bits. The value read from a reserved bit is not defined.

Reset

value

USB_RATE Controls the USB pre-clock divider, setting the input rate to the 0x0C

USB.
The USB input rate = OSC_CLK / (USB_RATE+1)
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4.11.20 Memory Card Control register (MS_CTRL - 0x4000 4080)
The MS_CTRL register selects whether the SD card interface is enabled. It also controls
pad pull-up and pull-down and clocks to the related peripheral blocks.

Table 35. Memory Card Control register (MS_CTRL - 0x4000 4080)

Bit Function Reset
value

31:11 Reserved, user software should not write ones to reserved bits. The value read
from a reserved bit is not defined.

10 Disable SD_card pins. If the SD Card interface is not used, this bit (10) and bit9 0
should be programmed to 0, and bits 6 through 8 should be programmed to 1.
0 = enable SD_card interface pins.
1 = disable SD_card interface pins and enable Peripheral MUX registers see
Table 650.

9 Enables clock and pull-ups to MSSDIO pins. If the SD Card interface is not used, 0
this bit should be programmed to 0, and bits 6 through 8 should be programmed
to 1. To enable clocking, the SD_card controller requires both bits 5 and 9 be set
to 1.
0 = MSSDIO pull-up and clock disabled.
1 = MSSDIO pull-up and clock enable.

8 MSSDIO2 and MSSDIO3 pad control. 0
0 = MSSDIO2 and 3 pad has pull-up enabled.
1 = MSSDIO2 and 3 pad has no pull-up.

7 MSSDIO1 pad control. 0
0 = MSSDIO1 pad has pull-up enabled.
1 = MSSDIO1 pad has no pull-up.

6 MSSDIO0/MSBS pad control. 0
0 = MSSDIOO pad has pull-up enable.
1 = MSSDIOO0 pad has no pull-up.

5 SD Card clock control. This bit controls MSSDCLK to the SD Card block. The 0
registers in the peripheral block cannot be accessed if the clock is stopped. To
enable clocking, the SD_card controller requires both bits 5 and 9 be set to 1.
0 = Clocks disabled.
1 = Clocks enabled.

4 Reserved, user software should not write ones to reserved bits. The value read
from a reserved bit is not defined.

3:0 These register bits control the divider ratio when generating the clock fromthe 0
ARM PLL output clock. Software must insure that the maximum clock frequency
of the targeted device is not exceeded.
0000 = MSSDCLK stopped. Divider in low power mode.
0001 = MSSDCLK equals ARM PLL output clock divided by 1.
1110 = MSSDCLK equals ARM PLL output clock divided by 14.
1111 = MSSDCLK equals ARM PLL output clock divided by 15.

4.11.21 DMA Clock Control register (DMACLK_CTRL - 0x4000 40ES8)

The DMACLK_CTRL register allows disabling the clock to the DMA controller in order to
save power if the DMA controller is not being used.
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Table 36. DMA Clock Control register (DMACLK_CTRL - 0x4000 40ES8)

Bit Function Reset
value

31:1 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

0 0 = All clocks to DMA stopped. No accesses to DMA registers are allowed. 1
1 = All clocks to DMA enabled.

NAND Flash Clock Control register (FLASHCLK_CTRL - 0x4000 40C8)

The LPC32x0 incorporates two NAND Flash controllers, one for single-level NAND Flash
(the SLC Flash controller), and one for multi-level NAND Flash (the MLC Flash controller).
The FLASHCLK_CTRL register controls some aspects of the two NAND Flash memory
interfaces: enabling and disabling clocks; selecting one of the controllers to be used; and
controlling interrupts and DMA.

Table 37. NAND Flash Clock Control register (FLASHCLK_CTRL - 0x4000 40C8)

Bit Function Reset
value

31:6 Reserved, user software should not write ones to reserved bits. The value read
from a reserved bit is not defined.

5 Determines which NAND Flash controller interrupt is connected to the interrupt 0
controller.
0: enable the SLC (single level) NAND Flash controller interrupt.
1: enable the MLC (multi-level) NAND Flash controller interrupt.

4 Enable NAND_DMA_REQ on NAND_RnB. This applies only to the MLC. 0
0: disable
1: enable

3 Enable NAND_DMA_REQ on NAND_INT. This applies only to the MLC. 0
0: disable
1: enable

2 SLC/MLC select. Selects either the single-level (SLC), or multi-level (MLC) 0
NAND Flash controller.
0: Select MLC flash controller.
1: Select SLC flash controller.

1 MLC NAND Flash clock enable control. 1
0: Disable clocks to the block, including the AHB interface.
1: Enable clock.

0 SLC NAND Flash clock enable control. 1
0: Disable clocks to the block, including the AHB interface.
1: Enable clock.

Ethernet MAC Clock Control register (MACCLK_CTRL - 0x4000 4090)

The MAC_CLK_CTRL register controls three clocks which are connected to the Ethernet
MAC. To enable the ethernet MAC block for proper operation set the Master, Slave and
Control bits in this register to 1. To disable the Ethernet MAC set all three of the bits to 0.

See Table 643 and associated text for information using the MIl and RMII interface
described in bits 3 and 4.
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Ethernet MAC Clock Control Register (MAC_CLK_CTRL 0x4000 4090)

MAC_CLK_CTRL Name

31:11

4:3

Reserved

Description

is not defined.

HDW_INF_CTRL Ethernet MAC Hardware interface control

00 = Do not connect Ethernet MAC to Port pins.

01 = Connect Ethernet MAC to Port pins in Ml
Mode.

10 = Do not connect Ethernet MAC to Port pins.
11 = Connect Ethernet MAC to Port pins in RMII

Mode.

MASTER_CLK Master Interface Clock

0 = Disabled.
1 = Enabled.

note: For proper operation, bits 0, 1, and 2 in this

register must be set to 1 to fully enable the
Ethernet MAC.

SLAVE_CLK Slave Interface Clock

0 = disabled
1 = enabled

note: For proper operation, bits 0, 1, and 2 in this

register must be set to 1 to fully enable the
Ethernet MAC.

REG_CLK Control Registers Clock

0 = disabled.
1 = enabled

note: For proper operation, bits 0, 1, and 2 in this

register must be set to 1 to fully enable the
Ethernet MAC.

LCD Clock Control register (LCDCLK_CTRL - 0x4000 4054)

The LCD_CFG register controls the selection of output pins needed for different LCD
panel configurations, as well as prescaling of the clock used for LCD data generation.

The contents of the LCD_CFG register are described in Table 39.

Table 39.

Bits

31:9

7:6

4:0

Name

reserved

DISPLAY_TYPE

MODE_SELECT

HCLK_ENABLE
CLKDIV

LCD Configuration register (LCD_CFG, RW - 0x4000 4054)

Function

Reserved, user software should not write ones to reserved
bits. The value read from a reserved bit is not defined.

Sets the Display type:

0 = TFT Display

1 = STN Display

Selects output pin group. See Table 199 and Table 200
Enables HCLK signal to LCD controller

LCD panel clock prescaler selection.

The value in the this register plus 1 is used to divide the
selected input clock (see the CLKSEL bit in the LCD_POL
register), to produce the panel clock.

Reserved, user software should not write ones to
reserved bits. The value read from a reserved bit

Reset
value

00

Reset
value

0x0

0x0
0x0
0x0
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4.11.25 12S Clock Control register (12S_CTRL - 0x4000 407C)

The 12S_CTRL register controls some aspects of the two I12S interfaces (12S0 and 12S1):
enabling and disabling clocks, selecting DMA request line, and controlling source clock
output or input configuration.

Table 40. 12S Clock Control register (I2S_CTRL - 0x4000 407C)

Bit Function Reset
value

31:7 Reserved, user software should not write ones to reserved bits. The value read
from a reserved bit is not defined.

6 12S1_CLK_TX_MODE select. 0
0 = TX_CLK drives I12S TX timing. Applies to both Master (output) and Slave
(input) modes.
1 = RX_CLK drives 12S TX timing. Applies to both Master (output) and Slave
(input) modes.

5 12S1_CLK_RX_MODE select. 0
0 = RX_CLK drives I2S RX timing. (applies to both Master (output) and Slave
(input) modes)
1 =TX_CLK drives I12S RX timing. (applies to both Master (output) and Slave
(input) modes)

4 12S1 DMA1 connection control 0
0 = UART7 RXis connected to DMA, (12S1 DMA 1 is not connected to DMA)
1 =12S1 DMA 1 is connected to DMA; (UART7 RX is not connected to DMA)

3 12S0_CLK_TX_MODE select. 0
0 = TX_CLK drives I12S TX timing. Applies to both Master (output) and Slave
(input) modes.
1 = RX_CLK drives 12S TX timing. Applies to both Master (output) and Slave
(input) modes.

2 12S0_CLK_RX_MODE select. 0
0 = RX_CLK drives I2S RX timing. (applies to both Master (output) and Slave
(input) modes)
1 =TX_CLK drives I12S RX timing. (applies to both Master (output) and Slave
(input) modes)

1 12S1_CLK enable. 0
0 = Disable clock.
1 = Enable clock.

0 12S0_CLK enable. 0
0 = Disable clock.
1 = Enable clock.

4.11.26 SSP Control register (SSP_CTRL - 0x4000 4078)

The SSP_CTRL register controls some aspects of the two SSP interfaces: enabling and
disabling clocks and switching between the interface to the GPDMA Controller

UM10326 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

User manual Rev. 3 — 22 July 2011 77 of 721




NXP Semiconductors UM10326

UM10326

4.11.27

Chapter 4: LPC32x0 Clocking and power control

Table 41. SSP Control register (SSP_CTRL - 0x4000 4078)

Bit Function Reset
value

316 Reserved, user software should not write ones to reserved bits. The value read
from a reserved bit is not defined.

5 SSP1 RX DMA connection control 0
0 = SSP1 RX is not connected to DMA and SPI2 is connected to DMA.
1 =SSP1 RX is connected to DMA and SPI2 is not connected to DMA

4 SSP1 TX DMA connection control 0
0 = SSP1 TX is not connected to DMA and SPI1 is connected to DMA.
1 =SSP1 TX is connected to DMA and SPI1 is not connected to DMA.

3 SSPO RX DMA connection control 0
0 = SSPO RX is not connected to DMA and SPI3 is connected to DMA.
1 = SSPO0 RX is connected to DMA and SPI3 is not connected to DMA.

2 SSPO TX DMA connection control 0
0 = SSPO TX is not connected to DMA and SPI14 is connected to DMA.
1 =SSPO0 TX is connected to DMA and SP14 is not connected to DMA.

1 SSP1 clock enable control. 0
0 = Disable clock.
1 = Enable clock.

0 SSPO clock enable control. 0
0 = Disable clock.
1 = Enable clock.

SPI Control register (SPI_CTRL - 0x4000 40C4)

The SPI_CTRL register controls some aspects of the two SPI interfaces: enabling and
disabling clocks; connecting the interface to the related pins; and controlling pin output
values if the SPI interface is not used (i.e. used as a GPO). The SPI clock enable bit (0
and 1) must be enabled to use the peripheral, this includes the use of the SPI as GPO.

Table 42. SPI Control register (SPI_CTRL - 0x4000 40C4)

Bit  Function Reset
value

31:8 Reserved, user software should not write ones to reserved bits. The value read
from a reserved bit is not defined.

7 SPI2_DATIO output level. 0
0 = The pin drives low (if bit 5 is 0).
1 = The pin drives high (if bit 5 is 0).

6 SPI12_CLK output level. 0
0 = The pin drives low (if bit 5 is 0).
1 = The pin drives high (if bit 5 is 0).

5 Output pin control. By default, the SPI12_DATIO and SPI2_CLK pins are drivento 0
the values set in bits 7 and 6. In order to use the SPI2 block, this bit must be
written to a 1.
0 = SPI2_DATIO and SPI2_CLK outputs the level set by bit 6 and 7.
1 = SPI2_DATIO and SPI2_CLK are driven by the SPI2 block.

4 SPI2 clock enable control. 0
0 = Disable clock.
1 = Enable clock.
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Table 42. SPI Control register (SPI_CTRL - 0x4000 40C4) ...continued

Bit Function Reset
value
3 SPI1_DATIO output level. 0

0 = The pin drives low (if bit 1 is 0).
1 = The pin drives high (if bit 1 is 0).

2 SPI1_CLK output level. 0
0 = The pin drives low (if bit 1 is 0).
1 = The pin drives high (if bit 1 is 0).

1 Output pin control. By default, the SPI1_DATIO and SPI1_CLK pins are drivento 0
the values set in bits 3 and 2. In order to use the SPI1 block, this bit must be
written to a 1.
0 = SPI1_DATAIO and SPI1_CLK outputs the level set by bit 2 and 3.
1 = SPI1_DATIO and SPI1_CLK are driven by the SPI1 block.

0 SPI1 clock enable control. 0
0 = Disable clock.
1 = Enable clock.

I2C Clock Control register (I2CCLK_CTRL - 0x4000 40AC)
The 1I2CCLK_CTRL register controls the clocks to the two 12C interfaces.

Table 43. 12C Clock Control register (I2CCLK_CTRL - 0x4000 40AC)

Bit Function Reset
value

31:5 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

4 Driver strength control for USB_I12C_SCL and USB_I2C_SDA. For 1.8 V operation 0
set this bit to 1.
0 = USB I2C pins operate in low drive mode.
1 = USB I2C pins operate in high drive mode.

3 12C2_SCL and 12C2_SDA driver strength control. For 1.8 V operation set this bitto 0
1.
0 = 12C2 pins operate in low drive mode.
1 =12C2 pins operate in high drive mode.

2 I2C1_SCL and 12C1_SDA driver strength control. For 1.8 V operation set this bitto 0
1.
0 = I2C1 pins operate in low drive mode.
1 =12C1 pins operate in high drive mode.

1 Software must set this bit before using the 12C2 block. It can be cleared if the 12C2 0
block is not in use.
0 = 12C2 HCLK stopped. No I2C registers are accessible.
1 =12C2 HCLK enabled.

0 Software must set this bit before using the I12C1 block. It can be cleared if the I2C1 0
block is not in use.
0 = 12C1 HCLK stopped. No I2C registers are accessible.
1 =12C1 HCLK enabled.

Timer Clock Controll and MCPWM register (TIMCLK_CTRL1 - 0x4000
40C0)

The TIMCLK_CTRL1 register allows enabling and disabling the clocks to two peripheral
device blocks: The Motor controller PWM and Timer[3,2,1,0].
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Table 44. Timer Clock Control register (TIMCLK_CTRL1 - 0x4000 40CO0)

Bit Function Reset
value
6 Motor Control clock enable control. 0

0 = Disable clock.
1 = Enable clock.

5 Timer 3 clock enable control. 0
0 = Disable clock.
1 = Enable clock.

4 Timer 2 clock enable control. 0
0 = Disable clock.
1 = Enable clock.

3 Timer 1 clock enable control. 0
0 = Disable clock.
1 = Enable clock.

2 Timer 0 clock enable control. 0
0 = Disable clock.
1 = Enable clock.

1 Timer 5 clock enable control. 0
0 = Disable clock.
1 = Enable clock.

0 Timer 4 clock enable control. 0
0 = Disable clock.
1 = Enable clock.

4.11.30 Timer Clock Control register (TIMCLK_CTRL - 0x4000 40BC)

The TIMCLK_CTRL register allows enabling and disabling the clocks to the High Speed
Timer and the Watchdog Timer.

Table 45. Timer Clock Control register (TIMCLK_CTRL - 0x4000 40BC)
Bit Function Reset value

31:3 Reserved, user software should not write ones to reserved bits. The -
value read from a reserved bit is not defined.

1 HSTimer clock enable control. 0
0 = Disable clock.
1 = Enable clock.

0 Watchdog clock enable control. 0
0 = Disable clock.
1 = Enable clock.

4.11.31 ADC Clock Control register (ADCLK_CTRL - 0x4000 40B4)

The ADCLK_CTRL register allows enabling or disabling the clock to the Analog to Digital
Converter and Touch Screen.

Table 46. ADC Clock Control register (ADCLK_CTRL - 0x4000 40B4)

Bit Function Reset value
31:1 Reserved, user software should not write ones to reserved bits. The -

value read from a reserved bit is not defined.
0 0 = Disable 32 kHz clock to ADC block. 0

1 = Enable clock.
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4.11.32 ADC Clock Controll register (ADCLK_CTRL1 - 0x4000 4060)

The ADCLK_CTRLL1 register controls switching the source of the ADC/Touch Screen
clock. If the PERIPH_CLK is selected, use the clock divider to reduce the input frequency of
the peripheral clock to a value less than 400KHz before using the ADC or touch screen.

Table 47. ADC Clock Control register (ADCLK_CTRL1 - 0x4000 4060)

Bit Function Reset
value

31:9 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.

8 ADCCLK_SEL; ADC clock select 0
0 = Clock ADC and touch screen from RTC clock.
1 = Clock ADC and touch screen from PERIPH_CLK clock.

7:0 ADC_FREQ. Controls the clock divider for ADC when Peripheral clock (bit8)is 0
enabled.
Value in register is one less than divide value. reg value = (divider -1)
00000000 =1
00000001 =2

11111110 = 255
11111111 = 256

4.11.33 Keyboard Scan Clock Control register (KEYCLK_CTRL - 0x4000
40B0)

The KEYCLK_CTRL register allows enabling or disabling the clock to the Keyboard Scan
peripheral.

Table 48. Keyboard Scan Clock Control register (KEYCLK_CTRL - 0x4000 40B0)

Bit Function Reset
value
31:1 Reserved, user software should not write ones to reserved bits. The value -
read from a reserved bit is not defined.
0 0 = Disable clock to Keyboard block. 0

1 = Enable clock.

4.11.34 PWM Clock Control register (PWMCLK_CTRL - 0x4000 40B8)

The PWMCLK_CTRL register controls the clocks to the PWM blocks: enabling or
disabling clocks, selecting the clock source, and setting the clock divider for each PWM.
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Table 49. PWM Clock Control register (PWMCLK_CTRL - 0x4000 40B8)

Bit Function

31:12 Reserved, user software should not write ones to reserved bits. The value read
from a reserved bit is not defined.

11:8 PWM2_FREQ. Controls the clock divider for PWM2.
0000 = PWM2_CLK = off
0001 = PWM2_CLK = CLKin

1111 = PWM2_CLK = CLKin /15

74 PWM1_FREQ. Controls the clock divider for PWM1. The encoding is the same as
for PWM2_CLK above.

3 PWM2 clock source selection:
0=32kHz RTC_CLK
1 =PERIPH_CLK

2 PWM2 block enable
0 = Disable clock to PWM2 block.
1 = Enable clock to PWM2 block.

1 PWM1 clock source selection:
0=32kHz RTC_CLK
1 =PERIPH_CLK

0 PWM1 block enable
0 = Disable clock to PWM1 block.
1 = Enable clock to PWM1 block.

Reset
value

4.11.35 UART Clock Control register (UARTCLK_CTRL - 0x4000 40E4)
The UARTCLK_CTRL register allows turning off clocks to the standard (not high speed)
UARTSs in order to save power when they are not used. High speed UARTSs always operate
in autoclock mode. See the High Speed UART chapter for details.
Table 50. UART Clock Control register (UJARTCLK_CTRL - 0x4000 40E4)
Bit Function Reset
value
31:4 Reserved, user software should not write ones to reserved bits. The value read -
from a reserved bit is not defined.
3 0 = Uart6 HCLK disabled and in low power mode. No accesses to UART registers 1
are allowed.
1 = Uart6 HCLK enabled.
2 0 = Uart5 HCLK disabled and in low power mode. No accesses to UART registers 1
are allowed.
1 = Uart5 HCLK enabled.
1 0 = Uart4 HCLK disabled and in low power mode. No accesses to UART registers 1
are allowed.
1 = Uart4 HCLK enabled.
0 0 = Uart3 HCLK disabled and in low power mode. No accesses to UART registers 1
are allowed.
1 = Uart3 HCLK enabled.
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4.11.36 Power Off Switch internal memory control registers

(POSO_IRAM_CTRL - 0x4000 4110, POS1_IRAM_CTRL - 0x4000 4114)

The POSO_IRAM_CTRL and POS1_IRAM_CTRL registers allow turning off power to 64
kB blocks of internal memory in order to save power when they are not used.

There is a maximum of 256 kB of internal memory in the LPC32x0 family, one 64kB block
is always powered and the other three 64 kB blocks have power off switches.

There is no sequencing requirement to powering off a block of memory. To power up a
memory block, the POSO0 switch should be turned on (POS0 = 1) 2 usec before POS1 is
turned on (POS1 =1). Violating this timing requirement can result in a current spike in the
power supply

If the power is turned off using the POS switches, the contents of the IRAM in the block is
lost.

Table 51. Power Off Switch State

POSO POS1 Memory state
LOW LOW Memory off
HIGH LOW Power up
HIGH HIGH Operational
LOW HIGH Not valid

Table 52. Power Off Switch 0 internal memory control register (POSO_IRAM_CTRL - 0x4000

4110)
Bit Symbol Function Reset
value
314 - Reserved, user software should not write ones to reserved bits. The value -

read from a reserved bit is not defined.
POSO POSO control for sram at address 0x30000 - 0xO3FFFF (see Table 51). 1
POSOl POSO control for sram at address 0x20000 - Ox02FFFF (see Table 51). 1
POSO0  POSO control for sram at address 0x10000 - OxO1FFFF (see Table 51). 1
- Reserved. 0

S B N W

[1] Does not apply to LPC3220

Table 53. Power Off Switch 1 internal memory control register (POS1_IRAM_CTRL - 0x4000
4114)

Bit Symbol Function Reset
value

1. - Reserved, user software should not write ones to reserved bits. The -
value read from a reserved bit is not defined.

POS1ll2l POS1 control for sram at address 0x30000 - Ox03FFFF (see Table 51). 1
POS1L2l POS1 control for sram at address 0x20000 - 0x02FFFF (see Table 51). 1
POS1ll  POS1 control for sram at address 0x10000 - OX01FFFF (see Table 51). 1
- Reserved. 0

O R N W bW

[1] For correct operation when powering up sram, this bit can only be set 2 psec after POSO0 bit has been set.
[2] Does not apply to LPC3220
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5.1 Introduction

5.2 Features

The LPC32x0 Interrupt controller is comprised of three copies of a basic interrupt
controller block connected so as to from a single larger interrupt controller. Each basic
interrupt controller is capable of supporting up to 32 interrupts.

* Supports 74 interrupt sources.
* FAB bus interface for fast register access.
* Interrupt enable bit for each interrupt.

¢ Individually selectable interrupt polarity and type allows for high or low level triggered
interrupts, as well as rising or falling edge triggered interrupts.

¢ Each interrupt may be steered to either the IRQ or FIQ input to the CPU.

* Raw interrupt status and masked interrupt status registers are available for versatile
condition evaluation.

* Provides a software interrupt with a message register.

5.3 Description

UM10326

The Interrupt Controller is accessed via the FAB bus and is clocked by PERIPH_CLK
clock in all modes except stop mode. The internal connections of the Interrupt Controller
are shown in Figure 13. As illustrated, inputs to the Interrupt Controller that are
asynchronous are synchronized prior to processing. The output of the Interrupt Controller
drives the FIQ and IRQ inputs to the CPU.
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Fig 13. Block diagram of the interrupt controller
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All external pin interrupts are connected via synchronizing circuits to the two Sub Interrupt
Controllers (SIC1 and SIC2). The four interrupt outputs of the SICs are connected to four
interrupt inputs of the Main interrupt controller (MIC). It is advised to always configure

these inputs on the MIC to active low level.

All interrupts may be programmed for a specific polarity of either a level or an edge. If set
up to trigger on an edge, an active interrupt state is stored until cleared by the host. Each
interrupt source can be individually masked and the interrupt status can be read both
before and after masking. Each interrupt source is set to generate either an IRQ or a FIQ.
The interrupt mode for each interrupt pin must be configured in the SIC registers APR and
ATR. A typical bit slice of the interrupt controller is shown in Figure 14.

UM10326 All information provided in this document is subject to legal disclaimers.

© NXP B.V. 2011. All rights reserved.

User manual Rev. 3 — 22 July 2011

85 of 721



NXP Semiconductors UM10326

Fig 14. Bit slice of interrupt controller
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There are a number of internal interrupt sources which are synchronous. These are input
directly to the interrupt controller. All external pin interrupts are assumed to be
asynchronous, and these are synchronized prior to arrival at the interrupt controller. In
addition, asynchronous internal interrupt sources are synchronized before being
connected to the interrupt controller.

The interrupt controller outputs IRQ and FIQ signals to the CPU. Since there could be
glitches on these signals, a glitch filter is included at the output of the interrupt controller.

When the CPU responds to an interrupt, software must determine which interrupt service
routine to invoke. This may be done by reading the Status Registers and using a software
prioritization scheme to single out one interrupt for service if more than one is pending.

An interrupt can wake the device up from the CPU Wait for Interrupt mode (described in
ARM CPU documentation, register c7 of coprocessor 15) provided that the peripheral
generating the interrupt is clocked. Since the interrupt controller works only when clocked,
an interrupt cannot wake up the CPU from stop mode. However, a number of events can
wake up the CPU from STOP mode via the Start Controller (described in the Clocking and
Power Control chapter). Some events that can cause a wake-up from STOP mode can
also be interrupt sources.

If a pin is used both as an active interrupt and a start signal, several configurations can be
used:

* A pin configured as a level triggered interrupt requires the pin to retain the active level
until the interrupt is processed and cleared.

* A pin configured as an edge triggered interrupt requires the pin to retain the active
level until the interrupt controller receives clocks and recognizes the edge.
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* For shorter pulses the start signal status can be used to activate a software generated
interrupt. The source can be communicated using a global variable.

The software interrupt feature is activated by a register bit in the SW_INT register, and is
otherwise handled in the same manner as a hardware interrupt. Seven bits in the SW_INT
register are available to provide information to the software interrupt service routine.

At reset, all registers in the interrupt controllers are set to zeros disabling the interrupt
controller by default. Software must configure the controller during initialization.

Note that software must enable the SubFIQn and SubIRQn sources in the Main interrupt
controller if any interrupts in the Sub Interrupt Controller will be used. These sources are
active low.

5.4 Register description

Table 54. Interrupt controller registry summary

Address

0x4000 8000
0x4000 8004
0x4000 8008
0x4000 800C
0x4000 8010
0x4000 8014
0x4000 C000
0x4000 C004
0x4000 C008
0x4000 C00C
0x4000 C010
0x4000 C014
0x4001 0000
0x4001 0004
0x4001 0008
0x4001 000C
0x4001 0010
0x4001 0014

UM10326

Register name Description Reset value Type
MIC_ER Enable Register for the Main Interrupt Controller 0 R/W
MIC_RSR Raw Status Register for the Main Interrupt Controller X R/W
MIC_SR Status Register for the Main Interrupt Controller 0 RO

MIC_APR Activation Polarity select Register for the Main Interrupt Controller 0 R/W
MIC_ATR Activation Type select Register for the Main Interrupt Controller 0 R/W
MIC_ITR Interrupt Type select Register for the Main Interrupt Controller 0 R/W
SIC1_ER Enable register for Sub Interrupt Controller 1 0 R/W
SIC1_RSR Raw Status Register for Sub Interrupt Controller 1 - R/W
SIC1_SR Status Register for Sub Interrupt Controller 1 0 RO

SIC1_APR Activation Polarity select Register for Sub Interrupt Controller 1 0 R/W
SIC1_ATR Activation Type select Register for Sub Interrupt Controller 1 0 R/W
SIC1_ITR Interrupt Type select Register for Sub Interrupt Controller 1 0 R/W
SIC2_ER Enable register for Sub Interrupt Controller 2 0 R/W
SIC2_RSR Raw Status Register for Sub Interrupt Controller 2 X R/W
SIC2_SR Status Register for Sub Interrupt Controller 2 0 RO

SIC2_APR Activation Polarity select Register for Sub Interrupt Controller 2 0 R/W
SIC2_ATR Activation Type select Register for Sub Interrupt Controller 2 0 R/W
SIC2_ITR Interrupt Type select Register for Sub Interrupt Controller 2 0 R/W

Note: Internal peripheral interrupt sources are active HIGH unless otherwise noted.

5.4.1 Interrupt Enable Register for the Main Interrupt Controller (MIC_ER -
0x4000 8000)

The MIC_ER register contains bits that allow enabling and disabling individual interrupt
sources to the Main Interrupt Controller. For all interrupt enable bits, 0 = interrupt disabled
(default at reset) and 1 = interrupt enabled. The upper two bits in MIC_ER control all FIQ
interrupts from the Sub Interrupt Controllers, while the lower two bits control all IRQ
interrupts from the Sub Interrupt Controllers. Table 55 describes the function of each bit in
this register.
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Table 55. Interrupt Enable Register for the Main Interrupt Controller (MIC_ER - 0x4000 8000)

Bits Name Description Reset value
31 Sub2FIQn High priority (IRQ) interrupts from SIC2. 0
30 Subl1FIQn High priority (IRQ) interrupts from SIC1. 0
29 Ethernet Ethernet interrupt. 0
28 DMA_INT General Purpose DMA Controller interrupt. 0
27 MSTIMER_INT  Match interrupt O or 1 from the Millisecond Timer. 0
26 IIR1 UARTL1 interrupt. 0
25 IIR2 UART?2 interrupt. 0
24 IIR7 UARTY interrupt. 0
23 1251 12S1 Interrupt 0
22 12S0 12S0 interrupt 0
21 SSP1 SSP1 interrupt 0
20 SSPO SSPO interrupt 0
19 Timer3 Timer3 interrupt 0
18 Timer2 Timer2 interrupt 0
17 Timerl Timerl interrupt 0
16 Timer0 TimerO interrupt 0
15 SDO_INT Interrupt O from the SD Card interface. 0
14 LCD_INT Interrupt from the LCD controller. 0
13 SD1_INT Interrupt 1 from the SD Card interface. 0
12 Reserved Reserved, do not modify. 0
11 FLASH_INT Interrupt from the NAND Flash controller. 0
10 IIR6 UART®6 interrupt. 0
9 IIR5 UARTS interrupt. 0
8 IIR4 UART4 interrupt. 0
7 IIR3 UART3 interrupt. 0
6 WATCH_INT Watchdog Timer interrupt. 0
5 HSTIMER_INT  Match interrupt from the High Speed Timer. 0
4 Timer5 Timer5 interrupt 0
3 Timer4d/MCPWM Timer4 or Motor Controller PWM interrupt 0

if TIMCLK_CTRL1[6] = 0 then Timer4.
if TIMCLK_CTRL1[6] = 1 then MCPWM.

Reserved Reserved, do not modify.
Sub2IRQn Low priority (IRQ) interrupts from SIC2.
SublIRQn Low priority (IRQ) interrupts from SIC1. 0

5.4.2 Interrupt Enable Register for Sub Interrupt Controller 1 (SIC1_ER -
0x4000 C000)

The SIC1_ER register contains bits that allow enabling and disabling individual interrupt
sources to Sub Interrupt Controller 1. For all interrupt enable bits, 0 = interrupt disabled
(default at reset) and 1 = interrupt enabled. Table 56 describes the function of each bit in
this register.
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Table 56. Interrupt Enable Register for Sub Interrupt Controller 1 (SIC1_ER - 0x4000 C000)
Bits Name Description Reset
value
31 USB_i2c_int Interrupt from the USB I12C interface. 0
30 USB_dev_hp_int USB high priority interrupt. 0
29 USB_dev_Ip_int USB low priority interrupt. 0
28 USB_dev_dma_int  USB DMA interrupt. 0
27 USB_host_int USB host interrupt. 0
26 USB_otg_atx_int_ n  External USB transceiver interrupt. Active LOW. 0
25 USB_otg_timer_int ~ USB timer interrupt. 0
24 SW_INT Software interrupt (caused by bit 0 of the SW_INT register). 0
23 SPI1_INT Interrupt from the SPI1 interface. 0
22 KEY_IRQ Keyboard scanner interrupt. 0
21 Reserved Reserved, do not modify. 0
20 RTC_INT Match interrupt 0 or 1 from the RTC. 0
19 12C_1_INT Interrupt from the 12C1 interface. Active LOW. 0
18 12C_2_INT Interrupt from the 12C2 interface. Active LOW. 0
17 PLL397_INT Lock interrupt from the 397x PLL. 0
16:15 Reserved Reserved, do not modify. 0
14 PLLHCLK_INT Lock interrupt from the HCLK PLL. 0
13 PLLUSB_INT Lock interrupt from the USB PLL. 0
12 SPI2_INT Interrupt from the SPI2 interface. 0
11:9 Reserved Reserved, do not modify. 0
8 TS_AUX Touch screen aux interrupt 0
7 TS_IRQ (ADC_INT) Touch screen irqg interrupt 0
6 TS_P Touch screen pen down interrupt. 0
5 Reserved Reserved, do not modify. 0
4 GPI_28 Interrupt from the GPI_28 pin. 0
3 Reserved Reserved, do not modify. 0
2 JTAG_COMM_RX RX full interrupt from the JTAG Communication Channel. 0
1 JTAG_COMM_TX TX empty interrupt from the JTAG Communication Channel. 0
0 Reserved Reserved, do not modify. 0

Interrupt Enable Register for Sub Interrupt Controller 2 (SIC2_ER -
0x4001 0000)

The SIC2_ER register contains bits that allow enabling and disabling individual interrupt
sources to Sub Interrupt Controller 2. For all interrupt enable bits, 0 = interrupt disabled

(default at reset) and 1 = interrupt enabled. Table 57 describes the function of each bit in
this register.
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Table 57. Interrupt Enable Register for Sub Interrupt Controller 2 (SIC2_ER - 0x4001 0000)
Bits Name Description Reset
value

31 SYSCLK mux Status of the SYSCLK Mux (SYSCLK_CTRL][0]). May be used 0

to begin operations that require a change to the alternate

544

30:29 Reserved Reserved, do not modify. 0
28 GPIL_6 Interrupt from the GP1_6 (HSTIM_CAP) pin. 0
27 GPL_5 Interrupt from the GPI_5 pin. 0
26 GPl_4 Interrupt from the GPI_4 (SPI11_BUSY) pin. 0
25 GPL_3 Interrupt from the GP1_3 pin. 0
24 GPI_2 Interrupt from the GPI_2 pin. 0
23 GPI_1 Interrupt from the GPI_1 (SERVICE_N) pin. 0
22 GPLO Interrupt from the GPI_0 pin. 0
21 Reserved Reserved, do not modify. 0
20 SPI1_DATIN Interrupt from the SPI1_DATIN pin. 0
19 U5_RX Interrupt from the UARTS5 RX pin. 0
18 SDIO_INT_N Interrupt from the MS_DIO1 pin. Active LOW. 0
17:16 Reserved Reserved, do not modify. 0
15 GPI_7 Interrupt from the GPI_7 pin. 0
14:13 Reserved Reserved, do not modify. 0
12 U7_HCTS Interrupt from the UART7 HCTS pin. 0
11 GPI_19 Interrupt from the GPI_19 (U4_RX) pin. 0
10 GPI_9 Interrupt from the GPI_9 (KEY_COLY7) pin. 0
9 GPI_8 Interrupt from the GPI_8 (KEY_COLS6, SPI2_BUSY) pin. 0
8 Pn_GPIO ALL Port 0 and Port 1 GPIO pins OR’ed. 0
7 U2_HCTS Interrupt from the UART2 HCTS pin. 0
6 SPI2_DATIN Interrupt from the SPI2_DATIN pin. 0
5 GPIO_5 Interrupt from the GPIO_5 pin. 0
4 GPIO_4 Interrupt from the GPIO_4 pin. 0
3 GPIO_3 Interrupt from the GPIO_3 (KEY_ROW?) pin. 0
2 GPIO_2 Interrupt from the GPIO_2 (KEY_ROWS) pin. 0
1 GPIO_1 Interrupt from the GPIO_1 pin. 0
0 GPIO_0 Interrupt from the GPIO_O0 pin. 0

clock source.

Main Interrupt Controller Raw Status Register (MIC_RSR - 0x4000

8004):

Subl Raw Status Register (SIC1_RSR - 0x4000 C004);
Sub2 Raw Status Register (SIC2_RSR - 0x4001 0004)

The Raw Status Registers provide information about the state of interrupt sources before
they are potentially masked by the corresponding Enable Register. These registers also
allow clearing edge triggered interrupts whether or not they are masked. Table 58
describes the function of bits in this register.
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Table 58. Interrupt Controller Raw Status Registers (MIC_RSR, SIC1_RSR, SIC2_RSR)
Bits Description Reset value

31:0 Raw Interrupt Status. Reading the RSR shows which interrupt sources -
are active before being masked by the ER. Writing to the RSR clears the
interrupt status from edge triggered sources. Level triggered sources
must be cleared at the source.

The interrupt to which each bit applies can be found in the table for the
related Enable Register (MIC_ER, SIC1_ER, or SIC2_ER).

Read:

0 = Source is not generating an interrupt.

1 = Source is generating an interrupt.

Write:

0 = No Operation.

1 = Clear the interrupt status of edge triggered sources.

Main Interrupt Controller Status Register (MIC_SR - 0x4000 8008);
Subl Status Register (SIC1_SR - 0x4000 C008);
Sub?2 Status Register (SIC2_SR - 0x4001 0008)

The Interrupt Status Registers provide information on which interrupts are actually
pending, after being masked by the corresponding Enable Register. Table 59 describes
the function of bits in this register.

Table 59. Interrupt Status Registers (MIC_SR, SIC1_SR, and SIC2_SR)
Bits Description Reset value

31:0 Interrupt status. A high bit indicates that the unmasked interrupt source is 0
generating an interrupt.

The interrupt to which each bit applies can be found in the table for the
related Enable Register (MIC_ER, SIC1_ER, or SIC2_ER).

0 = No interrupt pending (Default)
1 = Interrupt pending

Main Interrupt Controller Activation Polarity Register (MIC_APR -
0x4000 800C; Sub1l Activation Polarity Register (SIC1_APR - 0x4000
C00C); Sub2 Activation Polarity Register (SIC2_APR - 0x4001 000C)

The interrupt Activation Polarity Registers allow selection of the activation polarity of each
interrupt. In connection with the Activation Type registers, four basic modes may be
chosen: low level, high level, falling edge, or rising edge triggering. Table 60, Table 61,
and Table 62 describe the function of bits in these registers.

Table 60. Activation Polarity Registers (MIC_APR - 0x4000 800C)

Bits Name Description Operational Reset
value value

31  Sub2FIQn Interrupt Polarity. See bit 0 description Active LOW (0) O

30 SublFIQn Interrupt Polarity. See bit 0 description Active LOW (0) O

29  Ethernet Interrupt Polarity. See bit 0 description Active HIGH (1) 0

28 DMA_INT Interrupt Polarity. See bit 0 description Active HIGH (1) 0

27  MSTIMER_INT Interrupt Polarity. See bit 0 description Active HIGH (1) 0

26 IIR1 Interrupt Polarity. See bit 0 description Active HIGH (1) 0
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Table 60. Activation Polarity Registers (MIC_APR - 0x4000 800C)
Bits Name Description Operational Reset
value value

25 IIR2 Interrupt Polarity. See bit 0 description Active HIGH (1) 0
24  IIR7 Interrupt Polarity. See bit 0 description Active HIGH (1) O
23 1281 Interrupt Polarity. See bit 0 description Active HIGH (1) 0
22 12S0 Interrupt Polarity. See bit 0 description Active HIGH (1) O
21 SSP1 Interrupt Polarity. See bit 0 description Active HIGH (1) 0
20 SSPO Interrupt Polarity. See bit 0 description Active HIGH (1) 0
19 Timer3 Interrupt Polarity. See bit 0 description Active LOW (0) O
18  Timer2 Interrupt Polarity. See bit 0 description Active LOW (0) O
17  Timerl Interrupt Polarity. See bit 0 description Active LOW (0) O
16  TimerO Interrupt Polarity. See bit 0 description Active LOW (0) O
15 SDO_INT Interrupt Polarity. See bit O description Active HIGH (1) 0
14  LCD_INT Interrupt Polarity. See bit 0 description Active HIGH (1) 0
13 SDL1_INT Interrupt Polarity. See bit 0 description Active HIGH (1) 0
12 Reserved Reserved, do not modify. - 0
11  FLASH_INT Interrupt Polarity. See bit 0 description Active HIGH (1) 0
10 1IR6 Interrupt Polarity. See bit 0 description Active HIGH (1) O
9 IIR5 Interrupt Polarity. See bit 0 description Active HIGH (1) 0
8 IIR4 Interrupt Polarity. See bit 0 description Active HIGH (1) 0
7 IIR3 Interrupt Polarity. See bit 0 description Active HIGH (1) 0
6 WATCH_INT Interrupt Polarity. See bit 0 description Active HIGH (1) 0
5 HSTIMER_INT Interrupt Polarity. See bit 0 description Active HIGH (1) O
4 Timer5 Interrupt Polarity. See bit 0 description Active LOW (0) O
3 Timer4 / MCPWM Interrupt Polarity. See bit 0 description Active LOW (0) O
2 Reserved Reserved, do not modify. - 0
1 Sub2IRQn Interrupt Polarity. See bit 0 description Active LOW (0) O
0 SublIRQn Interrupt Polarity. Active LOW (0) O

0 = Interrupt is generated on a low level

signal or falling edge.

1 = Interrupt is generated on a high level

signal or rising edge.
Table 61. Activation Polarity Register (SIC1_APR - 0x4000 C00C)
Bits Name Description Operational Reset

value value

31 USB._i2c_int Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
30 USB_dev_hp_int Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
29 USB_dev_lp_int Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
28 USB_dev_dma_int Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
27 USB_host_int Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
26 USB_otg_atx_int_n Interrupt Polarity select. See bit 1 description Active LOW (0) 0
25 USB_otg_timer_int Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
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Table 61. Activation Polarity Register (SIC1_APR - 0x4000 C0OO0C) ...continued
Bits Name Description Operational Reset
value value

24  SW_INT Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
23 SPIL_INT Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
22 KEY_IRQ Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
21 Reserved Reserved, do not modify. - 0
20 RTC_INT Interrupt Polarity select. See bhit 1 description Active HIGH (1) 0
19 I2C_1 INT Interrupt Polarity select. See bit 1 description Active LOW (0) 0
18 I12C_2_INT Interrupt Polarity select. See bit 1 description Active LOW (0) 0
17  PLL397_INT Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
16 Reserved Reserved, do not modify. - 0
15 Reserved Reserved, do not modify. - 0
14  PLLHCLK_INT Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
13  PLLUSB_INT Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
12 SPI2_INT Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
11:9 Reserved Reserved, do not modify. - 0
8 TS_AUX Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
7 TS_INT Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
6 TS P Interrupt Polarity select. See bit 1 description user defined 0
5 Reserved Reserved, do not modify. - 0
4 GPI_28 Interrupt Polarity select. See bit 1 description user defined 0
3 Reserved Reserved, do not modify. - 0
2 JTAG_COMM_RX Interrupt Polarity select. See bit 1 description Active HIGH (1) 0
1 JTAG_COMM_TX Interrupt Polarity select. Active LOW (0) O

0 = Interrupt is generated on a low level

signal or falling edge.

1 = Interrupt is generated on a high level

signal or rising edge.
0 Reserved Reserved, do not modify. - 0
Table 62. Activation Polarity Register (SIC2_APR - 0x4001 000C)
Bits Name Description Operational Reset

value value

31 SYSCLK mux Interrupt Polarity select. See bit O description Active HIGH (1) 0
30:29 Reserved Reserved, do not modify. - 0
28 GPIL_6 Interrupt Polarity select. See bit O description user defined 0
27 GPL_5 Interrupt Polarity select. See bit O description user defined 0
26 GPI_4 Interrupt Polarity select. See bit O description user defined 0
25 GPL_3 Interrupt Polarity select. See bit O description user defined 0
24 GPI_2 Interrupt Polarity select. See bit O description user defined 0
23 GPI_1 Interrupt Polarity select. See bit O description user defined 0
22 GPL_O Interrupt Polarity select. See bit O description user defined 0
21 Reserved Reserved, do not modify. - 0
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Table 62. Activation Polarity Register (SIC2_APR - 0x4001 000C)
Bits  Name Description Operational Reset
value value

20 SPI1_DATIN Interrupt Polarity select. See bit 0 description  Active HIGH (1) 0
19 U5 RX Interrupt Polarity select. See bit O description Active HIGH (1) O
18 SDIO_INT_N Interrupt Polarity select. See bit 0 description Active LOW (0) 0
17:16 Reserved Reserved, do not modify. - 0
15 GPL_7 Interrupt Polarity select. See bit O description user defined 0
14:13 Reserved Reserved, do not modify. - 0
12 U7_HCTS Interrupt Polarity select. See bit 0 description Active HIGH (1) 0
11 GPI_19 Interrupt Polarity select. See bit 0 description user defined 0
10 GPL9 Interrupt Polarity select. See bit O description user defined 0
9 GPI_8 Interrupt Polarity select. See bit O description user defined 0
8 Pn_GPIO Interrupt Polarity select. See bit 0 description user defined 0
7 U2_HCTS Interrupt Polarity select. See bit 0 description  Active HIGH (1) O
6 SPI2_DATIN Interrupt Polarity select. See bit 0 description Active HIGH (1) 0
5 GPIO_5 Interrupt Polarity select. See bit 0 description user defined 0
4 GPIO_4 Interrupt Polarity select. See bit O description user defined 0
3 GPIO_3 Interrupt Polarity select. See bit 0 description  user defined 0
2 GPIO_2 Interrupt Polarity select. See bit O description  user defined 0
1 GPIO_1 Interrupt Polarity select. See bit 0 description user defined 0
0 GPIO_0 Interrupt Polarity select. user defined 0

0 = Interrupt is generated on a low level signal
or falling edge.

1 = Interrupt is generated on a high level
signal or rising edge.

Main Interrupt Controller Activation Type Register (MIC_ATR - 0x4000
8010); Sub1 Activation Type Register (SIC1_ATR - 0x4000 C010);
Sub?2 Activation Type Register (SIC2_ATR - 0x4001 0010)

The interrupt Activation Type Registers allow selection of the trigger type of each interrupt.
In connection with the Activation Polarity registers, four basic modes may be chosen: low
level, high level, falling edge, or rising edge triggering. Table 63, Table 64, and Table 65

describe the function of bits in these registers.

Table 63. Activation Type Register (MIC_ATR - 0x4000 8010)

Bits

31
30
29
28
27
26
25

Name

Sub2FIQn
SublFIQn
Ethernet

DMA_INT

MSTIMER_INT

IIR1
IIR2

Description

Operational

value

Interrupt Activation Type, see bit O description
Interrupt Activation Type, see bit O description
Interrupt Activation Type, see bit O description
Interrupt Activation Type, see bit O description
Interrupt Activation Type, see bit O description
Interrupt Activation Type, see bit O description
Interrupt Activation Type, see bit O description

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

Level (0)
Level (0)
Level (0)
Level (0)
Level (0)
Level (0)
Level (0)

Reset
value

o O O o o o o
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Table 63. Activation Type Register (MIC_ATR - 0x4000 8010)

Bits  Name Description Operational Reset
value value
24 IIR7 Interrupt Activation Type, see bit O description Level (0) 0
23 12S1 Interrupt Activation Type, see bit O description Level (0) 0
22 12S0 Interrupt Activation Type, see bit O description Level (0) 0
21 SSP1 Interrupt Activation Type, see bit O description Level (0) 0
20 SSPO Interrupt Activation Type, see bit O description Level (0) 0
19 Timer3 Interrupt Activation Type, see bit O description Level (0) 0
18 Timer2 Interrupt Activation Type, see bit O description Level (0) 0
17 Timerl Interrupt Activation Type, see bit 0 description Level (0) 0
16 Timer0 Interrupt Activation Type, see bit O description Level (0) 0
15 SDO_INT Interrupt Activation Type, see bit O description Level (0) 0
14 LCD_INT Interrupt Activation Type, see bit O description Level (0) 0
13 SD1_INT Interrupt Activation Type, see bit 0 description Level (0) 0
12 Reserved Reserved, do not modify. 0
11 FLASH_INT Interrupt Activation Type, see bit 0 description Level (0) 0
10 IIR6 Interrupt Activation Type, see bit 0 description Level (0) 0
9 IIR5 Interrupt Activation Type, see bit O description Level (0) 0
8 IIR4 Interrupt Activation Type, see bit 0 description Level (0) 0
7 IIR3 Interrupt Activation Type, see bit O description Level (0) 0
6 WATCH_INT Interrupt Activation Type, see bit 0 description Level (0) 0
5 HSTIMER_INT Interrupt Activation Type, see bit O description Level (0) 0
4 Timer5 Interrupt Activation Type, see bit O description Level (0) 0
3 Timer4d /| MCPWM Interrupt Activation Type, see bit 0 description Level (0) 0
2 Reserved Reserved, do not modify. 0
1 Sub2IRQn Interrupt Activation Type, see bit O description Level (0) 0
0 SublIRQn Interrupt Activation Type selection, Level (0) 0

determines whether each interrupt is level
sensitive or edge sensitive.

0 = Interrupt is level sensitive. (Default)
1 = Interrupt is edge sensitive.

Table 64. Activation Type Register (SIC1_ATR - 0x4000 C010)

Bits Name Description Operational Reset
value value

31 USB_i2c_int Interrupt Activation Type, see bit 1 description level (0) 0

30 USB_dev_hp_int Interrupt Activation Type, see bit 1 description level (0) 0

29 USB_dev_Ip_int Interrupt Activation Type, see bit 1 description level (0) 0

28 USB_dev_dma_int Interrupt Activation Type, see bit 1 description level (0) 0

27 USB_host_int Interrupt Activation Type, see bit 1 description level (0) 0

26 USB_otg_atx_int_n Interrupt Activation Type, see bit 1 description level (0) 0

25 USB_otg_timer_int Interrupt Activation Type, see bit 1 description level (0) 0

24 SW_INT Interrupt Activation Type, see bit 1 description level (0) 0
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Table 64. Activation Type Register (SIC1_ATR - 0x4000 C010) ...continued

Bits Name Description Operational Reset
value value
23 SPI1_INT Interrupt Activation Type, see bit 1 description level (0) 0
22 KEY_IRQ Interrupt Activation Type, see bit 1 description level (0) 0
21 Reserved Reserved, do not modify. - 0
20 RTC_INT Interrupt Activation Type, see bit 1 description level (0) 0
19 12C_1 INT Interrupt Activation Type, see bit 1 description level (0) 0
18 12C_2_INT Interrupt Activation Type, see bit 1 description level (0) 0
17 PLL397_INT Lock interrupt from the 397x PLL. edge(1) 0
16:15 Reserved Reserved, do not modify. - 0
14 PLLHCLK_INT Interrupt Activation Type, see bit 1 description edge(1) 0
13 PLLUSB_INT Interrupt Activation Type, see bit 1 description edge(1) 0
12 SPI2_INT Interrupt Activation Type, see bit 1 description level (0) 0
11:9 Reserved Reserved, do not modify. - 0
8 TS_AUX Interrupt Activation Type, see bit 1 description user defined 0
7 TS_INT Interrupt Activation Type, see bit 1 description user defined 0
6 TS_P Interrupt Activation Type, see bit 1 description user defined 0
5 Reserved Reserved, do not modify. - 0
4 GPI_28 Interrupt Activation Type, see bit 1 description user defined 0
3 Reserved Reserved, do not modify. 0
2 JTAG_COMM_RX Interrupt Activation Type, see bit 1 description level (0) 0
1 JTAG_COMM_TX Interrupt Activation Type selection, level (0) 0
determines whether each interrupt is level
sensitive or edge sensitive.
0 = Interrupt is level sensitive. (Default)
1 = Interrupt is edge sensitive.
0 Reserved Reserved, do not modify. - 0
Table 65. Activation Type Register (SIC2_ATR - 0x4001 0010)
Bits  Name Description Operational  Reset
value value
31 SYSCLK mux Interrupt Activation Type, see hit O description 0
30:29 Reserved Reserved, do not modify. - 0
28 GPIL_6 Interrupt Activation Type, see bit O description user defined 0
27 GPL5 Interrupt Activation Type, see bit O description user defined 0
26 GPl_4 Interrupt Activation Type, see bit O description user defined 0
25 GPL_3 Interrupt Activation Type, see bit O description user defined 0
24 GPI_2 Interrupt Activation Type, see bit O description user defined 0
23 GPI_1 Interrupt Activation Type, see bit O description user defined 0
22 GPLLO Interrupt Activation Type, see bit O description user defined 0
21 Reserved Reserved, do not modify. - 0
20 SPI1_DATIN Interrupt Activation Type, see bit O description 0
19 U5 _RX Interrupt Activation Type, see bit O description 0
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Table 65. Activation Type Register (SIC2_ATR - 0x4001 0010)
Bits  Name Description Operational  Reset
value value

18 SDIO_INT_N Interrupt Activation Type, see bit O description Level (0) 0
17:16 Reserved Reserved, do not modify. - 0

15 GPL_7 Interrupt Activation Type, see bit O description user defined 0
14:13 Reserved Reserved, do not modify. - 0

12 U7_HCTS Interrupt Activation Type, see bit O description 0

11 GPI_19 Interrupt Activation Type, see bit O description user defined 0

10 GPL_9 Interrupt Activation Type, see bit O description user defined 0

9 GPI_8 Interrupt Activation Type, see bit O description user defined 0

8 Pn_GPIO Interrupt Activation Type, see hit O description 0

7 U2_HCTS Interrupt Activation Type, see bit O description 0

6 SPI2_DATIN Interrupt Activation Type, see bit O description 0

5 GPIO_5 Interrupt Activation Type, see bit O description user defined 0

4 GPIO 4 Interrupt Activation Type, see bit O description user defined 0

3 GPIO_3 Interrupt Activation Type, see bit O description user defined 0

2 GPIO_2 Interrupt Activation Type, see bit 0 description user defined 0

1 GPIO_1 Interrupt Activation Type, see bit O description user defined 0

0 GPIO_0 Interrupt Activation Type, determines whether user defined 0

each interrupt is level sensitive or edge
sensitive.

0 = Interrupt is level sensitive. (Default)
1 = Interrupt is edge sensitive.

Main Interrupt Controller Interrupt Type Register (MIC_ITR - 0x4000
8014); Subl Interrupt Type Register (SIC1_ITR - 0x4000 C014); Sub2
Interrupt Type Register (SIC2_ITR - 0x4001 0014)
The Interrupt Type Registers allow each interrupt to be reflected to the CPU as either a

standard Interrupt Request (IRQ) or a Fast Interrupt Request (FIQ). Table 66 describes
the function of bits in this register.

Table 66. Sub1l Interrupt Type Registers (MIC_ITR, SIC1_ITR, and SIC2_ITR)
Bits Description Reset value
31:0 Interrupt Type selection, determines whether each interrupt is a standard 0

interrupt request (IRQ), or a Fast Interrupt Request (FIQ).

The interrupt to which each bit applies can be found in the table for the
related Enable Register (MIC_ER, SIC1_ER, or SIC2_ER).

0 = The interrupt is routed to the IRQ output of the interrupt controller.
1 = The interrupt is routed to the FIQ output of the interrupt controller.

5.4.9 Software Interrupt Register (SW_INT - 0x4000 40A8)

The SW_INT register allows software to cause a hardware interrupt specifically reserved
for this purpose. Additional bits in the register allow the possibility of passing information
about the reason for the software interrupt to the service routine.
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Table 67. Software Interrupt Register (SW_INT - 0x4000 40A8)

Bits Description Reset value
7:1 Implemented as read/write register bits. Can be used to pass a parameter 0x00

to the interrupt service routine.
0 0 = SW_INT source inactive. 0

1 = SW_INT source active. Software must ensure that this bit is high for
more than one SYSCLK period. This can be accomplished by causing
foreground software to set SW_INT[0] and the software interrupt service
routine to clear the bit.
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6.1 Introduction

The DMA 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 bi-directional port requires one stream for transmit and one for receives. The
source and destination areas can each be either a memory region or a peripheral.

6.2 Features

¢ Eight DMA channels. Each channel can support an unidirectional transfer.
¢ 16 DMA request lines.

¢ Single DMA and burst DMA request signals. Each peripheral connected to the DMA
Controller can assert either a burst DMA request or a single DMA request. The DMA
burst size is set by programming the DMA Controller.

* Memory-to-memory, memory-to-peripheral, peripheral-to-memory, and
peripheral-to-peripheral transfers are supported.

¢ 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.

¢ Hardware DMA channel priority.

* AHB slave DMA programming interface. The DMA Controller is programmed by
writing to the DMA control registers over the AHB slave interface.

* Two AHB bus masters for transferring data. These interfaces transfer data when a
DMA request goes active. Either master can be selected for source or destination on
each DMA channel.

¢ 32-bit AHB master bus width.
* Incrementing or non-incrementing addressing for source and destination.

* Programmable DMA burst size. The DMA burst size can be programmed to more
efficiently transfer data.

¢ Internal four-word FIFO per channel.
* Supports 8, 16, and 32-bit wide transactions.

* Big-endian and little-endian support. The DMA Controller defaults to little-endian
mode on reset.

¢ An interrupt to the processor can be generated on a DMA completion or when a DMA
error has occurred.

* Raw interrupt status. The DMA error and DMA count raw interrupt status can be read
prior to masking.

6.3 Functional description

This section describes the major functional blocks of the DMA Controller.
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6.3.1 DMA controller functional description

The DMA Controller enables 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 AHB master. Figure 15 shows a block diagram of the DMA

Controller.
Control
AHB Matrix AHIB Slavel 8 » Logic and
Interface .
Registers
AHB
DMA Master -
requests N DMA > Interface AHB Matrix
request Channel MO
DMA and |« > .
_responses response Ir‘ég'i‘;g:g
h interface g —|_> AHB
Master -
DMA T AHB Matrix
_Interrupt Interrupt M1
N request
Fig 15. DMA controller block diagram

The functions of the DMA Controller are described in the following sections.

6.3.1.1 AHB slave interface
All transactions to DMA Controller registers on the AHB slave interface are 32 bits wide.
Eight bit and 16-bit accesses are not supported and will result in an exception.

6.3.1.2 Control logic and register bank

The register block stores data written or to be read across the AHB interface.

6.3.1.3 DMA request and response interface
See DMA Interface description for information on the DMA request and response
interface.

6.3.1.4 Channel logic and channel register bank
The channel logic and channel register bank contains registers and logic required for each
DMA channel.

6.3.1.5 Interrupt request

The interrupt request generates the interrupt to the ARM processor.
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Chapter 6: LPC32x0 General purpose DMA (GPDMA)

AHB master interface
The DMA Controller contains two AHB master interfaces. Each AHB master is capable of
dealing with all types of AHB transactions, including:
¢ Split, retry, and error responses from slaves. If a peripheral performs a split or retry,
the DMA Controller stalls and waits until the transaction can complete.
¢ Locked transfers for source and destination of each stream.
* Setting of protection bits for transfers on each stream.

Bus and transfer widths

The physical width of the AHB bus is 32 bits. Source and destination transfers can be of
differing widths and can be the same width or narrower than the physical bus width. The
DMA Controller packs or unpacks data as appropriate. Note that the

Endian behavior

The DMA Controller can cope with both little-endian and big-endian addressing. Software
can set the endianness of each AHB master individually.

Internally the DMA Controller treats all data as a stream of bytes instead of 16-bit or 32-hit
guantities. This means that when performing mixed-endian activity, where the endianness
of the source and destination are different, byte swapping of the data within the 32-bit data
bus is observed.

Note: If byte swapping is not required, then use of different endianness between the
source and destination addresses must be avoided. Table 68 shows endian behavior for
different source and destination combinations.

Endian behavior

Source
endian

Little

Little

Little

Little

UM10326

Destination Source Destination Source Source data Destination Destination data

endian width width transfer transfer
no/byte lane no/byte lane

Little 8 8 1/[7:0] 21 1/[7:0] 21212121
2/[15:8] 43 2/[15:8] 43434343
3/[23:16] 65 3/[23:16] 65656565
4/[31:24] 87 4/[31:24] 87878787

Little 8 16 1/[7:0] 21 1/[15:0] 43214321
2/[15:8] 43 2/[31:16] 87658765
3/[23:16] 65
4/[31:24] 87

Little 8 32 1/[7:0] 21 1/[31:0] 87654321
2/[15:8] 43
3/[23:16] 65
4/[31:24] 87

Little 16 8 1/[7:0] 21 1/[7:0] 21212121
1/[15:8] 43 2/[15:8] 43434343
2/[23:16] 65 3/[23:16] 65656565
2/[31:24] 87 4/[31:24] 87878787
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Table 68. Endian behavior ...continued

Source Destination Source Destination Source Source data Destination Destination data

endian endian width width transfer transfer
no/byte lane no/byte lane

Little Little 16 16 1/[7:0] 21 1/[15:0] 43214321
1/[15:8] 43 2/[31:16] 87658765
2/[23:16] 65
2/[31:24] 87

Little Little 16 32 1/[7:0] 21 1/[31:0] 87654321
1/[15:8] 43
2/[23:16] 65
2/[31:24] 87

Little Little 32 8 1/[7:0] 21 1/[7:0] 21212121
1/[15:8] 43 2/[15:8] 43434343
1/[23:16] 65 3/[23:16] 65656565
1/[31:24] 87 4/[31:24] 87878787

Little Little 32 16 1/[7:0] 21 1/[15:0] 43214321
1/[15:8] 43 2/[31:16] 87658765
1/[23:16] 65
1/[31:24] 87

Little Little 32 32 1/[7:0] 21 1/[31:0] 87654321
1/[15:8] 43
1/[23:16] 65
1/[31:24] 87

Big Big 8 8 1/[31:24] 12 1/[31:24] 12121212
2/[23:16] 34 2/[23:16] 34343434
3/[15:8] 56 3/[15:8] 56565656
4/[7:0] 78 4/[7:0] 78787878

Big Big 8 16 1/[31:24] 12 1/[15:0] 12341234
2/[23:16] 34 2/[31:16] 56785678
3/[15:8] 56
4/[7:0] 78

Big Big 8 32 1/[31:24] 12 1/[31:0] 12345678
2/[23:16] 34
3/[15:8] 56
4/[7:0] 78

Big Big 16 8 1/[31:24] 12 1/[31:24] 12121212
1/[23:16] 34 2/[23:16] 34343434
2/[15:8] 56 3/[15:8] 56565656
2/[7:0] 78 4/[7:0] 78787878

Big Big 16 16 1/[31:24] 12 1/[15:0] 12341234
1/[23:16] 34 2/[31:16] 56785678
2/[15:8] 56
2/[7:0] 78
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Table 68. Endian behavior ...continued

Source Destination Source Destination Source Source data Destination Destination data

endian endian width width transfer transfer
no/byte lane no/byte lane

Big Big 16 32 1/[31:24] 12 1/[31:0] 12345678
1/[23:16] 34
2/[15:8] 56
2/[7:0] 78

Big Big 32 8 1/[31:24] 12 1/[31:24] 12121212
1/[23:16] 34 2/[23:16] 34343434
1/[15:8] 56 3/[15:8] 56565656
1/[7:0] 78 4/[7:0] 78787878

Big Big 32 16 1/[31:24] 12 1/[15:0] 12341234
1/[23:16] 34 2/[31:16] 56785678
1/[15:8] 56
1/[7:0] 78

Big Big 32 32 1/[31:24] 12 1/[31:0] 12345678
1/[23:16] 34
1/[15:8] 56
1/[7:0] 78

6.3.1.6.3 Error conditions

UM10326

6.3.1.7

6.3.1.8

6.3.1.9

An error during a DMA transfer is flagged directly by the peripheral by asserting an Error
response on the AHB bus during the transfer. The DMA Controller automatically disables
the DMA stream after the current transfer has completed, and can optionally generate an
error interrupt to the CPU. This error interrupt can be masked.

Channel hardware

Each stream is supported by a dedicated hardware channel, including source and
destination controllers, as well as a FIFO. This enables better latency than a DMA
controller with only a single hardware channel shared between several DMA streams and
simplifies the control logic.

DMA request priority

DMA channel priority is fixed. DMA channel 0 has the highest priority and DMA channel 7
has the lowest priority.

If the DMA Controller is transferring data for the lower priority channel and then the higher
priority channel goes active, it completes the number of transfers delegated to the master
interface by the lower priority channel before switching over to transfer data for the higher
priority channel. In the worst case this is as large as a one quadword.

It is recommended that memory-to-memory transactions use the lowest priority channel.
Otherwise other AHB bus masters are prevented from accessing the bus during DMA
Controller memory-to-memory transfer.

Interrupt generation

A combined interrupt output is generated as an OR function of the individual interrupt
requests of the DMA Controller and is connected to the interrupt controller.
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Chapter 6: LPC32x0 General purpose DMA (GPDMA)

6.3.2 DMA system connections

6.3.2.1 DMA request signals

The DMA request signals are used by peripherals to request a data transfer. The DMA
request signals indicate whether a single or burst transfer of data is required and whether
the transfer is the last in the data packet. The DMA available request signals are:

DMACBREQJ15:0] — Burst request signals. These cause a programmed burst number
of data to be transferred.

DMACSREQ[15:0] — Single transfer request signals. These cause a single data to be
transferred. The DMA controller transfers a single transfer to or from the peripheral.

DMACLBREQ[15:0] — Last burst request signals.
DMACLSREQJ15:0] — Last single transfer request signals.

Note that most peripherals do not support all request types.

DMA Slave

SSPO transmit

Reserved

SSPO receive

Reserved

12S0 DMA1

NAND Flash (same as 1)
SSP1 transmit

SPI1 receive and transmit
12S1 DMA1
14-clock-Uart7 receive
14-clock-Uart7 transmit
14-clock-Uart2 receive
14-clock-Uart2 transmit
14-clock-Uartl receive
14-clock-Uartl transmit

SD Card interface receive and transmit

SSP1 receive

SPI2 receive and transmit
12S1 DMAO

NAND Flash (same as 12)
12S0 DMAO

All information provided in this document is subject to legal disclaimers.
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SEP1_R¥_DMA ]

SSP1_TH_DMA — &)

SEPO_RY_DMA

SSPO_TH.DMA — )

SPIZ DM — g !
SSP_CTRL[S] |

125_Dkad —_—1

10
HE_ USRTF TH — ]
125_CTRL [4

11
SPH_DMs — p
SSP_CTRL[4] 112

1

Rezerved —DJ
SEP_CTRL [3]

15
Reserved — 10 J
SSP_CTRL [2]

GPDMA Contreller

Fig 16. DMA Request line Multiplexing

UM10326

6.3.2.2

On some peripherals, the DMACXREQ lines may be multiplexed with other peripherals.
This multiplexing is detailed in Table 69 and shown in Figure 16. Note that the procedure
for performing a DMA operation requires the additional step of setting the appropriate
DMA multiplexing bit in one of two control registers; either SSP_CTRL or 12S_CTRL prior
to initiating a transfer.

DMA response signals

The DMA response signals indicate whether the transfer initiated by the DMA request
signal has completed. The response signals can also be used to indicate whether a
complete packet has been transferred. The DMA response signals from the DMA
controller are:

DMACCLR[15:0] — DMA clear or acknowledge signals. The DMACCLR signal is used by
the DMA controller to acknowledge a DMA request from the peripheral.

DMACTC[15:0] — DMA terminal count signals. The DMACTC signal can be used by the
DMA controller to indicate to the peripheral that the DMA transfer is complete.

The connection of the DMA Controller to supported peripheral devices is shown in
Table 69.
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The DMA Controller supports 8 channels. Each channel has registers specific to the
operation of that channel. Other registers controls aspects of how source peripherals
relate to the DMA Controller. There are also global DMA control and status registers.

The DMA Controller registers are shown in Table 70.

Table 70. Register summary
Address Name Description Reset Access
state
Special registers
0x4000 4078 SSP_CTRL SSP Control Register described in another Chapterll 0 RW
0x4000 407C  12S_CTRL I2S Control Register described in another Chapterl2] 0 RW
General registers
0x3100 0000 DMACIntStat DMA Interrupt Status Register RO
0x3100 0004 DMACIntTCStat DMA Interrupt Terminal Count Request Status Register 0 RO
0x3100 0008 = DMACIntTCClear DMA Interrupt Terminal Count Request Clear Register - WO
0x3100 000C  DMACIntErrStat DMA Interrupt Error Status Register 0 RO
0x3100 0010  DMACINtErrClr DMA Interrupt Error Clear Register - WO
0x3100 0014 DMACRawIntTCStat DMA Raw Interrupt Terminal Count Status Register 0 RO
0x3100 0018 DMACRawlIntErrStat DMA Raw Error Interrupt Status Register 0 RO
0x3100 001C DMACEnNbIdChns DMA Enabled Channel Register 0 RO
0x3100 0020 DMACSoftBReq DMA Software Burst Request Register 0 R/W
0x3100 0024 DMACSOoftSReq DMA Software Single Request Register 0 R/W
0x3100 0028 DMACSoftLBReq DMA Software Last Burst Request Register 0 R/W
0x3100 002C DMACSoftLSReq DMA Software Last Single Request Register 0 R/W
0x3100 0030 DMACConfig DMA Configuration Register 0 R/W
Channel O registers
0x3100 0100 DMACCOSrcAddr DMA Channel 0 Source Address Register 0 R/W
0x3100 0104 DMACCODestAddr  DMA Channel 0 Destination Address Register 0 R/W
0x3100 0108 DMACCOLLI DMA Channel 0 Linked List Item Register 0 R/W
0x3100 010C DMACCOControl DMA Channel 0 Control Register 0 R/W
0x3100 0110 DMACCOConfig DMA Channel 0 Configuration Register ol R/W
Channel 1 registers
0x3100 0120 DMACC1SrcAddr DMA Channel 1 Source Address Register 0 R/W
0x3100 0124 DMACC1DestAddr  DMA Channel 1 Destination Address Register 0 R/W
0x3100 0128 DMACCILLI DMA Channel 1 Linked List Item Register 0 R/W
0x3100 012C DMACC1Control DMA Channel 1 Control Register 0 R/W
0x3100 0130 DMACC1Config DMA Channel 1 Configuration Register oBl R/W
Channel 2 registers
0x3100 0140 DMACC2SrcAddr DMA Channel 2 Source Address Register 0 R/W
0x3100 0144 DMACC2DestAddr  DMA Channel 2 Destination Address Register 0 R/W
0x3100 0148 DMACC2LLI DMA Channel 2 Linked List Item Register 0 R/W
0x3100 014C DMACC2Control DMA Channel 2 Control Register 0 R/W

UM10326
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Table 70. Register summary ...continued
Address Name Description Reset Access
state
0x3100 0150 DMACC2Config DMA Channel 2 Configuration Register 0Bl R/W
Channel 3 registers
0x3100 0160 DMACC3SrcAddr DMA Channel 3 Source Address Register 0 R/W
0x3100 0164 DMACC3DestAddr  DMA Channel 3 Destination Address Register 0 R/W
0x3100 0168 DMACC3LLI DMA Channel 3 Linked List Item Register 0 R/W
0x3100 016C DMACC3Control DMA Channel 3 Control Register 0 R/W
0x3100 0170 DMACC3Config DMA Channel 3 Configuration Register ol R/W
Channel 4 registers
0x3100 0180 DMACC4SrcAddr DMA Channel 4 Source Address Register 0 R/W
0x3100 0184 DMACCA4DestAddr  DMA Channel 4 Destination Address Register 0 R/W
0x3100 0188 DMACCALLI DMA Channel 4 Linked List Item Register 0 R/W
0x3100 018C DMACCA4Control DMA Channel 4 Control Register 0 R/W
0x3100 0190 DMACC4Config DMA Channel 4 Configuration Register oBl R/W
Channel 5 registers
0x3100 01A0 DMACC5SrcAddr DMA Channel 5 Source Address Register 0 R/W
0x3100 01A4 DMACCS5DestAddr  DMA Channel 5 Destination Address Register 0 R/W
0x3100 01A8 DMACCSLLI DMA Channel 5 Linked List Item Register 0 R/W
0x3100 01AC DMACCS5Control DMA Channel 5 Control Register 0 R/W
0x3100 01BO DMACCH5Config DMA Channel 5 Configuration Register oBl R/W
Channel 6 registers
0x3100 01CO DMACCG6SrcAddr DMA Channel 6 Source Address Register 0 R/W
0x3100 01C4 DMACCG6DestAddr  DMA Channel 6 Destination Address Register 0 R/W
0x3100 01C8 DMACCSG6LLI DMA Channel 6 Linked List Item Register 0 R/W
0x3100 01CC DMACC6Control DMA Channel 6 Control Register 0 R/W
0x3100 01D0 DMACCG6Config DMA Channel 6 Configuration Register ol R/W
Channel 7 registers
0x3100 01E0 DMACC7SrcAddr DMA Channel 7 Source Address Register 0 R/W
0x3100 01E4 DMACCT7DestAddr  DMA Channel 7 Destination Address Register 0 R/W
0x3100 01E8 DMACCT7LLI DMA Channel 7 Linked List Item Register 0 R/W
0x3100 01EC DMACC7Control DMA Channel 7 Control Register 0 R/W
0x3100 01FO DMACC7Config DMA Channel 7 Configuration Register oBl R/W

[1] This register is described in either Section 22.5.1 and Section 4.11.26 of this user manual.

[2] This register is described in either Section 24.7.1 and Section 4.11.25 of this user manual.

[3] Bit 17 of this register is a read-only status flag.

UM10326

6.4.1 DMA Interrupt Status Register (DMACIntStat - 0x3100 0000)

The DMACIntStat Register is read-only and shows the status of the interrupts after
masking. A HIGH bit indicates that a specific DMA channel interrupt request is active. The
request can be generated from either the error or terminal count interrupt requests.
Table 71 shows the bit assignments of the DMACIntStat Register.
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Table 71. DMA Interrupt Status Register (DMACIntStat - 0x3100 0000)
Bit Name Function

31:8 Reserved Reserved, user software should not write ones to reserved bits. The value read
from a reserved bit is not defined.

7:0 IntStat Status of DMA channel interrupts after masking. Each bit represents one
channel:

0 - the corresponding channel has no active interrupt request.
1 - the corresponding channel does have an active interrupt request.

DMA Interrupt Terminal Count Request Status Register
(DMACIntTCStat - 0x3100 0004)

The DMACIntTCStat Register is read-only and indicates the status of the terminal count
after masking. Table 72 shows the bit assignments of the DMACIntTCStat Register.

Table 72. DMA Interrupt Terminal Count Request Status Register (DMACIntTCStat - 0x3100
0004)

Bit Name Function

31:8 Reserved Reserved, user software should not write ones to reserved bits. The value
read from a reserved bit is not defined.

7:0 IntTCStat Terminal count interrupt request status for DMA channels. Each bit represents
one channel:
0 - the corresponding channel has no active terminal count interrupt request.

1 - the corresponding channel does have an active terminal count interrupt
request.

DMA Interrupt Terminal Count Request Clear Register
(DMACIntTCClear - 0x3100 0008)

The DMACIntTCClear Register is write-only and clears one or more terminal count
interrupt requests. When writing to this register, each data bit that is set HIGH causes the
corresponding bit in the status register (DMACIntTCStat) to be cleared. Data bits that are
LOW have no effect. Table 73 shows the bit assignments of the DMACIntTCClear
Register.

Table 73. DMA Interrupt Terminal Count Request Clear Register (DMACIntTCClear - 0x3100
0008)

Bit Name Function

31:8 Reserved Reserved, user software should not write ones to reserved bits. The value
read from a reserved bit is not defined.

7:0 INtTCClear Allows clearing the Terminal count interrupt request (IntTCStat) for DMA
channels. Each bit represents one channel:

0 - writing O has no effect.
1 - clears the corresponding channel terminal count interrupt.

DMA Interrupt Error Status Register (DMACIntErrStat - 0x3100 000C)

The DMACIntErrStat Register is read-only and indicates the status of the error request
after masking. Table 74 shows the bit assignments of the DMACIntErrStat Register.
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Table 74. DMA Interrupt Error Status Register (DMACIntErrStat - 0x3100 000C)
Bit Name Function

31:8 Reserved Reserved, user software should not write ones to reserved bits. The value
read from a reserved bit is not defined.

7:0 IntErrStat  Interrupt error status for DMA channels. Each bit represents one channel:
0 - the corresponding channel has no active error interrupt request.
1 - the corresponding channel does have an active error interrupt request.

DMA Interrupt Error Clear Register (DMACIntErrClIr - 0x3100 0010)

The DMACIntErrClr Register is write-only and clears the error interrupt requests. When
writing to this register, each data bit that is HIGH causes the corresponding bit in the
status register to be cleared. Data bits that are LOW have no effect on the corresponding
bit in the register. Table 75 shows the bit assignments of the DMACIntErrClr Register.

Table 75. DMA Interrupt Error Clear Register (DMACIntErrClr - 0x3100 0010)
Bit Name Function

31:8 Reserved Reserved, user software should not write ones to reserved bits. The value
read from a reserved bit is not defined.

7:0 INtErrClr Writing a 1 clears the error interrupt request (IntErrStat) for DMA channels.
Each bit represents one channel:

0 - writing 0 has no effect.
1 - clears the corresponding channel error interrupt.

DMA Raw Interrupt Terminal Count Status Register
(DMACRawIntTCStat - 0x3100 0014)

The DMACRawIntTCStat Register is read-only and indicates which DMA channel is
requesting a transfer complete (terminal count interrupt) prior to masking. (Note: the
DMACIntTCStat Register contains the same information after masking.) A HIGH bit
indicates that the terminal count interrupt request is active prior to masking. Table 76
shows the bit assignments of the DMACRawIntTCStat Register.

Table 76. DMA Raw Interrupt Terminal Count Status Register (DMACRawIntTCStat - 0x3100

0014)
Bit Name Function
31:8 Reserved Reserved, user software should not write ones to reserved bits. The

value read from a reserved bit is not defined.
7:0 RawlIntTCStat  Status of the terminal count interrupt for DMA channels prior to masking.
Each bit represents one channel:

0 - the corresponding channel has no active terminal count interrupt
request.

1 - the corresponding channel does have an active terminal count
interrupt request.
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DMA Raw Error Interrupt Status Register (DMACRawIntErrStat -
0x3100 0018)

The DMACRawIntErrStat Register is read-only and indicates which DMA channel is
requesting an error interrupt prior to masking. (Note: the DMACIntErrStat Register
contains the same information after masking.) A HIGH bit indicates that the error interrupt
request is active prior to masking. Table 77 shows the bit assignments of register of the
DMACRawIntErrStat Register.

Table 77. DMA Raw Error Interrupt Status Register (DMACRawIntErrStat - 0x3100 0018)

Bit Name Function

31:8 Reserved Reserved, user software should not write ones to reserved bits. The value
read from a reserved bit is not defined.

7:0 RawlIntErrStat  Status of the error interrupt for DMA channels prior to masking. Each bit
represents one channel:

0 - the corresponding channel has no active error interrupt request.
1 - the corresponding channel does have an active error interrupt request.

DMA Enabled Channel Register (DMACENbIdChns - 0x3100 001C)

The DMACENbIdChns Register is read-only and indicates which DMA channels are
enabled, as indicated by the Enable bit in the DMACCxConfig Register. A HIGH bit
indicates that a DMA channel is enabled. A bit is cleared on completion of the DMA
transfer. Table 78 shows the bit assignments of the DMACEnNbIdChns Register.

Table 78. DMA Enabled Channel Register (DMACEnbldChns - 0x3100 001C)
Bit Name Function

31:8 Reserved Reserved, user software should not write ones to reserved bits. The
value read from a reserved bit is not defined.

7:0 EnabledChannels Enable status for DMA channels. Each bit represents one channel:
0 - DMA channel is disabled.
1 - DMA channel is enabled.

DMA Software Burst Request Register (DMACSoftBReq - 0x3100
0020)

The DMACSoftBReq Register is read/write and enables DMA burst requests to be
generated by software. A DMA request can be generated for each source by writing a 1 to
the corresponding register bit. A register bit is cleared when the transaction has
completed. Reading the register indicates which sources are requesting DMA burst
transfers. A request can be generated from either a peripheral or the software request
register. Each bit is cleared when the related transaction has completed. Table 79 shows
the bit assignments of the DMACSoftBReq Register.
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Table 79. DMA Software Burst Request Register (DMACSoftBReq - 0x3100 0020)
Bit Name Function

31:16 Reserved Reserved, user software should not write ones to reserved bits. The value
read from a reserved bit is not defined.

15:0 SoftBReq  Software burst request flags for each of 16 possible sources. Each bit
represents one DMA request line or peripheral function (refer to Table 69 for
peripheral hardware connections to the DMA controller):

0 - writing 0 has no effect.

1 - writing 1 generates a DMA burst request for the corresponding request
line.

Note: It is recommended that software and hardware peripheral requests are not used at
the same time.

DMA Software Single Request Register (DMACSoftSReq - 0x3100
0024)

The DMACSoftSReq Register is read/write and enables DMA single transfer requests to
be generated by software. A DMA request can be generated for each source by writing a
1 to the corresponding register bit. A register bit is cleared when the transaction has
completed. Reading the register indicates which sources are requesting single DMA
transfers. A request can be generated from either a peripheral or the software request
register. Table 80 shows the bit assignments of the DMACSoftSReq Register.

Table 80. DMA Software Single Request Register (DMACSoftSReq - 0x3100 0024)
Bit Name Function

31:16 Reserved Reserved, user software should not write ones to reserved bits. The value
read from a reserved bit is not defined.

15:0 SoftSReq Software single transfer request flags for each of 16 possible sources. Each
bit represents one DMA request line or peripheral function:

0 - writing 0 has no effect.

1 - writing 1 generates a DMA single transfer request for the corresponding
request line.

DMA Software Last Burst Request Register (DMACSoftLBReq -
0x3100 0028)

The DMACSoftLBReq Register is read/write and enables DMA last burst requests to be
generated by software. A DMA request can be generated for each source by writing a 1 to
the corresponding register bit. A register bit is cleared when the transaction has
completed. Reading the register indicates which sources are requesting last burst DMA
transfers. A request can be generated from either a peripheral or the software request
register. Table 81 shows the bit assignments of the DMACSoftLBReq Register.
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Table 81. DMA Software Last Burst Request Register (DMACSoftLBReq - 0x3100 0028)
Bit Name Function

31:16 Reserved Reserved, user software should not write ones to reserved bits. The value
read from a reserved bit is not defined.

15:0 SoftLBReq Software last burst request flags for each of 16 possible sources. Each bit
represents one DMA request line or peripheral function:

0 - writing 0 has no effect.

1 - writing 1 generates a DMA last burst request for the corresponding
request line.

DMA Software Last Single Request Register (DMACSoftLSReq -
0x3100 002C)

The DMACSoftLSReq Register is read/write and enables DMA last single requests to be
generated by software. A DMA request can be generated for each source by writing a 1 to
the corresponding register bit. A register bit is cleared when the transaction has
completed. Reading the register indicates which sources are requesting last single DMA
transfers. A request can be generated from either a peripheral or the software request
register. Table 82 shows the bit assignments of the DMACSoftLSReq Register.

Table 82. DMA Software Last Single Request Register (DMACSoftLSReq - 0x3100 002C)
Bit Name Function

31:16 Reserved Reserved, user software should not write ones to reserved bits. The value
read from a reserved bit is not defined.

15:0 SoftLSReq Software last single transfer request flags for each of 16 possible sources.
Each bit represents one DMA request line or peripheral function:

0 - writing 0 has no effect.

1 - writing 1 generates a DMA last single transfer request for the
corresponding request line.

DMA Configuration Register (DMACConfig - 0x3100 0030)

The DMACConfig Register is read/write and configures the operation of the DMA
Controller. The endianness of the AHB master interface can be altered by writing to the M
bit of this register. The AHB master interface is set to little-endian mode on reset. Table 83
shows the bit assignments of the DMACConfig Register.

Table 83. DMA Configuration Register (DMACConfig - 0x3100 0030)

Bit Name Function

31:3 Reserved Reserved, user software should not write ones to reserved bits. The value
read from a reserved bit is not defined.
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Table 83. DMA Configuration Register (DMACConfig - 0x3100 0030) ...continued
Bit  Name Function

2 M1 AHB Master 1 endianness configuration:
0 = little-endian mode (default).
1 = big-endian mode.

1 MO AHB Master 0 endianness configuration:
0 = little-endian mode (default).
1 = big-endian mode.

0 E DMA Controller enable:

0 = disabled (default). Disabling the DMA Controller reduces power
consumption.

1 = enabled.

DMA Channel registers

The channel registers are used to program the eight DMA channels. These registers
consist of:

¢ Eight DMACCxSrcAddr Registers.

¢ Eight DMACCxDestAddr Registers.

* Eight DMACCXLLI Registers.

¢ Eight DMACCxControl Registers.

¢ Eight DMACCxConfig Registers.

When performing scatter/gather DMA, the first four of these are automatically updated.

DMA Channel Source Address Registers (DMACCxSrcAddr -
0x3100 01x0)

The eight read/write DMACCxSrcAddr Registers (DMACCOSrcAddr to DMACC7SrcAddr)
contain the current source address (byte-aligned) of the data to be transferred. Each
register is programmed directly by software before the appropriate channel is enabled.
When the DMA channel is enabled this register is updated:

* As the source address increments.
* By following the linked list when a complete packet of data has been transferred.

Reading the register when the channel is active does not provide useful information. This
is because by the time software has processed the value read, the address may have
progressed. It is intended to be read only when the channel has stopped, in which case it
shows the source address of the last item read.

Note: The source and destination addresses must be aligned to the source and
destination widths.

Table 84 shows the bit assignments of the DMACCxSrcAddr Registers.
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Table 84. DMA Channel Source Address Registers (DMACCxSrcAddr - 0x3100 01x0)
Bit Name Function

31:0 SrcAddr DMA source address. Reading this register will return the current source
address.

DMA Channel Destination Address registers (DMACCxDestAddr -
0x3100 01x4)

The eight read/write DMACCxDestAddr Registers (DMACCO0DestAddr to
DMACCT7DestAddr) contain the current destination address (byte-aligned) of the data to
be transferred. Each register is programmed directly by software before the channel is
enabled. When the DMA channel is enabled the register is updated as the destination
address increments and by following the linked list when a complete packet of data has
been transferred. Reading the register when the channel is active does not provide useful
information. This is because by the time that software has processed the value read, the
address may have progressed. It is intended to be read only when a channel has stopped,
in which case it shows the destination address of the last item read. Table 85 shows the
bit assignments of the DMACCxDestAddr Register.

Table 85. DMA Channel Destination Address registers (DMACCxDestAddr - 0x3100 01x4)
Bit Name Function

31:0 DestAddr DMA Destination address. Reading this register will return the current
destination address.

DMA Channel Linked List Item registers (DMACCxLLI - 0x3100 01x8)

The eight read/write DMACCXLLI Registers (DMACCOLLI to DMACCT7LLI) contain a
word-aligned address of the next Linked List Item (LLI). If the LLI is O, then the current LLI
is the last in the chain, and the DMA channel is disabled when all DMA transfers
associated with it are completed. Programming this register when the DMA channel is
enabled may have unpredictable side effects. Table 86 shows the bit assignments of the
DMACCXLLI Register.

Table 86. DMA Channel Linked List Item registers (DMACCXLLI - 0x3100 01x8)
Bit Name Function
31:2 LU Linked list item. Bits [31:2] of the address for the next LLI. Address bits [1:0] are 0.
1 R Reserved, and must be written as 0, masked on read.
0 LM AHB master select for loading the next LLI:
0 - AHB Master 0.
1 - AHB Master 1.

DMA channel control registers (DMACCxControl - 0x3100 01xC)

The eight read/write DMACCxControl Registers (DMACCO0Control to DMACC7Control)
contain DMA channel control information such as the transfer size, burst size, and transfer
width. Each register is programmed directly by software before the DMA channel is
enabled. When the channel is enabled the register is updated by following the linked list
when a complete packet of data has been transferred. Reading the register while the
channel is active does not give useful information. This is because by the time software
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has processed the value read, the channel may have advanced. It is intended to be read
only when a channel has stopped. Table 87 shows the bit assignments of the
DMACCxControl Register.

Table 87. DMA channel control registers (DMACCxControl - 0x3100 01xC)
Bit Name Function

31 I Terminal count interrupt enable bit.
0 - the terminal count interrupt is disabled.
1 - the terminal count interrupt is enabled.

3028 R Reserved, and must be written as 0, masked on read.

27 DI Destination increment:
0 - the destination address is not incremented after each transfer
1 - the destination address is incremented after each transfer.

26 Sl Source increment:
0 - the source address is not incremented after each transfer.
1 - the source address is incremented after each transfer.

25 D Destination AHB master select:
0 - AHB Master 0 selected for destination transfer.
1 - AHB Master 1 selected for destination transfer.

24 S Source AHB master select:
0 - AHB Master 0 selected for source transfer.
1 - AHB Master 1 selected for source transfer.

23:21 DWidth Destination transfer width. Transfers wider than the AHB master bus width
are not supported. The source and destination widths can be different
from each other. The hardware automatically packs and unpacks the data
as required.

000 - Byte (8-hit)

001 - Halfword (16-bit)
010 - Word (32-bit)
011 to 111 - Reserved

20:18 SWidth Source transfer width. Transfers wider than the AHB master bus width are
illegal. The source and destination widths can be different from each
other. The hardware automatically packs and unpacks the data as
required.

000 - Byte (8-bit)

001 - Halfword (16-bit)
010 - Word (32-bit)
011 to 111 - Reserved
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Table 87. DMA channel control registers (DMACCxControl - 0x3100 01xC) ...continued
Bit Name Function

17:15 DBSize Destination burst size. Indicates the number of transfers that make up a
destination burst transfer request. This value must be set to the burst size
of the destination peripheral or, if the destination is memory, to the
memory boundary size. The burst size is the amount of data that is
transferred when the DMACBREQ signal goes active in the destination
peripheral.

000-1
001-4
010-8
011 - 16
100 - 32
101 -64
110-128
111 - 256

14:12 SBSize Source burst size. Indicates the number of transfers that make up a
source burst. This value must be set to the burst size of the source
peripheral, or if the source is memory, to the memory boundary size. The
burst size is the amount of data that is transferred when the DMACBREQ
signal goes active in the source peripheral.

000-1
001-4
010-8
011- 16
100 - 32
101-64
110-128
111 - 256

11:0 TransferSize Transfer size. A write to this field sets the size of the transfer when the
DMA Controller is the flow controller. The transfer size value must be set
before the channel is enabled. Transfer size is updated as data transfers
are completed. The transfers size is the number of transfers for: size =
(current defined source width).

For 32-bit transfers, up to 16K bytes can be transferred.

For 8-bit transfers, the limit is 4K bytes.

note: Transfer bytes = (transfer size * source width in bytes)

A read from this field indicates the number of transfers completed on the
destination bus. Reading the register when the channel is active does not
give useful information because by the time that the software has

processed the value read, the channel might have progressed. It is
intended to be used only when a channel is enabled and then disabled.

The transfer size value is not used if the DMA Controller is not the flow
controller.

6.4.19 Channel Configuration registers (DMACCxConfig - 0x3100 01x0)

The eight DMACCxConfig Registers (DMACCO0Config to DMACC7Config) are read/write
with the exception of bit[17] which is read-only. Use these registers to configure the
specific DMA channel. The registers are not updated when a new LLI is requested.
Table 88 shows the bit assignments of the DMACCxConfig Registers.
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Table 88. Channel Configuration registers (DMACCxConfig - 0x3100 01x0)

Bit Name
31:19 Reserved
18 H

17 A

16 L

15 ITC

14 IE

13:11 FlowCntrl

10:6  DestPeriphe
ral

5:1 SrcPeripher
al

Function

Reserved, do not modify, masked on read.
Halt:

0 = enable DMA requests.

1 = ignore further source DMA requests.

The contents of the channel FIFO are drained.

This value can be used with the Active and Channel Enable bits to cleanly
disable a DMA channel.

Active:
0 = there is no data in the FIFO of the channel.
1 = the channel FIFO has data.

This value can be used with the Halt and Channel Enable bits to cleanly
disable a DMA channel. This is a read-only bit.

Lock. When set, this bit enables locked transfers.

Terminal count interrupt mask. When cleared, this bit masks out the
terminal count interrupt of the relevant channel.

Interrupt error mask. When cleared, this bit masks out the error interrupt of
the relevant channel.

Flow control and transfer type. This value indicates the flow controller and
transfer type. The flow controller can be the DMA Controller, the source
peripheral, or the destination peripheral.

The transfer type can be memory-to-memory, memory-to-peripheral,
peripheral-to-memory, or peripheral-to-peripheral.

Refer to Table 89 for the encoding of this field.

Destination peripheral. This value selects the DMA destination request
peripheral. This field is ignored if the destination of the transfer is to
memory. See Table 69 for peripheral identification.

Source peripheral. This value selects the DMA source request peripheral.
This field is ignored if the source of the transfer is from memory. See
Table 69 for peripheral identification.

Channel enable. Reading this bit indicates whether a channel is currently
enabled or disabled:

0 = channel disabled.
1 = channel enabled.

The Channel Enable bit status can also be found by reading the
DMACENbIdChns Register.

A channel is enabled by setting this bit.

A channel can be disabled by clearing the Enable bit. This causes the
current AHB transfer (if one is in progress) to complete and the channel is
then disabled. Any data in the FIFO of the relevant channel is lost.
Restarting the channel by setting the Channel Enable bit has unpredictable
effects, the channel must be fully re-initialized.

The channel is also disabled, and Channel Enable bit cleared, when the
last LLI is reached, the DMA transfer is completed, or if a channel error is
encountered.

If a channel must be disabled without losing data in the FIFO, the Halt bit
must be set so that further DMA requests are ignored. The Active bit must
then be polled until it reaches 0, indicating that there is no data left in the
FIFO. Finally, the Channel Enable bit can be cleared.
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Lock control

The lock control may set the lock bit by writing a 1 to bit 16 of the DMACCxConfig
Register. When a burst occurs, the AHB arbiter will not de-grant the master during the
burst until the lock is deasserted. The DMA Controller can be locked for a a single burst
such as a long source fetch burst or a long destination drain burst. The DMA Controller
does not usually assert the lock continuously for a source fetch burst followed by a
destination drain burst.

There are situations when the DMA Controller asserts the lock for source transfers
followed by destination transfers. This is possible when internal conditions in the DMA
Controller permit it to perform a source fetch followed by a destination drain back-to-back.
Flow control and transfer type

Table 89 lists the bit values of the three flow control and transfer type bits identified in
Table 88.

Table 89. Flow control and transfer type bits

Bit value Transfer type Controller

000 Memory to memory DMA

001 Memory to peripheral DMA

010 Peripheral to memory DMA

011 Source peripheral to destination peripheral DMA

100 Source peripheral to destination peripheral Destination peripheral
101 Memory to peripheral Peripheral

110 Peripheral to memory Peripheral

111 Source peripheral to destination peripheral Source peripheral

6.5 Using the DMA controller

UM10326

6.5.1

6.5.2

DMA efficiency

To optimize performance of the SDRAM when setting up an SDRAM transfer, it must be
ensured that:

¢ The read/write width to/from SDRAM is the maximum possible. In general, word
(32 bit) width is recommended.

¢ Both source and destination are accessed on the same master port. This ensures that
the DMA will pump data in AHB bursts of 4 words or 8 halfwords whenever possible.

Note: Because of a limitation in the SDRAM controller, use of byte read/write is not
recommended to or from SDRAM. The reason is that the DMA controller does not support
an INC16 burst access, which can occur on the DMA master ports when using byte
read/write to or from SDRAM.

Programming the DMA controller

All accesses to the DMA Controller internal register must be word (32-bit) reads and
writes.
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Enabling the DMA peripheral

On some peripherals, the DMACXREQ lines are multiplexed. To enable the DMA
controller request line for a specific peripheral set the Enable bit in either the SSP_CTRL
or 12S_CTRL for the peripheral that will be used, see Figure 16.

Disabling the DMA controller
To disable the DMA controller:
* Read the DMACEnNDbIdChns register and ensure that all the DMA channels have been
disabled. If any channels are active, see Disabling a DMA channel.

¢ Disable the DMA controller by writing 0 to the DMA Enable bit in the DMACConfig
register.

Enabling the DMA controller
To enable the DMA controller set the Enable bit in the DMACConfig register.

Disabling the DMA controller
To disable the DMA controller:
* Read the DMACENbIdChns register and ensure that all the DMA channels have been
disabled. If any channels are active, see Disabling a DMA channel.

* Disable the DMA controller by writing 0 to the DMA Enable bit in the DMACConfig
register.

Enabling a DMA channel

To enable the DMA channel set the channel enable bit in the relevant DMA channel
configuration register. Note that the channel must be fully initialized before it is enabled.

Disabling a DMA channel
A DMA channel can be disabled in three ways:
¢ By writing directly to the channel enable bit. Any outstanding data in the FIFO'’s is lost
if this method is used.
¢ By using the active and halt bits in conjunction with the channel enable bit.
¢ By waiting until the transfer completes. This automatically clears the channel.

Disabling a DMA channel and losing data in the FIFO

Clear the relevant channel enable bit in the relevant channel configuration register. The
current AHB transfer (if one is in progress) completes and the channel is disabled. Any
data in the FIFO is lost.

Disabling the DMA channel without losing data in the FIFO

¢ Set the halt bit in the relevant channel configuration register. This causes any future
DMA request to be ignored.

* Poll the active bit in the relevant channel configuration register until it reaches 0. This
bit indicates whether there is any data in the channel that has to be transferred.

¢ Clear the channel enable bit in the relevant channel configuration register
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Setting up a new DMA transfer
To set up a new DMA transfer:
If the channel is not set aside for the DMA transaction:
1. Read the DMACEnNbIdChns controller register and find out which channels are
inactive.

2. Choose an inactive channel that has the required priority.
3. Program the DMA controller

Halting a DMA channel

Set the halt bit in the relevant DMA channel configuration register. The current source
request is serviced. Any further source DMA request is ignored until the halt bit is cleared.

Programming a DMA channel
1. Choose a free DMA channel with the priority needed. DMA channel 0 has the highest
priority and DMA channel 7 the lowest priority.

2. Clear any pending interrupts on the channel to be used by writing to the
DMACIntTCClear and DMACIntErrClear register. The previous channel operation
might have left interrupt active.

3. Write the source address into the DMACCXSrcAddr register.

4. Write the destination address into the DMACCxDestAddr register.

5. Write the address of the next LLI into the DMACCXLLI register. If the transfer
comprises of a single packet of data then 0 must be written into this register.

6. Write the control information into the DMACCxControl register.

7. Write the channel configuration information into the DMACCxConfig register. If the
enable bit is set then the DMA channel is automatically enabled.

Flow control

The peripheral that controls the length of the packet is known as the flow controller. The
flow controller is usually the DMA Controller where the packet length is programmed by
software before the DMA channel is enabled. If the packet length is unknown when the
DMA channel is enabled, either the source or destination peripherals can be used as the
flow controller.

For simple or low-performance peripherals that know the packet length (that is, when the
peripheral is the flow controller), a simple way to indicate that a transaction has completed
is for the peripheral to generate an interrupt and enable the processor to reprogram the
DMA channel.

The transfer size value (in the DMACCxControl register) is ignored if a peripheral is
configured as the flow controller.

When the DMA transfer is completed:

1. The DMA Controller issues an acknowledge to the peripheral in order to indicate that
the transfer has finished.

2. A TC interrupt is generated, if enabled.
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3. The DMA Controller moves on to the next LLI.

The following sections describe the DMA Controller data flow sequences for the four
allowed transfer types:

* Memory-to-peripheral.

¢ Peripheral-to-memory.

* Memory-to-memory.

* Peripheral-to-peripheral.

Each transfer type can have either the peripheral or the DMA Controller as the flow
controller so there are eight possible control scenarios.

Table 90 indicates the request signals used for each type of transfer.

Table 90. DMA request signal usage

Transfer direction Request generator Flow controller

Memory-to-peripheral Peripheral DMA Controller
Memory-to-peripheral Peripheral Peripheral
Peripheral-to-memory Peripheral DMA Controller
Peripheral-to-memory Peripheral Peripheral

Memory-to-memory DMA Controller DMA Controller

Source peripheral to destination peripheral
Source peripheral to destination peripheral
Source peripheral to destination peripheral

Source peripheral and destination peripheral
Source peripheral and destination peripheral
Source peripheral and destination peripheral

Source peripheral
Destination peripheral
DMA Controller

6.5.3.1 Peripheral-to-memory or memory-to-peripheral DMA flow
For a peripheral-to-memory or memory-to-peripheral DMA flow, the following sequence
occurs:
1. Program and enable the DMA channel.
2. Wait for a DMA request.
3. The DMA Controller starts transferring data when:
— The DMA request goes active.
— The DMA stream has the highest pending priority.
— The DMA Controller is the bus master of the AHB bus.

4. If an error occurs while transferring the data, an error interrupt is generated and
disables the DMA stream, and the flow sequence ends.

5. Decrement the transfer count if the DMA Controller is performing the flow control.

6. If the transfer has completed (indicated by the transfer count reaching 0, if the DMA
Controller is performing flow control, or by the peripheral sending a DMA request, if
the peripheral is performing flow control):

— The DMA Controller responds with a DMA acknowledge.
— The terminal count interrupt is generated (this interrupt can be masked).
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— If the DMACCXLLI Register is not 0, then reload the DMACCXxSrcAddr,
DMACCxDestAddr, DMACCXLLI, and DMACCxControl registers and go to back to
step 2. However, if DMACCXLLI is 0, the DMA stream is disabled and the flow
sequence ends.

6.5.3.2 Peripheral-to-peripheral DMA flow

For a peripheral-to-peripheral DMA flow, the following sequence occurs:

1. Program and enable the DMA channel.
2. Wait for a source DMA request.
3. The DMA Controller starts transferring data when:
— The DMA request goes active.
— The DMA stream has the highest pending priority.
— The DMA Controller is the bus master of the AHB bus.

4. If an error occurs while transferring the data an error interrupt is generated, the DMA
stream is disabled, and the flow sequence ends.

5. Decrement the transfer count if the DMA Controller is performing the flow control.

6. If the transfer has completed (indicated by the transfer count reaching 0 if the DMA
Controller is performing flow control, or by the peripheral sending a DMA request if the
peripheral is performing flow control):

— The DMA Controller responds with a DMA acknowledge to the source peripheral.
— Further source DMA requests are ignored.

7. When the destination DMA request goes active and there is data in the DMA
Controller FIFO, transfer data into the destination peripheral.

8. If an error occurs while transferring the data, an error interrupt is generated, the DMA
stream is disabled, and the flow sequence ends.

9. If the transfer has completed it is indicated by the transfer count reaching 0 if the DMA
Controller is performing flow control, or by the sending a DMA request if the peripheral
is performing flow control. The following happens:

— The DMA Controller responds with a DMA acknowledge to the destination
peripheral.

— The terminal count interrupt is generated (this interrupt can be masked).

— If the DMACCXLLI Register is not 0, then reload the DMACCxSrcAddr,
DMACCxDestAddr, DMACCxLLI, and DMACCxControl Registers and go to back
to step 2. However, if DMACCXLLI is 0, the DMA stream is disabled and the flow
sequence ends.

6.5.3.3 Memory-to-memory DMA flow
For a memory-to-memory DMA flow the following sequence occurs:

1. Program and enable the DMA channel.

2. Transfer data whenever the DMA channel has the highest pending priority and the
DMA Controller gains mastership of the AHB bus.

3. If an error occurs while transferring the data, generate an error interrupt and disable
the DMA stream.
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4. Decrement the transfer count.
5. If the count has reached zero:
— Generate a terminal count interrupt (the interrupt can be masked).

— If the DMACCXLLI Register is not 0, then reload the DMACCxSrcAddr,
DMACCxDestAddr, DMACCXLLI, and DMACCxControl Registers and go to back
to step 2. However, if DMACCXLLI is 0, the DMA stream is disabled and the flow
sequence ends.

Note: Memory-to-memory transfers should be programmed with a low channel priority,
otherwise other DMA channels cannot access the bus until the memory-to-memory
transfer has finished, or other AHB masters cannot perform any transaction.

Interrupt requests

Interrupt requests can be generated when an AHB error is encountered or at the end of a
transfer (terminal count), after all the data corresponding to the current LLI has been
transferred to the destination. The interrupts can be masked by programming bits in the
relevant DMACCxControl and DMACCxConfig Channel Registers. Interrupt status
registers are provided which group the interrupt requests from all the DMA channels prior
to interrupt masking (DMACRawIntTCStat and DMACRawIntErrStat), and after interrupt
masking (DMACIntTCStat and DMACIntErrStat). The DMACIntStat Register combines
both the DMACIntTCStat and DMACIntErrStat requests into a single register to enable the
source of an interrupt to be quickly found. Writing to the DMACIntTCClear or the
DMACIntErrClr Registers with a bit set HIGH enables selective clearing of interrupts.

Hardware interrupt sequence flow

When a DMA interrupt request occurs, the Interrupt Service Routine needs to:

1. Read the DMACIntTCStat Register to determine whether the interrupt was generated
due to the end of the transfer (terminal count). A HIGH bit indicates that the transfer
completed. If more than one request is active, it is recommended that the highest
priority channels be checked first.

2. Read the DMACIntErrStat Register to determine whether the interrupt was generated
due to an error occurring. A HIGH bit indicates that an error occurred.

3. Service the interrupt request.

4. For a terminal count interrupt, write a 1 to the relevant bit of the DMACIntTCCIr
Register. For an error interrupt write a 1 to the relevant bit of the DMACIntErrClr
Register to clear the interrupt request.

Address generation

Address generation can be either incrementing or non-incrementing (address wrapping is
not supported).

Some devices, especially memories, disallow burst accesses across certain address
boundaries. The DMA controller assumes that this is the case with any source or
destination area, which is configured for incrementing addressing. This boundary is
assumed to be aligned with the specified burst size. For example, if the channel is set for
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16-transfer burst to a 32-bit wide device then the boundary is 64-bytes aligned (that is
address bits [5:0] equal 0). If a DMA burst is to cross one of these boundaries, then,
instead of a burst, that transfer is split into separate AHB transactions.

Note: When transferring data to or from the SDRAM, the SDRAM access must always be
programmed to 32 bit accesses. The SDRAM memory controller does not support
AHB-INCR4 or INCRS8 bursts using halfword or byte transfer-size. Start address in
SDRAM should always be aligned to a burst boundary address.

Word-aligned transfers across a boundary

The channel is configured for 16-transfer bursts, each transfer 32-bits wide, to a
destination for which address incrementing is enabled. The start address for the current
burst is 0x0C000024, the next boundary (calculated from the burst size and transfer
width) is 0x0C000040.

The transfer will be split into two AHB transactions:

¢ a 7-transfer burst starting at address 0x0C000024
¢ a 9-transfer burst starting at address 0x0C000040.

Scatter/gather

Scatter/gather is supported through the use of linked lists. This means that the source and
destination areas do not have to occupy contiguous areas in memory. Where
scatter/gather is not required, the DMACCXLLI Register must be set to 0.

The source and destination data areas are defined by a series of linked lists. Each Linked
List Item (LLI) controls the transfer of one block of data, and then optionally loads another
LLI to continue the DMA operation, or stops the DMA stream. The first LLI is programmed
into the DMA Controller.

The data to be transferred described by a LLI (referred to as the packet of data) usually
requires one or more DMA bursts (to each of the source and destination).

Linked list items

A Linked List Item (LLI) consists of four words. These words are organized in the following
order:

DMACCXxSrcAddr.

DMACCxDestAddr.

DMACCKXLLI.

DMACCxControl.

LN PR

Note: The DMACCxConfig DMA channel Configuration Register is not part of the linked
list item.

Programming the DMA controller for scatter/gather DMA
To program the DMA Controller for scatter/gather DMA:

1. Write the LLIs for the complete DMA transfer to memory. Each linked list item contains
four words:
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Source address.

Destination address.

Pointer to next LLI.

Control word.

The last LLI has its linked list word pointer set to O.

Choose a free DMA channel with the priority required. DMA channel 0 has the highest
priority and DMA channel 7 the lowest priority.

Write the first linked list item, previously written to memory, to the relevant channel in
the DMA Controller.

Write the channel configuration information to the channel Configuration Register and
set the Channel Enable bit. The DMA Controller then transfers the first and then
subsequent packets of data as each linked list item is loaded.

An interrupt can be generated at the end of each LLI depending on the Terminal
Count bit in the DMACCxControl Register. If this bit is set an interrupt is generated at
the end of the relevant LLI. The interrupt request must then be serviced and the
relevant bit in the DMACIntTCClear Register must be set to clear the interrupt.

6.5.6.1.2 Example of scatter/gather DMA

See Figure 17 for an example of an LLI. A rectangle of memory has to be transferred to a
peripheral. The addresses of each line of data are given, in hexadecimal, at the left-hand
side of the figure. The LLIs describing the transfer are to be stored contiguously from
address 0x20000.

Fig 17. LLIexample

0x--200 0x--E00

0x04--
0x0B -
0x0C-—-
0x0D -
00E---
0:0F---
0x10---
0x11---

The first LLI, stored at 0x20000, defines the first block of data to be transferred, which is
the data stored between addresses 0x0A200 and OxOAEOQO:

Source start address 0x0A200.

Destination address set to the destination peripheral address.
Transfer width, word (32-bit).

Transfer size, 3072 bytes (0XCO00).

Source and destination burst sizes, 16 transfers.

Next LLI address, 0x20010.
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The second LLI, stored at 0x20010, describes the next block of data to be transferred:

Source start address 0x0B200.

Destination address set to the destination peripheral address.
Transfer width, word (32-bit).

Transfer size, 3072 bytes (0xC00).

Source and destination burst sizes, 16 transfers.

Next LLI address, 0x20020.

A chain of descriptors is built up, each one pointing to the next in the series. To initialize
the DMA stream, the first LLI, 0x20000, is programmed into the DMA Controller. When the
first packet of data has been transferred the next LLI is automatically loaded.

The final LLI is stored at 0x20070 and contains:

Source start address 0x11200.

Destination address set to the destination peripheral address.
Transfer width, word (32-bit).

Transfer size, 3072 bytes (0xCQ00).

Source and destination burst sizes, 16 transfers.

Next LLI address, 0x0.

Because the next LLI address is set to zero, this is the last descriptor, and the DMA
channel is disabled after transferring the last item of data. The channel is probably set to
generate an interrupt at this point to indicate to the ARM processor that the channel can
be reprogrammed.

UM10326
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7.1 Introduction

The LPC32x0 External Memory Controller (EMC) is an ARM PrimeCell MultiPort Memory
Controller peripheral offering support for asynchronous static memory devices such as
RAM, ROM and Flash, as well as dynamic memories such as Single Data Rate(SDR) and
Double Data Rate(DDR) SDRAM. The EMC is an Advanced Microcontroller Bus
Architecture (AMBA) compliant peripheral

7.2 Features of the EMC

UM10326

¢ Dynamic memory interface support including Single Data Rate and Double Data Rate
SDRAM.

¢ Supports mobile SDRAM devices with 1.8 V I/O interface.

¢ Asynchronous static memory device support including RAM, ROM, and Flash, with or
without asynchronous page mode.

* Low transaction latency.

* Read and write buffers to reduce latency and to improve performance.
¢ 8-bit, 16-bit, and 32-bit wide static memory support.

¢ 16-bit and 32-bit wide SDRAM memory support.

¢ Static memory features include:

Asynchronous page mode read

Programmable wait states

Bus turnaround delay

Output enable and write enable delays
Extended wait

* Power-saving modes dynamically control clock and clock enable to SDRAMSs.
¢ Dynamic memory self-refresh mode controlled by software.

* The EMC supports 2 k, 4 k, and 8 k row address synchronous memory devices, which
are typically 512 Mbit, 256 Mbit, and 128 Mbit devices, with 4, 8, 16, or 32 data bits
per device.

* Separate reset domains allow the for auto-refresh through a chip reset if desired.
* Four chip selects for static memory devices.
¢ Two chip selects for synchronous memory devices.

Note: Synchronous static memory devices (synchronous burst mode) are not supported.
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7.3 EMC pins
The EMC supports an SDR SDRAM memory bus up to 32-bits wide or a 16-bit DDR
SDRAM bus. Additional signals are required for DDR SDRAM, which are brought out on
the same pins as EMC_D[16:18]. In DDR mode, EMC_D bits 19 through 31 may be used
as additional parallel I/O pins P2[12:0]. EMC pins are shown in both Table 91 and
Figure 18.

Table 91. EMC pins in SRAM, SDR and DDR operating modes

EMC interface pin(s)
EMC_A[00] - EMC_A[12]
EMC_A[13]

EMC_A[14]

EMC_A[15] - EMC_A[23]
EMC_D[00] - EMC_DJ[15]
EMC_D[16] / EMC_DQSO0
EMC_D[17]/ EMC_DQS1
EMC_D[18]/ EMC_CLK_N
EMC_D[19] - EMC_DJ[31]
EMC_OE_N

EMC_BLS[0] - EMC_BLS|3]
EMC_CS[0]_N - EMC_CS[3]_N
EMC_WR_N

EMC_CLK

EMC_CLKIN

EMC_CKE
EMC_DYCSIO]_N,
EMC_DYCS[1]_N
EMC_CAS_N
EMC_RAS_N

EMC_DQMI[0] - EMC_DQM][3]

Static RAM function
Address bus, bits 0 to 12
Address bus, bit 13
Address bus, bit 14
Address bus, bit 15 to 23
Data bus, bits 0 to 15
Data bus, bit 16

Data bus, bit 17

Data bus, bit 18

Data bus bits 19 through 31
SRAM Output Enable
SRAM byte lane select 0-3
SRAM chip select 0-3
SRAM write strobe

SDR SDRAM function
Address bus, bits 0 to 12
Address bus, BA 0
Address bus, BA 1

Data bus, bits 0 to 15
Data bus, bit 16

Data bus, bit 17

Data bus, bit 18

Data bus, bits 19 through 31

SDRAM write strobe
SDRAM clock

SDRAM clock feedback
SDRAM clock enable
SDRAM chip select 0-1

SDRAM column
address strobe

SDRAM row
address strobe

SDRAM byte write mask
0 through 3

DDR SDRAM function
Address bus, bits 0 to 12
Address bus, BAO
Address bus, BA 1

Data bus, bits 0 to 15
Data strobe, lower byte
Data strobe, upper byte
Inverted SDRAM clock
P2[12:0]

SDRAM write strobe
SDRAM clock

SDRAM clock enable
SDRAM chip select 0-1

SDRAM column
address strobe

SDRAM row
address strobe
EMC_DQMO = LDM
EMC_DQM1 = UDM

UM10326
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EMC_A[23:0]
» EMC_p[31:o] L Shared
signals
EMC_WR
DDRAM_CLK ——» o
EM E
- static
EMC_BLS[3:0] memory
signals
MPMCSREFREQ ——»| EMC_CS[3:0]
EMC
» EMC_DYCS[1:0]
]
g
L » EMC_CAS
AHB slave port 2 EMC PORT 0 i B
-— i
z » EMC_RAS
] dynamic
AHB slave port 0 <:> EMC PORT 3 < MG CLK memory
- signals
AHB slave port 1 <:> EMC PORT 4 EMC_CKE[1:0]
» EMC_DQM][3:0]
EMC_CLKIN
DDR_DQSs01]
DDR_DQs1M1] QDR memory
signals
DDR_CLKI[!]

(1) These DDR signals multiplex with EMC_D[16], EMC_D[17], and EMC_D[18].
Fig 18. EMC block diagram

7.4 Bus hold circuits

UM10326

In SDR SDRAM mode, all data bus pins (EMC_DJ[31:0] are configured to have bus hold
circuits. These cause the pins to retain the last logic level that was driven. In DDR SDRAM
mode, the bus hold configuration remains the same except that the inverted clock output
(the EMC_DJ[18] / EMC_CLK N pin) has the bus hold circuit turned off.

Table 92 shows the overall configuration of bus hold circuits when the entire data bus is
configured for SDRAM operation via the EMC_D_SEL bit. The EMC_D_SEL control bit
may be read as bit 3 of P2_MUX_STATE register, described in the GPIO chapter. The
value of EMC_D_SEL is controlled by the P2_MUX_SET and P2_MUX_CLR registers.
The DDR_SEL control bit is bit 1 of the SDRAMCLK_CTRL register, described elsewhere
in this chapter.

When the upper data bus (EMC_DJ[31:19]) is configured for GPIO operation, the bus hold
circuits for those pins are disabled.
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Table 92. Bus hold configuration for EMC_D[31:0] when EMC_D_SEL =0’

Bus pin(s) Bus hold when DDR_SEL = ‘0’ Bus hold when DDR_SEL = ‘1’
EMC_D[31:19] On On
EMC_D[18] On Off
EMC_D[17:0] On On

7.5 Supported memory devices

UM10326

The EMC supports a wide variety of SDRAM configurations. However, the 1.8 V interface
levels are primarily supported by ‘Mobile’ SDRAMSs. This section provides examples of
dynamic memory devices that are supported by the EMC. Table 93 and Table 94 show
SDR and DDR SDRAM devices respectively.

Table 93. Examples of compatible SDR SDRAM devices[1[2]

Manufacturer Part number Size Organization
Micron MT48H4M16LF 64 Mb 4M x 16
Samsung K4M64163PH 64 Mb 4M x 16
Micron MT48H8M16LF 128 Mb 8M x 16
Samsung K4M28163PF 128 Mb 8M x 16
Infineon HYB18L128160 128 Mb 8M x 16
Infineon HYE18L128160 128 Mb 8M x 16
Micron MT48H8M32LF 256 Mb 8M x 32
Micron MT48H16M16LF 256 Mb 16M x 16
Samsung K4S56163PF 256 Mb 16M x 16
Infineon HYB18L256160 256 Mb 16M x 16
Infineon HYE18L256160 256 Mb 16M x 16
Hynix HY5S5B6ELF 256 Mb 16M x 16
Micron MT48H32M16LF 512 Mb 32M x 16
Samsung K4S51163PF 512 Mb 32M x 16

[1] This table is not intended to be an exhaustive list of supported devices.

[2] Devices listed in this table have been selected by comparing manufacturer data sheet specifications to the
features of the EMC, and have not been tested in a system.

Table 94. Examples of compatible DDR SDRAM devices[1l(2]

Manufacturer Part number Size Organization
Micron MT46H8M16LF 128 Mb 8M x 16
Micron MT46H16M16LF 256 Mb 16M x 16
Hynix HY5MS5B6LF 256 Mb 16M x 16
Micron MT46H32M16LF 512 Mb 32M x 16

[1] This table is not intended to be an exhaustive list of supported devices.

[2] Devices listed in this table have been selected by comparing manufacturer data sheet specifications to the
features of the EMC, and have not been tested in a system.
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7.6 SDRAM self-refresh mode

The SDRAM has logic to determine when it should go in and out of self-refresh mode.

This is described in the PWR_CTRL register description in the Clocking and Power

Control chapter. The SR bit in the EMCDynamicControl register must always be written to
‘0", note that the default value is ‘1'.

7.7 Register description

This section describes the EMC registers and provides information needed to program it
to interface the controller and external memory. The EMC registers are shown in Table 95.

Table 95. EMC register summary
Address Register name Description Reset Type
value
0x4000 4068 SDRAMCLK_CTRL Controls various SDRAM configuration details. 0 R/W
0x3108 0000 EMCControl Controls operation of the EMC. 0x3 R/W
0x3108 0004 EMCStatus Provides EMC status information. 0x5 RO
0x3108 0008 EMCConfig Configures operation of the EMC. 0 R/W
0x3108 0020 EMCDynamicControl Controls dynamic memory operation. 0x006 R/W
0x3108 0024 EMCDynamicRefresh Configures dynamic memory refresh operation. 0 R/W
0x3108 0028 EMCDynamicReadConfig  Configures the dynamic memory read strategy. 0 R/W
0x3108 0030 EMCDynamictRP Selects the precharge command period. OxOF R/W
0x3108 0034 EMCDynamictRAS Selects the active to precharge command period. OxF R/W
0x3108 0038 EMCDynamictSREX Selects the self-refresh exit time. OxF R/W
0x3108 0044 EMCDynamictWR Selects the write recovery time. OxF R/W
0x3108 0048 EMCDynamictRC Selects the active to active command period. Ox1IF R/W
0x3108 004C EMCDynamictRFC Selects the auto-refresh period. Ox1F R/W
0x3108 0050 EMCDynamictXSR Selects the exit self-refresh to active command time Ox1F R/W
0x3108 0054 EMCDynamictRRD Selects the active bank A to active bank B latency OxF R/W
0x3108 0058 EMCDynamictMRD Selects the load mode register to active command time OxF R/W
0x3108 005C EMCDynamictCDLR Selects the last data in to read command time. OxF R/W
0x3108 0080 EMCStaticExtendedWait Selects time for long static memory read and write transfers.  OxF R/W
0x3108 0100 EMCDynamicConfig0 Selects the configuration information for the SDRAM. 0 R/W
0x3108 0104 EMCDynamicRasCas0 Selects the RAS and CAS latencies for the SDRAM. 0x303 R/W
0x3108 0120 EMCDynamicConfigl Selects the configuration information for the SDRAM.* 0 R/W
0x3108 0124 EMCDynamicRasCasl Selects the RAS and CAS latencies for the SDRAM.* 0x303 R/W
0x3108 0200 EMCStaticConfig0 Selects the memory configuration for static chip select 0. ox2ll  R/W
0x3108 0204 EMCStaticWaitWen0 Selects the delay from chip select 0 to write enable. 0x0 R/W
0x3108 0208 EMCStaticWaitOen0 Selects the delay from chip select O or address change, 0x0 R/W
whichever is later, to output enable.
0x3108 020C EMCStaticWaitRdO Selects the delay from chip select O to a read access. Ox1F R/W
0x3108 0210 EMCStaticWaitPage0O Selects the delay for asynchronous page mode sequential Ox1F  R/W
accesses for chip select 0.
0x3108 0214 EMCStaticWaitWr0 Selects the delay from chip select O to a write access. Ox1F R/W
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Table 95. EMC register summary ...continued
Address Register name Description Reset Type
value
0x3108 0218 EMCStaticWaitTurn0 Selects the number of bus turnaround cycles for chip select 0. OxF R/W
0x3108 0220 EMCStaticConfigl Selects the memory configuration for static chip select 1. 0x2 R/W
0x3108 0224 EMCStaticWaitWenl Selects the delay from chip select 1 to write enable. 0x0 R/W
0x3108 0228 EMCStaticWaitOenl Selects the delay from chip select 1 or address change, 0x0 R/W
whichever is later, to output enable.
0x3108 022C EMCStaticWaitRd1 Selects the delay from chip select 1 to a read access. Ox1F R/W
0x3108 0230 EMCStaticWaitPagel Selects the delay for asynchronous page mode sequential Ox1F R/W
accesses for chip select 1.
0x3108 0234 EMCStaticWaitWrl Selects the delay from chip select 1 to a write access. Ox1F R/W
0x3108 0238 EMCStaticWaitTurnl Selects the number of bus turnaround cycles for chip select 1. OxF R/W
0x3108 0240 EMCStaticConfig2 Selects the memory configuration for static chip select 2. 0x2 R/W
0x3108 0244 EMCStaticWaitWen2 Selects the delay from chip select 2 to write enable. 0x0 R/W
0x3108 0248 EMCStaticWaitOen2 Selects the delay from chip select 2 or address change, 0x0 R/W
whichever is later, to output enable.
0x3108 024C EMCStaticWaitRd2 Selects the delay from chip select 2 to a read access. Ox1F R/W
0x3108 0250 EMCStaticWaitPage?2 Selects the delay for asynchronous page mode sequential Ox1F R/W
accesses for chip select 2.
0x3108 0254 EMCStaticWaitWr2 Selects the delay from chip select 2 to a write access. Ox1F R/W
0x3108 0258 EMCStaticWaitTurn2 Selects the number of bus turnaround cycles for chip select 2. OxF R/W
0x3108 0260 EMCStaticConfig3 Selects the memory configuration for static chip select 3. 0x2 R/W
0x3108 0264 EMCStaticWaitWen3 Selects the delay from chip select 3 to write enable. 0x0 R/W
0x3108 0268 EMCStaticWaitOen3 Selects the delay from chip select 3 or address change, 0x0 R/W
whichever is later, to output enable.
0x3108 026C EMCStaticWaitRd3 Selects the delay from chip select 3 to a read access. Ox1F R/W
0x3108 0270 EMCStaticWaitPage3 Selects the delay for asynchronous page mode sequential Ox1F R/W
accesses for chip select 3.
0x3108 0274 EMCStaticWaitWr3 Selects the delay from chip select 3 to a write access. Ox1IF R/W
0x3108 0278 EMCStaticWaitTurn3 Selects the number of bus turnaround cycles for chip select 3. OxF R/W
0x3108 0400 EMCAHBControl0 Control register for AHB port 0. 0 R/W
0x3108 0404 EMCAHBStatusO Status register for AHB port O. 0 R/W
0x3108 0408 EMCAHBTImeOut0 Timeout register for AHB port 0. 0 R/W
0x3108 0460 EMCAHBControl3 Control register for AHB port 3. 0 R/W
0x3108 0464 EMCAHBStatus3 Status register for AHB port 3. 0 R/W
0x3108 0468 EMCAHBTImeOut3 Timeout register for AHB port 3. 0 R/W
0x3108 0480 EMCAHBControl4 Control register for AHB port 4. 0 R/W
0x3108 0484 EMCAHBStatus4 Status register for AHB port 4. 0 R/W
0x3108 0488 EMCAHBTImeOut4 Timeout register for AHB port 4. 0 R/W
0x4000 406C DDR_LAP_NOM Contains the nominal value for DDR DQS input delay. 0 R/W
0x4000 4070 DDR_LAP_COUNT Value of the DDR SDRAM ring oscillator counter. 0 RO
0x4000 4074 DDR_CAL_DELAY Current calibrated value of the DDR DQS input delay. 0 RO

UM10326

[1] This value may be changed to 0x82 by the bootloader if it runs EMC boot procedure, see Section 35.2.2.1
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7.7.1 SDRAM Clock Control Register (SDRAMCLK_CTRL - 0x4000 4068)

The SDRAMCLK_CTRL register controls the enable, reset, and timing of the SDRAM
interface.

Table 96. SDRAM Clock Control Register (SDRAMCLK_CTRL - 0x4000 4068)

Bit Function Reset
value
22 SDRAM_PIN_SPEED3. This signal controls the slew rate of the pin SDRAM 0

pin EMC_CLK. See bit 20 for details.
0 = Fast slew rate.

1 = Slower slew rate.

also, see Notes for bit 20.

21 SDRAM_PIN_SPEED2. This signal controls the slew rate of the pins SDRAM 0
pads EMC_A[14:0], EMC_CKE, EMC_CS_N, EMC_RAS_N, EMC_CAS N,
and EMC_WR_N.
0 = Fast slew rate.
1 = Slower slew rate.
also, see Notes for bit 20.

20 SDRAM_PIN_SPEEDL1. This signal controls the slew rate of the pins SDRAM 0
pads EMC_D[31:0], and EMC_DQM][3:0]. This control bit slows the output
driver down to reduce switching noise. Normally fast slew rate is used.

0 = Fast slew rate.

1 = Slower slew rate.

Notes:

When using a 1.8V I/O supply for the memory interface set this control signal
LOW (0).

When using a 2.5/3.3 V I/O supply for the memory interface set this control
signal HIGH ().

Setting the control signal HIGH while operating the bus using a 1.8V I/O
supply voltage yields a low-noise, low-speed operating mode for the interface.

19 SW_DDR_RESET. writing a 1 applies a reset is to the EMC, and it must be set 0
back to 0. This may be used when the EMC is in DDR mode and the clocks
are not properly synchronized when starting and stopping clocks. Note:
DDRAM_CLK must not be running while resetting the EMC
(HCLKDIV_CTRL[8:7] must be [00])

0 = No EMC reset.
1 = Active EMC reset.

18:14 COMMAND_DELAY. The register is used to delay command, data and 0
address signals to SDRAM relative to EMC_CLK. Note that all timing is for
nominal process, temperature, voltage. The value of COMMAND_DELAY is
set by software using the Ring oscillator to determine the current
DDR_LAP_COUNT and this equation.

DDR_LAP_COUNT
DDR_LAP_NOM x 0.25

COMMAND_DELAY = x DESIRED_DELAY

DESIRED_DELAY is desired delay in 0.25 ns increments. Note: All bit
combinations can be used. Max delay is 7.75 ns

13 Delay circuitry Adder status. Reading a 1 here means that a value too closeto 0
min/max has been programmed in DDR_CAL_DELAY or the sensitivity has
been programmed too high in SDRAMCLK_CTRL[12:10]
0 = No overflow or sign bit.
1 = Last calibration produced either an overflow or a negative number
(underflow).
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Table 96. SDRAM Clock Control Register (SDRAMCLK_CTRL - 0x4000 4068) ...continued

Bit Function Reset
value

12:10  SENSITIVITY_FACTOR for DDR SDRAM calibration. This value controls how 0
much the error value is shifted down. More shifting means less sensitivity of
the calibration.

000 = No right shift.

111 = Shift right with 7.
9 CAL_DELAY. 0

0 = Use un-calibrated delay settings for DDR SDRAM.
1 = Use calibrated delay settings for DDR SDRAM.

8 SW_DDR_CAL. When writing from 0 to 1 a DDR calibration is performed. 0
Must be set back to 0.
0 = No manual DDR delay calibration.
1 = Perform a DDR delay calibration.

7 RTC_TICK_EN 0
0 = No automatic DDR delay calibration.
1 = Enable automatic DDR delay calibration on each RTC TICK.

6:2 DDR_DQSIN_DELAY. These bits control the delay of the DQS input from the 0
DDR SDRAM device. The DQS signal is used to capture read data from
SDRAM. Note that all timing is for nominal process, temperature, voltage. The
timing must be calibrated by software using the Ring Oscillator. Refer to
DDR DQS_DELAYISI calibration for details.
Note: All bit combinations can be used. Max delay is 7.75 ns.

1 DDR_SEL. This affects the pin multiplexing as described elsewhere in this 0
chapter.
0 = SDR SDRAM is used.
1 = DDR SDRAM is used. In this mode, the DQS delay circuitry is also
enabled.

0 0 = SDRAM HCLK and Inverted HCLK enabled. 0
1 = All Clocks to EMC block disabled. Note that no masters can access the
EMC in this mode.

7.7.2 EMC Control Register (EMCControl - 0x3108 0000)

The EMCControl register is a read/write register that controls operation of the memory
controller. This register must only be written while the EMC is in the idle state. Table 97
shows the bit assignments for the EMCControl register.

Table 97. EMC Control Register (EMCControl - 0x3108 0000)

Bits Name Type Function

31:3 Reserved - Reserved, read undefined, do not modify.
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Table 97. EMC Control Register (EMCControl - 0x3108 0000) ...continued

Bits Name Type Function

2 Low-power mode (L) R/W

1 Reserved -
0  EMC Enable (E) RIW

Indicates normal, or low-power mode:

0 = normal.

1 = low-power mode.

Entering low-power mode reduces EMC power consumption.
Dynamic memory is refreshed as necessary. The EMC
returns to normal functional mode by clearing the low-power
mode bit (L), or by Reset.

This bit must only be modified when the EMC is in idle state.[2]
Reserved, read undefined, do not modify.

Indicates if the EMC is enabled or disabled:

0 = disabled.

1 = enabled.

Disabling the EMC reduces power consumption. When the
EMCsr is disabled the memory is not refreshed. The EMCr is
enabled by setting the enable bit, or by reset.

This bit must only be modified when the EMC is in idle state.[]

[1] The external memory cannot be accessed in low-power or disabled state. If a memory access is performed
an AHB error response is generated. The EMC registers can be programmed in low-power and/or disabled

state.

EMC Status Register (EMCStatus - 0x3108 0004)

The read-only EMCStatus register provides EMC status information. Table 98 shows the
bit assignments for the EMCStatus register.

Table 98. EMC Status Register (EMCStatus - 0x3108 0004)

Bits Name
31:3 Reserved

Type Description

Reserved, read undefined.

2 Self-refresh acknowledge RO  This bit indicates the operating mode of the EMC:

(SA)

Reserved
Busy (B)

0 = normal mode
1 = self-refresh mode.

Reserved, read undefined, do not modify.

RO This bit is used to ensure that the memory controller

enters the low-power or disabled mode cleanly by
determining if the memory controller is busy or not:
0 =EMC is idle.

1 = EMC is busy performing memory transactions,
commands, auto-refresh cycles, or is in self-refresh
mode.

EMC Configuration Register (EMCConfig - 0x3108 0008)

The EMCConfig register configures the operation of the memory controller. It is
recommended that this register is modified during system initialization or when there are
no current or outstanding transactions. This can be ensured by waiting until the EMC is
idle, and then entering low-power or disabled mode. This register is accessed with one
wait state. Table 99 shows the bit assignments for the EMCConfig register.
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Table 99. EMC Configuration Register (EMCConfig - 0x3108 0008)
Bits Name Type Description

31:1 Reserved - Reserved, read undefined, do not modify.
0 Endian mode (N) R/W Endian mode:

0 = little-endian mode.

1 = big-endian mode.

On power-on reset, the value of the endian bit is 0. All data
must be flushed in the EMC before switching between
little-endian and big-endian modes.

7.7.5 Dynamic Memory Control Register (EMCDynamicControl - 0x3108
0020)

The EMCDynamicControl register controls dynamic memory operation. The control bits
can be altered during normal operation. Table 100 shows the bit assignments for the
EMCDynamicControl register.

Table 100. Dynamic Memory Control Register (EMCDynamicControl - 0x3108 0020)

Bits Name Type Description
31:14 Reserved - Reserved, read undefined, do not modify.
13 Low-power SDRAM R/W 0 = normal operation.

deep-sleep mode (DP) 1 = enter deep power down mode.
12:9 Reserved - Reserved, read undefined, do not modify.

8:7  SDRAM initialization (I) R/W 00 = issue SDRAM NORMAL operation command.
01 = issue SDRAM MODE command.[ll
10 = issue SDRAM PALL (precharge all) command.
11 = issue SDRAM NOP (no operation) command).

Reserved - Reserved, read undefined, do not modify.
Memory clock control R/W 0 =EMC_CLK enabled (POR reset value).
(MMC) 1 = EMC_CLK disabled.2
4 Inverted Memory Clock R/W 0 =EMC_CLK N enabled.
Control (IMCC) 1 = DDR_CLK_N disabled.
3 Self-Refresh Clock Control R/W 0 =EMC_CLK and EMC_CLK_N run continuously
(SRMCC) during self-refresh mode.

1 = EMC_CLK and EMC_CLK_N are stopped during
self-refresh mode.

2 Self-refresh request, R/W 0 = normal mode.
EMCSREFREQ (SR) Note: this bit must be 0 for correct operation, note
default is ‘1.
1 Dynamic memory clock R/W 0 =EMC_CLK stops when all SDRAMs are idle and
control (CS) during self-refresh mode.

1 = EMC_CLK runs continuously.4l

When clock control is LOW the output clock EMC_CLK
is stopped when there are no SDRAM transactions.
The clock is also stopped during self-refresh mode.

0 Dynamic memory clock R/W 0 = clock enable of idle devices are deasserted to save
enable (CE) power.
1 = all clock enables are driven HIGH continuously.[8l4]

[1] For SDRAM chip selects that are configured for 32-bit wide transfers, single SDRAM bursts are used.
When SDRAM chip selects are configured for 16-bit wide transfers, a burst length of 2 is used. Mode
registers in related SDRAM devices must be programmed accordingly.
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[2] Disabling EMC_CLK or EMC_CLK_N can be performed if there are no SDRAM memory transactions in
progress. When enabled this bit can be used in conjunction with the dynamic memory clock control (CS)
field.

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

[4] To put low-power SDRAM device(s) into deep power down mode, the Low-power SDRAM deep-sleep
mode (DP) bit, the Dynamic memory clock control (CS) bit, and the Dynamic memory clock enable (CE) bit
must be set.

Dynamic Memory Refresh Timer Register (EMCDynamicRefresh -
0x3108 0024)

The EMCDynamicRefresh register configures dynamic memory operation. It is
recommended that this register is modified during system initialization, or when there are
no current or outstanding transactions. This can be ensured by waiting until the EMC is
idle, and then entering low-power or disabled mode. However, these control bits can, if
necessary, be altered during normal operation. This register is accessed with one wait
State.

Note: This register is used for all four dynamic memory chip selects. Therefore the worst
case value for all of the chip selects must be programmed. Table 101 shows the bit
assignments for the EMCDynamicRefresh register.

Table 101. Dynamic Memory Refresh Timer Register (EMCDynamicRefresh - 0x3108 0024)

Bits Name Type Description
31:11 Reserved - Reserved, read undefined, do not modify.
10:0 Refreshtimer R/W Indicates the multiple of 16 clocks between SDRAM refresh cycles.
(REFRESH) 0x0 = refresh disabled.
0x1 - OX7FF = n x 16 = 16n clocks between SDRAM refresh cycles.
For example:

0x1 =1 x 16 = 16 clocks between SDRAM refresh cycles.
0x8 = 8 x 16 = 128 clocks between SDRAM refresh cycles.

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

(16 x 106 x 50 x 109) / 16 = 50 or 0x32

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

Dynamic Memory Read Configuration Register
(EMCDynamicReadConfig - 0x3108 0028)

The EMCDynamicReadConfig register configures the dynamic memory read strategy.
This register must only be modified during system initialization. This register is accessed
with one wait state.

Note: This register is used for all four dynamic memory chip selects. Therefore the worst
case value for all of the chip selects must be programmed. Table 102 shows the bit
assignments for the EMCDynamicReadConfig register.
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Table 102. Dynamic Memory Read Configuration Register (EMCDynamicReadConfig -
0x3108 0028)

Bits Name Type Description
31:13 Reserved - Reserved, read undefined, do not modify.
12 DDR_DRP R/W DDR SDRAM read data capture polarity

0 = data captured on the negative edge of HCLK.
1 = data captured on the positive edge of HCLK.

11:10 Reserved - Reserved, read undefined, do not modify.

9:8 DDR_DRD R/W DDR SDRAM read data strategy
00 = reserved, do not use.
01 = command delayed by COMMAND_DELAY time.
10 = reserved, do not use.
11 = reserved, do not use.

75 Reserved - Reserved, read undefined, do not modify.

SDR_SRP R/W SDR SDRAM read data capture polarity
0 = data captured on the negative edge of HCLK.
1 = data captured on the positive edge of HCLK.

3:2 Reserved - Reserved, read undefined, do not modify.

1:0 SDR_SRD R/W SDR SDRAM read data strategy
00 = reserved, do not use.
01 = command delayed by COMMAND_DELAY time.
10 = reserved, do not use.
11 = reserved, do not use.

Dynamic Memory Precharge Command Period Register
(EMCDynamictRP - 0x3108 0030)

The EMCDynamictRP register enables programming of the precharge command period,
tRP. It is recommended that this register is modified during system initialization, or when
there are no current or outstanding transactions. This can be ensured by waiting until the
EMC is idle, and then entering low-power or disabled mode. This value is normally found
in SDRAM data sheets as tRP. This register is accessed with one wait state.

Note: This register is used for all four dynamic memory chip selects. Therefore the worst
case value for all of the chip selects must be programmed.

Table 103 shows the bit assignments for the EMCDynamictRP register.

Table 103. Dynamic Memory Precharge Command Period Register (EMCDynamictRP -
0x3108 0030)

Bits Name Type Description

31:4 Reserved - Reserved, read undefined, do not modify.
3:0 Precharge command period R/W 0x0 - OxE = n + 1 clock cycles.
(tRP) OXF = 16 clock cycles.

Dynamic Memory Active to Precharge Command Period Register
(EMCDynamictRAS - 0x3108 0034)

The EMCDynamictRAS register enables programming of the active to precharge
command period, tRAS. It is recommended that this register is modified during system
initialization, or when there are no current or outstanding transactions. This can be
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ensured by waiting until the EMC is idle, and then entering low-power or disabled mode.
This value is normally found in SDRAM data sheets as tRAS. This register is accessed
with one wait state.

Note: This register is used for all four dynamic memory chip selects. Therefore the worst
case value for all of the chip selects must be programmed.

Table 104 shows the bit assignments for the EMCDynamictRAS register.

Table 104. Dynamic Memory Active to Precharge Command Period Register
(EMCDynamictRAS - 0x3108 0034)

Bits Name Type Description

31:4 Reserved - Reserved, read undefined, do not modify.
3:0 Activeto precharge command R/W 0x0 - OxE =n + 1 clock cycles.
period (tRAS) OXF = 16 clock cycles.

Dynamic Memory Self-refresh Exit Time Register
(EMCDynamictSREX - 0x3108 0038)

The EMCDynamictSREX register enables programming of the self-refresh exit time,
tSREX. It is recommended that software modify this register during system initialization, or
when there are no current or outstanding transactions. This can be ensured by waiting
until the EMC is idle, and then entering low-power or disabled mode. This value is
normally found in SDRAM data sheets as tSREX, for devices without this parameter you
use the same value as tXSR. For some DDR-SDRAM data sheets, this parameter is
known as tXSNR. This register is accessed with one wait state.

Note: This register is used for all four dynamic memory chip selects. Therefore the worst
case value for all of the chip selects must be programmed.

Table 105 shows the bit assignments for the EMCDynamictSREX register.

Table 105. Dynamic Memory Self-refresh Exit Time Register (EMCDynamictSREX - 0x3108

0038)
Bits Name Type Description
31:7 Reserved - Reserved, read undefined, do not modify.

6:0 Self-refresh exit time (tSREX) R/W 0x0 - OX7E = n + 1 clock cycles.
0x7F = 128 clock cycles.

Dynamic Memory Write Recovery Time Register (EMCDynamictWR -
0x3108 0044)

The EMCDynamictWR register enables programming of the write recovery time, tWR. It is
recommended that this register is modified during system initialization, or when there are
no current or outstanding transactions. This can be ensured by waiting until the EMC is
idle, and then entering low-power or disabled mode. This value is normally found in
SDRAM data sheets as tWR, tDPL, tRWL, or tRDL. This register is accessed with one
wait state.

Note: This register is used for all four dynamic memory chip selects. Therefore the worst
case value for all of the chip selects must be programmed.

Table 106 shows the bit assignments for the EMCDynamictWR register.
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Table 106. Dynamic Memory Write Recovery Time Register (EMCDynamictWR - 0x3108 0044)

Bits Name Type Description
31:4 Reserved - Reserved, read undefined, do not modify.
3:0 Write recovery time (twr) R/W 0x0 - OXE = n + 1 clock cycles.

OxF = 16 clock cycles.

Dynamic Memory Active To Active Command Period Register
(EMCDynamictRC - 0x3108 0048)

The EMCDynamictRC register enables programming of the active to active command
period, tRC. It is recommended that this register is modified during system initialization, or
when there are no current or outstanding transactions. This can be ensured by waiting
until the EMC is idle, and then entering low-power or disabled mode. This value is
normally found in SDRAM data sheets as tRC. This register is accessed with one wait
state.

Note: This register is used for all four dynamic memory chip selects. Therefore the worst
case value for all of the chip selects must be programmed.

Table 107 shows the bit assignments for the EMCDynamictRC register.

Table 107. Dynamic Memory Active To Active Command Period Register (EMCDynamictRC -
0x3108 0048)

Bits Name Type Description
31:5 Reserved - Reserved, read undefined, do not modify.
4:0 Active to active command R/W 0x0 - Ox1E = n + 1 clock cycles.

period (trc ) 0x1F = 32 clock cycles.

Dynamic Memory Auto-refresh Period Register (EMCDynamictRFC -
0x3108 004C)

The EMCDynamictRFC register enables programming of the auto-refresh period, and
auto-refresh to active command period, tRFC. It is recommended that this register is
modified during system initialization, or when there are no current or outstanding
transactions. This can be ensured by waiting until the EMC is idle, and then entering
low-power or disabled mode. This value is normally found in SDRAM data sheets as
tRFC, or sometimes as tRC. This register is accessed with one wait state.

Note: This register is used for all four dynamic memory chip selects. Therefore the worst
case value for all of the chip selects must be programmed.

Table 108 shows the bit assignments for the EMCDynamictRFC register.

Table 108. Dynamic Memory Auto-refresh Period Register (EMCDynamictRFC - 0x3108

004C)
Bits Name Type Description
31:5 Reserved - Reserved, read undefined, do not modify.
4:0 Auto-refresh period and R/W 0x0 - OX1E = n + 1 clock cycles.
auto-refresh to active OX1F = 32 clock cycles.

command period (trec)
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Dynamic Memory Exit Self-refresh Register (EMCDynamictXSR -
0x3108 0050)

The EMCDynamictXSR register enables programming of the exit self-refresh to active
command time, tXSR. It is recommended that this register is modified during system
initialization, or when there are no current or outstanding transactions. This can be
ensured by waiting until the EMC is idle, and then entering low-power or disabled mode.
This value is normally found in SDRAM data sheets as tXSR, but is sometimes called
tXSNR in some DDR SDRAM data sheets. This register is accessed with one wait state.

Note: This register is used for all four dynamic memory chip selects. Therefore the worst
case value for all of the chip selects must be programmed.

Table 109 shows the bit assignments for the EMCDynamictXSR register.

Table 109. Dynamic Memory Exit Self-refresh Register (EMCDynamictXSR - 0x3108 0050)

Bits Name Type Description

31:8 Reserved - Reserved, read undefined, do not modify.

7:0 Exit self-refresh to active R/W 0x0 - OXxFE = n + 1 clock cycles.
command time (txsr) OxFF = 256 clock cycles.

Dynamic Memory Active Bank A to Active Bank B Time Register
(EMCDynamictRRD - 0x3108 0054)

The EMCDynamictRRD register enables programming of the active bank A to active bank
B latency, tRRD. It is recommended that this register is modified during system
initialization, or when there are no current or outstanding transactions. This can be
ensured by waiting until the EMC is idle, and then entering low-power or disabled mode.
This value is normally found in SDRAM data sheets as tRRD. This register is accessed
with one wait state.

Note: This register is used for all four dynamic memory chip selects. Therefore the worst
case value for all of the chip selects must be programmed.

Table 110 shows the bit assignments for the EMCDynamictRRD register.

Table 110. Dynamic Memory Active Bank A to Active Bank B Time Register
(EMCDynamictRRD - 0x3108 0054)

Bits Name Type Description
31:4 Reserved - Reserved, read undefined, do not modify.
3:0 Active bank A to active bank R/W 0x0 - OxE = n + 1 clock cycles.

B latency (trrp ) OXF = 16 clock cycles.

Dynamic Memory Load Mode Register To Active Command Time
(EMCDynamictMRD - 0x3108 0058)

The EMCDynamictMRD register enables setting the load mode register to active
command time, tMRD. It is recommended that this register is modified during system
initialization, or when there are no current or outstanding transactions. This can be
ensured by waiting until the EMC is idle, and then entering low-power or disabled mode.
This value is normally found in SDRAM data sheets as tMRD, or tRSA. This register is
accessed with one wait state.
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Note: This register is used for all four dynamic memory chip selects. Therefore the worst
case value for all of the chip selects must be programmed.

Table 111 shows the bit assignments for the EMCDynamictMRD register.

Table 111. Dynamic Memory Load Mode Register To Active Command Time
(EMCDynamictMRD - 0x3108 0058)

Bits Name Type Description
31:4 Reserved - Reserved, read undefined, do not modify.
3:0 Load mode register to active R/W 0x0 - OXE = n + 1 clock cycles.

command time (tmrp) OxF = 16 clock cycles.

Dynamic Memory Last Data In to Read Command Time
(EMCDynamicCDLR - 0x3108 005C)

The EMCDynamicCDLR register enables setting the last data in to read command time,
tCDLR. It is recommended that this register is modified during system initialization, or
when there are no current or outstanding transactions. This can be ensured by waiting
until the EMC is idle, and then entering low-power or disabled mode. This value is
normally found in SDRAM data sheets as tCDLR. This register is accessed with one wait
State.

Table 112 shows the bit assignments for the EMCDynamictCDLR register.

Table 112. Dynamic Memory Last Data In to Read Command Time (EMCDynamicCDLR -
0x3108 005C)

Bits Name Type Description
31:4 Reserved - Reserved, read undefined, do not modify.
3:0 Lastdataintoread command R/W 0x0 - OxE =n + 1 clock cycles.

time (tcoLr) OxF = 16 clock cycles.

Static Memory Extended Wait register (EMCStaticExtendedWait -
0x3108 0080)

When the EW bit of the EMCStatic Config Registers is enabled, the 10-bit, read/write,
EMCStaticExtendedWait Register is used to time long static memory read and write
transfers that are longer than can be supported by the EMCStaticWaitRd0-3 or EMC
StaticWaitWr0-3 Registers. There is only a single EMCStaticExtendedWait Register.

This is used by the relevant static memory chip select if the appropriate ExtendedWait
(EW) bit in the EMCStaticConfig0-3 register is set. It is recommended that this register is
modified during system initialization, or when there are no current or outstanding
transactions. However, if necessary, these control bits can be altered during normal
operation. This register is accessed with one wait state.

Table 113 shows the bit assignments for the EMCStaticExtendedWait registers.
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Table 113. Static Memory Extended Wait register (EMCStaticExtendedWait - address 0x3108
0080) bit description

Bit Symbol Type Description Reset
Value
31:10 Reserved - Reserved, user software should not write ones  NA

to reserved bits. The value read from a reserved
bit is not defined.

9:0 Extended wait time out R/W  0x0 = 16 clock cycles (POR reset value).
(EXTENDEDWAIT) 0x1 = (n+1) x16 clock cycles.
The delay is in HCLK cycles.

For example, for a static memory read/write transfer time of 16 us, and a HCLK frequency
of 50 MHz, the following value must be programmed into this register: ((16 x 109 x (50 x
108)/ 16)) - 1 =49

Dynamic Memory Configuration Registers (EMCDynamicConfigO -
0x3108 0100 and EMCDynamicConfigl - 0x3108 0120)

The EMCDynamicConfig0 and EMCDynamicConfigl registers enable programming of
configuration information for the relevant dynamic memory chip select. This register is
normally only modified during system initialization. This register is accessed with one wait
State.

Table 114 shows the bit assignments for the EMCDynamicConfig0-1 register.

If the write protect bit (P) is set, a data abort is generated on a write to a relevant memory
location.

Table 114. Dynamic Memory Configuration Registers (EMCDynamicConfig0 - 0x3108 0100
and EMCDynamicConfigl - 0x3108 0120)[11(2]

Bits Name Type Description
31:21 Reserved - Reserved, read undefined, do not modify.
20 Write protect (P) R/W 0 = writes not protected.

1 = write protected.
19:15 Reserved - Reserved, read undefined, do not modify.
14:7  Address mapping (AM) R/W  See Table 115.
6:3 Reserved - Reserved, read undefined, do not modify.
2:0 Memory device (MD) R/W 000 = SDR SDRAM.

001 = reserved.

010 = low power SDR SDRAM.
011 = reserved.

100 = DDR SDRAM.

101 = reserved.

110 = low power DDR SDRAM.
111 = reserved.

[1] The buffers must be disabled during SDRAM initialization, and be enabled during normal operation.

[2] The SDRAM column and row width and number of banks are computed automatically from the address
mapping.
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Table 115 shows the various address mapping possibilities. By setting the appropriate
address mapping bits, the user can select between high-performance mode (fast access
and higher power consumption) or low-power mode (slower access and low
power-consumption). Address mappings that are not shown in Table 115 are reserved.

Table 115. Address mapping

[14] [13:12] [11:9] [8:7] Description
16-bit external bus high-performance address mapping (Row, Bank, Column)

16Mb (2Mx8), 2 banks, row length = 11, column length =9
16Mb (1Mx16), 2 banks, row length = 11, column length = 8
64Mb (8Mx8), 4 banks, row length = 12, column length =9
64Mb (4Mx16), 4 banks, row length = 12, column length = 8
128Mb (16Mx8), 4 banks, row length = 12, column length = 10
128Mb (8Mx16), 4 banks, row length = 12, column length =9
256Mb (32Mx8), 4 banks, row length = 13, column length = 10
256Mb (16Mx16), 4 banks, row length = 13, column length = 9
512Mb (64Mx8), 4 banks, row length = 13, column length = 11
512Mb (32Mx16), 4 banks, row length = 13, column length = 10

16-bit external bus low-power SDRAM address mapping (Bank, Row, Column)

16Mb (2Mx8), 2 banks, row length = 11, column length = 9
16Mb (1Mx16), 2 banks, row length = 11, column length = 8
64Mb (8Mx8), 4 banks, row length = 12, column length =9
64Mb (4Mx16), 4 banks, row length = 12, column length = 8
128Mb (16Mx8), 4 banks, row length = 12, column length = 10
128Mb (8Mx16), 4 banks, row length = 12, column length =9
256Mb (32Mx8), 4 banks, row length = 13, column length = 10
256Mb (16Mx16), 4 banks, row length = 13, column length = 9
512Mb (64Mx8), 4 banks, row length = 13, column length = 11
512Mb (32Mx16), 4 banks, row length = 13, column length = 10

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

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

0 00 000 00
0 00 000 01
0 00 001 00
0 00 001 01
0 00 010 00
0 00 010 01
0 00 011 00
0 00 011 01
0 00 100 00
0 00 100 01
0 01 000 00
0 01 000 01
0 01 001 00
0 01 001 01
0 01 010 00
0 01 010 01
0 01 011 00
0 01 011 01
0 01 100 00
0 01 100 01
1 00 000 00
1 00 000 01
1 00 001 00
1 00 001 01
1 00 001 10
1 00 010 00
1 00 010 01
1 00 010 10
1 00 011 00
1 00 011 01
1 00 011 10
1 00 010 01
1 00 100 00
1 00 100 01

16Mb (2Mx8), 2 banks, row length = 11, column length = 9
16Mb (1Mx16), 2 banks, row length = 11, column length = 8
64Mb (8Mx8), 4 banks, row length = 12, column length =9
64Mb (4Mx16), 4 banks, row length = 12, column length = 8
64Mb (2Mx32), 4 banks, row length = 11, column length = 8
128Mb (16Mx8), 4 banks, row length = 12, column length = 10
128Mb (8Mx16), 4 banks, row length = 12, column length = 9
128Mb (4Mx32), 4 banks, row length = 12, column length = 8
256Mb (32Mx8), 4 banks, row length = 13, column length = 10
256Mb (16Mx16), 4 banks, row length = 13, column length = 9
256Mb (8Mx32), 4 banks, row length = 13, column length = 8
256 Mb (8Mx32), 4 banks, row length = 12, column length = 9
512Mb (64Mx8), 4 banks, row length = 13, column length = 11
512Mb (32Mx16), 4 banks, row length = 13, column length = 10
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Table 115. Address mapping ...continued

[14] [13:12] [11:9] [8:7] Description

1 00 011 01 512Mb (16Mx32), 4 banks, row length = 13, column length = 9
1 00 100 01 1Gb (32Mx32), 4 banks, row length = 13, column length = 10

32-bit external bus low-power SDRAM address mapping (Bank, Row, Column)

1 01 000 00 16Mb (2Mx8), 2 banks, row length = 11, column length = 9

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

1 01 001 00 64Mb (8Mx8), 4 banks, row length = 12, column length = 9

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

1 01 001 10 64Mb (2Mx32), 4 banks, row length = 11, column length = 8

1 01 010 00 128Mb (16Mx8), 4 banks, row length = 12, column length = 10
1 01 010 01 128Mb (8Mx16), 4 banks, row length = 12, column length = 9
1 01 010 10 128Mb (4Mx32), 4 banks, row length = 12, column length = 8
1 01 011 00 256Mb (32Mx8), 4 banks, row length = 13, column length = 10
1 01 011 01 256Mb (16Mx16), 4 banks, row length = 13, column length = 9
1 01 011 10 256Mb (8Mx32), 4 banks, row length = 13, column length = 8
1 01 010 01 256 Mb (8Mx32), 4 banks, row length = 12, column length = 9
1 01 100 00 512Mb (64Mx8), 4 banks, row length = 13, column length = 11
1 01 100 01 512Mb (32Mx16), 4 banks, row length = 13, column length = 10
1 01 011 01 512Mb (16Mx32), 4 banks, row length = 13, column length = 9
1 01 100 01 1Gb (32Mx32), 4 banks, row length = 13, column length = 10

A chip select can be connected to a single memory device, in this case the chip select
data bus width is the same as the device width. Alternatively the chip select can be
connected to a number of external devices. In this case the chip select data bus width is
the sum of the memory device data bus widths.

For example, for a chip select connected to:

¢ A 32-bit wide memory device, choose a 32-bit wide address mapping.
* A 16-bit wide memory device, choose a 16-bit wide address mapping.
* 4 x 8-bit wide memory devices, choose a 32-bit wide address mapping.

¢ 2 x 8-bit wide memory devices, choose a 16-bit wide address mapping.

7.7.20 Dynamic Memory RAS and CAS Delay Register
(EMCDynamicRasCas0 - 0x3108 0104 and EMCDynamicRasCas1 -
0x3108 0104)

The EMCDynamicRasCas0 and EMCDynamicRasCasO0 registers enable programming of
RAS and CAS latencies for the relevant dynamic memory. These registers must only be
modified during system initialization. These registers are accessed with one wait state.

Note: The values programmed into this register must be consistent with the values used to
initialize the SDRAM memory device.

Table 116 shows the bit assignments for the EMCDynamicRasCasO register.
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Table 116. Dynamic Memory RAS and CAS Delay Register (EMCDynamicRasCasO0 - 0x3108
0104)

Bits Name Type Description

31:11 Reserved - Reserved, read undefined, do not modify.

10:7 CAS latency (CAS) R/W 0000 = reserved.
0001 = one half clock cycle.
0010 = one clock cycle.
0011 = one and a half clock cycles.
0100 = two clock cycles.
0101 =two and a half clock cycles.
0110 = three clock cycles.
0111 = three and a half clock cycles.
1000 = four clock cycles.
1001 = four and a half clock cycles.
1010 = five clock cycles.
1011 = five and a half clock cycles.
1100 = six clock cycles.
1101 = six and a half clock cycles.
1110 = seven clock cycles.
1111 = seven and a half clock cycles.

6:4  Reserved - Reserved, read undefined, do not modify.

3:0 RAS latency (active to R/W 0000 = reserved.
read/write delay) (RAS) 0001 to 1110 = n clock cycles.
1111 = 15 clock cycles.

Static Memory Configuration registers (EMCStaticConfig0-3 -
0x3108 0200, 0220, 0240, 0260)

The EMCStaticConfig0-3 registers configure the static memory configuration. It is
recommended that these registers are modified during system initialization, or when there
are no current or outstanding transactions. This can be ensured by waiting until the EMC
is idle, and then entering low-power, or disabled mode. These registers are accessed with
one wait state.

Table 117 shows the bit assignments for the EMCStaticConfig0-3 registers. Note that
synchronous burst mode memory devices are not supported.

If the write protect bit (P) is set, a data abort is generated on a write to a relevant memory
location.

Table 117. Static Memory Configuration registers (EMCStaticConfig0-3 - address
0x3108 0200, 0x3108 0220, 0x3108 0240, 0x3108 0260) bit description

Bit Name Type Description

31:21 Reserved - Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

20 Write protect (P) R/W 00 = Writes not protected (POR reset value).
01 = Write protected.

1919 Reserved - Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.
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Table 117. Static Memory Configuration registers (EMCStaticConfig0-3 - address
0x3108 0200, 0x3108 0220, 0x3108 0240, 0x3108 0260) bit description

Bit Name Type Description
8 Extended wait R/W  Extended wait (EW) uses the EMCStaticExtendedWait register
(EW) to time both the read and write transfers rather than the

EMCStaticWaitRd and EMCStaticWaitWr registers. This enables
much longer transactions.1]

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

7 Byte lane state  R/W  This bit affects the behavior of the EMC_BLSn[3:0] and
(PB) EMC_WR_N signals on the External Memory Interface.

When the byte lane state bit, PB, is set to 0, the EMC_BLSN[3:0]
signals behave as byte lane write strobes and will only be active
(LOW) during static memory writes. The EMC_WR_N signal
never goes active when PB is 0. (POR reset value)
When the byte lane state bit, PB, is setto 1, the EMC_BLSn[3:0]
signals behave as byte lane enable strobes and will be active
(LOW) for both static memory read and write access, and signal
EMC_WR_N will be LOW for writes. This is used when
interfacing to a static memory with multiple byte lane strobe pins
and a separate write strobe pin. This mode is typically used with
16-bit and 32-bit static memory chips.
Writes:

PB = 0: The active bits in EMC_BLSn[3:0] are LOW;
EMC_WR_N is not active.

PB = 1: The active bits in EMC_BLSn[3:0] are LOW,;
EMC_WR_N is active.

Reads:
PB = 0: All the bits in EMC_BLSN[3:0] are HIGH.
PB = 1: The active bits in EMC_BLSn[3:0] are LOW.

6 Chip select R/W  The value of the chip select polarity on power-on reset is 0.
polarity (PC) 0 = Active LOW chip select.
1 = Active HIGH chip select.
5:4 Reserved - Reserved, user software should not write ones to reserved bits.

The value read from a reserved bit is not defined.
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Table 117. Static Memory Configuration registers (EMCStaticConfig0-3 - address
0x3108 0200, 0x3108 0220, 0x3108 0240, 0x3108 0260) bit description

Bit Name Type Description
3 Page mode R/W  In page mode the EMC can burst up to four external accesses.
(PM) Therefore devices with asynchronous page mode burst four or

higher devices are supported. Asynchronous page mode burst
two devices are not supported and must be accessed normally.

0 = Disabled (POR reset value).
1 = Async page mode enabled (page length four)

2 Reserved - Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

1:0 Memory width R/W  Memory Width

(MW) When using a system that implements 8-bit static memory,
address signals A[23:0] are mapped in a 1:1 correspondence
with pins A[23:0], since transactions occur on byte boundaries.
This is done automatically by hardware in the EMC controller
when the value of MW is set to 0x0.

When using a system that implements 16-bit static memory,
address signals A[23:1] are right-justified by one bit and output
on the physical address pins A[22:0]. Address signal AO is not
necessary because all transactions occur on half-word
boundaries. Address pin A23 is not used because the address
space available for each CSn is 16 MB. This is done
automatically by hardware in the EMC controller when the value
of MW is set to Ox1.

When using a system that implements 32-bit static memory,
address signals A[23:2] are right-justified by two bits and output
on the physical address pins A[21:0]. Address signals A0 and Al
are not necessary because all transactions occur on word
boundaries. Address pins A23 and A22 are not used because
the address space available for each CSn is 16 MB. This is done
automatically by hardware in the EMC controller when the value
of MW is set to Ox2.

00 = 8 hit.

01 =16 hit.

10 = 32 bit (POR reset value).

11 = Reserved.

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

[2] EMC may perform burst read access even when the buffer enable bit is cleared.

7.7.22 Static Memory Write Enable Delay registers (EMCStaticWaitWenO0-3 -
0x3108 0204, 0224, 0244, 0264)

The EMCStaticWaitWenO0-3 registers enable you to program the delay from the chip select
to the write enable. It is recommended that these registers are modified during system
initialization, or when there are no current or outstanding transactions. This can be
ensured by waiting until the EMC is idle, and then entering low-power, or disabled mode.
These registers are accessed with one wait state.

Table 118 shows the bit assignments for the EMCStaticWaitWenO0-3 registers.
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Table 118. Static Memory Write Enable Delay registers (EMCStaticWaitWenO0-3 - address
0x3108 0204,0x3108 0224, 0x3108 0244, 0x3108 0264) bit description

Bit Symbol Type Description
314 - - Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.
3:0  Wait write Delay from chip select assertion to write enable.
enable 0000 = One HCLK cycle delay between assertion of chip select
(WAITWEN) and write enable (POR reset value).
0001-1111 = (n + 1) HCLK cycle delay. The delay is (WAITWEN
+1) x HCLK.

Static Memory Output Enable Delay registers (EMCStaticWaitOen0-3 -
0x3108 0208, 0228, 0248, 0268)

The EMCStaticWaitOen0-3 registers enable you to program the delay from the chip select
or address change, whichever is later, to the output enable. It is recommended that these
registers are modified during system initialization, or when there are no current or
outstanding transactions. This can be ensured by waiting until the EMC is idle, and then
entering low-power, or disabled mode. These registers are accessed with one wait state.

Table 119 shows the bit assignments for the EMCStaticWaitOen0-3 registers.

Table 119. Static Memory Output Enable delay registers (EMCStaticWaitOen03 - address
0x3108 0208, 0x3108 0228, 0x3108 0248, 0x3108 0268) bit description

Bit Symbol Type Description
3114 Reserved - Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.
3.0 Wait output R/W  Delay from chip select assertion to output enable.
enable 0000 = No delay (POR reset value).
(WAITOEN) 0001-1111 = n cycle delay. The delay is WAITOEN X tyci k-

Static Memory Read Delay registers (EMCStaticWaitRd0-3 -
0x3108 020C, 022C, 024C, 026C)

The EMCStaticWaitRdO0-3 registers enable you to program the delay from the chip select
to the read access. It is recommended that these registers are modified during system
initialization, or when there are no current or outstanding transactions. This can be
ensured by waiting until the EMC is idle, and then entering low-power, or disabled mode. It
is not used if the extended wait bit is enabled in the EMCStaticConfig0-3 registers. These
registers are accessed with one wait state.

Table 120 shows the bit assignments for the EMCStaticWaitRdO0-3 registers.
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Table 120. Static Memory Read Delay registers (EMCStaticWaitRd0-3 - address 0x3108 020C,
0x3108 022C, 0x3108 024C, 0x3108 026C) bit description

Bit Symbol Type Description
31:5 Reserved - Reserved, user software should not write ones to
reserved bits. The value read from a reserved bit is not
defined.
4:0 Non-page moderead R/W Non-page mode read or asynchronous page mode read,
wait states or first read only:
asynchronous page 00000 - 11110 = (n + 1) HCLK cycles for read accesses.
mode readfirst access 11111 = 32 HCLK cycles for read accesses
wait state (WAITRD) For non-sequential reads, the wait state time is (WAITRD
+ 1) X tHCLK.

Static Memory Page Mode Read Delay registers
(EMCsStaticwaitPage0-3 - 0x3108 0210, 0230, 0250, 0270)

The EMCStaticWaitPage0-3 registers enable you to program the delay for asynchronous
page mode sequential accesses. It is recommended that these registers are modified
during system initialization, or when there are no current or outstanding transactions. This
can be ensured by waiting until the EMC is idle, and then entering low-power, or disabled
mode. This register is accessed with one wait state.

Table 121 shows the bit assignments for the EMCStaticWaitPage0-3 registers.

Table 121. Static Memory Page Mode Read Delay registers0-3 (EMCStaticWaitPage0-3 -
address 0x3108 0210, 0x3108 0230, 0x3108 0250, 0x3108 0270) bit description

Bit Symbol Type Description

31:5 Reserved - Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

4:0 Asynchronous R/W  Number of wait states for asynchronous page mode read

page mode read accesses after the first read:

after the first 00000 -11110 = (n+ 1) HCLK cycle read access time.

read wait states note: For asynchronous page mode read for sequential reads,
(WAITPAGE) the wait state time for page mode accesses after the first read

is (WAITPAGE + 1) x tHCLK.
11111 = 32 HCLK cycle read access time

Static Memory Write Delay registers (EMCStaticWaitwr0-3 -
0x3108 0214, 0234, 0254, 0274)

The EMCStaticWaitWr0-3 registers enable you to program the delay from the chip select
to the write access. It is recommended that these registers are modified during system
initialization, or when there are no current or outstanding transactions. This can be
ensured by waiting until the EMC is idle, and then entering low-power, or disabled
mode.These registers are not used if the extended wait (EW) bit is enabled in the
EMCsStaticConfig register. These registers are accessed with one wait state.

Table 122 shows the bit assignments for the EMCStaticWaitWr0-3 registers.
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Table 122. Static Memory Write Delay registers0-3 (EMCStaticWaitWr - address 0x3108 0214,
0x3108 0234, 0x3108 0254, 0x3108 0274) bit description

Bit Symbol Type Description

31:5 Reserved - Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

4:0 Write wait states R/W  SRAM wait state time for write accesses after the first read:
(WAITWR) 00000-11110 = (n + 2) HCLK cycle write access time.
note: The wait state time for write accesses after the first read is
WAITWR (n + 2) x tHCLK.
11111 = 33 HCLK cycle write access time (POR reset value).

Static Memory Turn Round Delay registers (EMCStaticWaitTurn0-3 -
0x3108 0218, 0238, 0258, 0278)

The EMCStaticWaitTurn0-3 registers enable you to program the minimum number of bus
turnaround cycles. It is recommended that these registers are modified during system
initialization, or when there are no current or outstanding transactions. This can be
ensured by waiting until the EMC is idle, and then entering low-power, or disabled mode.
These registers are accessed with one wait state.

Table 123 shows the bit assignments for the EMCStaticWaitTurn0-3 registers.

Table 123. Static Memory Turn Round Delay registers0-3 (EMCStaticWaitTurn0-3 - address
0x3108 0218, 0x3108 0238, 0x3108 0258, 0x3108 0278) bit description

Bit Symbol Type Description

3114 Reserved - Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

3.0 Bus turnaround R/W 0000 -1110 = (n + 1) HCLK turnaround cycles.
cycles note: Bus turnaround time is (WAITTURN + 1) x tHCLK.
(WAITTURN) 1111 = 16 HCLK turnaround cycles.

To prevent bus contention on the external memory data bus, the WAITTURN field ensures
a minimum number of bus turnaround cycles between EMC static memory read access
and subsequent external bus accesses. The WAITTURN field also ensures a minimum
number of turnaround cycles between static memory read and subsequent dynamic
memory access.

The WAITTURN field affects:

* read-to-read on the same or different EMC static chip select
¢ read-to-write on the same or different EMC static chip select
¢ read static chip select to dynamic chip select read or write

Remark: The WAITTURN only ensures a minimum turn-around time. Some lower values
will have no effect when the inherent turn-around time for successive access to the static
memory chip select are longer than the WAITTURN delay. The WAITTURN will not ensure
a wait between successive external memory access when using the ARM LDM
instruction. To ensure there is no burst access for successive external memory reads use
the ARM LDR instruction.
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EMC AHB Control Registers (EMCAHBControlO - 0x3108 0400,
EMCAHBControl3 - 0x3108 0460, EMCAHBControl4 - 0x3108 0480)

The EMCAHBControl0, EMCAHBControl3, EMCAHBControl4 registers are used to
control operation of the AHB interfaces to the EMC. These registers can be altered during
normal operation.

Table 124 shows the bit assignments for the EMCAHBControl0, EMCAHBControl3,
EMCAHBControl4 registers.

Table 124. EMC AHB Control Registers (EMCAHBControl0 - 0x3108 0400, EMCAHBControl3 -
0x3108 0460, EMCAHBControl4 - 0x3108 0480)

Bits Name Type Description

31:1 Reserved - Reserved, read undefined, do not modify.
0 AHB Port Buffer Enable (E) R/W 0 = disable buffer.
1 = enable buffer.

The HPROT[2] signal is used (bufferable signals) to determine if merging takes place, and
the E bit is used to determine if the AHB write buffer is used to hold the transfer. Table 125
lists the possible transfer types.

Table 125. Transfer Types

E bit HPROT[2] Transferl[l

0 0 Nonbuffered, no data merging

0 1 Nonbuffered, data merging allowed
1 0 Buffered, no data merging

1 1 Buffered, data merging allowed

[1] The terms used in the transfer description column are defined here:
Buffered — means HREADY is returned immediately for first or last transfer.
Nonbuffered — means HREADY is held off until transfer is placed in memory.

Merging allowed — means non word burst transfers are converted into word transfers (INCR4 BYTE is
passed as 1 word write)

No data merging — means each transfer of the burst is passed through as is (INCR4 BYTE is passed as 4
byte writes).

EMC AHB Status Registers (EMCAHBStatusO - 0x3108 0404,
EMCAHBStatus3 - 0x3108 0464, EMCAHBStatus4 - 0x3108 0484)
The EMCAHBStatus0, EMCAHBStatus3, EMCAHBStatus4 registers status information on

the AHB interface. Table 126 shows the bit assignments for the EMCAHBStatusO,
EMCAHBStatus3, EMCAHBStatus4 registers.

Table 126. EMC AHB Status Registers (EMCAHBStatusO - 0x3108 0404, EMCAHBStatus3 -
0x3108 0464, EMCAHBStatus4 - 0x3108 0484)

Bits Name Type Description

31:2 Reserved - Reserved, read undefined, do not modify.
1 AHB Port Buffer Status (S) RO 0 = buffer empty.

1 = buffer contains data.
0 Reserved - Reserved, read undefined, do not modify.
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7.7.30 EMC AHB Timeout Registers (EMCAHBTimeOutO - 0x3108 0408,
EMCAHBTimeOut3 - 0x3108 0468, EMCAHBTimeOut4 - 0x3108 0488)

The EMCAHBTimeOut0, EMCAHBTimeOut3, EMCAHBTIimeOut4 registers are used to
ensure that each AHB port is serviced within a specified number of cycles. When a
request goes active, the values in the EMCAHBTimeOut0, EMCAHBTimeOut3,
EMCAHBTimeOut4 registers are loaded into a down counter. If the transfer is not
processed before the counter reaches zero, the priority of the AHB port is increased until
the request is serviced.

These registers therefore enable the transaction latency, and indirectly the bandwidth, for
a particular port to be defined. The value programmed into these registers depends on the
latency required for the particular port. These registers can be altered during normal
operation.

Table 127 shows the bit assignments for the EMCAHBTimeOut0, EMCAHBTIimeOut3,
EMCAHBTImeOut4 registers.

Table 127. EMC AHB Timeout Registers (EMCAHBTIimeOut0 - 0x3108 0408,
EMCAHBTimeOut3 - 0x3108 0468, EMCAHBTimeOut4 - 0x3108 0488)

Bits Name Type Description
31:10 Reserved - Reserved, read undefined, do not modify.
9:0 AHB Timeout R/W 0x0 = timeout disabled.
(AHBTIMEOUT) 0x001 - 0x1FF = number of AHB cycles before

timeout is reached.

7.7.31 DDR Calibration Nominal Value (DDR_LAP_NOM - 0x4000 406C)

This register is part of the mechanism for calibrating the DQS input timing if DDR
SDRAMs are used. Refer to the section on DDR DQS_DELAY calibration for details.

Table 128. DDR Calibration Nominal Value (DDR_LAP_NOM - 0x4000 406C)

Bits Function Nominal Reset
valuell value

31:0 A nominal count value corresponding to typical process, voltage, and  0x20 0x00
temperature conditions must be written here by software.

[1] Nominal Value is for PERIPH_CLK = 13 MHz.

7.7.32 DDR Calibration Measured Value (DDR_LAP_COUNT - 0x4000 4070)

This register is part of the mechanism for calibrating the DQS input timing if DDR
SDRAMSs are used. DDR_LAP_COUNT is a Read-Only register. Refer to the section on
DDR DQS delay calibration for details.

Table 129. DDR Calibration Measured Value (DDR_LAP_COUNT - 0x4000 4070)
Bits Function Reset value
31:0 Value of DDR SDRAM ring oscillator counter. 0

7.7.33 DDR Calibration Delay Value (DDR_CAL_DELAY - 0x4000 4074)
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Table 130. DDR Calibration Delay Value (DDR_CAL_DELAY - 0x4000 4074)
Bits Function Reset value

31:5 Reserved, user software should not write ones to reserved bits. The value -
read from a reserved bit is not defined.

4:0 The current calibrated delay setting can be read out here. This value can 0
change for every calibration performed.

7.8 DDR DQS delay calibration

The DQS calibration circuitry is only needed when DDR SDRAM is used. DDR SDRAM
devices output two DQS signals aligned with read data, each DQS is applied to 8 data
bits. The EMC uses a delayed version of the DQS signals for sampling the read data. The
calibration circuitry makes it possible for software to program a nominal fixed delay for
DQS, which will be compensated for varying temperature, voltage and process. Note that
the arithmetic done in hardware to accomplish this uses signed numbers.

The delay calibration circuit does an automated calibration on the positive edge of
RTC_TICK or manually calibrates on request by the SW_DDR_CAL signal
(SDRAMCLK_CTRLJ8]). The ring oscillator and cycle counter runs for one period of
PERIPH_CLK when calibrating. When RTC_TICK calibration is enabled, there will be a
new calibration every second as long as the CPU is not in stop mode. When the CPU is in
stop mode the calibration circuitry is automatically disabled in order to keep power
consumption low.

When the ring oscillator has run for one PERIPH_CLK period, the counter will have a
value reflecting the speed of the ring oscillator. The speed of the ring oscillator represents
the speed in the entire device under existing environmental conditions. The counter value
is readable by software in the DDR_LAP_COUNT register. Software programs the
DDR_LAP_NOM register with a value corresponding to the nominal count value for typical
process, voltage and temperature conditions see Table 128 for the nominal value. The
nominal value represents the point where an increase of one value in the
DDR_DQSIN_DELAY register changes the delay by exactly 0.25 nanosec.

The difference between these two registers represents the deviation from nominal circuit
speed. The sensitivity of the circuit is controlled by shifting this value down by the number
of bits given by SDRAMCLK_CTRL[12:10]. A large shift causes little compensation to the
DDR_DQSIN_DELAY value. Equation 6 shows the resulting DQS_DELAY calculation.

DQS_DELAY = DDR_CAL_DELAY x CAL_FACTOR (6)

DDR_CAL_DELAY = DQSIN_DELAY + (LAP COUNT — LAP NOM)

2SENSITIVITY_FACTOR

(7)

CAL_FACTOR = (LAP_NOM x 0.25)

LAP_COUNT (8)
Definitions for variables used in Equation 6, Equation 7 and Equation 8 and are described
in Table 131.
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Table 131. DQS Delay Calibration Definitions
Variable Definition

DQS_DELAY The resulting desired DQS Delay in ns. This value is calculated
automatically in hardware for a given DDR_LAP_NOM and desired
DQS_DELAY selected from the DQS Delay Sensitivity Factor
Table[132,

DDR_CAL_DELAY The value read from the DDR_CAL_DELAY register. For reference,
multiplying the value in this register by the CAL_FACTOR provides the
current DQS_DELAY in ns.

DQSIN_DELAY The value written into the DDR_DQS_DELAY bitfield,
(SDRAMCLK_CTRL[6:2]). This value is obtained from the DQS Delay
Sensitivity Factor Tablel232] for a given desired delay value.

LAP_COUNT The value read from the DDR_LAP_COUNT register.
LAP_NOM The constant value written into the DDR_LAP_NOM register.

SENSITIVITY_FACTOR The value written into the SENSITIVITY DOWNSHIFT value bitfield,
(SDRAMCLK_CTRL[12:10]). This value is obtained from the DQS
Delay Sensitivity Factor Tablel232] for a given desired delay value.

For the desired DQS delay use Table 132 to select the correct
DDR_DQSIN_DELAY(SDRAMCLK_CTRL][6:2]) and
SENSITIVITY_FACTOR(SDRAMCLK_CTRL[12:10]). The DDR_DQSIN_DELAY and
DDR_LAP_NOM values determine the sensitivity downshift value needed to maintain a
constant delay for variations in process, voltage and temperature

The adjusted deviation value (which is a signed number), is added to the software
programmed nominal delay in DDR_DQSIN_DELAY. The output of the adder is the value
used to program the delay network. On an overflow/underflow in the adder, the maximum
or minimum values are used. The adder status can be read in SDRAMCLK_CTRL[13]. In
order to avoid adjusting the delay network during an ongoing DDR SDRAM access, the
internal bus request signal is used to update the value.

Table 132. DQS Delay Sensitivity Factor values for DDR_DQSIN_DELAY value

DQS_DELAY DDR_DQSIN_DELAY Value SENSITIVITY_FACTORI1
Desired Delay in ns SDRAMCLK_CTRL[6:2] SDRAMCLK_CTRL[12:10]
0.00 0x00 (0b00000) 7
0.25 0x01 (0b00001) 5
0.50 0x02 (0b00010) 4
0.75 0x03 (0b00011) 4or3
1.00 0x04 (0b00100) 3
1.25 0x05 (0b00101) 3
1.50 0x06 (0b00110) 3or2
1.75 0x07 (0b00111) 2
2.00 0x08 (0b01000) 2
2.25 0x09 (0b01001) 2
2.50 0x0A (0b01010) 2
2.75 0x0B (0b01011) 2
3.00 0x0C (0b01100) 2orl
3.25 0x0D (0b01101) 1
3.50 OxOE (0b01110) 1
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Table 132. DQS Delay Sensitivity Factor values for DDR_DQSIN_DELAY value

DQS_DELAY
Desired Delay in ns

3.75
4.00
4.25
4.50
4.75
5.00
5.25
5.50
5.75
6.00
6.25
6.50
6.75
7.00
7.25
7.50
7.75

DDR_DQSIN_DELAY Value
SDRAMCLK_CTRL[6:2]

OXOF (0b01111)
0x10 (0b10000)
0x11 (0b10001)
0x12 (0b10010)
0x13 (0b10011)
0x14 (0b00100)
0x15 (0b00101)
0x16 (0b00110)
0x17 (0b10111)
0x18 (0b11000)
0x19 (0b11001)
Ox1A (0b11010)
0x1B (0b11011)
0x1C (0b11100)
0x1D (0b11101)
OX1E (0b11110)
Ox1F (0b11111)

SENSITIVITY_FACTORL
SDRAMCLK_CTRL[12:10]

[EnY

S N N R N R o R
o

O O O O o o o

[1] SENSITIVITY_FACTOR is provided for a DDR_LAP_NOM = 0x20 and PERIPH_CLK = 13 MHz.

Non-calibrated delays can be used by programming the CAL_DELAY signal to 0 in
SDRAMCLK_CTRL[9]. In this configuration, DQS_DELAY from Equation 6 reduces to

Equation 9

LAP_NOM x 0.25

DQS_DELAY = DDR_DQSIN_DELAY x = AP COUNT 9)
The delay circuitry is only clocked when DDR SDRAM is selected in
SDRAMCLK_CTRL[1].
UM10326 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
User manual Rev. 3 — 22 July 2011 156 of 721



NXP Semiconductors

UM10326

Chapter 7: LPC32x0 External Memory Controller (EMC)

DDR_DQSIN_DELAY
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(SDRAMCLK_CTRL[?])> (SDRAMCLK_CTRL][8])
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Fig 19. DDR DQS delay calibration
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8.1 Introduction

Note: The LPC32x0 has two NAND Flash controllers, one for multi level NAND Flash
devices and one for single level NAND Flash devices. The two NAND Flash controllers
use the same pins to interface to external NAND Flash devices, so only one interface may
be active at a time. The NAND Flash controllers can be disabled by bits in the
FLASHCLK_CTRL register in order to save power when they are not used.

The Multi Level Cell MLC NAND Flash controller interfaces to multi-level NAND Flash
devices. An external NAND Flash device (of either multi-level or single-level type) may be
used to allow the bootloader to automatically load application code into internal RAM for
execution, see the UM10326 user manual for details.

8.2 Features

¢ Supports small (528 bytes) and large (2114 bytes) page.

¢ Supports single and multi-level NAND flash memory.

* Programmable NAND timing parameters.

* Reed-Solomon (R/S) encoder/decoder (10 bit symbols).

¢ Automatic error detection, with hardware correction for up to 4 symbols (4-40 bit).

¢ Auto encode/decode cycles using built-in serial data buffer.

¢ 528-bytes serial data buffer.

* Supports DMA.

8.3 Pin descriptions

Table 133. NAND-Flash memory controller pins

Pin name Type NAND Function

Flash

Signal
FLASH_CE_N output CEn Chip select, active LOW.
FLASH_WR_N output WEn Write enable, active LOW.
FLASH_RD_N output REnN Read Enable, active LOW.
FLASH_ALE output ALE Address Latch Enable.
FLASH_CLE output CLE Command Latch Enable.
FLASH_RDY input RDY Active HIGH Ready signal.
FLASH_IQ[7:0] input/output D_lO 1/0 pins, commands, address and data.
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Interrupt signals from NAND flash controllers

The interrupt from the MLC NAND Flash controller is masked with NAND_INT_E and
ORed with the interrupt signal from the SLC NAND Flash controller before it goes to the
interrupt controller. The connections of the interrupts of the MLC and SLC NAND Flash
controllers are shown in Figure 20.

DMA request signals from flash controllers

The dma_breq(0), dma_sreq(0), and dma_sreq(1) are ORed together and connected to
the DMA controller as the burst request signal from the SLC Flash controller (DMA
controller peripheral number 1). In order to be able to use a peripheral to peripheral DMA
transfer to the SLC NAND Flash controller, this burst request signal is also connected to
DMA controller peripheral number 12 when the SLC Flash controller is selected.

When the MLC NAND Flash controller is selected, the burst request signal from the MLC
Flash controller is connected to DMA controller peripheral number 12.

The connections of the DMA signals of the MLC and SLC NAND Flash controllers are
shown in Figure 20.
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1
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dma_clr i I’Y/
sLC FLASHCLK_CTRL(2) FLASH_ALE 1 N FLASH_ALE R
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< = 1: SLC selected |
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 dma_sreq(1) — 1 i =2 FLASH
— FLASH_WEN LN FLASH_ WR_N |
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Fig 20. NAND flash controllers

8.4 MLC NAND flash controller functional description

Serial data transfers to/from the NAND flash can be performed directly by the CPU. The
CPU can transfer data directly from the NAND flash while the controller simultaneously
performs the R/S decoding. The CPU only needs to transfer data from the controller’s
Data Buffer when an error occurs. Since the expected error rate is small, this will result in
minimal impact. Alternately, the CPU can force the controller to transfer the data to the
serial Data Buffer where the CPU can then read it. The CPU can transfer data directly to
the NAND flash while the controller simultaneously performs the R/S encoding to
calculate the ECC codes. Alternately the CPU can write the data to controller’s serial Data
Buffer and then force the controller to independently transfer the data to the NAND flash.
The transfer speed will be limited by either the NAND flash throughput or the system’s
AHB bus clock (HCLK).

The basic block diagram of the MLC NAND Flash controller is shown in Figure 21.
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AHB Slave NAND

<::> Interface Interface <::::>

R/S ECC

Encoder/Decoder

Data
Buffer

Fig 21. MLC NAND flash controller

8.4.1 Reed-Solomon encoder/decoder

The Reed-Solomon (R/S) encoder and decoder allow the controller to perform error
detection and correction using redundant data stored in the overhead area of each page.

The R/S encoder and decoder use the combined User and Overhead area of each NAND
flash page (528) bytes as the data stream. This data is converted to 10-bit symbols as
required by the R/S algorithm. The R/S encoder generates 8 symbols (10 bytes) of
redundant data (ECC codes). This data is stored along with 518 bytes of user data in each
NAND flash page. The R/S decoder uses the redundant data (10 bytes) to perform error
detection. If an error is detected, the controller attempts to perform correction. After
correction is performed, the CPU can read the corrected data from the controller’s serial
Data Buffer.

Since the R/S algorithm requires a fixed length data stream, error detection/correction can
only be performed in discrete blocks of data. This restricts data storage to a minimum
size. This minimum size is the length of a standard 528-byte NAND flash page (518 bytes
of user data).

The consequence of this restriction is that certain NAND functionality that involves partial
page access cannot be supported by the controller while providing error detection and
correction. For example, certain applications use the overhead area of each page to store
management data. The NAND flash can then be scanned by merely reading the overhead
area of each page. Since the R/S algorithm requires the entire data stream, this type of
operation cannot be supported (this can, however, still be performed but without error
detection and correction).

UM10326 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

User manual Rev. 3 — 22 July 2011 161 of 721




NXP Semiconductors UM10326

UM10326

8411

8.4.1.2

8.4.2

8.4.3

Chapter 8: LPC32x0 Multi-level NAND flash controller

Large block NAND flash support

Large block NAND flash devices use 2112-byte pages. This is four times the standard
page size. The R/S Encoder/Decoder directly supports 518-byte pages only. In order to
function with 2112-byte pages, these large pages are divided into four sections of equal
length. Each section then contains the equivalent of a 528-byte page. Care must be taken
not to lose the manufactures format for bad block information in devices that are formatted
with a 2112 block size (2048-byte user). Software must read this information and preserve
it prior to using the 4 x 528-byte block large page format provided by this controller.

Erased page detection support

The R/S Decoder includes a feature to detect when all data in a page (528-bytes) is OxXFF.
This indicates that the page has been erased. When this condition is detected, the
decoder does not perform ECC processing and indicates to the CPU that no errors were
detected. This feature prevents the R/S decoder from attempting to perform error
correction processing on erased pages.

Serial data buffer

The serial Data Buffer is a 528-byte buffer primarily used by the R/S algorithm to perform
error correction. Data can be transferred by the CPU directly to/from the serial Data
Buffer. Access to the buffer, however, is restricted to sequential access. This is a
consequence of the R/S algorithm requiring 10-bit code-words. Any data access to the
buffer must undergo appropriate translation that allows sequential access only.

Any NAND serial data access is also performed on the serial Data Buffer by the controller.
NAND serial data read accesses cause the data read from the NAND flash to be written to
the Data Buffer by the controller. NAND serial data write accesses cause the data to be
written to the Data Buffer as well as the NAND flash by the controller.

Data can be read directly from the serial Data Buffer. This is normally performed by the
CPU when an error has been detected by the R/S decoder. The corrected data must be
read by the CPU from the serial Data Buffer.

Data can be read from the NAND flash device to the Data Buffer by the controller without
any CPU intervention.

Data can be written to the Data Buffer by the CPU without writing the data to the NAND
flash. The controller can then independently write the data to the NAND flash.

Operation

Due to the addition of ECC error correction, certain changes to the NAND flash protocol
are required in some instances. Also, certain commands and/or command sequences
cannot be supported.

Because ECC error correction is performed over the entire usable page data (518 bytes),
this data becomes the minimum size data block that can be transferred to/from the
individual NAND flash pages. This restricts commands that can normally specify a page
address to use 00h as the first byte of the address (A0-A7). Also commands such as Read
Mode (2) 0x01 that are specifically used for partial page access cannot be used.
Furthermore, any command sequences (such as 0x50+0x80) that perform partial page
access cannot be used. Using these unsupported features will result in unexpected
operation and/or loss of data.
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The exception to some of these restrictions is the Read Mode (3) (0x50) command. This
command can be used by the CPU when only the overhead data is required. In reality, the
controller will translate the command to a Read Mode (1) (00h) command before sending
to the NAND flash and therefore the time required to perform a page read and transfer of
the entire 528 bytes to the controller will be incurred. The controller will read 528 bytes
into the User and Overhead Buffer regions and automatically set the Buffer pointer to the
Overhead region. The CPU can then read the overhead data directly from the controller’s
serial Data Buffer.

Note that due to the fact that the entire 528 bytes must be read by the controller, using this
command might cause timing problems. The only advantage to using the Read Mode (3)
command over the Read Mode (1) command is that the CPU need not read all 518 bytes.
This transfer is instead performed by the controller at possibly a higher transfer rate.
However, for CPUs with very high speed access to the controller, it may be advantageous
to read all 518 bytes using the Read Mode (1) command if there is a possibility that the
extra data may become useful at a later date.

From an operation point of view, the NAND programmer’s model uses address spaces to
communicate with the NAND flash. Commands and addresses are written to specific
addresses (registers) within the controller’s address space. Data is read/written from/to
the NAND flash using unique address ranges that lie within the controller’s address
space.

8.4.3.1 Page format

Standard NAND devices include two sections per page. The first section (User Data Area)
is typically used to store general data. The second section (Overhead Data Area) is
typically used to store overhead information such as status and ECC parity data. The
controller requires 10 bytes of ECC parity data for the R/S ECC processing. The
placement of this data differs between small and large block devices as describes in the
following sections.

8.4.3.1.1 Small block NAND flash devices

For small block devices (528-byte page size) the user and overhead areas of each page
(512 + 16 bytes) are combined to form a 528-byte area which is then divided into three
sections:

1. User data.

2. Overhead data.

3. ECC Parity data.
Figure 22 illustrates how each page is partitioned to accommodate the 10 bytes of ECC

parity data. Note that the Overhead area available for CPU usage is deduced to 6 bytes
such that the total CPU usable data is 518 bytes (512+6).
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Standard User Data (512 Bytes) Standard Overhead Data (16 Bytes)
A A
~ Y ™
512 Bytes 6 Bytes 10 Bytes
— _/ H_J\ J
'l Y
n Modified E
Modified User Data (512 Bytes) cC
Overhead Parity
Data Data
(6 Bytes) (10 Bytes)
Fig 22. Small page partitioning to accommodate the 10 bytes of ECC parity data

8.4.3.1.2 Large block NAND flash devices

For large block devices (2112-byte page size) the user and overhead areas of each page
(2048 + 64 bytes) are combined to form a 2112-byte area which is then divided into four
sections. Each of these sections is then further subdivided into three sections as follows:

1. User data.
2. Overhead data.
3. ECC Parity data.
Figure 23 illustrates how each subsection is partitioned to accommodate the 10 bytes of

ECC parity data. Note that the Overhead area available for CPU usage is 6 bytes such
that the CPU usable data is 518 bytes (512+6) per section and 2072 bytes (4*518) per

page.

UM10326 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

User manual Rev. 3 — 22 July 2011 164 of 721




NXP Semiconductors

UM10326

Chapter 8: LPC32x0 Multi-level NAND flash controller

512 Bytes 6 Bytes 10 Bytes
— /H_/k J
N Y
B Modified cc
Modified User Data #1 (512 Bytes) E
Overhead Parity
Data #1 Data
(6 Bytes) (10 Bytes)
512 Bytes 6 Bytes 10 Bytes
— /H_/\ J
—~ '
- Modified ECC
Modified User Data #2 (512 Bytes)
Overhead Parity
Data #2 Data
(6 Bytes) (10 Bytes)
512 Bytes 6 Bytes 10 Bytes
— /H_J\ J
N Y
" Modified ECC
Modified User Data #3 (512 Bytes)
Overhead Parity
Data #3 Data
(6 Bytes) (10 Bytes)
512 Bytes 6 Bytes 10 Bytes
— /H_/\ J
v Y
» Modified ECC
Modified User Data #4 (512 Bytes)
Overhead Parity
Data #4 Data
(6 Bytes) (10 Bytes)
Fig 23. Large page partitioning to accommodate the 10 bytes of ECC parity data

8.4.3.2 Supported commands

Due to the addition of ECC error correction, certain changes to the NAND protocol are
required in some instances. Also, certain commands and/or command sequences cannot
be supported. Table 134 lists all supported, unsupported, and supported-with-restrictions
commands. Subsequent sections describe the restrictions for each restricted command.
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Table 134. NAND flash commands

Command Name

Serial Data Input

Random Serial Data Input
Read Mode (1)

Read Mode (2)

Read Mode (3)

Read Start

Read Start With Data Cache
Read Start Page Copy
Read Start With Data Cache Last Page
Reset

Auto Program (true)

Auto Program (dummy)
Auto Program (cache)

Auto Block Erase

Status Read (1)

Status Read (2)

ID Read (1)

ID Read (2)

First cycle
0x80
0x85
0x00
0x01
0x50
0x30
0x31
0x35
Ox3F
OxFF
0x10
0x11
0x15
0x60
0x70
0x71
0x90
0x91

Second cycle Supported

Restriction
No
Restriction
No
Restriction
Yes

Yes

No

Yes

Yes
Restriction
Restriction
Restriction
Yes

Yes

Yes

Yes

Yes

Command usage is restricted during NAND busy periods and also during controller busy
periods. Table 135 shows these restrictions.

Table 135. NAND flash commands

Command Name

Serial Data Input

Random Serial Data Input
Read Mode (1)

Read Mode (2)

Read Mode (3)

Read Start

Read Start With Data Cache
Read Start Page Copy
Read Start With Data Cache Last Page
Reset

Auto Program (true)

Auto Program (dummy)
Auto Program (cache)

Auto Block Erase

Status Read (1)

Status Read (2)

ID Read (1)

ID Read (2)

NAND Busy Access

No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
Yes
Yes
No
No

Controller busy Access

No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
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Serial data input command

Operation with this command is subject to the following restrictions:

1. Address A0-A7 (A0-A11 for large block devices) must be 0x00.

2. 50h + 80h command sequence (partial page serial input) not allowed.
3. CPU transfers exactly 518 bytes/page.

4. Controller transfers exactly 10 bytes/page.

Read mode (1)
Operation with this command is subject the following restrictions:

1. Address A0-A7 (A0-A11 for large block devices) must be 0x00.
2. CPU transfers exactly 518/528 bytes/page.

Read mode (3)
Operation with this command is subject to the following restrictions:

1. Address A0-A7 (A0-A11 for large block devices) must be 00h.
2. CPU reads overhead data from controller’s serial Data Buffer.

This command can be used by the CPU when only the overhead data in the NAND page
is required. Since the entire page data is required to perform the R/S ECC processing, the
controller will translate the command to a Read Mode (1) (00h) command before sending
to the NAND flash and therefore the time required to perform a page read and transfer the
entire 528 bytes to the controller will be incurred.

The controller will read 528 bytes into the controller’s serial Data Buffer and automatically
set the Buffer pointer to the Overhead region. The CPU can then read the overhead data
directly from the controller’s serial Data Buffer. The CPU can also read the 518-byte user
data from the serial Data Buffer (the Reset User Buffer Pointer register must first be
written).

Note that due to the fact that the entire 528 bytes must be read by the controller, using this
command may not be prudent from a timing perspective. The only advantage to using the
Read Mode(3) command over the Read Mode (1) command is that the CPU need not
read all 518 bytes. This transfer is instead performed by the controller at a possibly higher
transfer rate. However, for CPUs with high speed access to the controller, it may be
prudent to read all 518 bytes using the Read Mode (1) command if there is a possibility
that the extra data may become useful at a later date.

Auto program commands

These commands are supported only if they are used following the Serial Data Input
(0x80) command sequence.

Status Read commands

Operation with the Status Read (1) (70h) and Status Read (2) (71h) commands is subject
to the following restriction(s):

1) CPU must not use these commands unless the controller’s controller Ready bit of the
controller’s Status register is set.
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8.4.3.2.6 Software configurable block write protection

The software configurable block protection provides a mechanism for preventing Auto
Program (0x10, 0x11, 0x15) and Erase Start (0xDO) commands from being forwarded
from the controller to the NAND flash under certain conditions when requested by the
CPU. The intent of this feature is to allow write protection of a software configurable
section of the NAND flash. This feature is enabled by the CPU software. The software
configurable block write protection address range is programmable by the CPU software.
A lockout mechanism is provided to prevent rogue tasks from unintentionally modifying
the software block protection configuration.

If the software block protection feature is enabled, the Auto Program (0x10, 0x11, 0x15)
commands are blocked when any of the following conditions are true:

1. If the address (A9-A24) of the previous Serial Data Input (0x80) lies within the
software block write protection address range.

2. If the previous command was not a Serial Data Input (0x80) command.

3. If the previous Serial Data Input (0x80) command was not followed by a complete
address sequence.

For any of these conditions, a Reset (OxFF) command, if forwarded in lieu of the Auto
Program command, will reset the NAND flash and effectively abort the operation.

If the software block protection feature is enabled, the Erase Start (0xD0O) command is
blocked when any of the following conditions are true:

1. If the address (A9-A24) of the previous Auto Block Erase (0x60) command lies within
the software block write protection address range.

2. If the previous command was not a Auto Block Erase (0x60) command.

3. If the previous Auto Block Erase (0x60) command was not followed by a complete
address sequence.

For any of these conditions, a Reset (OxFF) command, if forwarded in lieu of the Start
Erase command, will reset the NAND flash and effectively abort the operation.

It is the CPU software’s responsibility to detect and manage the Block Write Protection
fault events. The CPU controller provides interrupt and status capabilities that allow the
CPU software to be notified when a Block Write Protection fault occurs.

8.5 Register description

Table 136 shows the registers associated with the MLC NAND Flash controller and a
summary of their functions. Following the table are details for each register.

Table 136. MLC NAND flash registers

Address

0x200A 8000
0x200B 0000
0x200B 8004
0x200B 8000
0x200B 8008

UM10326

Name Description Reset value Access
MLC_BUFF MLC NAND Data Buffer. - R/W
MLC_DATA Start of MLC data buffer - R/W
MLC_ADDR MLC NAND Flash Address Register. 0x0 WO
MLC_CMD MLC NAND Flash Command Register. 0x0 WO
MLC_ECC_ENC_REG MLC NAND ECC Encode Register. 0x0 WO
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Address

0x200B 800C
0x200B 8010
0x200B 8014
0x200B 8018
0x200B 801C
0x200B 8020
0x200B 8024

0x200B 8028

0x200B 802C

0x200B 8030
0x200B 8034
0x200B 8038
0x200B 803C
0x200B 8044
0x200B 8048
0x200B 804C

Name Description Reset value Access
MLC_ECC_DEC_REG MLC NAND ECC Decode Register. 0x0 WO
MLC_ECC_AUTO_ENC_REG MLC NAND ECC Auto Encode Register. 0x0 WO
MLC_ECC_AUTO_DEC_REG MLC NAND ECC Auto Decode Register. 0x0 WO
MLC_RPR MLC NAND Read Parity Register. 0x0 WO
MLC_WPR MLC NAND Write Parity Register. 0x0 WO
MLC_RUBP MLC NAND Reset User Buffer Pointer Register. 0x0 WO
MLC_ROBP MLC NAND Reset Overhead Buffer Pointer 0x0 WO
Register.
MLC_SW_WP_ADD_LOW MLC NAND Software Write Protection Address 0x0 WO
Low Register.
MLC_SW_WP_ADD_HIG MLC NAND Software Write Protection Address 0x0 WO
High Register.
MLC_ICR MLC NAND controller Configuration Register. 0x0 WO
MLC_TIME_REG MLC NAND Timing Register. 0x37 WO
MLC_IRQ_MR MLC NAND Interrupt Mask Register. 0x0 WO
MLC_IRQ_SR MLC NAND Interrupt Status Register. 0x0 RO
MLC_LOCK_PR MLC NAND Lock Protection Register. 0x0 \We}
MLC_ISR MLC NAND Status Register. 0x0 RO
MLC_CEH MLC NAND Chip-Enable Host Control Register. 0x0 WO

UM10326

8.5.1 MLC NAND flash Command register (MLC_CMD, RW - 0x200B 8000)

The Command register is an 8-bit write only register used to send commands to the
NAND flash (CLE asserted). The software must write all commands to this register.
Commands written to the register will be written to the NAND flash with the following

exceptions:

1. Read Mode (3) 0x50 (substituted with Read Mode (1) 0x00)
2. Commands blocked by the Software write protection features (if enabled).

3. Commands written while the controller is not ready (except the Reset (OxFF)
command which resets the controller).

Note that the normal NAND protocol rules regarding busy access apply when writing

commands to this register. The software should access the controller’s Status register to
determine if commands can be sent to the NAND flash. Commands should not be sent if
either the controller Ready or NAND Ready bits of the controller’s Status register are not
set. The exception is the Reset (OxFF) command which forces both the NAND flash and
the controller to abort the current operation. Commands written to this register are
forwarded to the NAND flash by the controller. These commands may cause unexpected
operation and/or loss of data if the NAND flash is not ready.

Table 137. MLC NAND Flash Command Register (MLC_CMD, RW - 0x200B 8000)
Bits Description
7:0 Command Code 0x0

Reset value
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MLC NAND flash Address register (MLC_ADDR, WO - 0x200B 8004)

The address register is used to send address data to the NAND flash (ALE asserted).
Data written to this register will be written to the NAND flash with the following exceptions:

1. Data written while controller is not ready is discarded.

Addresses written to this register are forwarded to the NAND flash by the controller. This
may cause unexpected operation and/or loss of data if the NAND flash is not ready.

Table 138. MLC NAND Flash Address Register (MLC_ADDR, WO - 0x200B 8004)
Bits Description Reset value
7:0 Address 0x0

MLC NAND ECC Encode Register (MLC_ECC_ENC_REG, WO -
0x200B 8008)

Writing to this register starts a data encode cycle. Any data written to the NAND data
address space or the controller’s serial Data Buffer space thereafter is encoded by the
R/S ECC encoder. Writing to this register will terminate any ongoing encode or decode
cycle in order to begin the new encode cycle. Note that it is the CPU’s responsibility to
ensure that this register is written to prior to sending any page data if error
detection/correction is desired. Writing to this register clears the following flags in the
controller’s Status register:

1. ECC Ready.

2. Errors Detected.

3. Decoder Failure.
Table 139. MLC NAND ECC Encode Register (MLC_ECC_ENC_REG, WO - 0x200B 8008)

Bits Description Reset value

7:0 Writing to this register starts a data encode cycle. 0x0

MLC NAND ECC Decode Register (MLC_ECC_DEC_REG, WO -
0x200B 800C)

Writing any data to this register starts a data decode cycle. Any data read from the NAND
data address space thereafter is decoded by the R/S ECC decoder. Writing to this register
will terminate any ongoing encode or decode cycle in order to begin the new decode
cycle. Note that it is the CPU’s responsibility to ensure that this register is written to prior
to reading any page data if error detection/correction for that page is desired. Writing to
this register clears the following flags in the controller’s Status register:

1. ECC Ready.

2. Errors Detected.

3. Decoder Failure.
Table 140. MLC NAND ECC Decode Register (MLC_ECC_DEC_REG, WO - 0x200B 800C)

Bits Description Reset value

7:0 Writing to this register starts a data decode cycle. 0x0
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8.5.5 MLC NAND ECC Auto Encode Register (MLC_ECC_AUTO_ENC_REG,

WO - 0x200B 8010)

Writing this register starts an automatic encode cycle. The controller automatically sends
528 bytes to the NAND flash after performing the R/S ECC encoding to the data in the
controller’s serial Data Buffer. The CPU must first write the Encode register and then write
518 bytes of data to the controller’s serial Data Buffer. If the CPU requires the controller to
automatically send the Auto-Program command to the NAND flash after sending the parity
data, then the CPU should write the desired Auto-Program command (0x10, 0x11, 0x15)
to this register. This operation is validated with bit 8 of the register. The controller sends
the Auto-program command to the NAND flash after sending the parity data. The
controller will then wait for the NAND flash’s Ready/nBusy signal (indicating that the
NAND flash has completed the Auto-program operation) before indicating the controller
Ready status and interrupt update. Note that the CPU must allow the controller to
complete the cycle. The CPU should read the controller’s Status register to determine the
completion of the cycle (or use the interrupt feature of the controller). Any commands
and/or data sent to the NAND flash during this time are discarded by the controller (except
the Reset (OxFF) command). Writing to this register will terminate any ongoing encode or
decode cycle in order to begin the new encode cycle. Writing the Reset (OxFF) command
to the Command register will terminate the ongoing cycle.

The intended operation using this register without the automatic Auto-program command
is as follows:

Write Serial Input command (80h) to Command register.

Write page address data to Address register.

Write Start Encode register.

Write 518 bytes to serial Data Buffer.

Write Auto Encode register with Bit 8=0.

Read Status register.

N o g~ w D

Wait for controller Ready status bit set.
8. Write Auto-program command.
The intended operation using this register with the automatic Auto-program command is
as follows:
Write Serial Input command (0x80) to Command register.
Write page address data to Address register.
Write Start Encode register.
Write 518 bytes to serial Data Buffer.
Write Auto Encode register with Auto-Program command, Bit 8=1.
Read Status register.1

N o o D

Wait controller Ready status bit set.

Note that the Reset (OxFF) command may be written to the command register at any time
during the above sequence to reset both the controller and the NAND flash.

1. The controller will generate an controller Ready interrupt (if enabled). Failure to follow the above sequences may result in
unexpected behavior and/or loss of data.

UM10326
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Table 141. MLC NAND ECC Auto Encode Register (MLC_ECC_AUTO_ENC_REG, WO -
0x200B 8010)

Bits Description Reset value
3119 Reserved. 0x0
8 0: Auto-program command disabled. 0

1: Auto-program command enabled.
7:0 Auto-program command. 0x0

MLC NAND ECC Auto Decode Register (MLC_ECC_AUTO_DEC_REG,
WO - 0x200B 8014)

Writing this register starts an automatic decode cycle. The controller automatically reads
528 bytes from the NAND flash and performs the R/S ECC decoding. The CPU can then
retrieve the data from the controller’s serial Data Buffer after reading the error status and
severity from the controller’s Status register. The Data Buffer pointer is automatically set
to the overhead region if the last command was Read Mode(3) (0x50), otherwise the
pointer is set to the user region of the serial Data Buffer. The Reset User Buffer Pointer
and Reset Overhead Buffer Pointer registers can be used to re-position the Buffer pointer
to the desired region. Note that the CPU must allow the controller to complete the cycle.
The CPU should read the controller’s Status register to determine the completion of the
cycle (or use the interrupt feature of the controller). Any commands and/or data sent to the
NAND flash during this time are discarded by the controller (except the Reset (OxFF)
command). Writing to this register will terminate any ongoing encode or decode cycle in
order to begin the new decode cycle. Writing the Reset (OxFF) command to the Command
register will terminate the ongoing cycle. Note that it is the CPU'’s responsibility to perform
the necessary NAND read operation. The intended operation using this register is as
follows:

CPU sends Read Mode(1)/Read Mode(3) command to NAND flash.
CPU sends appropriate address data for the desired page.

CPU writes to Auto Decode register.

CPU reads Status register until the controller Ready flag is set.2

CPU reads Status register to determine error status/severity.3

S T o

CPU reads page data from the controller’'s Data Buffer.
Failure to follow this sequence may result in unexpected behavior and/or loss of data.

Note that the Reset (OxFF) command may be written to the command register at any time
during the above sequence to reset both the controller and the NAND flash.

Table 142. MLC NAND ECC Auto Decode Register (MLC_ECC_AUTO_DEC_REG, WO -
0x200B 8014)

Bits Description Reset value

7:0 Writing any data to this register starts an automatic decode cycle. 0x0

2. The controller will generate an controller Ready interrupt (if enabled).
3. The controller will generate an Error Detected or Decoder Failure interrupt (if enabled).
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MLC NAND Read Parity Register (MLC_RPR, WO - 0x200B 8018)

Writing any data to this register forces the controller to read 10 bytes from the NAND flash
device. This data is the parity data used by the R/S ECC decoder. This feature is useful if
the CPU has no use for this data and can therefore allow the controller to automatically
read it with no CPU intervention. This feature is intended to be used after the CPU has
started a decode cycle and read all user data (518 bytes) from the NAND device.
Accessing this register will then force the controller to read the parity data (10-bytes)
required to complete the ECC decode cycle. Note that the use of this register is optional.
The CPU itself can read the parity data directly. Note that the CPU must allow the
controller to complete the read sequence. The CPU should read the controller’s Status
register to determine the completion of the sequence (or use the interrupt feature of the
controller). Any commands and/or data sent to the NAND during this time are discarded
by the controller.

Table 143. MLC NAND Read Parity Register (MLC_RPR, WO - 0x200B 8018)
Bits Description Reset value

7:0 Writing any data to this register force the controller to read 10 byte parity 0x0
data from the NAND flash device.

MLC NAND Write Parity Register (MLC_WPR, WO - 0x200B 801C)

Writing any data to this register forces the controller to write the parity data (10 bytes) to
the NAND device. This data is the parity data calculated by the R/S ECC encoder. This
feature is intended to be used after the CPU has started an encode cycle and written all
user data (518 bytes) to the NAND flash device. Accessing this register will then force the
controller to write the parity data (10-bytes) as calculated by the R/S ECC encoder. The
CPU should read the controller’s Status register to determine the completion of the
sequence (or use the interrupt feature of the controller). Any commands and/or data sent
to the NAND during this time are discarded by the controller.

Table 144. MLC NAND Write Parity Register (MLC_WPR, WO - 0x200B 801C)
Bits Description Reset value

7:0 Writing any data to this register force the controller to write 10 byte parity 0x0
data to the NAND flash device.

MLC NAND Reset User Buffer Pointer register (MLC_RUBP, WO -
0x200B 8020)

The Reset User Buffer Pointer register is a write only register used to force the serial Data
Buffer pointer to the start of the user data region. Access to this buffer is sequential such
that if the CPU must start reading data at the beginning of this buffer, this register must be
written with any value.

Table 145. MLC NAND Reset User Buffer Pointer Register (MLC_RUBP, WO - 0x200B 8020)

Bits Description Reset value

7:0 Writing any data to this register force the serial Data Buffer pointer to the 0x0
start of the user data region.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

User manual

Rev. 3 — 22 July 2011 173 of 721



NXP Semiconductors UM10326

UM10326

8.5.10

8.5.11

8.5.12

8.5.13

Chapter 8: LPC32x0 Multi-level NAND flash controller

MLC NAND Reset Overhead Buffer Pointer register (MLC_ROBP, WO -
0x200B 8024)

The Reset User Buffer pointer register is a write only register used to force the serial Data
Buffer pointer to the start of the overhead data region. Access to this buffer is sequential
such that if the CPU must start reading overhead data, this register must be written with
any value.

Table 146. MLC NAND Reset Overhead Buffer Pointer Register (MLC_ROBP, WO - 0x200B

8024)
Bits Description Reset value
0 Writing any data to this register force the serial Data Buffer pointer to THE 0x0

start of the overhead data region.

MLC NAND Software Write Protection Address Low register
(MLC_SW_WP_ADD_LOW, WO - 0x200B 8028)

The Software Write Protection address registers are 24-bit write only registers. They are
used to store the address range used for the software write protect feature. The address
low register contains the lower bound for the write protected area. The address high
register contains the upper bound for the write protected area. These registers are
compared with address bytes 2,3,4 (2,3 for three byte address devices) that follow the
Serial Data input (0x80) and Auto Block Erase command (0x60). Note: On large page
devices these registers are compared with address bytes 3,4,5 (3, 4 for four byte address
devices). If this address falls within the address range specified by the registers then the
Reset (OxFF) command is sent to the NAND device in lieu of the Auto Program (0x10,
0x11, 0x15) or the Auto Block Erase Second Cycle (0xDO0) sent by the host. This will
effectively abort the operation.

Note that in order to modify these registers, the Lock Protect register must first be written
with the appropriate value.

Table 147. MLC NAND Software Write Protection Address Low Register
(MLC_SW_WP_ADD_LOW, WO - 0x200B 8028)

Bits Description Reset value

23:0  The lower bound for the write protected area. 0x0

MLC NAND Software Write Protection Address High register
(MLC_SW_WP_ADD_HIG, WO - 0x200B 802C)

Table 148. MLC NAND Software Write Protection Address High Register
(MLC_SW_WP_ADD_HIG, WO - 0x200B 802C)

Bits Description Reset value

23:0  The upper bound for the write protected area. 0x0

MLC NAND Controller Configuration register (MLC_ICR, WO - 0x200B
8030)

This register is used to configure the controller as shown below. Note that in order to
modify this register, the Lock Protect register must first be written with the appropriate
value.
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Table 149. MLC NAND Controller Configuration Register (MLC_ICR, WO - 0x200B 8030)

Bits Description Reset value
314 Reserved 0x0
3 0: Software Write protection disabled. 0
1: Software Write protection enabled.
2 0: small block flash device (512 +16 byte pages). 0

1: large block flash device (2k + 64 byte pages).

1 0: NAND flash address word count 3 for small page device,4 0
for large page device.

1: NAND flash address word count 4 for small page device, 5
for large page device.

0 0: NAND flash 1/O bus with 8-bit. 0
1: NAND flash I/O bus with 16-bit (Not supported).

8.5.14 MLC NAND Timing Register (MLC_TIME_REG, WO - 0x200B 8034)

These values should be configured to match the NAND device timing requirements. The
values represent multiples of HCLK. Note that in order to modify this register, the Lock
Protect register must first be written with the appropriate value.

Table 150. MLC NAND Timing Register MLC_TIME_REG, (WO - 0x200B 8034)

Bits Bitfield Name Description Reset
value

31:26 - Reserved 0x0

25:24 TCEA_DELAY TCEA_DELAY (nCE low to dout valid, tCEA). 0x0

The parameter should be configured as follows:
((TCEA_DELAY)/HCLK) >= (tCEA - tREA),

where tCEA is the Chip Enable Low to Output Valid
parameter of the NAND device, and tREA is the Read
Enable Low to Output Valid parameter of the NAND device.

23:19 BUSY_DELAY BUSY_DELAY (Read/Write high to busy, tWB/tRB). 0x0
The parameter should be configured as follows:
((BUSY_DELAY)/HCLK) >= max(tWB, tRB),
where tWB is the Write Enable High to Ready/Busy Low
parameter of the NAND device, and tRB is the Read Enable
High to Ready/Busy Low parameter of the NAND device.

18:16 NAND_TA NAND_TA (Read high to high impedance, tRHZ). 0x0
The parameter should be configured as follows:
((RD_HIGH - RD_LOW)/HCLK) + (NAND_TA/HCLK) >=
tRHZ,
where tRHZ is the Read Enable High to Output Hi-Z
parameter of the NAND device.

12:15 RD_HIGH RD_HIGH (Read high hold time, tREH) 0x0
The parameter should be configured as follows:
((RD_HIGH - RD_LOW)/HCLK) >=tREH and (RD_LOW +
1)/HCLK) + ((RD_HIGH - RD_LOW)/HCLK) >= tRC,
where tREH is the Read Enable High to Read Enable Low
parameter of the NAND device, and tRC is the Read Enable
Low to Read Enable Low parameter of the NAND device.
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Table 150. MLC NAND Timing Register MLC_TIME_REG, (WO - 0x200B 8034)

Bits

11:8

7:4

3.0

Bitfield Name Description Reset
value
RD_LOW RD_LOW (Read pulse width, tRP) 0x0

the parameter should be configured as follows:

((RD_LOW + 1)/HCLK) >=tRP and ((RD_LOW + 1)/HCLK)
>=tREA + tSU Where tRP is the Read Enable Low to Read
Enable High parameter of the NAND device, tREA is the
Read Enable Low to Output Valid parameter of the NAND
device, and tSU is the Interface’s setup time requirement for
the NAND_IO bus.

WR_HIGH WR_HIGH (Write high hold time, tWH) 0x0

The parameter should be configured as follows:
((WR_HIGH - WR_LOW)/HCLK) >=tWH and
((WR_LOW+1)/HCLK) + (WR_HIGH - WR_LOW)/HCLK) >=
tWC,

Where tWH is the Write Enable High to Write Enable Low
parameter of the NAND device, and tWC is the Write Enable
Low to Write Enable Low parameter of the NAND device.

WR_LOW WR_LOW (Write pulse width, tWP) 0x7
the parameter should be configured as follows:
((WR_LOW+1)/HCLK) >= tWP
Where tWP is the Write Enable Low to Write Enable High
parameter of the NAND device.

8.5.15 MLC NAND Interrupt Mask Register (MLC_IRQ_MR, WO - 0x200B

8038)

Setting each bit in this register enables the corresponding interrupt. At reset, all interrupts
are masked. Each mask bit is logically ANDed with the corresponding interrupt and the
results from all the interrupts are logically ORed to create the controller’s interrupt signal.

Table 151. MLC NAND Interrupt Mask Register (MLC_IRQ_MR, WO - 0x200B 8038)

Bits
7:6
5

UM10326

Description Reset value
Reserved. 0x0
NAND Ready (0: Disabled, 1: Enabled) 0

This interrupt occurs when the NAND flash’'s Ready/nBusy signal
transitions from the Busy state to the Ready state. This interrupt is
delayed by the NAND flash’s tWB/tRB parameters.

Controller Ready (0: Disabled, 1: Enabled) 0

This interrupt indicates that the controller has completed one of the
following actions: 1) Parity read complete 2) Parity write complete 3) Auto
decode complete 4) Auto encode complete

Decode failure (0: Disabled, 1: Enabled) 0

This interrupt indicates that the R/S ECC decoder has detected errors
present in the last decode cycle that cannot be properly corrected (this
indicates that the severity of the error exceeds the correction capability of
the decoder).
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Table 151. MLC NAND Interrupt Mask Register (MLC_IRQ_MR, WO - 0x200B 8038)

Bits Description Reset value
2 Decode error detected (0: Disabled, 1: Enabled) 0

This interrupt indicates that the R/S ECC decoder has detected (and
possibly corrected) errors present in the last decode cycle. The CPU
should read the controller’s Status register to determine the severity of the
error. The CPU should also discard the data and read the corrected data
from the controller’s serial Data Buffer.

1 ECC Encode/Decode ready (0: Disabled, 1: Enabled) 0

This interrupt indicates that the ECC Encoder or Decoder has completed
the encoding or decoding process. For an encode cycle this interrupt
occurs after the following actions: 1) Host begins encoding cycle by
accessing the ECC Encode register, 2) Host writes 518 bytes of NAND
data, and 3) R/S ECC encoding completes.

For a decode cycle this interrupt occurs after the following actions: 1) Host
begins decoding cycle by accessing the ECC Decode register, 2) Host
reads 518/528 bytes of NAND data, and 3) R/S ECC decoding completes.

0 Software write protection fault (0: Disabled, 1: Enabled) 0

This interrupt indicates that the last NAND write operation was aborted
due to a write protection fault. This interrupt can occur after the Erase
Start (0x60) command or any Auto Program (0x10, Ox11, 0x15) command
is written to the NAND after the previous address data following the Serial
Input (0x80) or Auto Erase (0x60) commands falls within the software
protection address range and software write protection is enabled.

8.5.16 MLC NAND Interrupt Status Register (MLC_IRQ_SR, RO - 0x200 803C)

The interrupt status register is used for polling interrupt source information. A set bit
indicates that the corresponding interrupt has occurred. The entire register contents are
cleared once the register is read such that there is no need to clear this register to reset
the interrupts. Note that this registers reflects the interrupts regardless of the Interrupt
Mask register. Each interrupt bit is logically ANDed with the corresponding interrupt mask
bit and the results from all the interrupts are logically ORed to create the controller’s
interrupt signal.

Table 152. MLC NAND Interrupt Status Register (MLC_IRQ_SR, RO - 0x200B 803C)

Bits Description Reset value
7:6 Reserved. 0x0
5 NAND Ready (0: Inactive, 1: Active) 0

This interrupt occurs when the NAND flash’'s Ready/nBusy signal
transitions from the Busy state to the Ready state. This interrupt is
delayed by the NAND flash’s tWB/tRB parameters.

4 controller Ready (0: Inactive, 1: Active) 0

This interrupt indicates that the controller has completed one of the
following actions: 1) Parity read complete 2) Parity write complete 3) Auto
decode complete 4) Auto encode complete

3 Decode failure (0: Inactive, 1: Active) 0

This interrupt indicates that the R/S ECC decoder has detected errors
present in the last decode cycle that cannot be properly corrected (this
indicates that the severity of the error exceeds the correction capability of
the decoder).
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Table 152. MLC NAND Interrupt Status Register (MLC_IRQ_SR, RO - 0x200B 803C)
Bits Description Reset value

2 Decode error detected (0: Inactive, 1: Active) 0

This interrupt indicates that the R/S ECC decoder has detected (and
possibly corrected) errors present in the last decode cycle. The CPU
should read the controller’s Status register to determine the severity of the
error. The CPU should also discard the data and read the corrected data
from the controller’s serial Data Buffer.

1 ECC Encode/Decode ready (0: Inactive, 1: Active) 0

This interrupt indicates that the ECC Encoder or Decoder has completed
the encoding or decoding process. For an encode cycle this interrupt
occurs after the following actions: 1) Host begins encoding cycle by
accessing the ECC Encode register, 2) Host writes 518 bytes of NAND
data, and 3) R/S ECC encoding completes. For a decode cycle this
interrupt occurs after the following actions: 1) Host begins decoding cycle
by accessing the ECC Decode register, 2) Host reads 518/528 bytes of
NAND data, and 3) R/S ECC decoding completes.

0 Software write protection fault (0: Inactive, 1: Active) 0

This interrupt indicates that the last NAND write operation was aborted
due to a write protection fault. This interrupt can occur after the Erase
Start (0x60) command or any Auto Program (0x10, Ox11, 0x15) command
is written to the NAND after the previous address data following the Serial
Input (0x80) or Auto Erase (0x60) commands falls within the software
protection address range and software write protection is enabled.

MLC NAND Lock Protection Register (MLC_LOCK_PR, WO - 0x200B
8044)

The Lock Protect register is used to provide a lockout feature to prevent certain registers
from being inadvertently written. Writing a value of OXA25E to this register unlocks the
access to these registers. Access becomes locked immediately after any of these
registers are accessed. The registers affected by this feature are:

1. Software Write Protection Address Low.

2. Software Write Protection Address High.

3. Controller configuration.

4. NAND Timing.

Table 153. MLC NAND Lock Protection Register (MLC_LOCK_PR, WO - 0x200B 8044)
Bits Description Reset value

15:0  Writing a value of OXA25E to this register unlocks the access to, 0x0
MLC_SW_WP_ADD_LOW, MLC_SW_WP_ADD_HIG, MLC_ICR,
MLC_WP_REG and MLC_TIME_REG. Access becomes locked
immediately after any of these registers are accessed.

MLC NAND Status Register (MLC_ISR, RO - 0x200B 8048)

The Status register indicates the status of the last R/S ECC encode/decode cycle as well
as the status of the Ready/nBusy NAND flash signal.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

User manual

Rev. 3 — 22 July 2011 178 of 721



NXP Semiconductors

UM10326

UM10326

8.5.19

Chapter 8: LPC32x0 Multi-level NAND flash controller

Table 154. MLC NAND Status Register (MLC_ISR, RO - 0x200B 8048)

Bits
7
6

5:4

Description
Reserved
Decoder Failure

This flag indicates that the last R/S Decoding cycle was unsuccessful at
correcting errors present in the data. This indicates that the number of
errors in the data exceeds the decoder’s correction ability (more than 4
symbols). The host should inspect this flag prior to validating the data
read during the last decoding cycle.

Number of R/S symbols errors

This 2-bit field indicates the number of symbol errors detected by the last
R/S decoding cycle. Note that this field is only valid when both the
following conditions are met: 1) Errors Detected flag is set and 2) Decoder
Failure flag is clear.

00: One symbol-error detected.
01: Two symbol-error detected.
10: Three symbol-error detected.
11: Four symbol-error detected.
ERRORS DETECTED

This flag indicates that the last R/S Decode cycle has detected errors in
the page data. This flag does not indicate error severity but merely
indicates that errors have been detected.

ECC READY

This flag indicates the R/S ECC encoding/decoding process has been
completed The Host must check this flag prior to using data read during a
decode cycle. The CPU can also check the status of an encode cycle
prior to accessing the Write Parity register (this in not necessary since the
controller ensures that the R/S encoding has completed before writing
any data)

Controller READY

This flag indicates that the controller has completed any of the following:
1) Read parity cycle 2), Write parity cycle, 3) Auto Encode cycle and 4)
Auto Decode cycle. The flag is cleared when any of the above operations
are started. The flag must be checked by the CPU prior to attempting an
access to the corresponding NAND flash device. Failure to perform the
check may result in unexpected operation and/or data loss.

NAND READY

This flag reflects the status of the NAND flash’s Ready/nBusy signal. Note
that the CPU need not consider the NAND flash’s tWB, tRB timing
parameters. The controller delays the update of the NAND ready flag
when data, address, or commands are sent to the NAND flash. This
ensures that the NAND ready flag remains clear until the tWB, tRB time
has passed and the true status of the NAND flash’'s Ready/nBusy signal
can be reported.

Reset value
0x0
0

MLC NAND Chip-Enable Host Control register (MLC_CEH, WO -
0x200B 804C)
This register allows the CPU to force the NAND flash’s Chip-Enable control signal (nCE)

to remain asserted. This type of operation allows the use of NAND flash devices that
require nCE to remain asserted throughout transfers (devices that do not support “CE
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don’t care” operation). When this type of operation is required, the CPU must first write to
this register to assert nCE prior to performing any transfers (including controller initiated
transfers). The CPU can then perform the required transfers. For power consumption
reasons, the host should then allow nCE to be de-asserted when the required transfers
are complete. To allow nCE to be de-asserted, the host must again write to this register.
Note that nCE may not be de-asserted immediately, but instead, nCE operation will revert
back to normal operation, ensuring that nCE is de-asserted by the controller.

Table 155. MLC NAND Chip-Enable Host Control Register (MLC_CEH, WO - 0x200B 804C)

Bits Description Reset value
31:1 Reserved 0x0
0 0: Force nCE assert 0x0

1: Normal nCE operation (nCE controlled by controller)

MLC NAND Data register (MLC_DATA, R/W - starting at address
0x200B 0000)

NAND flash devices use the CLE and ALE hardware signals to allow three types of
access: command write; address write; and data read/write.

To perform a command write access, command data must be written to the MLC_CMD
register. The MLC interface forwards the command to the NAND device by driving it on
the NAND I/O bus while asserting the CLE signal.

To perform an Address write access, address data must be written to the MLC_ADDR
register. The MLC interface forwards the address to the NAND device by driving it on the
NAND 1/O bus while asserting the ALE signal.

In order to accomplish data read or write to a NAND Flash device, accessed must be done
sequentially by reads from or writes to any address within the Data address space. The
address space supports 8, 16, and 32-bit read accesses. All three widths of access are
supported when using 8-bit wide NAND devices. The interface splits transfers of greater
width than the NAND device. This allows data to be moved more efficiently across 32-bit
buses.

Note that caution must be used when mixing different word length accesses due to the
nature of the sequential access. In order to read 518 bytes (all user data), 32-bit word
length access is not suitable for the entire process. The recommended method is to read
516 bytes using 32-bit accesses and the remaining 2 bytes using 8-bit or 16-bit accesses.

The address range of the data area allows data to be burst read from or written to memory
because the lower address bits have no effect on the access. It is not necessary to
prevent the address from incrementing.

Table 156. MLC NAND Data Register (MLC_DATA, R/W - starting at address 0x200B 0000)
Bits Description Reset value
31:0 NAND Flash data access -
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MLC NAND Buffer register (MLC_BUFF, R/W - starting at address
0x200A 8000)

The serial Data Buffer is used by the R/S ECC Encoder/Decoder to store page data. This
buffer is 528-bytes in length and can only be accessed in a sequential manner. A buffer
pointer is used to access the two main regions of the buffer. These regions are referred to
as User and Overhead regions. The User region contains 512 bytes of user data. The
Overhead region contains 6 bytes of user data and 10 bytes of parity data. To read/write
data from/to the data buffer, the Data Buffer pointer should first be set to the desired
region using the Reset User Buffer Pointer and Reset Overhead Buffer Pointer registers
(some operations automatically update the pointer). Data can then be sequentially read
from or written to that region.

The Data Buffer is accessed sequentially by reads from or writes to any address within the
Buffer address space. The address space supports 8, 16, and 32-bit read accesses. All
three widths of access are supported when using 8-bit wide NAND devices. The interface
splits transfers of greater width than the NAND device. This allows data to be moved more
efficiently across 32-bit buses.

Note that caution must be used when mixing different word length accesses due to the
nature of the sequential access. In order to read 518 bytes (all user data), 32-bit word
length access is not suitable for the entire process. The recommended method is to read
516 bytes using 32-bit accesses and the remaining 2 bytes using 8-bit or 16-bit accesses.

The address range of the data buffer area allows data to be burst read from, or written to
memory because the lower address bits have no effect on the access. It is not necessary
to prevent the address from incrementing.

Table 157. MLC NAND Buffer Register (MLC_BUFF, R/W - starting at address 0x200A 8000)
Bits Description Reset value
31:0 NAND Flash data buffer -

8.6 MLC NAND controller usage

UM10326

8.6.1

This section shows examples of the command sequences and the controller interactions
necessary to perform the typical NAND page read and write operations.

Small block page read operation

The typical NAND page read operation involves the following steps performed by the
CPU:

1. Write page read command.

2. Write page address data.

3. Wait until NAND device indicates ready.
4. Read page data.

This sequence must be modified as described in the following sections
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8.6.1.1 Read Mode (1)

To perform a page read operation using the Read Mode (1) (00h) command, the CPU can
choose two methods. The first is referred to as Normal Decode and the second as
Automatic Decode. The difference in these methods is that in the Normal Decode
operation the data is transferred directly from the NAND to the CPU as requested by the
CPU. This data, however, may contain errors. The CPU must therefore check the
controller before making use of the data (by reading the controller’s Status register). If the
controller indicates that the data contains errors as determined by the R/S ECC
processing, the CPU must discard the data and retrieve the error free data from the

controller’s serial Data Buffer.

In the Auto Decode operation, the CPU forces the controller to read the NAND data into its
Data Buffer first. The CPU then reads the error free data from the controller’s serial Data
Buffer. If the error occurrence is expected to be low, then the Normal Decode operation

can yield higher performance.

Normal decode

Write address data to Address register.
Read controller’s Status register.

Wait until NAND Ready status bit set.
Write Start Decode register.

Read 518 NAND data bytes.

Write Read Parity register.

Read Status register.4

Wait until ECC Ready status bit set.

. Check error detection/correction status.®

© N o g wDh R

[N
o

11. If error was detected, read 518/528 bytes from serial Data Buffer.

Write Read Mode (1) command (0x00) to Command register.

Step 7 may be omitted if 528 bytes are read in step 6 rather than 518 bytes.

Auto decode

Write address data to Address register.
Write Start Auto Decode register.

Read Status Register.®

Wait until controller Ready status bit set.
Check error detection/correction status.’

N o o~ w b

N o ok

The controller will generate an ECC Ready interrupt (if enabled).

The controller will generate an Error Detected or Decoder Failure interrupt (if enabled).
The controller will generate an controller Ready interrupt (if enabled).

The controller will generate an Error Detected or Decoder Failure interrupt (if enabled).
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Read Mode (3)

To perform a page read operation using the Read Mode (3) command, the CPU must
perform the following steps:

Write Read Mode (3) command (0x50) to Command register.

Write address data to Address register.

Write Start Auto Decode Register.

Read Status register.8

Wait until controller Ready status bit set.

Check error detection/correction status.?

N o o D

Read 6/16 bytes from the serial Data Buffer.

Note that the CPU writes a Read Mode (3) command but the controller automatically
substitutes this command with a Read Mode (0) command. This is necessary because the
entire page data is necessary for the R/S ECC processing.

Large block page read operation
The typical NAND page read operation involves the following steps performed by the
CPU:

1. Write page read command.

2. Write page address data.

3. Wait until NAND device indicates ready.

4. Read page data.

This sequence must be modified as described in the following sections.

Read Mode (1)

To perform a page read operation of a large block flash device using the Read Mode (1)
(0x00) command, the CPU follows a procedure similar to that of the small block flash
device. The difference is that the CPU must perform four decode cycles to read the entire
page data.

8. The controller will generate an controller Ready interrupt (if enabled).
9. The controller will generate an Error Detected or Decoder Failure interrupt (if enabled).

UM10326
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Normal decode

Write Read Mode (1) command (0x00) to Command register.
Write Read Start command (0x30) to Command register.
Write address data to Address register.

Read controller’s Status register.

Wait until NAND Ready status bit set.

Write Start Decode register.

Read 518 NAND data bytes.

Write Read Parity register.

© ® N o gk~ wDdPE

Read Status register.10
. Wait until ECC Ready status bit set.
. Check error detection/correction status.!

el =
N P O

. If error was detected, read 518/528 bytes from serial Data Buffer.

[EEN
w

. Repeat steps 6 to 12 for 2nd quarter page.

[y
N

. Repeat steps 6 to 12 for 3rd quarter page.
15. Repeat steps 6 to 12 for 4th quarter page.

Step 7 may be omitted if 528 bytes are read in step 6 rather than 518 bytes.
Auto decode

Write Read Mode (1) command (0x00) to Command register.
Write Read Start command (0x30h) to Command register.
Write address data to Address register.

Write Start Auto Decode register.

Read Status Register.12

Wait for controller Ready status bit set.

Check error detection/correction status.13

Read 518/528 bytes from the serial Data Buffer.

Repeat 4-8 for 2nd quarter page.

© ©® N o g wDh PR

[N
o

. Repeat 4-8 for 3rd quarter page.
11. Repeat 4-8 for 4th quarter page.

8.6.2.2 Read Mode (3)

To perform a page read operation using the Read Mode (3) command, the CPU must
perform the following steps:

1. Write Read Mode (3) command (0x50) to Command register.
2. Write address data to Address register.

10.
11.
12.
13.

The controller will generate an ECC Ready interrupt (if enabled).

The controller will generate an Error Detected or Decoder Failure interrupt (if enabled).
The controller will generate an controller Ready interrupt (if enabled).

The controller will generate an Error Detected or Decoder Failure interrupt (if enabled)
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Write Start Auto Decode Register.

Read Status register.14

Wait controller Ready status bit set.

Check error detection/correction status.15
Read 6/16 bytes from the serial Data Buffer.
Repeat 3 to 7 for 2nd quarter of overhead data.

© ® N o ok~ w

Repeat 3 to 7 for 3rd quarter of overhead data.
10. Repeat 3 to 7 for 4th quarter of overhead data.
Note that the CPU writes a Read Mode (3) command but the controller automatically

substitutes this command with a Read Mode (0) command. This is necessary because the
entire page data is necessary for the R/S ECC processing.

8.6.3 Small block page write operation
The typical NAND page write operation involves the following steps performed by the
CPU:

Write serial input command.

Write page address data.

Write page data.

Ll A

Write Auto Program command.

Normal encode

The sequence must be modified follows:

Write Serial Input command (0x80) to Command register.
Write page address data to Address register.

Write Start Encode register.

Write 518 bytes of NAND data.

Write MLC NAND Write Parity register.

Read Status register.16

Wait controller Ready status bit set.

© N o g ks w DR

Write Auto Program command to Command register.

Auto encode

The sequence must be modified follows:

1. Write Serial Input command (0x80) to Command register.
2. Write page address data to Address register.

3. Write Start Encode register.

4. Write 518 bytes to serial Data Buffer.

14. The controller will generate an controller Ready interrupt (if enabled).
15. The controller will generate an Error Detected or Decoder Failure interrupt (if enabled).
16. The controller will generate an controller Ready interrupt (if enabled).
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Write Auto Encode register with Bit 8 = 0.

Read Status register.1”

Wait controller Ready status bit set.

Write Auto Program command to Command register.

Alternately, if the CPU requires the controller to automatically send the Auto-Program
command to the NAND flash after sending the parity data the sequence must be modified
follows:

N o o koD

Write Serial Input command (0x80) to Command register.

Write page address data to Address register.

Write Start Encode register.

Write 518 bytes to serial Data Buffer.

Write Auto Encode register with Auto-Program command, Bit 8 = 1.
Read Status register.1?

Wait controller Ready status bit set.

8.6.4 Large block page write operation

The typical NAND page write operation involves the following steps performed by the
CPU:

e A

Write serial input command.
Write page address data.
Write page data.

Write Auto Program command.

Normal encode

The sequence must be modified follows:

e
= O

© ©® N o g DR

Write Serial Input command (0x80) to Command register.
Write page address data to Address register.

Write Start Encode register.

Write 518 bytes of NAND data.

Write MLC NAND Write Parity register.

Read Status register.18

Wait controller Ready status bit set.

Repeat 3 to 7 for 2nd quarter page.

Repeat 3 to 7 for 3rd quarter page.

. 10) Repeat 3 to 7 for 4th quarter page.

. Write Auto Program command to Command register.

17. The controller will generate an controller Ready interrupt (if enabled).
18. The controller will generate an controller Ready interrupt (if enabled).
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Auto encode

The sequence must be modified follows:

=
o

© ® N o g DN E

Write Serial Input command (0x80) to Command register.
Write page address data to Address register.

Write Start Encode register.

Write 518 bytes to serial Data Buffer.

Write Auto Encode register with Bit 8 = 0.

Read Status register.19

Wait controller Ready status bit set.

Repeat 3 to 7 for 2nd quarter page

Repeat 3 to 7 for 3rd quarter page

. Repeat 3 to 7 for 4th quarter page
11.

Write Auto Program command to Command register.

Alternately, if the CPU requires the controller to automatically send the Auto-Program
command to the NAND flash after sending the parity data the sequence must be modified
follows:

T = S S
A W N P O

© ® N o gk~ wDdPRE

Write Serial Input command (0x80) to Command register.
Write page address data to Address register.

Write Start Encode register.

Write 518 bytes to serial Data Buffer (first quarter page).
Write Auto Encode register with Bit 8=0.

Read Status register.19

Wait controller Ready status bit set.

Repeat 3 to 7 for 2nd quarter page.

Repeat 3 to 7 for 3rd quarter page.

. Write Start Encode register.

. Write 518 bytes to serial Data Buffer (last quarter page).

. Write Auto Encode register with Auto-Program command, Bit 8=1.
. Read Status register.12

. Wait controller Ready status bit set.

8.6.5 Block erase operation

The typical NAND block erase operation involves the following steps performed by the
CPU:

1.
2.
3.

Write Auto Block Erase command (0x60) to Command register.
Write block address data to Address register.
Write Erase Start command (0xD0) to Command register.

19. The controller will generate an controller Ready interrupt (if enabled).
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This sequence remains unchanged. Note, however, that the controller’s Hardware and
Software Write protection features may interfere with this command sequence. These
features are accomplished by the controller by withholding the Erase Start command (DO)
written by the CPU under certain conditions. Also note that the controller withholds the
command if the CPU attempts to write the Erase Start command (DO) without first writing
the Auto Block Erase command and the appropriate block address data. The controller
withholds the command and substitutes it with a Reset (OxFF) command to restore the
NAND flash to a known state.

Other operations

All other operations remain identical to the standard NAND operation. Note that due to the
controller’s requirement to access the NAND device on its own, the CPU must first read
the controller’s Status register to ensure that the controller is not currently accessing the
NAND device to complete active Encode/Decode operations. Failure to perform this
operation may result in unexpected operation and/or lost data.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

User manual

Rev. 3 — 22 July 2011 188 of 721



UM10326

Chapter 9: LPC32x0 Single-level NAND flash controller
Rev. 3 — 22 July 2011 User manual

9.1 Introduction

9.2 Features

Note: The LPC32x0 has two NAND flash controllers, one for multi level NAND flash
devices and one for single-level NAND flash devices. The two NAND flash controllers use
the same pins to interface to external NAND flash devices, so only one interface may be
active at a time. The NAND flash controllers can be disabled by bits in the
FLASHCLK_CTRL register in order to save power when they are not used.

The Single Level Cell SLC NAND flash controller interfaces to single-level NAND flash
devices. An external NAND flash device (of either single-level or multi-level type) may be
used to allow the bootloader to automatically load application code into internal RAM for
execution.

* 8 bit wide NAND flashes.
* DMA page transfers.
¢ 20 byte DMA read and write FIFO, 8 byte command FIFO.

¢ Hardware support for ECC (Error Checking and Correction) on the main data area. If
an error is detected, software must correct it. Two bit error detection and one bit error
correction is supported. Error detection on the spare area must be done in software.

¢ Support for 4 and 5 address cycle NAND devices.

9.3 Pin descriptions

UM10326

931

Table 158. NAND flash controller pins

Pin name Type NAND Function

flash

signal
FLASH_CE_N output CEn Chip select, active LOW.
FLASH_WR_N output WEn Write enable, active LOW.
FLASH_RD_N output REn Read Enable, active LOW.
FLASH_ALE output ALE Address Latch Enable.
FLASH_CLE output CLE Command Latch Enable.
FLASH_RDY input RDY Active HIGH Ready signal.
FLASH_IQ[7:0] input/output D_lO I/O pins, commands, address and data.

Interrupt signals from NAND flash controllers

The interrupt from the MLC NAND flash controller is masked with NAND_INT_E and
ORed with the interrupt signal from the SLC NAND flash controller before it goes to the
interrupt controller. The connections of the interrupts of the MLC and SLC NAND flash
controllers are shown in Figure 24.
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9.3.2 DMA request signals from flash controllers

The dma_breq(0), dma_sreq(0), and dma_sreq(1) are ORed together and connected to
the DMA controller as the burst request signal from the SLC flash controller (DMA
controller peripheral number 1). To be able to use a peripheral to peripheral DMA transfer
to the SLC NAND flash controller, this burst request signal is also connected to DMA
controller peripheral number 12 when the SLC flash controller is selected.

When the MLC NAND flash controller is selected, the burst request signal from the MLC
flash controller is connected to DMA controller peripheral number 12.

The connections of the DMA signals of the MLC and SLC NAND flash controllers are
shown in Figure 24.

1
VDDCORE | VDDIO18
1
1
(from P10 block) N FLASH_WPN
sd
AHB FLASH_RDY L FLASH_RDY
< —
FLASH_CEN { o~ _ | FLASH CEN
dma_clr | I’Y/ !
—b— 1
sLC FLASHCLK_CTRL(2) FLASH_ALE 1 N FLASH_ALE
____dma_breq(0) 0: MLC selected ! 1/9/ >
< 1: SLC selected |
< SLC Breq| | dma_sreq(0) FLASH_CLE LI FLASH_CLE | NAND
| dma_sreq(1) — 1 i ls™ FLASH
— FLASH_WEN LI FLASH_WR_N |
FLASH__—1,_ INT D o | 5
INT B > FLASH_REN LS FLASH RD N
s2
\I\ AHB P 0 '
1
‘ ’ 1
NAND_INT_E FLASH_IO_IN[7:0] !
MLC |« SH IO N0l FLASH_IO[7:0]
N FLASH_IO_OUT[7:0] |
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|
1
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!
1
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NAND_BREQ |
1
NAND_CLR | DMA REQ |
NAND_RnB_REQ_E Generation i
ld 1
NAND_INT_REQ_E _ |
1
1
1

Fig 24. NAND flash connections

9.4 SLC NAND flash controller description

A block diagram of the SLC NAND flash controller is shown in Figure 25.
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Fig 25. Block diagram of the SLC NAND flash controller

9.5 DMA interface

9.5.1

9511

UM10326

The following DMA signals are used on the SLC NAND flash controller. Only one request
signal can be active at a time. The request signal remains asserted until the DMA
controller asserts the DMACLR signal.

DMASREQ
Single word DMA request.

DMABREQ

Burst DMA request. The DMABREQ signal is used in the data transfer phase. When
reading, it is asserted if the data FIFO has 4 words or more to transfer. When writing, it is
asserted if there are less than 4 words in the data FIFO.

Note: the SLC controller produces the signals dma_breq(0), dma_sreq(0), and
dma_sreq(1), which are ORed together and connected to the DMA controller as the burst
request signal from the SLC flash controller (as peripheral number 1). To be able to use a
peripheral to peripheral DMA transfer to the SLC NAND flash controller, this burst request
signal is also connected to DMA controller peripheral number 12 when the SLC flash
controller is enabled. Refer to the DMA Controller chapter for details of DMA operation.
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9.5.1.2 DMACLR

DMA request clear input. The DMA controller asserts this signal during the transfer of the
last word in a burst transfer.

9.5.2 Data FIFO

There is only one Data FIFO. The Data FIFO is configured either in Read or in Write
mode.

1. When the Data FIFO is configured in Read mode, the sequencer reads data from the
NAND flash, and stores the data in the Data FIFO. The FIFO is then emptied by 32-bit
reads on the AHB bus from either the ARM or the DMA.

2. When the Data FIFO is configured in Write mode, the ARM or the DMA writes data to
the FIFO with 32-bit AHB bus writes. The sequencer then takes data out of the FIFO
8 bits at a time, and writes data to the NAND flash.

9.6 Register description

Table 159. Si

Table 159 shows the registers associated with the single-level NAND flash controller and
a summary of their functions. Following the table are details for each register.

ngle-level NAND flash controller registers

Address

0x2002 0000
0x2002 0004
0x2002 0008
0x2002 000C
0x2002 0010
0x2002 0014
0x2002 0018
0x2002 001C
0x2002 0020
0x2002 0024
0x2002 0028
0x2002 002C

0x2002 0030
0x2002 0034
0x2002 0038

UM10326

Name Description Reset value Access
SLC_DATA SLC NAND flash Data Register - R/W
SLC_ADDR SLC NAND flash Address Register - W
SLC_CMD SLC NAND flash Command Register - W
SLC_STOP SLC NAND flash STOP Register - w
SLC_CTRL SLC NAND flash Control Register 0x00 R/W
SLC_CFG SLC NAND flash Configuration Register 0x00 R/W
SLC_STAT SLC NAND flash Status Register 00X binary R
SLC_INT_STAT SLC NAND flash Interrupt Status Register 0x00 R
SLC_IEN SLC NAND flash Interrupt enable register 0x00 R/W
SLC_ISR SLC NAND flash Interrupt set register 0x00 w
SLC_ICR SLC NAND flash Interrupt clear register 0x00 w
SLC_TAC SLC NAND flash Read Timing Arcs Configuration ~ 0x00 R/W
Register

SLC_TC SLC NAND flash Transfer Count Register 0x00 R/W
SLC_ECC SLC NAND flash Parity bits 0x00 R
SLC_DMA_DATA SLC NAND flash DMA DATA - R/W

9.6.1 SLC NAND flash Data register (SLC_DATA - 0x2002 0000)

SLC_DATA is a 16-bit wide register providing direct access to the NAND flash. The
function of bits in SLC_DATA are shown in Table 160. Write data is buffered before being
transferred to flash memory. SLC_DATA must be accessed as a word register, although
only 8 bits of data are used during a write or provided during a read.
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Any read of SLC_DATA are translated to read cycles to flash memory and the bus
transaction is extended until requested data are available.

Table 160. SLC NAND flash Data register (SLC_DATA - 0x2002 0000)
Bits Description Reset value

15:8 Reserved, user software should not write ones to reserved bits. The value -
read from a reserved bit is not defined.

7:0 NAND flash read or write data. -

SLC NAND flash Address register (SLC_ADDR - 0x2002 0004)

SLC_ADDR is an 8-bit wide register providing direct access to the NAND flash address
register. The function of bits in SLC_ADDR are shown in Table 161. The ALE output is
driven after a write to SLC_ADDR, and the register content is sent to the NAND flash data
lines D_OUT[7:0]. Multiple writes to SLC_ADDR may be used to increase the total width
of the transmitted address. Writes to SLC_ADDR are stored in an internal FIFO that is
also used for writes to SLC_CMD and SLC_STOP. This FIFO allows internal operations to
continue while external NAND flash operations are completed.

Table 161. SLC NAND flash Address Register (SLC_ADDR - 0x2002 0004)
Bits Description Reset value
7:0 NAND flash read or write address. -

SLC NAND flash Command register (SLC_CMD - 0x2002 0008)

SLC_CMD is an 8 bit wide register providing direct access to the NAND flash command
register. The CLE output is driven after a write to SLC_CMD and the register content is
sent to the NAND flash data lines. Writes to SLC_CMD are stored in an internal FIFO that
is also used for writes to SLC_ADDR and SLC_STOP. This FIFO allows internal
operations to continue while external NAND flash operations are completed.

Table 162. SLC NAND flash Command register (SLC_CMD - 0x2002 0008)
Bits Description Reset value

7:0 NAND flash command. -

SLC NAND flash STOP register (SLC_STOP - 0x2002 000C)

A write to the SLC_STOP register causes the flash controller to suspend all
command/address sequences. The function of bits in SLC_STOP are shown in Table 163.
The stop command is cleared at the end of a DMA access when the Transfer Count TC =
0. Writes to SLC_STOP are stored in an internal FIFO that is also used for writes to
SLC_ADDR and SLC_CMD. This FIFO allows internal operations to continue while
external NAND flash operations are completed.

Table 163. SLC NAND flash STOP register (SLC_STOP - 0x2002 000C)
Bits Description Reset value

7:0 A write to this register causes the SLC flash controller to suspend all -
command/address sequences.
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9.6.5 SLC NAND flash Control register (SLC_CTRL - 0x2002 0010)

The SLC_CTRL register provides basic controls for the NAND flash controller. These
include resetting the interface, clearing ECC generation, and starting the DMA function.

9.6.6

The function of bits in SLC_CTRL are shown in Table 164.

Table 164. SLC NAND flash Control register (SLC_CTRL - 0x2002 0010)

Bits Description

31:3 Reserved, user software should not write ones to reserved bits. The value
read from a reserved bit is not defined.

2 SW_RESET
Writing 1 to this bit causes a reset of the SLC NAND flash controller
1 ECC_CLEAR

Writing 1 to this bit clears ECC parity bits and reset the counter for ECC
accumulation

0 DMA_START
Writing 1 starts DMA data channel

Reset value
0

SLC NAND flash Configuration register (SLC_CFG - 0x2002 0014)
The SLC_CFG register selects certain configuration options for the SLC NAND flash

interface. The function of bits in SLC_CFG are shown in Table 165.

Table 165. SLC NAND flash Configuration register (SLC_CFG - 0x2002 0014)

Bits Description

31:6 Reserved, user software should not write ones to reserved bits. The value
read from a reserved bit is not defined.

5 CE_LOW

Writing 1 forces CEn always low, otherwise CEn is low only when SLC is
accessed

4 DMA_ECC
0: DMA ECC channel disabled
1: DMA ECC channel enabled
3 ECC_EN
0: ECC disabled
1:ECC enabled
2 DMA_BURST
0: burst disabled, use dmasreq0 signal only
1: burst enabled, data channel use DMA_BREQ signal
1 DMA_DIR
0 : DMA write to SLC
1: DMA read from SLC
0 WIDTH: external device width select
0: 8-bit device
1: not used

Reset value
0
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9.6.7 SLC NAND flash Status register (SLC_STAT - 0x2002 0018)

The read-only SLC_STAT register indicates the status of the FIFOs and external flash
device. The function of bits in SLC_STAT are shown in Table 166.

Table 166. SLC NAND flash Status register (SLC_STAT - 0x2002 0018)
Bits Description Reset value

31:3 Reserved, user software should not write ones to reserved bits. The value 0
read from a reserved bit is not defined.

2 DMA_ACTIVE: DMA_FIFO status 0
0: no data in the DMA_FIFO
1: the DMA_FIFO contains data
1 SLC_ACTIVE: SLC_FIFO status 0
0: no data in the SLC_FIFO
1: the SLC_FIFO contains data
0 READY: NAND flash device ready signal Un-defined
0: device busy
1: device ready

9.6.8 SLC NAND flash Interrupt Status register (SLC_INT_STAT - 0x2002
001C)

The read-only SLC_INT_STAT register reflects the interrupt flags provided by the SLC
NAND flash Interface. The function of bits in SLC_INT_STAT are shown in Table 167.

Table 167. SLC NAND flash Interrupt Status register (SLC_INT_STAT - 0x2002 001C)
Bits Description Reset value

31:2 Reserved, user software should not write ones to reserved bits. The value 0
read from a reserved bit is not defined.

1 INT_TC_STAT: Terminal Count interrupt status 0
0: Interrupt is not pending (after masking by SLC_IEN)
1: Interrupt is pending (after masking by SLC_IEN)

0 INT_RDY_STAT: Device ready interrupt status 0
0: Interrupt is not pending (after masking by SLC_IEN)
1: Interrupt is pending (after masking by SLC_IEN)

9.6.9 SLC NAND flash Interrupt Enable register (SLC_IEN - 0x2002 0020)

The write-only SLC_IEN register contains the interrupt enable flags for the SLC NAND
flash Interface. The function of bits in SLC_IEN are shown in Table 168.
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Bits Description Reset value

31:2 Reserved, user software should not write ones to reserved bits. -
1 INT_TC_EN -
0: disable TC interrupt
1: enable interrupt when TC has reached 0
0 INT_RDY_EN -
0: disable RDY interrupt
1: enable interrupt when RDY asserted

SLC NAND flash Interrupt Set Register (SLC_ISR - 0x2002 0024)

The write-only SLC_ISR register allows software to set the NAND flash interrupt flags.

The function of bits in SLC_ISR are shown in Table 169.

Table 169. SLC NAND flash Interrupt Set Register (SLC_ISR - 0x2002 0024)

Bits

Description Reset value

31:2 Reserved, user software should not write ones to reserved bits. -
1 INT_TC_SET -
0: writing 0 has no effect
1: writing 1 sets the TC interrupt
0 INT_RDY_SET -

0: writing 0 has no effect
1: writing 1 sets the RDY interrupt

SLC NAND flash Interrupt Clear Register (SLC_ICR - 0x2002 0028)

The write-only SLC_ICR register allows software to clear the NAND flash interrupt flags.
The function of bits in SLC_ICR are shown in Table 170.

Table 170. SLC NAND flash Interrupt Clear Register (SLC_ICR - 0x2002 0028)

Bits Description Reset value
31:2 Reserved, user software should not write ones to reserved bits. -
1 INT_TC_CLR -
0: writing 0 has no effect
1: writing 1 clears TC interrupt
0 INT_RDY_CLR -

0: writing 0 has no effect
1: writing 1 clears RDY interrupt

SLC NAND flash Timing Arcs configuration register (SLC_TAC -
0x2002 002C)

The SLC_TAC register gives control of NAND flash bus timing. The function of bits in
SLC_TAC are shown in Table 171.
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Table 171. SLC NAND flash Timing Arcs configuration Register (SLC_TAC - 0x2002 002C)
Bits Description Reset value
31:28 W_RDY[3:0] 0

The time before the signal RDY is tested in terms of 2 * clock cycles. After

these 2*W_RDY[2:0] clocks, RDY is sampled by the interface. If RDY =0,

the bus sequencer stops. RDY is sampled on each clock until it equals 1,
then the bus sequencer continues.

27:24 W_WIDTH[3:0] 0
Write pulse width in clock cycles. Programmable from 1 to 16 clocks.
23:20 W_HOLDI[3:0] 0

Write hold time of ALE, CLE, CEn, and Data in clock cycles.
Programmable from 1 to 16 clocks.

19:16 W_SETUP[3:0] 0
Write setup time of ALE, CLE, CEn, and Data in clock cycles.
Programmable from 1 to 16 clocks.

15:12 R_RDY[3:0] 0

Time before the signal RDY is tested in terms of 2 * clock cycles. After
these 2*R_RDY[2:0] cycles, RDY is sampled by the interface. If RDY =0,
the bus sequencer stops. RDY is sampled on each clock until it equals 1,
then the bus sequencer continues.

11:8 R_WIDTHI[3:0] 0
Read pulse in clock cycles. Programmable from 1 to 16 clocks.
7:4 R_HOLD[3:0] 0

Read hold time of ALE, CLE, and CEn in clock cycles. Programmable
from 1 to 16 clocks.

3:0 R_SETUP[3:0] 0

Read setup time of ALE, CLE, and CEn in clock cycles. Programmable
from 1 to 16 clocks.

SLC NAND flash Transfer Count register (SLC_TC - 0x2002 0030)

The SLC_TC register indicates the number of DMA transfers remaining before DMA

completion. SLC_TC is decremented at the completion of each DMA transfer, and must
be re-initialized prior to any subsequent DMA transfer. The value written to the SLC_TC
register must be a multiple of 4. The function of bits in SLC_TC are shown in Table 172.

Table 172. SLC NAND flash Transfer Count Register (SLC_TC - 0x2002 0030)
Bits Description Reset value
150 T_C 0

Number of remaining bytes to be transferred to or from NAND flash
memory during DMA.

SLC NAND flash Error Correction Code register (SLC_ECC - 0x2002
0034)

The read-only SLC_ECC register contains parity information that is calculated for NAND
flash data. See the ECC section of this chapter for details. The function of bits in
SLC_ECC are shown in Table 173.
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Table 173. SLC NAND flash Error Correction Code Register (SLC_ECC - 0x2002 0034)

Bits Description Reset value
31:22 Reserved, user software should not write ones to reserved bits. 0
21:6  LP[15:0] - Line parity 0
5:0 CP[5:0] - Column parity 0

Note: ECC is computed on data blocks of 256-byte size, and they are calculated on data
read from (or written to) the NAND flash memory when the DMA is enabled in burst mode.
If support of larger pages is needed, multiple ECC generation must be done. ECC is
automatically reset before the each packet, so parity bits would have to be saved
immediately for later error detection and correction by software. This can be supported
without CPU intervention by using DMA controller scatter/gather mode through linked list.
In this mode, read access to SLC_ECC will be under control of DMA.

SLC NAND flash DMA Data Register (SLC_DMA_DATA - 0x2002 0038)

The SLC_DMA_DATA register is intended to be accessed by DMA only. All reads and
writes to this register are 32 bits wide, each containing 4 data bytes. The lower 8 bits is the
first byte transferred, etc. If needed, the endianess of the data can be altered by the DMA
controller. The function of bits in SLC_DMA_DATA are shown in Table 174.

Table 174. SLC NAND flash DMA Data Register (SLC_DMA_DATA - 0x2002 0038)

Bits Description Reset value
31:24 Last byte transferred, corresponds to upper address. -

23:16 Third byte transferred. -

15:8  Second byte transferred. -

7:0 First byte transferred, corresponds to lower address. -

SLC_DMA _DATA is buffered in a 5 word FIFO with trigger level on 4 word. The 5th word
allows the SLC flash controller to continue reading the flash without a break after each
4 bytes.

9.7 SLC NAND flash read/write sequences

UM10326

9.7.1

Scatter/gather-linked lists in the DMA are used to initialize the type of transfer and to
transfer the data and the ECC.

Access to NAND flash blocks larger than 256 bytes requires additional software handling
of ECC information. In the following discussion, the term ECCML1 refers to an ECC value
calculated by hardware on the first of two 256 byte data blocks, ECCM2 refers to an ECC
value calculated by hardware on the second of two 256 byte data blocks, and ECCS
refers to an ECC value calculated by software on the spare area.

Sequence to read a 528 byte page with scatter/gather DMA from SLC
NAND flash

1. Set up the SLC NAND flash controller from the CPU (SLC_CFG = Ox1E, SLC_IEN =
0x1, SLC_TAC = s clock rate dependent). This is only needed for setting up the SLC
NAND flash controller after reset.
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2. Configure the DMA controller and channel setting from the CPU, it should use the
scatter gather mode with a linked list.

3. Send a page Read command from the CPU by writing to SLC_CMD (SLC_CMD =
0x00). The SLC_CMD register is buffered, so the AHB bus does not wait on this write.

4. Send the read address command from the CPU by writing to SLC_ADDR (four
address writes) (SLC_ADDR = Column_add, SLC_ADDR = Row_Addr_1,
SLC_ADDR = Row_Addr_2, SLC_ADDR = Row_Addr_3). The SLC_ADDR register is
buffered. The AHB will cause the CPU to wait if the buffer fills up.

5. Write the transfer count to SLC_TC from the CPU to trigger the read (SLC_TC =
0x210).

6. The SLC NAND flash controller samples RDY to wait for the NAND flash to be ready
before reading successive data and requesting the DMA controller to transfer data
and the calculated ECC to memory.

7. When the page read is done, the DMA controller sends an interrupt to the CPU.
8. The CPU computes the ECCS from the spare area data.

9. The CPU compares ECCM1, ECCM2 and ECCS with the ECC values read from
spare area.

9.7.1.1 DMA functions

Table 175. Functions of the Scatter/Gather DMA during a 512 byte read of NAND flash

Function

Data to transfer

Linked List
element

Request signals
used

Main area 512 byte Spare area

16 byte
Data block 1 ECCM1 Data block 2 ECCM2 Spare area data
LLI1 LLI 2 LLI 3 LLI 4 LLI5
BREQXx16 SREQ BREQXx16 SREQ BREQx1

LLI 1 transfers Data block 1 to memory.
LLI 2 transfers the ECC for Data block 1 from SLC_ECC to memory.
LLI 3 transfers Data block 2 to memory.
LLI 4 transfers the ECC for Data block 2 from SLC_ECC to memory.

LLI 5 transfers the spare area to memory, and gives an interrupt to the CPU when
finished.

9.7.2 Sequence to program a 528 byte page with scatter/gather DMA from

UM10326

SLC NAND flash

1. The CPU computes the ECCS for the spare area.
2. Set up the SLC NAND flash controller from the CPU.

3. Configure the DMA controller and channel setting from the CPU, it should use the
scatter gather mode with a linked list.

4. Send a page write command from the CPU by writing to SLC_CMD.

5. Send the write address command from the CPU writing to SLC_ADDR (four address
writes).
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6. Write the transfer count to SLC_TC from the CPU to trigger the write.
7. Write the Program Command to SLC_CMD.

8. The SLC NAND flash controller samples RDY and waits until the NAND flash is ready.
After this it asserts a request for DMA. The DMA controller will step in the linked list
and another DMA_BREQ is asserted to request a DMA read and save ECCM1. After
stepping in the linked list, the transfer will continue to Data block 2. The last request
signal in this block is DMA_BREQ, after this the DMA controller will step in the linked
list and another DMA_BREQ is asserted to request a DMA read and save ECCM2.
After this the DMA controller will step in the linked list and complete the transfer of the
spare area.

9. When the page is done, the SLC NAND flash controller sends the Program Command
to the NAND flash.

10. The SLC NAND flash controller sends an interrupt when the program sequence in the
NAND flash is completed (RDY goes high).

11. The CPU writes the Read Status Command to SLC_CMD and checks the result of the
program sequence.

9.7.2.1 DMA functions

Table 176. Functions of the Scatter/Gather DMA during a 512 byte write to NAND flash

Function Main area 512 byte Spare area 16 byte

Data to transfer Data block 1 ECCM1 Data block 2 ECCM2 ECCS Spare area data
Linked List LLI'1 LLI 2 LLI3 LLI 4 LLI5

element

Requestsignals BREQXx16 SREQ BREQXx16 SREQ BREQx1

used

LLI 1 transfers Data block 1 to the SLC NAND flash controller.

LLI 2 transfers the ECC for Data block 1 from SLC_ECC to memory.
LLI 3 transfers Data block 2 to the SLC NAND flash controller.

LLI 4 transfers the ECC for Data block 2 from SLC_ECC to memory.
LLI 5 transfers the rest of the spare area to memory.

9.8 Error checking and correction

ECC generation of the main area is done by hardware and is based on data blocks of 256
bytes. To be able to detect and correct one bit error in a data block of 256 bytes, 6 Column
Parity bits and 8 Line Parity bits are needed.

During main area writes, the ECC hardware calculates the Line Parity (LPO-LP7) and
column Parity (CPO-CP5) on the data stream between the FIFO and the flash. The ECC
for each 256 byte data block must be read back and stored in the right place in the spare
data structure to be programmed later in to the spare area.

During main area reads, new ECC Line Parity (LPO'-LP7’) and column Parity (CP0O’-CP5’)
are generated for each data block of 256 bytes and stored in memory. Software must
check these against the ECC located in the spare area for the page currently read. If an
error is detected, software must handle data correction or other response.
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ECC generation for data in the spare area is not done automatically.

The whole spare area must first be built in memory before it is programmed to the NAND
flash. Software generates the ECC for the spare area and stores the ECC in the memory
at the correct location in the spare data structure. When the Data for the spare area is
complete (including ECC for the main and spare area) in memory, data is programmed
into the NAND flash with ECC generation off.

During reads of the spare area, data is read out and software computes the ECC.

In the following discussion, the term ECCML1 refers to an ECC value calculated by
hardware on the first of two 256 byte data blocks, ECCM2 refers to an ECC value
calculated by hardware on the second of two 256 byte data blocks, and ECCS refers to an
ECC value calculated by software on the spare area.

9.8.1 How an ECC Code is generated on a 256 byte data block
Figure 26 shows an overview of the ECC generation hardware. Figure 27 gives a
graphical view of how Line and Column Parity are calculated.

Control signals
ECC Code > SHUS[HEE
D[7:0]
ECC CIRCUIT CP[00:05]
ECC FOR COLUMN
CLK PARITY
SEQUENCER ¢ S ®—»| GENERATOR
RST >
Dall
L ECC CIRCUIT LP[00215]
| J L FOR COLUMN
8BITUP | A[7:0] 0 PARITY
COUNTER :> GENERATOR

Fig 26. Block diagram of ECC generation

UM10326

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

User manual

Rev. 3 — 22 July 2011 201 of 721



NXP Semiconductors

UM10326

Chapter 9: LPC32x0 Single-level NAND flash controller

Fig 27. Graphical view of column and line parity

1% hyte b7 | bitt | hitS | bitd | hif3 bit2 bit1 bith | LPOO | LPO2 | LPO4 LP14

2" byte | bit7 | bits | bitS | bitd | bit3 bit2 bit1 bith | LPO1

39 byte | bit7 | bits | bits | bitd | bif3 bit2 bit1 bitD | LPOD | LPO3

0 byte bit¥ | bitg | bitS | bitd | bif3 bit2 bit1 bith | LPO1

LP15
2631 byte | bit? | bits | hits | bitd | bit3 bit2 bit1 bitD | LPOD | LPO2 | LPOS
264" hyte | bit? | bits | bitS | bitd | bi3 bit2 bit1 bith | LPO1
265 byte | bit7 | bits | bit5 | bitd | bi3 bit2 bit1 bith | LPOO | LPO3
256" byte | bit? | bits | hits | bitd | hit3 bit2 bit1 bith | LPO1
CPO0 | CPOT | CPOD | CPOY | CPOO | CPOY | CPOO | CPO1
CPOZ P03 P02 I3
CPO04 CP05S
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Column Parity is calculated over the entire data block as each data byte is processed.
Selected bits of each data byte are added to the previous value of each Column Parity bit.

The equations for the Column Parity bits are:

CPO0O = hit7 EXOR bit5 EXOR hbit3 EXOR bitl EXOR CP00
CPO1 = bit6 EXOR bit4 EXOR bit2 EXOR bit0 EXOR CP01
CPO02 = bit7 EXOR hit6 EXOR hit3 EXOR bit2 EXOR CP02
CPO03 = hit5 EXOR bit4 EXOR bitl EXOR bit0 EXOR CP03
CPO04 = hit7 EXOR bit6 EXOR hit5 EXOR bit4 EXOR CP04
CPO05 = bit3 EXOR bit2 EXOR bitl EXOR bit0 EXOR CP05

Line parity is calculated over the entire data block as each data byte is processed. If the
sum of the bits in one byte is 0, the line parity does not change when it is recalculated. The

sum of the bits in 1 byte of data is:

Dall = bit7 EXOR bit6 EXOR bit5 EXOR bit4 EXOR bit3 EXOR bit2 EXOR bitl EXOR bit0

Sixteen line parity bits (LP15-LP00) are computed from 256 bytes of data. An 8 bit counter
counts data bytes, bits of this counter are used as a mask for Line Parity bits. The counter
increments by 1 for each new byte of data. Line Parity is computed by initializing all line
parity bits to zero, reading in each byte, computing the byte sum (Dall), and adding Dall to
the line parity bits when they are enabled by the appropriate counter bits.

The equations for the Line Parity bits are:

LP0O = LP0O0 EXOR (Dall AND Counter_hit0)
LPO1 = LP0O1 EXOR (Dall AND Counter_bit0)
LP02 = LP02 EXOR (Dall AND Counter_bit1)
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LP0O3 = LP0O3 EXOR (Dall AND Counter_bit1)
LPO4 = LP04 EXOR (Dall AND Counter_bit2)
LPO5 = LPO5 EXOR (Dall AND Counter_bit2)
LP06 = LP06 EXOR (Dall AND Counter_bit3)
LPO7 = LPO7 EXOR (Dall AND Counter_bit3)
LP08 = LP08 EXOR (Dall AND Counter_bit4)
LP09 = LP09 EXOR (Dall AND Counter_bit4)
LP10 = LP10 EXOR (Dall AND Counter_bit5)
LP11 = LP11 EXOR (Dall AND Counter_bit5)
LP12 = LP12 EXOR (Dall AND Counter_bit6)
LP13 = LP13 EXOR (Dall AND Counter_bit6)
LP14 = LP14 EXOR (Dall AND Counter_bit7)
LP15 = LP15 EXOR (Dall AND Counter_bit7)

9.8.1.1 How to detect errors

The combination of Column Parity and Line Parity bits allows detection of two or more
erroneous data bits and correction of a single erroneous data bit. Table 177 shows the
cases that can occur when calculated ECC data is compared to stored ECC data.
Following the table are descriptions of each case.

Table 177. Error detection cases

UM10326

LP |LP |LP [LP |LP [LP |LP |LP |[LP |LP [LP |LP [LP |LP |LP |LP |[CP |CP |CP |CP |CP |CP |Code stored in flash
15 |14 |13 |12 |11 |10 |09 |08 |07 [06 |05 [04 [03 |02 [01 [0O |05 |04 |03 |02 |01 |00
Comparison
(EXOR)
LP |LP |LP [LP |LP [LP [LP |LP [LP |LP [LP |LP [LP |LP |LP [LP |CP |CP |CP |CP [CP |CP [Code generated at
15' (14 |13 |12’ |11’ [10 |09’ |08’ |07’ |06 (05’ |04’ |03’ |02’ |01’ {00’ |05’ |04’ {03 |02’ |01’ 00" |ead
oo o 0o [O O O[O [O O[O O [O [O [0 [0 [0 |0 |]o |0 |O |0 |NoError
1o |1 (0o |2 (O |2 [0 |2 |O |21 |0 |2 |0 (2 |O (2 |O |1 [0 |O (1 |[Correctable
1o |1 (o |12 ([0 |2 [0 |2 |0 (2 |O (2 |0 (2 |O |2 |O |12 [0 |1 |1 |Uncorrectable
0O |0 (21 |O|O |O |O 0O |O O |O (0O |0 [0 |0 [0 |0 |0 |0 [0 [0 |0 |[CodeError
No error

Since there is no difference between the code stored in the flash and the one generated
after the read, it is assumed that there is no error in this case.
Correctable error

Since all parity bit pairs (CP00 and CP01),.....,(LP014 and LP15) have one error and one
match in them as the result of the comparison between the code stored in flash and the
one generated after the read, this case is considered to be a correctable error.

Uncorrectable error
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In this case, both CP00 and CPO1 are in error as the results of the comparison between
the code stored in flash and the one generated after the read. This represents a multiple
bit error, and is therefore uncorrectable.

ECC code area error

When only one bit (LP13) is erroneous (the result of the comparison between the code
stored in flash and the one generated after the read), it is assumed that the error occurred
in the ECC area and not in the data area. This is because a single erroneous data bit
should cause a difference in half of the Line Parity bits (by changing Dall, which affects
half of the Line Parity bits based on the current counter value), and half of the Column
Parity bits (based on the equations for the Column Parity bits, which each include half of
the data bits).

Finding the location of correctable errors

The error location can be found by XORing the ECC parity bits stored in the flash with
ECC bits calculated from the data read out of the flash.

The error location is assembled from XORing the following stored and computed line
parity bits:

(LP15,LP13,LP11,LP09,LPO7,LP0O5,LPO3,LPO1) - this gives the byte address.

(CP05,CP03,CP01) - this gives the bit number.

How to generate ECC on pages greater than 256 bytes

The SLC NAND flash controller is able to support single-level NAND flash with pages of
(512 +16) byte and (2 K + 64) byte. This is accomplished by splitting those pages up into
256 byte blocks, generating ECC on each block separately, and storing the result in to the
Spare areas.

Example for (512 + 16) byte pages

Table 178. ECC generation for 512 + 16 byte pages

Main area 512 byte Spare area 16 byte
first 256 byte block second 256 byte block

ECCML1 3 byte (hardware ECCM2 3 byte (hardware ECCS (generated by
generated) generated) software)

The SLC NAND flash controller has only one ECC register: The ECCM1 for the first data
block in the main area must be read out and stored in memory before the next data block
of 256 byte is transferred, and the ECCMZ2 for this block must be read out before the spare
area is transferred.

On reads, the software compares the ECCM1, ECCM2 and ECCS with the ECC from the
spare area of the page read.
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Table 179. ECC checking for 512 + 16 byte pages

ECC on from data Operation ECC from flash Result

read

ECCM1 XOR ECCMT’ If not = 0, an error has
occurred.

ECCM2 XOR ECCM2' If not = 0, an error has
occurred.

ECCS XOR ECCS’ If not = 0, an error has
occurred.
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10.1 Introduction

The LCD controller provides all of the necessary control signals to interface directly to a
variety of color and monochrome LCD panels.

Remark: The LCD controller is available on LPC3230 and LPC3250 parts only.

10.2 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 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: 320x200, 320x240,
640x200, 640x240, 640x480, 800x600, and 1024x768.

¢ Hardware cursor support for single-panel displays.

¢ 15 gray-level monochrome, 3375 color STN, and 32K color palettized TFT support.
e 1, 2, or 4 bits-per-pixel (bpp) palettized displays for monochrome STN.
e 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 128x32-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.

10.3 Programmable parameters

The following key display and controller parameters can be programmed:

* Horizontal front and back porch
* Horizontal synchronization pulse width
¢ Number of pixels per line
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* Vertical front and back porch

* \ertical synchronization pulse width

* Number of lines per panel

* Number of pixel clocks per line

* Hardware cursor control.

¢ Signal polarity, active HIGH or LOW

¢ AC panel bias

* Panel clock frequency

¢ Bits-per-pixel

¢ Display type: STN monochrome, STN color, or TFT
* STN 4 or 8-bit interface mode

¢ STN dual or single panel mode

¢ Little-endian, big-endian, or Windows CE mode

* Interrupt generation event

10.4 Hardware cursor support

The hardware cursor feature reduces software overhead associated with maintaining a
cursor image in the LCD frame bulffer.

Without this feature, software needed to:

¢ Save an image of the area under the next cursor position.
¢ Update the area with the cursor image.
* Repair the last cursor position with a previously saved image.
In addition, the LCD driver had to check whether the graphics operation had overwritten

the cursor, and correct it. With a cursor size of 64x64 and 24-bit color, each cursor move
involved reading and writing approximately 75KB of data.

The hardware cursor removes the requirement for this management by providing a
completely separate image buffer for the cursor, and superimposing the cursor image on
the LCD output stream at the current cursor (X,Y) coordinate.

To move the hardware cursor, the software driver supplies a new cursor coordinate. The
frame buffer requires no modification. This significantly reduces software overhead.

The cursor image is held in the LCD controller in an internal 256x32-bit buffer memory.

10.5 Types of LCD panels supported

The LCD controller supports the following types of LCD panel:

¢ Active matrix TFT panels with up to 24-bit bus interface.
¢ Single-panel monochrome STN panels (4-bit and 8-bit bus interface).
¢ Dual-panel monochrome STN panels (4-bit and 8-bit bus interface per panel).
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* Single-panel color STN panels, 8-bit bus interface.
* Dual-panel color STN panels, 8-bit bus interface per panel.

10.6 TFT panels

TFT panels support one or more of the following color modes:

* 1 bpp, palettized, 2 colors selected from available colors.

* 2 bpp, palettized, 4 colors selected from available colors.

* 4 bpp, palettized, 16 colors selected from available colors.
* 8 bpp, palettized, 256 colors selected from available colors.
* 12 bpp, direct 4:4:4 RGB.

* 16 bpp, direct 5:5:5 RGB, with 1 bpp not normally used. This pixel is still output, and
can be used as a brightness bit to connect to the Least Significant Bit (LSB) of RGB
components of a 6:6:6 TFT panel.

* 16 bpp, direct 5:6:5 RGB.

¢ 24 bpp, direct 8:8:8 RGB, providing over 16 million colors.
Each 16-bit palette entry is composed of 5 bpp (RGB), plus a common intensity bit. This
provides better memory utilization and performance compared with a full 6 bpp structure.

The total number of colors supported can be doubled from 32K to 64K if the intensity bit is
used and applied to all three color components simultaneously.

Alternatively, the 16 signals can be used to drive a 5:6:5 panel with the extra bit only
applied to the green channel.

10.7 Color STN panels

Color STN panels support one or more of the following color modes:

* 1 bpp, palettized, 2 colors selected from 3375.

* 2 bpp, palettized, 4 colors selected from 3375.

* 4 bpp, palettized, 16 colors selected from 3375.

* 8 bpp, palettized, 256 colors selected from 3375.

* 16 bpp, direct 4:4:4 RGB, with 4 bpp not being used.

10.8 Monochrome STN panels

Monochrome STN panels support one or more of the following modes:

* 1 bpp, palettized, 2 gray scales selected from 15.
* 2 bpp, palettized, 4 gray scales selected from 15.
* 4 bpp, palettized, 16 gray scales selected from 15.

More than 4 bpp for monochrome panels can be programmed, but using these modes has
no benefit because the maximum number of gray scales supported on the display is 15.
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10.9 Pin descriptions

UM10326

10.9.1

109.11

10.9.1.2

The largest configuration for the LCD controller uses 31 pins. There are many variants
using as few as 10 pins for a monochrome STN panel. Pins are allocated in groups based
on the selected configuration. All LCD functions are shared with other chip functions. In
Table 180, only the LCD related portion of the pin name is shown.

Remark: To enable the LCD controller, see Table 198 and Table 203.

Table 180. LCD controller pins

Pin name Type Function

LCDPWR output LCD panel power enable.

LCDDCLK output LCD panel clock.

LCDENA/LCDM  output STN AC bias drive or TFT data enable output.

LCDFP output Frame pulse (STN). Vertical synchronization pulse (TFT)

LCDLE output Line end signal

LCDLP output Line synchronization pulse (STN). Horizontal synchronization pulse
(TFT)

LCDVD[23:0] output LCD panel data. Bits used depend on the panel configuration.

LCDCLKIN input  Optional clock input.

Signal usage

The signals that are used for various display types are identified in the following sections.
To configure the pin groupings see Table 198.

Signals used for single panel STN displays

The signals used for single panel STN displays are shown in Table 181. UD refers to
upper panel data.

Table 181. Pins used for single panel STN displays

Pin name 4-bit Monochrome 8-bit Monochrome Color
(10 pins) (14 pins) (14 pins)
LCDPWR Y Y Y
LCDDCLK Y Y Y
LCDENAB/ LCDM Y Y Y
LCDFP Y Y Y
LCDLE Y Y Y
LCDLP Y Y Y
LCDVD[3:0] UDI3:0] UDI[3:0] UD[3:0]
LCDVD[7:4] - UD[7:4] UD[7:4]
LCDVD[23:8] - - -

Signals used for dual panel STN displays

The signals used for dual panel STN displays are shown in Table 182. UD refers to upper
panel data, and LD refers to lower panel data.
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Pin name 4-bit Monochrome 8-bit Monochrome Color
(14 pins) (22 pins) (22 pins)
LCDPWR Y Y Y
LCDDCLK Y Y Y
LCDENAB/ LCDM Y Y Y
LCDFP Y Y Y
LCDLE Y Y Y
LCDLP Y Y Y
LCDVD[3:0] UD[3:0] UDJ[3:0] UDJ[3:0]
LCDVD[7:4] - UD[7:4] UD[7:4]
LCDVD[11:8] LD[3:0] LD[3:0] LD[3:0]
LCDVD[15:12] - LD[7:4] LD[7:4]
LCDVD[23:16] - - -
10.9.1.3 Signals used for TFT displays

The signals used for TFT displays are shown in Table 183.
Table 183. Pins used for TFT displays
Pin name 12-bit, 4:4:4 16-bit, 5:6:5 16-bit, 1:5:5:5 24-bit

mode mode mode (30 pins)

(18 pins) (22 pins) (24 pins)
LCDPWR Y Y Y Y
LCDDCLK Y Y Y Y
LCDENAB/ LCDM Y Y Y Y
LCDFP Y Y Y Y
LCDLE Y Y Y Y
LCDLP Y Y Y Y
LCDVD[1:0] - - - RED[1:0]
LCDVD[2] - - Intensity RED[2]
LCDVD[3] - REDI0] RED[0] RED[3]
LCDVD[7:4] REDI[3:0] RED[4:1] RED[4:1] RED[7:4]
LCDVD[9:8] - - - GREEN[1:0]
LCDVD[10] - GREEN]0] Intensity GREEN][2]
LCDVD[11] - GREEN[1] GREENJ0] GREEN[3]
LCDVD[15:12] GREEN][3:0] GREEN[5:2] GREENJ[4:1] GREEN][7:4]
LCDVD[17:16] - - - BLUE[1:0]
LCDVD[18] - - Intensity BLUE[2]
LCDVD[19] - BLUEJ0] BLUE[0] BLUE[3]
LCDVD[23:20] BLUE[3:0] BLUE[4:1] BLUE[4:1] BLUE[7:4]
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10.10 LCD controller functional description

The LCD controller performs translation of pixel-coded data into the required formats and
timings to drive a variety of single or dual panel monochrome and color LCDs.

Packets of pixel coded data are fed using the AHB interface, to two independent,
programmable, 32-bit wide, DMA FIFOs that act as input data flow buffers.

The buffered pixel coded data is then unpacked using a pixel serializer.
Depending on the LCD type and mode, the unpacked data can represent:

* An actual true display gray or color value.

* An address to a 256x16 bit wide palette RAM gray or color value.
In the case of STN displays, either a value obtained from the addressed palette location,
or the true value is passed to the gray scaling generators. The hardware-coded gray scale

algorithm logic sequences the activity of the addressed pixels over a programmed number
of frames to provide the effective display appearance.

For TFT displays, either an addressed palette value or true color value is passed directly
to the output display drivers, bypassing the gray scaling algorithmic logic.

In addition to data formatting, the LCD controller provides a set of programmable display
control signals, including:

¢ LCD panel power enable.

* Pixel clock.

* Horizontal and vertical synchronization pulses.

¢ Display bias.

The LCD controller generates individual interrupts for:

¢ Upper or lower panel DMA FIFO underflow.
* Base address update signification.

* Vertical compare.

* Bus error.

There is also a single combined interrupt that is asserted when any of the individual
interrupts become active.

Figure 28 shows a simplified block diagram of the LCD controller.
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Fig 28. LCD controller block diagram

10.10.1

10.10.1.1

10.10.1.2

UM10326

AHB interfaces

The LCD controller includes two separate AHB interfaces. The first, an AHB slave
interface, is used primarily by the CPU to access control and data registers within the LCD
controller. The second, an AHB master interface, is used by the LCD controller for DMA
access to display data stored in memory elsewhere in the system.

AMBA AHB slave interface

The AHB slave interface connects the LCD controller to the AHB bus and provides CPU
accesses to the registers and palette RAM.

AMBA AHB master interface

The AHB master interface transfers display data from a selected slave (memory) to the
LCD controller DMA FIFOs. It can be configured to obtain data from on-chip SRAM,
various types of off-chip static memory, or off-chip SDRAM.

In dual panel mode, the DMA FIFOs are filled up in an alternating fashion via a single
DMA request. In single panel mode, the DMA FIFOs are filled up in a sequential fashion
from a single DMA request.
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The inherent AHB master interface state machine performs the following functions:

¢ Loads the upper panel base address into the AHB address incrementer on
recognition of a new frame.

¢ Monitors both the upper and lower DMA FIFO levels and asserts a DMA request to
request display data from memory, filling them to above the programmed watermark.
the DMA request is reasserted when there are at least four locations available in
either FIFO (dual panel mode).

* Checks for 1KB boundaries during fixed-length bursts, appropriately adjusting the
address in such occurrences.

* Generates the address sequences for fixed-length and undefined bursts.

¢ Controls the handshaking between the memory and DMA FIFOs. It inserts busy
cycles if the FIFOs have not completed their synchronization and updating sequence.

* Fills up the DMA FIFOs, in dual panel mode, in an alternating fashion from a single
DMA request.

* Asserts the a bus error interrupt if an error occurs during an active burst.

* Responds to retry commands by restarting the failed access. This introduces some
busy cycles while it re-synchronizes.

Dual DMA FIFOs and associated control logic

The pixel data accessed from memory is buffered by two DMA FIFOs that can be
independently controlled to cover single and dual-panel LCD types. Each FIFO is 16
words deep by 64 bits wide and can be cascaded to form an effective 32-Dword deep
FIFO in single panel mode.

Synchronization logic transfers the pixel data from the AHB clock domain to the LCD
controller clock domain. The water level marks in each FIFO are set such that each FIFO
requests data when at least four locations become available.

An interrupt signal is asserted if an attempt is made to read either of the two DMA FIFOs
when they are empty (an underflow condition has occurred).

Pixel serializer

This block reads the 32-bit wide LCD data from the output port of the DMA FIFO and
extracts 24, 16, 8, 4, 2, or 1 bpp data, depending on the current mode of operation. The
LCD controller supports big-endian, little-endian, and Windows CE data formats.

Depending on the mode of operation, the extracted data can be used to point to a color or
gray scale value in the palette RAM or can actually be a true color value that can be
directly applied to an LCD panel input.

Table 184 through Table 186 show the structure of the data in each DMA FIFO word
corresponding to the endianness and bpp combinations. For each of the three supported
data formats, the required data for each panel display pixel must be extracted from the
data word.
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FIFO bit 1 bpp 2 bpp 4 bpp 8 bpp 16 bpp 24 bpp
31 31
P pl15
30 p30 .
29 p29 P
pla
28 p28 3
27 p27 P
pl3
26 p26 6
25 p25 P
pl2
24 p24 1
23 p23 P
pl1
22 p22 5
21 p21 P
pl0
20 p20 )
19 p19 9 P
18 pl8 P 4
17 pl7 8 P
16 pl6 P
15 15
p 07
14 pl4 3
13 pl3 6 P
12 pl2 P
pl PO
11 pll 5
10 pl0 P )
9 p9 P
p4
8 p8
pOo
7 p7
p3
6 p6
pl
5 p5
p2
4 p4
pOo
3 p3
pl
2 p2
pOo
1 pl
pOo
0 p0
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FIFO bit 1 bpp 2 bpp 4 bpp 8 bpp 16 bpp 24 bpp
31 0
p 00
30 pl
po
29 p2 .
28 p3 P
pO
27 p4
p2
26 p5 1
25 p6 P
p3
24 p7
pO
23 p8
p4
22 p9 )
21 p10 . P
20 pll P 1
19 p12 . P
18 pl3 P 3
17 pld . P
16 p15 P
15 16
p 08
14 pl7 4
13 p18 o P
12 pl19 P
p2 pO
11 p20
pl0
10 p21 5
9 p22 P
pl1
8 p23 1
7 p24 P
pl2
6 p25
p6
5 p26
pl3
4 p27 3
3 p28 P
pl4
2 p29
p7
1 p30
pl5
0 p31
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Table 186. FIFO bits for Little-endian Byte, Big-endian Pixel order

FIFO bit
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

PN WA O N o5

o

1 bpp
p24
p25
p26
p27
p28
p29
p30
p31
pl6
pl7
pl8
pl19
p20
p21
p22
p23
p8
P9
pl0
pl1
pl2
pl3
pla
p15
pO
pl
p2
p3
p4
p5
p6
p7

2 bpp

pl2

pl3

pl4a

pl15

p8

P9

pl0

pl1

p4

p5

p6

p7

pO

pl

p2

p3

4 bpp

p6

p7

p4

p5

p2

p3

pO

pl

8 bpp 16 bpp 24 bpp
p3
pl
p2
pl po
pOo
pOo

Table 187 shows the structure of the data in each DMA FIFO word in RGB mode.
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FIFO data 24-bit RGB

31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11

=
o

O P N W » 01 O N 00 ©

pO, Blue 7
p0, Blue 6
pO, Blue 5
pO0, Blue 4
pO0, Blue 3
pO, Blue 2
pO, Blue 1
pO, Blue O
p0, Green 7
pO, Green 6
p0, Green 5
po, Green 4
p0, Green 3
pO, Green 2
p0, Green 1
p0, Green 0
pO, Red 7
pO, Red 6
p0, Red 5
pO, Red 4
pO, Red 3
pO, Red 2
p0, Red 1
pO, Red 0

16-bit (1:5:5:5 RGB) 16-bit (5:6:5 RGB) 16-bit (4:4:4 RGB)

pl intensity bit
pl, Blue 4
pl, Blue 3
pl, Blue 2
pl, Blue 1
pl, Blue 0
pl, Green 4
pl, Green 3
pl, Green 2
pl, Green 1
pl, Green O
pl, Red 4
pl, Red 3
pl, Red 2
pl,Red 1
pl, Red O
pO intensity bit
pO, Blue 4
pO, Blue 3
pO, Blue 2
pO, Blue 1
pO, Blue 0
p0, Green 4
pO, Green 3
pO, Green 2
po, Green 1
pO, Green 0
pO, Red 4
pO, Red 3
pO, Red 2
p0, Red 1
p0, Red O

pl, Blue 4
pl, Blue 3
pl, Blue 2
pl, Blue 1
pl, Blue O
pl1, Green 5
p1, Green 4
p1, Green 3
pl, Green 2
pl, Green 1
pl, Green O
pl, Red 4
pl, Red 3
pl, Red 2
pl,Red 1
pl, Red 0
pO, Blue 4
pO, Blue 3
pO, Blue 2
pO, Blue 1
pO, Blue 0
po, Green 5
pO, Green 4
pO, Green 3
pO, Green 2
pO, Green 1
pO, Green 0
pO, Red 4
p0, Red 3
pO, Red 2
p0, Red 1
p0, Red O

pl, Blue 3
pl, Blue 2
pl, Blue 1
pl, Blue 0
pl, Green 3
pl, Green 2
pl, Green 1
pl, Green O
pl, Red 3
pl, Red 2
pl, Red 1
pl, Red 0

pO, Blue 3
pO, Blue 2
pO, Blue 1
pO, Blue 0
pO, Green 3
PO, Green 2
pO, Green 1
PO, Green O
p0, Red 3
pO, Red 2
p0, Red 1
p0, Red O

10.10.4 RAM palette

The RAM-based palette is a 256 x 16 bit dual-port RAM physically structured as 128 x 32
bits. Two entries can be written into the palette from a single word write access. The Least
Significant Bit (LSB) of the serialized pixel data selects between upper and lower halves of
the palette RAM. The half that is selected depends on the byte ordering mode. In
little-endian mode, setting the LSB selects the upper half, but in big-endian mode, the
lower half of the palette is selected.
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Pixel data values can be written and verified through the AHB slave interface. For
information on the supported colors, refer to the section on the related panel type earlier in
this chapter.

The palette RAM is a dual port RAM with independent controls and addresses for each
port. Portl is used as a read/write port and is connected to the AHB slave interface. The
palette entries can be written and verified through this port. Port2 is used as a read-only
port and is connected to the unpacker and gray scaler. For color modes of less than 16
bpp, the palette enables each pixel value to be mapped to a 16-bit color:

* For TFT displays, the 16-bit value is passed directly to the pixel serializer.
* For STN displays, the 16-bit value is first converted by the gray scaler.

Table 188 shows the bit representation of the palette data. The palette 16-bit output uses
the TFT 1:5:5:5 data format. In 16 and 24 bpp TFT mode, the palette is bypassed and the
output of the pixel serializer is used as the TFT panel data.

Table 188. Palette data storage for TFT modes.

Bit(s) Name Description Name Description

(RGB format) (RGB format) (BGR format) (BGR format)
31 I Intensity / unused | Intensity / unused
30:26 B[4:0] Blue palette data R[4:0] Red palette data
25:21 G[4:0] Green palette data G[4:0] Green palette data
20:16 R[4:0] Red palette data B[4:0] Blue palette data
15 I Intensity / unused | Intensity / unused
14:10 B[4:0] Blue palette data R[4:0] Red palette data
9:5 G[4:0] Green palette data G[4:0] Green palette data
4:0 R[4:0] Red palette data B[4:0] Blue palette data

The red and blue pixel data can be swapped to support BGR data format using a control
register bit (bit 8 = BGR). See the LCD_CTRL register description for more information.
Table 189 shows the bit representation of the palette data for the STN color modes.

Table 189. Palette data storage for STN color modes.

Bit(s) Name Description Name Description

(RGB format) (RGB format) (BGR format) (BGR format)
31 - Unused - Unused
30:27 B[3:0] Blue palette data R[3:0] Red palette data
26 - Unused - Unused
25:22 G[3:0] Green palette data G[3:0] Green palette data
21 - Unused - Unused
20:17 R[3:0] Red palette data B[3:0] Blue palette data
16 - Unused - Unused
15 I Unused | Unused
14:11 B[4:1] Blue palette data R[4:1] Red palette data
10 B[0] Unused R[0] Unused
9:6 G[4:1] Green palette data G[4:1] Green palette data
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Table 189. Palette data storage for STN color modes.

Bit(s) Name Description Name Description
(RGB format) (RGB format) (BGR format) (BGR format)

5 G[0] Unused G[O] Unused

4:1 R[4:1] Red palette data B[4:1] Blue palette data

0 R[O] Unused B[O] Unused

For monochrome STN mode, only the red palette field bits [4:1] are used. However, in
STN color mode the green and blue [4:1] are also used. Only 4 bits per color are used,
because the gray scaler only supports 16 different shades per color.

Table 190 shows the bit representation of the palette data for the STN monochrome
mode.

Table 190. Palette data storage for STN monochrome mode.

Bit(s) Name Description
31 - Unused
30:27 - Unused

26 - Unused
25:22 - Unused

21 - Unused
20:17 Y[3:0] Intensity data
16 - Unused

15 - Unused
14:11 - Unused

10 - Unused

9:6 - Unused

5 - Unused

4:1 Y[3:0] Intensity data
0 - Unused

10.10.5 Hardware cursor

The hardware cursor is an integral part of the LCD controller. It uses the LCD timing
module to provide an indication of the current scan position coordinate, and intercepts the
pixel stream between the palette logic and the gray scale/output multiplexer.

All cursor programming registers are accessed through the LCD slave interface. This also
provides a read/write port to the cursor image RAM.

Remark: The cursor Image RAM is does not support burst reads on the CPU side. It does
support word reads, word writes and burst writes on the CPU side. Read access is
performed by hardware on the LCD side of the Image RAM.

10.10.5.1 Cursor operation

The hardware cursor is contained in a dual port RAM. It is programmed by software
through the AHB slave interface. The AHB slave interface also provides access to the
hardware cursor control registers. These registers enable you to modify the cursor
position and perform various other functions.
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When enabled, the hardware cursor uses the horizontal and vertical synchronization
signals, along with a pixel clock enable and various display parameters to calculate the
current scan coordinate.

When the display point is inside the bounds of the cursor image, the cursor replaces
frame buffer pixels with cursor pixels.

When the last cursor pixel is displayed, an interrupt is generated that software can use as
an indication that it is safe to modify the cursor image. This enables software controlled
animations to be performed without flickering for frame synchronized cursors.

Cursor sizes

Two cursor sizes are supported, as shown in Table 191.

Table 191. Palette data storage for STN monochrome mode.

X Pixels Y Pixels Bits per pixel Words per line Words in cursor image
32 32 2 2 64
64 64 2 4 256

Cursor movement

The following descriptions assume that both the screen and cursor origins are at the top
left of the visible screen (the first visible pixel scanned each frame). Figure 29 shows how
each pixel coordinate is assumed to be the top left corner of the pixel.

(0,0) §<— CRSR_XY(X) —»i
AR

)

1
l«——— CRSR_XY
1
|

Fig 29. Cursor movement

10.10.5.4 Cursor XY positioning

UM10326

The CRSR_XY register controls the cursor position on the cursor overlay (see Cursor XY
Position register). This provides separate fields for X and Y ordinates.
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The CRSR_CFG register (see Cursor Configuration register) provides a FrameSync bit
controlling the visible behavior of the cursor.

With FrameSync inactive, the cursor responds immediately to any change in the
programmed CRSR_XY value. Some transient smearing effects may be visible if the
cursor is moved across the LCD scan line.

With FrameSync active, the cursor only updates its position after a vertical
synchronization has occurred. This provides clean cursor movement, but the cursor
position only updates once a frame.

10.10.5.5 Cursor clipping

The CRSR_XY register (see Cursor XY Position register) is programmed with positive
binary values that enable the cursor image to be located anywhere on the visible screen
image. The cursor image is clipped automatically at the screen limits when it extends
beyond the screen image to the right or bottom (see X1,Y1 in Figure 30). The checked
pattern shows the visible portion of the cursor.

Because the CRSR_XY register values are positive integers, to emulate cursor clipping
on the left and top of screen, a Clip Position register, CRSR_CLIP, is provided. This
controls which point of the cursor image is positioned at the CRSR_CLIP coordinate. For
clipping functions on the Y axis, CRSR_XY(X) is zero, and Clip(X) is programmed to
provide the offset into the cursor image (X2 and X3). The equivalent function is provided
to clip on the X axis at the top of the display (Y2).

For cursors that are not clipped at the X=0 or Y=0 lines, program the Clip Position register
X and Y fields with zero to display the cursor correctly. See Clip(X4,Y4) for the effect of
incorrect programming.
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Fig 30. Cursor clipping

10.10.5.6 Cursor image format

The LCD frame buffer supports three packing formats, but the hardware cursor image
requirement has been simplified to support only LBBP. This is little-endian byte,
big-endian pixel for Windows CE mode.

The cursor image RAM start address is offset by 0x800 from the LCD base address, as
shown in the register description in this chapter.

The displayed cursor coordinate system is expressed in terms of (X,Y). 64 x 64 is an
extension of the 32 x 32 format shown in Figure 31.
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TOP
0, 0) (1,0) (2,0) (29,0) | (30,0) | (31,0)
0,1 | 11 2, 1) (29,1) | (30,1) | (31,1)
0, 2) 1,2) (2,2) (29,2) | (30,2) | (31,2
LEFT = = e = = E E = RIGHT
0,29) | (1,29) | (2,29) (29, 29) | (30,29) | (31, 29)
(0,30) | (1,30) | (2,30) (29, 30) | (30, 30) | (31, 30)
0,31) | (1,31) | (2,31) (29, 31) | (30,31) | (31,31)
BOT)TOM
Fig 31. Cursor image format

32 by 32 pixel format

Four cursors are held in memory, each with the same pixel format. Table 192 lists the
base addresses for the four cursors.

Table 192. Addresses for 32 x 32 cursors

Address Description

0x3104 0800 Cursor 0 start address.
0x3104 0900 Cursor 1 start address.
0x3104 0A00 Cursor 2 start address.
0x3104 0B0OO Cursor 3 start address.

Table 193 shows the buffer to pixel mapping for Cursor 0.

Table 193. Buffer to pixel mapping for 32 x 32 pixel cursor format

Offset into cursor memory

Data bits 0 4 8*y) 8*y) +4 F8 FC
31:30 (12, 0) (28, 0) (12,y) (28,y) (12, 31) (28,31)
29:28 (13, 0) (29, 0) (13,y) (29,y) (13, 31) (29, 31)
27:26 (14, 0) (30, 0) (14,y) (30,y) (14, 31) (30, 31)
25:24 (15, 0) (31, 0) (15,y) (3L, y) (15, 31) (31, 31)
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Table 193. Buffer to pixel mapping for 32 x 32 pixel cursor format

Offset into cursor memory

Data bits 0 4 8*y) B8*y) +4 F8 FC

23:22 (8,0) (24, 0) 8,y) (24,y) (8, 31) (24, 31)
21:20 (9,0 (25, 0) 9,y) (25,y) (9, 31) (25, 31)
19:18 (10, 0) (26, 0) (10, y) (26,y) (10, 31) (26, 31)
17:16 (11, 0) (27, 0) (11,y) 27,y) (11, 31) (27, 31)
15:14 4, 0) (20, 0) 4,y) (20,y) (4, 31) (20, 31)
13:12 (5,0 (21, 0) (5,y) (21,y) (5, 31) (21, 31)
11:10 (6, 0) (22, 0) 6,y) (22,y) (6, 31) (22, 31)
9:8 (7,0) (23,0) 7,y) (23,y) (7,31) (23, 31)
7:6 0,0) (16, 0) 0,y) (16,y) (0, 31) (16, 31)
5:4 1,0 (17, 0) 1,y) a7,y) (1,31) (17, 31)
3:2 (2,0) (18, 0) 2,y) (18,y) (2, 31) (18, 31)
1:0 (3,0) (19, 0) 3B,y) 19,y) (3,31) (19, 31)

64 by 64 pixel format

Only one cursor fits in the memory space in 64 x 64 mode. Table 194 shows the 64 x 64
cursor format.

Table 194. Buffer to pixel mapping for 64 x 64 pixel cursor format
Offset into cursor memory

Data bits 0 4 8 12 (16 *vy) (16*y)+4 (16*y)+8 (16*y)+12 FC

31:30 (12, 0) (28, 0) (44, 0) (60, 0) (12,y) (28,y) (44, y) (60,y) (60, 63)
29:28 (13, 0) (29, 0) (45, 0) (61, 0) (13,y) (29,y) (45,y) 61,y) (61, 63)
27:26 (14, 0) (30, 0) (46, 0) (62, 0) (14,y) (30,y) (46,y) (62,y) (62, 63)
25:24 (15, 0) (31, 0) (47, 0) (63, 0) (15,y) 3L, y) 47,y) (63,y) (63, 63)
23:22 (8,0) (24, 0) (40, 0) (56, 0) 8,y) (24,y) (40,y) (56,y) (56, 63)
21:20 (9,0 (25, 0) (41, 0) (57, 0) 9,y) (25,y) (41, y) (57,y) (57, 63)
19:18 (10, 0) (26, 0) (42, 0) (58, 0) (10, y) (26,y) (42,y) (58,y) (58, 63)
17:16 (11, 0) (27, 0) (43, 0) (59, 0) (11,y) 27, y) (43, y) (59.y) (59, 63)
15:14 4,0 (20, 0) (36, 0) (52, 0) 4,y) (20,y) (36,y) (52,y) (52, 63)
13:12 (5, 0) (21, 0) (37,0) (53, 0) (5.y) (21, y) (37, y) (53,y) (58, 63)
11:10 (6, 0) (22, 0) (38,0) (54, 0) 6,y) (22,y) (38,y) (54,y) (54, 63)
9:8 (7,0) (23, 0) (39, 0) (55, 0) (7,y) (23,y) (39,y) (55,y) (55, 63)
7:6 0,0 (16, 0) (32,0) (48, 0) ©O,y) (16, y) (32,y) (48,y) (48, 63)
5:4 (1,0) (17, 0) (33,0) (49, 0) 1,y) 17,y) (33, y) (49,y) (49, 63)
3:2 (2,0) (18, 0) (34, 0) (50, 0) 2,y) (18, y) (34,y) (50,y) (50, 63)
1:0 (3,0 (19, 0) (35,0) (51, 0) 3.y (19, y) (35,y) (51, y) (51, 63)

Cursor pixel encoding
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Each pixel of the cursor requires two bits of information. These are interpreted as Color0,
Colorl, Transparent, and Transparent inverted.

In the coding scheme, bit 1 selects between color and transparent (AND mask) and bit 0
selects variant (XOR mask).

Table 195 shows the pixel encoding bit assignments.

Table 195. Pixel encoding

Value Description
00 Color0.

The cursor color is displayed according to the Red-Green-Blue (RGB) value
programmed into the CRSR_PALDO register.

01 Colorl.
The cursor color is displayed according to the RGB value programmed into the
CRSR_PALL1 register.

10 Transparent.
The cursor pixel is transparent, so is displayed unchanged. This enables the visible
cursor to assume shapes that are not square.

11 Transparent inverted.

The cursor pixel assumes the complementary color of the frame pixel that is displayed.
This can be used to ensure that the cursor is visible regardless of the color of the
frame buffer image.

Gray scaler

A patented gray scale algorithm drives monochrome and color STN panels. This provides
15 gray scales for monochrome displays. For STN color displays, the three color
components (RGB) are gray scaled simultaneously. This results in 3375 (15x15x15)
colors being available. The gray scaler transforms each 4-bit gray value into a sequence
of activity-per-pixel over several frames, relying to some degree on the display
characteristics, to give the representation of gray scales and color.

Upper and lower panel formatters

Formatters are used in STN mode to convert the gray scaler output to a parallel format as
required by the display. For monochrome displays, this is either 4 or 8 bits wide, and for
color displays, it is 8 bits wide. Table 196 shows a color display driven with 2 2/3 pixels
worth of data in a repeating sequence.

Table 196. Color display driven with 2 2/3 pixel data

Byte CLD[7]

0 P2[Green]
1 P5[Red]
2 P7[Blue]

CLDI6] CLDI[5] CLD[4] CLD[3] CLD[2] CLDI[1] CLDI0]
P2[Red] P1[Blue] P1[Green] P1[Red] PO[Blue] PO[Green]  PO[Red]
P4q[Blue] P4[Green]  P4[Red] P3[Blue] P3[Green] P3[Red] P2[Blue]
P7[Green] P7[Red] P6[Blue] P6[Green]  P6[Red] P5[Blue] P5[Green]

UM10326
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Each formatter consists of three 3-bit (RGB) shift left registers. RGB pixel data bit values
from the gray scaler are concurrently shifted into the respective registers. When enough
data is available, a byte is constructed by multiplexing the registered data to the correct bit
position to satisfy the RGB data pattern of LCD panel. The byte is transferred to the 3-byte
FIFO, which has enough space to store eight color pixels.

Panel clock generator

The output of the panel clock generator block is the panel clock, pin LCDDCLK. The panel
clock can be based on either the peripheral clock for the LCD block or the external clock
input for the LCD, pin LCDCLKIN. Whichever source is selected can be divided down in
order to produce the internal LCD clock, LCDCLK.

The panel clock generator can be programmed to output the LCD panel clock in the range
of LCDCLK/2 to LCDCLK/1025 to match the bpp data rate of the LCD panel being used.

The CLKSEL bit in the LCD_POL register determines whether the base clock used is
HCLK or the LCDCLKIN pin.

Timing controller

The primary function of the timing controller block is to generate the horizontal and vertical
timing panel signals. It also provides the panel bias and enable signals. These timings are
all register-programmable.

STN and TFT data select

Support is provided for passive Super Twisted Nematic (STN) and active Thin Film
Transistor (TFT) LCD display types:

STN displays

STN display panels require algorithmic pixel pattern generation to provide pseudo gray
scaling on monochrome displays, or color creation on color displays.

TFT displays

TFT display panels require the digital color value of each pixel to be applied to the display
data inputs.

Interrupt generation
Four interrupts are generated by the LCD controller, and a single combined interrupt. The
four interrupts are:
* Master bus error interrupt.
* \ertical compare interrupt.
* Next base address update interrupt.
¢ FIFO underflow interrupt.
Each of the four individual maskable interrupts is enabled or disabled by changing the

mask bits in the LCD_INT_MSK register. These interrupts are also combined into a single
overall interrupt, which is asserted if any of the individual interrupts are both asserted and
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unmasked. Provision of individual outputs in addition to a combined interrupt output
enables use of either a global interrupt service routine, or modular device drivers to
handle interrupts.

The status of the individual interrupt sources can be read from the LCD_INTRAW register.

Master bus error interrupt

The master bus error interrupt is asserted when an ERROR response is received by the
master interface during a transaction with a slave. When such an error is encountered, the
master interface enters an error state and remains in this state until clearance of the error
has been signaled to it. When the respective interrupt service routine is complete, the
master bus error interrupt may be cleared by writing a 1 to the BERIC bit in the
LCD_INTCLR register. This action releases the master interface from its ERROR state to
the start of FRAME state, and enables fresh frame of data display to be initiated.

Vertical compare interrupt
The vertical compare interrupt asserts when one of four vertical display regions, selected
using the LCD_CTRL register, is reached. The interrupt can be made to occur at the start
of:

¢ Vertical synchronization.

¢ Back porch.

¢ Active video.

* Front porch.
The interrupt may be cleared by writing a 1 to the VcompIC bit in the LCD_INTCLR
register.
Next base address update interrupt

The LCD next base address update interrupt asserts when either the LCDUPBASE or
LCDLPBASE values have been transferred to the LCDUPCURR or LCDLPCURR
incrementers respectively. This signals to the system that it is safe to update the
LCDUPBASE or the LCDLPBASE registers with new frame base addresses if required.

The interrupt can be cleared by writing a 1 to the LNBUIC bit in the LCD_INTCLR register

FIFO underflow interrupt

The FIFO underflow interrupt asserts when internal data is requested from an empty DMA
FIFO. Internally, upper and lower panel DMA FIFO underflow interrupt signals are
generated.

The interrupt can be cleared by writing a 1 to the FUFIC bit in the LCD_INTCLR register.

LCD power up and power down sequence

The LCD controller requires the following power-up sequence to be performed:
1. When power is applied, the following signals are held LOW:

* LCDLP
* LCDDCLK
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* LCDFP

* LCDENAB/LCDM

* LCDVDI[23:0]

* LCDLE
2. When LCD power is stabilized, a 1 is written to the LcdEn bit in the LCD_CTRL register.
This enables the following signals into their active states:

* LCDLP

e LCDDCLK

* LCDFP

* LCDENAB/LCDM

* LCDLE

The LCDV][23:0] signals remain in an inactive state.

3. When the signals in step 2 have stabilized, the contrast voltage (not controlled or
supplied by the LCD controller) is applied to the LCD panel.

4. If required, a software or hardware timer can be used to provide the minimum display
specific delay time between application of the control signals and power to the panel
display. On completion of the time interval, power is applied to the panel by writing a 1 to
the LcdPwr bit within the LCD_CTRL register that, in turn, sets the LCDPWR signal high
and enables the LCDV[23:0] signals into their active states. The LCDPWR signal is
intended to be used to gate the power to the LCD panel.

The power-down sequence is the reverse of the above four steps and must be strictly
followed, this time, writing the respective register bits with 0.

Figure 32 shows the power-up and power-down sequences.

Y
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Fig 32. Power up and power down sequences
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Table 197 shows the registers associated with the LCD controller and a summary of their
functions. Following the table are details for each register.

Table 197. LCD controller registers

Address

0x4000 4054
0x3104 0000
0x3104 0004
0x3104 0008
0x3104 000C
0x3104 0010
0x3104 0014
0x3104 0018
0x3104 001C
0x3104 0020
0x3104 0024
0x3104 0028
0x3104 002C
0x3104 0030

0x3104 0200 - 0x3104 03FC
0x3104 0800 - 0x3104 OBFC

0x3104 0C00
0x3104 0C04
0x3104 0C08
0x3104 0COC
0x3104 0C10
0x3104 0C14
0x3104 0C20
0x3104 0C24
0x3104 0C28
0x3104 0C2C

Name

LCD_CFG
LCD_TIMH
LCD_TIMV
LCD_POL
LCD_LE
LCD_UPBASE
LCD_LPBASE
LCD_CTRL
LCD_INTMSK
LCD_INTRAW
LCD_INTSTAT
LCD_INTCLR
LCD_UPCURR
LCD_LPCURR
LCD_PAL
CRSR_IMG
CRSR_CTRL
CRSR_CFG
CRSR_PALO
CRSR_PAL1
CRSR_XY
CRSR_CLIP
CRSR_INTMSK
CRSR_INTCLR
CRSR_INTRAW
CRSR_INTSTAT

Description

LCD Configuration and clocking control
Horizontal Timing Control register

Vertical Timing Control register

Clock and Signal Polarity Control register
Line End Control register

Upper Panel Frame Base Address register
Lower Panel Frame Base Address register
LCD Control register

Interrupt Mask register

Raw Interrupt Status register

Masked Interrupt Status register

Interrupt Clear register

Upper Panel Current Address Value register
Lower Panel Current Address Value register
256x16-bit Color Palette registers

Cursor Image registers

Cursor Control register

Cursor Configuration register

Cursor Palette register O

Cursor Palette register 1

Cursor XY Position register

Cursor Clip Position register

Cursor Interrupt Mask register

Cursor Interrupt Clear register

Cursor Raw Interrupt Status register
Cursor Masked Interrupt Status register

Reset
value

0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0
0x0

Access

R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
RO
RO
WO
RO
RO
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
R/W
WO
RO
RO

10.11.1 LCD Configuration register (LCD_CFG, RW - 0x4000 4054)

The LCD_CFG register controls the selection of output pins needed for different LCD
panel configurations, as well as prescaling of the clock used for LCD data generation.

UM10326

The contents of the LCD_CFG register are described in Table 198.
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Table 198. LCD Configuration register (LCD_CFG, RW - 0x4000 4054)

Bits Function Description Reset
value
319 reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.
8 DISPLAY_TYPE Sets the Display type: 0x0
0 = TFT Display
1= STN Display
7:6 MODE_SELECT Selects output pin group. See Table 199 and Table 200 0x0
5 HCLK_ENABLE Enables HCLK signal to LCD controller 0x0
4:0 CLKDIV LCD panel clock prescaler selection. 0x0
The value in the this register plus 1 is used to divide the
selected input clock (see the CLKSEL bit in the LCD_POL
register), to produce the panel clock.
Table 199. Mode Select Bits for TFT Display Type (bit 8 =0)
Screens Description Value of Number of
Bits 7:6 external pins
Single Panel 12-bit (4:4:4) 0x0 181l
Single Panel 16-bit (5:6:5) 0x1 2201
Single Panel 16-bit (1:5:5:5) 0x2 241
Single Panel 24-bit 0x3 300
[1] See Table 183 for complete pin listing
Table 200. Mode Select Bits for STN Display Type (bit 8 =1)
Screens Description Value of Number of
Bits 7:6 external pins
Single Panel 4-bit Monochrome 0x0 100
Single Panel 8-bit Monochrome 0x1 14011
Single Panel Color 0x1 140
Dual Panel 4-bit Monochrome 0x2 1402
Dual Panel 8-bit Monochrome 0x3 22[2]
Dual Panel Color 0x3 2202

[1] See Table 181 for complete pin listing
[2] See Table 182 for complete pin listing

Horizontal Timing register (LCD_TIMH, RW - 0x3104 0000)

The LCD_TIMH register controls the Horizontal Synchronization pulse Width (HSW), the
Horizontal Front Porch (HFP) period, the Horizontal Back Porch (HBP) period, and the
Pixels-Per-Line (PPL).

The contents of the LCD_TIMH register are described in Table 201.
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Table 201. Horizontal Timing register (LCD_TIMH, RW - 0x3104 0000)

Bits Function Description Reset
value
31:24 HBP Horizontal back porch. 0x0

The 8-bit HBP field is used to specify the number of pixel clock
periods inserted at the beginning of each line or row of pixels.
After the line clock for the previous line has been deasserted, the
value in HBP counts the number of pixel clocks to wait before
starting the next display line. HBP can generate a delay of 1-256
pixel clock cycles. Program with desired value minus 1.

23:16 HFP Horizontal front porch. 0x0

The 8-bit HFP field sets the number of pixel clock intervals at the
end of each line or row of pixels, before the LCD line clock is
pulsed. When a complete line of pixels is transmitted to the LCD
driver, the value in HFP counts the number of pixel clocks to wait
before asserting the line clock. HFP can generate a period of
1-256 pixel clock cycles. Program with desired value minus 1.

15:8 HSW Horizontal synchronization pulse width. 0x0

The 8-bit HSW field specifies the pulse width of the line clock in
passive mode, or the horizontal synchronization pulse in active
mode. Program with desired value minus 1.

7:2 PPL Pixels-per-line. 0x0

The PPL hit field specifies the number of pixels in each line or
row of the screen. PPL is a 6-bit value that represents between
16 and 1024 pixels per line. PPL counts the number of pixel
clocks that occur before the HFP is applied.

Program the value required divided by 16, minus 1. Actual
pixels-per-line = 16 * (PPL + 1). For example, to obtain 320
pixels per line, program PPL as (320/16) -1 = 19.

1.0 reserved Reserved, user software should not write ones to reserved bits. -
The value read from a reserved bit is not defined.

Horizontal timing restrictions

DMA requests new data at the start of a horizontal display line. Some time must be
allowed for the DMA transfer and for data to propagate down the FIFO path in the LCD
interface. The data path latency forces some restrictions on the usable minimum values
for horizontal porch width in STN mode. The minimum values are HSW = 2 and HBP = 2.

Single panel mode:

* HSW =3
* HBP=5
* HFP =5

¢ Panel Clock Divisor (PCD) =1 (LCDCLK / 3)

Dual panel mode:

¢ HSW =3
* HBP=5
* HFP =5
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e PCD =5 (LCDCLK /7)

If enough time is given at the start of the line, for example, setting HSW = 6, HBP = 10,
data does not corrupt for PCD = 4, the minimum value.

10.11.3 Vertical Timing register (LCD_TIMV, RW - 0x3104 0004)

The LCD_TIMV register controls the Vertical Synchronization pulse Width (VSW), the
Vertical Front Porch (VFP) period, the Vertical Back Porch (VBP) period, and the
Lines-Per-Panel (LPP).

The contents of the LCD_TIMV register are described in Table 202.

Table 202. Vertical Timing register (LCD_TIMV, RW - 0x3104 0004)

Bits Function Description Reset
value
31:24 VBP Vertical back porch. 0x0

This is the number of inactive lines at the start of a frame, after
the vertical synchronization period. The 8-bit VBP field specifies
the number of line clocks inserted at the beginning of each
frame. The VBP count starts immediately after the vertical
synchronization signal for the previous frame has been negated
for active mode, or the extra line clocks have been inserted as
specified by the VSW bit field in passive mode. After this has
occurred, the count value in VBP sets the number of line clock
periods inserted before the next frame. VBP generates 0—-255
extra line clock cycles. Program to zero on passive displays for
improved contrast.
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Table 202. Vertical Timing register (LCD_TIMV, RW - 0x3104 0004)

Bits Function Description Reset
value
23:16 VFP Vertical front porch. 0x0

This is the number of inactive lines at the end of a frame, before
the vertical synchronization period. The 8-bit VFP field specifies
the number of line clocks to insert at the end of each frame.
When a complete frame of pixels is transmitted to the LCD
display, the value in VFP is used to count the number of line
clock periods to wait.

After the count has elapsed, the vertical synchronization signal,
LCDFP, is asserted in active mode, or extra line clocks are
inserted as specified by the VSW bit-field in passive mode. VFP
generates 0-255 line clock cycles. Program to zero on passive
displays for improved contrast.

15:10 VSW Vertical synchronization pulse width. 0x0

This is the number of horizontal synchronization lines. The 6-bit
VSW field specifies the pulse width of the vertical
synchronization pulse. Program the register with the number of
lines required, minus one.

The number of horizontal synchronization lines must be small
(for example, program to zero) for passive STN LCDs. The
higher the value the worse the contrast on STN LCDs.

9:0 LPP Lines per panel. 0x0

This is the number of active lines per screen. The LPP field
specifies the total number of lines or rows on the LCD panel
being controlled. LPP is a 10-bit value allowing between 1 and
1024 lines. Program the register with the number of lines per
LCD panel, minus 1. For dual panel displays, program the
register with the number of lines on each of the upper and lower
panels.

10.11.4 Clock and Signal Polarity register (LCD_POL, RW - 0x3104 0008)

The LCD_POL register controls various details of clock timing and signal polarity.
The contents of the LCD_POL register are described in Table 203.

Table 203. Clock and Signal Polarity register (LCD_POL, RW - 0x3104 0008)

Bits Function Description Reset
value

31:27 PCD_HI Upper five bits of panel clock divisor. 0x0
See description for PCD_LO, in bits [4:0] of this register.

26 BCD Bypass pixel clock divider. 0x0
Setting this to 1 bypasses the pixel clock divider logic. This is mainly used for TFT
displays.

25:16 CPL Clocks per line. 0x0

This field specifies the number of actual LCDDCLK clocks to the LCD panel on each
line. This is the number of PPL divided by either 1 (for TFT), 4 or 8 (for monochrome
passive), 2 2/3 (for color passive), minus one. This must be correctly programmed in
addition to the PPL bit in the LCD_TIMH register for the LCD display to work correctly.

15 reserved Reserved, user software should not write ones to reserved bits. The value read froma -
reserved bit is not defined.
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Table 203. Clock and Signal Polarity register (LCD_POL, RW - 0x3104 0008)

Bits Function Description Reset
value
14 IOE Invert output enable. 0x0

This bit selects the active polarity of the output enable signal in TFT mode. In this
mode, the LCDENAB pin is used as an enable that indicates to the LCD panel when
valid display data is available. In active display mode, data is driven onto the LCD data
lines at the programmed edge of LCDDCLK when LCDENAB is in its active state.

0 = LCDENAB output pin is active HIGH in TFT mode.
1 = LCDENAB output pin is active LOW in TFT mode.
13 IPC Invert panel clock. 0x0

The IPC bit selects the edge of the panel clock on which pixel data is driven out onto
the LCD data lines.

0 = Data is driven on the LCD data lines on the rising edge of LCDDCLK.
1 = Data is driven on the LCD data lines on the falling edge of LCDDCLK.
12 IHS Invert horizontal synchronization. 0x0
The IHS bit inverts the polarity of the LCDLP signal.
0 = LCDLP pin is active HIGH and inactive LOW.
1 = LCDLP pin is active LOW and inactive HIGH.
11 IVS Invert vertical synchronization. 0x0
The IVS bit inverts the polarity of the LCDFP signal.
0 = LCDFP pin is active HIGH and inactive LOW.
1 = LCDFP pin is active LOW and inactive HIGH.
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Table 203. Clock and Signal Polarity register (LCD_POL, RW - 0x3104 0008)

Bits

10:6

5

4:0

Function

ACB

CLKSEL

PCD_LO

Description Reset
value

AC bias pin frequency. 0x0

The AC bias pin frequency is only applicable to STN displays. These require the pixel

voltage polarity to periodically reverse to prevent damage caused by DC charge

accumulation. Program this field with the required value minus one to apply the

number of line clocks between each toggle of the AC bias pin, LCDENAB. This field

has no effect if the LCD is operating in TFT mode, when the LCDENAB pin is used as

a data enable signal.

Clock Select. 0x0

This bit controls the selection of the source for LCDCLK.

0 = the clock source for the LCD block is HCLK.

1 = the clock source for the LCD block is LCDCLKIN.

Lower five bits of panel clock divisor. 0x0

The ten-bit PCD field, comprising PCD_HI (bits 31:27 of this register) and PCD_LO, is
used to derive the LCD panel clock frequency LCDDCLK from the input clock,
LCDDCLK = LCDCLK/(PCD+2).

For monochrome STN displays with a 4 or 8-bit interface, the panel clock is a factor of
four and eight down from the actual individual pixel clock rate. For color STN displays,
22/3 pixels are output per LCDDCLK cycle, so the panel clock is 0.375 times the pixel
rate.

For TFT displays, the pixel clock divider can be bypassed by setting the BCD bit in this
register.

Note: data path latency forces some restrictions on the usable minimum values for the
panel clock divider in STN modes:

Single panel color mode, PCD = 1 (LCDDCLK = LCDCLK/3).
Dual panel color mode, PCD = 4 (LCDDCLK = LCDCLK/6).
Single panel monochrome 4-bit interface mode, PCD = 2(LCDDCLK = LCDCLK/4).

Dual panel monochrome 4-bit interface mode and single panel monochrome 8-bit
interface mode, PCD = 6(LCDDCLK = LCDCLK/8).

Dual panel monochrome 8-bit interface mode, PCD = 14(LCDDCLK = LCDCLK/16).

UM10326

10.11.5

Line End Control register (LCD_LE, RW - 0x3104 000C)

The LCD_LE register controls the enabling of line-end signal LCDLE. When enabled, a
positive pulse, four LCDCLK periods wide, is output on LCDLE after a programmable
delay, LED, from the last pixel of each display line. If the line-end signal is disabled it is
held permanently LOW.

The contents of the LCD_LE register are described in Table 204.
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Table 204. Line End Control register (LCD_LE, RW - 0x3104 000C)

Bits Function Description Reset
value
31:17 reserved Reserved, user software should not write ones to reserved bits. -
The value read from a reserved bit is not defined.
16 LEE LCD Line end enable. 0x0

0 = LCDLE disabled (held LOW).
1 = LCDLE signal active.

15:7 reserved Reserved, user software should not write ones to reserved bits. -
The value read from a reserved bit is not defined.
6:0 LED Line-end delay. 0x0

Controls Line-end signal delay from the rising-edge of the last
panel clock, LCDDCLK. Program with number of LCDCLK clock
periods minus 1.

Upper Panel Frame Base Address register (LCD_UPBASE, RW -
0x3104 0010)

The LCD_UPBASE register is the color LCD upper panel DMA base address register, and
is used to program the base address of the frame buffer for the upper panel. LCDUPBase
(and LCDLPBase for dual panels) must be initialized before enabling the LCD controller.
The base address must be doubleword aligned.

Optionally, the value may be changed mid-frame to create double-buffered video displays.
These registers are copied to the corresponding current registers at each LCD vertical
synchronization. This event causes the LNBU bit and an optional interrupt to be
generated. The interrupt can be used to reprogram the base address when generating
double-buffered video.

The contents of the LCD_UPBASE register are described in Table 205.

Table 205. Upper Panel Frame Base register (LCD_UPBASE, RW - 0x3104 0010)

Bits Function Description Reset
value
31:3 LCDUPBASE LCD upper panel base address. 0x0

This is the start address of the upper panel frame data in
memory and is doubleword aligned.

2:0 reserved Reserved, user software should not write ones to reserved bits. -
The value read from a reserved bit is not defined.

Lower Panel Frame Base Address register (LCD_LPBASE, RW -
0x3104 0014)

The LCD_LPBASE register is the color LCD lower panel DMA base address register, and
is used to program the base address of the frame buffer for the lower panel. LCDLPBase
must be initialized before enabling the LCD controller. The base address must be
doubleword aligned.
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Optionally, the value may be changed mid-frame to create double-buffered video displays.
These registers are copied to the corresponding current registers at each LCD vertical
synchronization. This event causes the LNBU bit and an optional interrupt to be
generated. The interrupt can be used to reprogram the base address when generating
double-buffered video.

The contents of the LCD_LPBASE register are described in Table 206.

Table 206. Lower Panel Frame Base register (LCD_LPBASE, RW - 0x3104 0014)

Bits Function Description Reset
value
31:3 LCDLPBASE LCD lower panel base address. 0x0

This is the start address of the lower panel frame data in memory
and is doubleword aligned.

2:0 reserved Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

10.11.8 LCD Control register (LCD_CTRL, RW - 0x3104 0018)

The LCD_CTRL register controls the LCD operating mode and the panel pixel
parameters.

The contents of the LCD_CTRL register are described in Table 207.

Table 207. LCD Control register (LCD_CTRL, RW - 0x3104 0018)

Bits Function Description Reset
value
31:17 reserved Reserved, user software should not write ones to reserved bits. -
The value read from a reserved bit is not defined.
16 WATERMARK LCD DMA FIFO watermark level. 0x0

Controls when DMA requests are generated:

0 = An LCD DMA request is generated when either of the DMA
FIFOs have four or more empty locations.

1 = An LCD DMA request is generated when either of the DMA
FIFOs have eight or more empty locations.

15:14 reserved Reserved, user software should not write ones to reserved bits. -
The value read from a reserved bit is not defined.
13:12 LcdvVComp LCD Vertical Compare Interrupt. 0x0

Generate VComp interrupt at:
00 = start of vertical synchronization.
01 = start of back porch.
10 = start of active video.
11 = start of front porch.
11 LcdPwr LCD power enable. 0x0

0 = power not gated through to LCD panel and LCDV[23:0]
signals disabled, (held LOW).

1 = power gated through to LCD panel and LCDV[23:0] signhals
enabled, (active).

See LCD power up and power down sequence for details on
LCD power sequencing.
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Table 207. LCD Control register (LCD_CTRL, RW - 0x3104 0018)

Bits Function Description Reset
value
10 BEPO Big-Endian Pixel Ordering. 0x0

Controls pixel ordering within a byte:
0 = little-endian ordering within a byte.
1 = big-endian pixel ordering within a byte.

The BEPO bit selects between little and big-endian pixel packing
for 1, 2, and 4 bpp display modes, it has no effect on 8 or 16 bpp
pixel formats.

See Pixel serializer for more information on the data format.

9 BEBO Big-endian Byte Order. 0x0
Controls byte ordering in memory:
0 = little-endian byte order.
1 = big-endian byte order.

8 BGR Color format selection. 0x0
0 = RGB: normal output.
1 =BGR: red and blue swapped.

7 LcdDual Single or Dual LCD panel selection. 0x0
STN LCD interface is:
0 = single-panel.
1 = dual-panel.

6 LcdMono8 Monochrome LCD interface width. 0x0

This bit controls whether a monochrome STN LCD uses a 4 or
8-bit parallel interface. It has no meaning in other modes and
must be programmed to zero.

0 = monochrome LCD uses a 4-bit interface.
1 = monochrome LCD uses a 8-bit interface.
5 LcdTFT LCD panel TFT type selection. 0x0
0 =LCD s an STN display. Use gray scaler.
1=LCDis a TFT display. Do not use gray scaler.
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Table 207. LCD Control register (LCD_CTRL, RW - 0x3104 0018)

Bits Function Description Reset
value
4 LcdBW STN LCD monochrome/color selection. 0x0

0=STN LCD is color.
1 =STN LCD is monochrome.
This bit has no meaning in TFT mode.
3:1 LcdBpp LCD bits per pixel: 0x0
Selects the number of bits per LCD pixel:
000 = 1 bpp.
001 = 2 bpp.
010 =4 bpp.
011 = 8 bpp.
100 = 16 bpp.
101 = 24 bpp (TFT panel only).
110 = 16 bpp, 5:6:5 mode.
111 = 12 bpp, 4:4:4 mode.
0 LcdEn LCD enable control bit. 0x0

0 = LCD disabled. Signals LCDLP, LCDDCLK, LCDFP,
LCDENAB, and LCDLE are low.

1 =LCD enabled. Signals LCDLP, LCDDCLK, LCDFP,
LCDENAB, and LCDLE are high.

See LCD power up and power down sequence for details on
LCD power sequencing.

10.11.9 Interrupt Mask register (LCD_INTMSK, RW - 0x3104 001C)

The LCD_INTMSK register controls whether various LCD interrupts occur.Setting bits in
this register enables the corresponding raw interrupt LCD_INTRAW status bit values to be
passed to the LCD_INTSTAT register for processing as interrupts.

The contents of the LCD_INTMSK register are described in Table 208.

Table 208. Interrupt Mask register (LCD_INTMSK, RW - 0x3104 001C)

Bits Function Description Reset
value

315 reserved Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

4 BERIM AHB master error interrupt enable. 0x0
0: The AHB Master error interrupt is disabled.
1: Interrupt will be generated when an AHB Master error occurs.

3 VComplM Vertical compare interrupt enable. 0x0
0: The vertical compare time interrupt is disabled.

1: Interrupt will be generated when the vertical compare time (as
defined by LcdVComp field in the LCD_CTRL register) is
reached.
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Table 208. Interrupt Mask register (LCD_INTMSK, RW - 0x3104 001C)

Bits Function Description

2 LNBUIM LCD next base address update interrupt enable.
0: The base address update interrupt is disabled.

Reset
value

0x0

1: Interrupt will be generated when the LCD base address
registers have been updated from the next address registers.

1 FUFIM FIFO underflow interrupt enable.
0: The FIFO underflow interrupt is disabled.

0x0

1: Interrupt will be generated when the FIFO underflows.

0 reserved Reserved, user software should not write ones to reserved bits. -

The value read from a reserved bit is not defined.

Raw Interrupt Status register (LCD_INTRAW, RO - 0x3104 0020)

The LCD_INTRAW register contains status flags for various LCD controller events. These
flags can generate an interrupts if enabled by mask bits in the LCD_INTMSK register.

The contents of LCD_INTRAW register are described in Table 209.

Table 209. Raw Interrupt Status register (LCD_INTRAW, RO - 0x3104 0020)

Bits Function Description

31:5 reserved Reserved, user software should not write ones to reserved bits.

The value read from a reserved bit is not defined.
4 BERRAW AHB master bus error raw interrupt status.

Reset
value

0x0

Set when the AHB master interface receives a bus error

response from a slave.

Generates an interrupt if the BERIM bit in the LCD_INTMSK

register is set.
3 VCompRIS Vertical compare raw interrupt status.

0x0

Set when one of the four vertical regions is reached, as selected

by the LcdVComp bits in the LCD_CTRL register.

Generates an interrupt if the VComplIM bit in the LCD_INTMSK

register is set.

2 LNBURIS LCD next address base update raw interrupt status.

0x0

Mode dependent. Set when the current base address registers
have been successfully updated by the next address registers.
Signifies that a new next address can be loaded if double

buffering is in use.

Generates an interrupt if the LNBUIM bit in the LCD_INTMSK

register is set.
1 FUFRIS FIFO underflow raw interrupt status.

Set when either the upper or lower DMA FIFOs have been read
accessed when empty causing an underflow condition to occur.

Generates an interrupt if the FUFIM bit in the LCD_INTMSK

register is set.

0 reserved Reserved, user software should not write ones to reserved bits. -

The value read from a reserved bit is not defined.
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10.11.11 Masked Interrupt Status register (LCD_INTSTAT, RW - 0x3104 0024)

The LCD_INTSTAT register is Read-Only, and contains a bit-by-bit logical AND of the
LCD_INTRAW register and the LCD_INTMASK register. A logical OR of all interrupts is
provided to the system interrupt controller.

10.11.12

UM10326

The contents of LCD_INTSTAT register are described in Table 210.

Table 210. Masked Interrupt Status register (LCD_INTSTAT, RW - 0x3104 0024)

Bits Function

315 reserved

4 BERMIS

3 VCompMIS
2 LNBUMIS
1 FUFMIS

0 reserved

Description

Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

AHB master bus error masked interrupt status.

Set when the both the BERRAW bit in the LCD_INTRAW
register and the BERIM bit in the LCD_INTMSK register are set.
Vertical compare masked interrupt status.

Set when the both the VCompRIS bit in the LCD_INTRAW
register and the VComplM bit in the LCD_INTMSK register are
set.

LCD next address base update masked interrupt status.

Set when the both the LNBURIS bit in the LCD_INTRAW
register and the LNBUIM bit in the LCD_INTMSK register are
set.

FIFO underflow masked interrupt status.

Set when the both the FUFRIS bit in the LCD_INTRAW register
and the FUFIM bit in the LCD_INTMSK register are set.

Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

Reset
value

0x0

0x0

0x0

0x0

Interrupt Clear register (LCD_INTCLR, RW - 0x3104 0028)

The LCD_INTCLR register is Write-Only. Writing a logic 1 to the relevant bit clears the
corresponding interrupt.

The contents of the LCD_INTCLR register are described in Table 211.

Table 211. Interrupt Clear register (LCD_INTCLR, RW - 0x3104 0028)

Bits Function

31:5 reserved

4 BERIC

3 VComplC

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

Description

Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

AHB master error interrupt clear.

Writing a 1 to this bit clears the AHB master error interrupt.
Vertical compare interrupt clear.

Writing a 1 to this bit clears the vertical compare interrupt.

Reset
value

0x0

0x0
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Table 211. Interrupt Clear register (LCD_INTCLR, RW - 0x3104 0028)

Bits Function Description Reset
value
2 LNBUIC LCD next address base update interrupt clear. 0x0
Writing a 1 to this bit clears the LCD next address base update
interrupt.
1 FUFIC FIFO underflow interrupt clear. 0x0

Writing a 1 to this bit clears the FIFO underflow interrupt.

0 reserved Reserved, user software should not write ones to reserved bits. -
The value read from a reserved bit is not defined.

Upper Panel Current Address register (LCD_UPCURR, RW - 0x3104
002C)

The LCD_UPCURR register is Read-Only, and contains an approximate value of the
upper panel data DMA address when read.

Note: This register can change at any time and therefore can only be used as a rough
indication of display position.

The contents of the LCD_UPCURR register are described in Table 212.

Table 212. Upper Panel Current Address register (LCD_UPCURR, RW - 0x3104 002C)

Bits Function Description Reset
value
31:0 LCDUPCURR LCD Upper Panel Current Address. 0x0

Contains the current LCD upper panel data DMA address.

Lower Panel Current Address register (LCD_LPCURR, RW - 0x3104
0030)

The LCD_LPCURR register is Read-Only, and contains an approximate value of the lower
panel data DMA address when read.

Note: This register can change at any time and therefore can only be used as a rough
indication of display position.

The contents of the LCD_LPCURR are described in Table 213.

Table 213. Lower Panel Current Address register (LCD_LPCURR, RW - 0x3104 0030)

Bits Function Description Reset
value
31:0 LCDLPCURR LCD Lower Panel Current Address. 0x0

Contains the current LCD lower panel data DMA address.

Color Palette registers (LCD_PAL, RW - 0x3104 0200 to 0x3104 03FC)

The LCD_PAL register contain 256 palette entries organized as 128 locations of two
entries per word.
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Each word location contains two palette entries. This means that 128 word locations are
used for the palette. When configured for little-endian byte ordering, bits [15:0] are the
lower numbered palette entry and [31:16] are the higher numbered palette entry. When
configured for big-endian byte ordering this is reversed, because bits [31:16] are the low
numbered palette entry and [15:0] are the high numbered entry.

Note: Only TFT displays use all of the palette entry bits.
The contents of the LCD_PAL register are described in Table 214.

Table 214. Color Palette registers (LCD_PAL, RW - 0x3104 0200 to 0x3104 03FC)

Bits Function Description Reset
value
31 | Intensity / unused bit. 0x0

Can be used as the LSB of the R, G, and B inputs to a 6:6:6 TFT
display, doubling the number of colors to 64K, where each color
has two different intensities.

30:26 B[4:0] Blue palette data. 0x0
25:21 G[4:0] Green palette data. 0x0
20:16 R[4:0] Red palette data. 0x0

For STN displays, only the four MSBs, bits [4:1], are used. For
monochrome displays only the red palette data is used. All of the
palette registers have the same bit fields.

15 | Intensity / unused bit. 0x0

Can be used as the LSB of the R, G, and B inputs to a 6:6:6 TFT
display, doubling the number of colors to 64K, where each color
has two different intensities.

14:10 B[4:0] Blue palette data. 0x0
9:5 G[4:0] Green palette data. 0x0
4:0 R[4:0] Red palette data. 0x0

For STN displays, only the four MSBs, bits [4:1], are used. For
monochrome displays only the red palette data is used. All of the
palette registers have the same bit fields.

Cursor Image registers (CRSR_IMG, RW - 0x3104 0800 to 0x3104
OBFC)

The CRSR_IMG register area contains 256-word wide values which are used to define
the image or images overlaid on the display by the hardware cursor mechanism. The
image must always be stored in LBBP mode (little-endian byte, big-endian pixel) mode, as
described in Image format on page 2-19. Two bits are used to encode color and
transparency for each pixel in the cursor.

Depending on the state of bit 0 in the CRSR_CFG register (see Cursor Configuration
register description), the cursor image RAM contains either four 32x32 cursor images, or
a single 64x64 cursor image.

The two colors defined for the cursor are mapped onto values from the CRSR_PALO and
CRSR_PALO registers (see Cursor Palette register descriptions).

The contents of the CRSR_IMG register are described in Table 215.
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Table 215. Cursor Image registers (CRSR_IMG, RW - 0x3104 0800 to 0x3104 OBFC)

Bits Function Description Reset
value
31:0 CRSR_IMG Cursor Image data. 0x0

The 256 words of the cursor image registers define the
appearance of either one 64x64 cursor, or 4 32x32 cursors.

Cursor Control register (CRSR_CTRL, RW - 0x3104 0C00)

The CRSR_CTRL register provides access to frequently used cursor functions, such as
the display on/off control for the cursor, and the cursor number.

If a 32x32 cursor is selected, one of four 32x32 cursors can be enabled. The images each
occupy one quarter of the image memory, with Cursor0 from location 0, followed by
Cursorl from address 0x100, Cursor2 from 0x200 and Cursor3 from 0x300. If a 64x64
cursor is selected only one cursor fits in the image buffer, and no selection is possible.

Similar frame synchronization rules apply to the cursor number as apply to the cursor
coordinates. If CrsrFramesync is 1, the displayed cursor image is only changed during the
vertical frame blanking period. If CrsrFrameSync is 0, the cursor image index is changed
immediately, even if the cursor is currently being scanned.

The contents of the CRSR_CTRL register are described in Table 216.

Table 216. Cursor Control register (CRSR_CTRL, RW - 0x3104 0C00)

Bits Function Description Reset
value
31:6 reserved Reserved, user software should not write ones to reserved bits. 0x0

The value read from a reserved bit is not defined.
5:4 CrsrNum([1:0] Cursor image number. 0x0

If the selected cursor size is 6x64, this field has no effect. If the
selected cursor size is 32x32:

00 = Cursor0.
01 = Cursorl.
10 = Cursor2.
11 = Cursor3.

3:1 reserved Reserved, user software should not write ones to reserved bits. 0x0
The value read from a reserved bit is not defined.

0 CrsrOn Cursor enable. 0x0
0 = Cursor is not displayed.
1 = Cursor is displayed.

Cursor Configuration register (CRSR_CFG, RW - 0x3104 0C04)

The CRSR_CFG register provides overall configuration information for the hardware
cursor.

The contents of the CRSR_CFG register are described in Table 217.
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Table 217. Cursor Configuration register (CRSR_CFG, RW - 0x3104 0C04)

Bits Function Description Reset
value

31:2 reserved Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

1 FrameSync Cursor frame synchronization type. 0x0
0 = Cursor coordinates are asynchronous.

1 = Cursor coordinates are synchronized to the frame
synchronization pulse.

0 CrsrSize Cursor size selection. 0x0
0 = 32x32 pixel cursor. Allows for 4 defined cursors.
1 = 64x64 pixel cursor.

Cursor Palette register 0 (CRSR_PALO, RW - 0x3104 0C08)

The cursor palette registers provide color palette information for the visible colors of the
cursor. Color0 maps through CRSR_PALO.

The register provides 24-bit RGB values that are displayed according to the abilities of the
LCD panel in the same way as the frame-buffers palette output is displayed.

In monochrome STN mode, only the upper 4 bits of the Red field are used. In STN color
mode, the upper 4 bits of the Red, Blue, and Green fields are used. In 24 bits per pixel
mode, all 24 bits of the palette registers are significant.

The contents of the CRSR_PALDO register are described in Table 218.

Table 218. Cursor Palette register 0 (CRSR_PALO, RW - 0x3104 0C08)

Bits Function Description Reset
value
31:24 reserved Reserved, user software should not write ones to reserved bits. -
The value read from a reserved bit is not defined.
23:16 Blue Blue color component. 0x0
15:8  Green Green color component 0x0
7:0 Red Red color component 0x0

Cursor Palette register 1 (CRSR_PAL1, RW - 0x3104 0C0OC)

The cursor palette registers provide color palette information for the visible colors of the
cursor. Colorl maps through CRSR_PALL1.

The register provides 24-bit RGB values that are displayed according to the abilities of the
LCD panel in the same way as the frame-buffers palette output is displayed.

In monochrome STN mode, only the upper 4 bits of the Red field are used. In STN color
mode, the upper 4 bits of the Red, Blue, and Green fields are used. In 24 bits per pixel
mode, all 24 bits of the palette registers are significant.

The contents of the CRSR_PALL1 register are described in Table 219.
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Table 219. Cursor Palette register 1 (CRSR_PAL1, RW - 0x3104 0COC)

Bits Function Description Reset
value
31:24 reserved Reserved, user software should not write ones to reserved bits. -
The value read from a reserved bit is not defined.
23:16 Blue Blue color component. 0x0
15:8  Green Green color component 0x0
7:0 Red Red color component 0x0

Cursor XY Position register (CRSR_XY, RW - 0x3104 0C10)

The CRSR_XY register defines the distance of the top-left edge of the cursor from the
top-left side of the cursor overlay. refer to the section on Cursor Clipping for more details.

If the FrameSync bit in the CRSR_CFG register is 0, the cursor position changes
immediately, even if the cursor is currently being scanned. If Framesync is 1, the cursor
position is only changed during the next vertical frame blanking period.

The contents of the CRSR_XY register are described in Table 220.

Table 220. Cursor XY Position register (CRSR_XY, RW - 0x3104 0C10)

Bits Function Description Reset
value
31:26 reserved Reserved, user software should not write ones to reserved bits. -
The value read from a reserved bit is not defined.
25:16 CrsrY Y ordinate of the cursor origin measured in pixels. 0x0
When 0, the top edge of the cursor is at the top of the display.
15:10 reserved Reserved, user software should not write ones to reserved bits. -

The value read from a reserved bit is not defined.

9:0 CrsrX X ordinate of the cursor origin measured in pixels. 0x0
When 0, the left edge of the cursor is at the left of the display.

Cursor Clip Position register (CRSR_CLIP, RW - 0x3104 0C14)

The CRSR_CLIP register defines the distance from the top-left edge of the cursor image,
to the first displayed pixel in the cursor image.

Different synchronization rules apply to the Cursor Clip registers than apply to the cursor
coordinates. If the FrameSync bit in the CRSR_CFG register is 0, the cursor clip point is
changed immediately, even if the cursor is currently being scanned.

If the Framesync bit in the CRSR_CFG register is 1, the displayed cursor image is only
changed during the vertical frame blanking period, providing that the cursor position has
been updated since the Clip register was programmed. When programming, the Clip
register must be written before the Position register (ClcdCrsrXY) to ensure that in a given
frame, the clip and position information is coherent.

The contents of the CRSR_CLIP register are described in Table 221.
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Table 221. Cursor Clip Position register (CRSR_CLIP, RW - 0x3104 0C14)

Bits Function Description Reset
value

31:14 reserved Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

13:8  CrsrClipY Cursor clip position for Y direction. 0x0
Distance from the top of the cursor image to the first displayed
pixel in the cursor.
When 0, the first displayed pixel is from the top line of the cursor
image.

7:6 reserved Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

5:0 CrsrClipX Cursor clip position for X direction. 0x0

Distance from the left edge of the cursor image to the first
displayed pixel in the cursor.

When 0, the first pixel of the cursor line is displayed.

Cursor Interrupt Mask register (CRSR_INTMSK, RW - 0x3104 0C20)

The CRSR_INTMSK register is used to enable or disable the cursor from interrupting the
processor.

The contents of the CRSR_INTMSK register are described in Table 222.

Table 222. Cursor Interrupt Mask register (CRSR_INTMSK, RW - 0x3104 0C20)

Bits Function Description Reset
value

31:1 reserved Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

0 CrsriM Cursor interrupt mask. 0x0
When clear, the cursor never interrupts the processor.

When set, the cursor interrupts the processor immediately after
reading of the last word of cursor image.

Cursor Interrupt Clear register (CRSR_INTCLR, RW - 0x3104 0C24)

The CRSR_INTCLR register is used by software to clear the cursor interrupt status and
the cursor interrupt signal to the processor.

The contents of the CRSR_INTCLR register are described in Table 223.

Table 223. Cursor Interrupt Clear register (CRSR_INTCLR, RW - 0x3104 0C24)

Bits Function Description Reset
value

31:1 reserved Reserved, user software should not write ones to reserved bits.
The value read from a reserved bit is not defined.

0 CrsriC Cursor interrupt clear. 0x0
Writing a 0 to this bit has no effect.

Writing a 1 to this bit causes the cursor interrupt status to be
cleared.
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Cursor Raw Interrupt Status register (CRSR_INTRAW, RW - 0x3104
0C28)

The CRSR_INTRAW register is set to indicate a cursor interrupt. When enabled via the
CrsrIM bit in the CRSR_INTMSK register, provides the interrupt to the system interrupt
controller.

The contents of the CRSR_INTRAW register are described in Table 224.

Table 224. Cursor Raw Interrupt Status register (CRSR_INTRAW, RW - 0x3104 0C28)

Bits Function Description Reset
value

31:1 reserved Reserved, user software should not write ones to reserved bits. -
The value read from a reserved bit is not defined.

0 CrsrRIS Cursor raw interrupt status. 0x0

The cursor interrupt status is set immediately after the last data
is read from the cursor image for the current frame.

This bit is cleared by writing to the CrsrIC bit in the
CRSR_INTCLR register.

Cursor Masked Interrupt Status register (CRSR_INTSTAT, RW -
0x3104 0C2C)

The CRSR_INTSTAT register is set to indicate a cursor interrupt providing that the
interrupt is not masked in the CRSR_INTMSK register.

The contents of the CRSR_INTSTAT register are described in Table 225.

Table 225. Cursor Masked Interrupt Status register (CRSR_INTSTAT, RW - 0x3104 0C2C)

Bits Function Description Reset
value

31:1 reserved Reserved, user software should not write ones to reserved bits. -
The value read from a reserved bit is not defined.

0 CrsrMIS Cursor masked interrupt status. 0x0

The cursor interrupt status is set immediately after the last data
read from the cursor image for the current frame, providing that
the corresponding bit in the CRSR_INTMSK register is set.

The bit remains clear if the CRSR_INTMSK register is clear.
This bit is cleared by writing to the CRSR_INTCLR register.
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10.12 LCD timing diagrams

one horizontal line
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LCD_TIMH (HSW)

B S —
LCDLP
(line synch J

pulse)
suppressed
during LCDLP
LCDDCLK |
(panel clock)

LCD_ TIMH (HBP) 16 x LCD_TIMH(PPL) + 1

LCD_TIMH (HFP)

horizontal back porch \
(defined in pixel clocks)

horizontal front porch
(defined in pixel clocks)

LCDVDI[15:0] \
(panel data)

one horizontal line of LCD data

(2) The LCD panel clock is selected and scaled by the LCD controller and used to produce LCDCLK.
(3) The duration of the LCDLP signal is controlled by the HSW field in the LCD_TIMH register.
(4) The Polarity of the LCDLP signal is determined by the IHS bit in the LCD_POL register.

Fig 33. Horizontal timing for STN displays

(1) The active data lines will vary with the type of STN panel (4-bit, 8-bit, color, mono) and with single or dual frames.
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(1) Signal polarities may vary for some displays.
Fig 34. Vertical timing for STN displays
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one horizontal line

pixel clock
(internal) | \ \

LCD_TIMH (HSW)

-—
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synch pulse) \

B \VAVAVAVAVAVAVAVAVAVAVAVAVAVARVAVAVAVAVAVAVAVAVAN

(panel clock)

LCD_TIMH (HBP) LCD_TIMH(PPL) LCD_TIMH (HFP)

LCDENAB

hor_izont_al b_aCk porch \ horizontal front porch
LCDVD([23:0] \

(panel data)

one horizontal line of LCD data

(1) The active data lines will vary with the type of TFT panel.

(2) The LCD panel clock is selected and scaled by the LCD controller and used to produce LCDCLK.
(3) The duration of the LCDLP is controlled by the HSW field in the LCD_TIMH register.

(4) The polarity of the LCDLP signal is determined by the IHS bit in the LCD_POL register.

(5) The polarity of the LPCENAB signal is determined by the IOE bit in the LCD_POL register.

Fig 35. Horizontal timing for TFT displays
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one frame
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(panel clock)
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panel data clock active

LCDFP /_
(vertical synch J
pulse) \
LCD_TIMV (VBP) LCD_TIMV(LPP) LCD_TIMV (VFP)
back porch all horizontal lines for one frame

front porch

(defined in line clocks) X bl
(defined in line clocks)
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control signals
for one frame

see horizontal timing for TFT displays

(1) Polarities may vary for some displays.
(2) LCDENAB is active only when active data is transmitted during each horizontal line.

Fig 36. Vertical timing for TFT displays

10.13 LCD panel signal usage

Table 226. LCD panel connections for STN single panel mode

External pin 4-bit mono STN single panel |8-bit mono STN single panel Color STN single panel

LPC32x0 pin  |[LCD function [LPC32x0 pin LCD function LPC32x0 pin LCD function
used used used

LCDVD[23] - - - - - -
LCDVD[22] - - - - - -
LCDVD[21] - - - - - -
LCDVD[20] - - - - - -
LCDVD[19] - - - - - -
LCDVD[18] - - - - - -
LCDVD[17] - - - - - -
LCDVD[16] - - - - - -
LCDVD[15] - - - - - -
LCDVD[14] - - - - - -
LCDVD[13] - - - - - -
LCDVD[12] - - - - - -
LCDVDI[11] - - - - - -
LCDVD[10] - - - - - -
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External pin

LCDVD[9]
LCDVD[8]
LCDVD[7]

LCDVD[6]

LCDVD[5]

LCDVD[4]

LCDVD[3]

LCDVD[2]
LCDVD[1]

LCDVD[0]

LCDLP

LCDM

LCDFP

LCDDCLK

LCDLE

LCDPWR

LCDCLKIN

4-bit mono STN single panel

LPC32x0 pin
used

GPO 21/
U4 TX/
LCDVD[3]

P2[8]

GPO 3/
LCDVD[1]

GPO 2/
MAT1.0 /
LCDVDI0]

GPO_18/
MCOA /
LCDLP

GPO_16/
MCOB /
LCDENAB /
LCDM

GPO_15/
MC1A /
LCDFP

GPO_13/
MC1B /
LCDDCLK

GPO_12/
MC2A /
LCDLE

GPO_10/
MC2B /
LCDPWR

U7_HCTS/
CAPO.1/
LCDCLKIN

LCD function

UDI3]

UD[2]
UDI[1]

uDIO]

LCDLP

LCDM

LCDFP

LCDDCLK

LCDLE

LCDPWR

LCDCLKIN

8-bit mono STN single panel

LPC32x0 pin
used

PO.5/
12STX_SDAO /
LCDVD[7]

PO.4 /
I2SRX_WS0 /
LCDVDI6]

P0.3/
I2SRX_CLKO /
LCDVD[5]

P0.2 /
I2SRX_SDAO /
LCDVD[4]

GPO 21/
U4 TX/
LCDVD[3]

P2[8]

GPO 3/
LCDVD[1]

GPO 2/
MAT1.0 /
LCDVDI0]

GPO_18/
MCOA /
LCDLP

GPO_16/
MCOB /
LCDENAB /
LCDM

GPO_15/
MC1A /
LCDFP

GPO_13/
MC1B /
LCDDCLK

GPO_12/
MC2A /
LCDLE

GPO_10/
MC2B /
LCDPWR

U7_HCTS/
CAPO.1/
LCDCLKIN

LCD function

uD[7]

uDI6]

uDI5]

UDI[4]

UDI[3]

UD[2]
UDI[1]

uDIO]

LCDLP

LCDM

LCDFP

LCDDCLK

LCDLE

LCDPWR

LCDCLKIN

Color STN single panel

LPC32x0 pin
used

PO.5/
12STX_SDAO /
LCDVD[7]

P0.4/
[2SRX_WSO /
LCDVD[6]

P0.3/
I2SRX_CLKO /
LCDVD[5]

P0.2 /
I2SRX_SDAO /
LCDVD[4]

GPO 21/
U4 _TX/
LCDVDI[3]

P2[8]

GPO 3/
LCDVD[1]

GPO_2/MAT1.0
/ LCDVD[0]

GPO_18/
MCOA /
LCDLP

GPO_16/
MCOB /
LCDENAB /
LCDM

GPO_15/
MC1A /
LCDFP

GPO_13/
MC1B /
LCDDCLK

GPO_12/
MC2A /
LCDLE

GPO_10/
MC2B /
LCDPWR

U7_HCTS/
CAPO.1/
LCDCLKIN

LCD function

uD[7]

uDI6]

uDI5]

UD[4]

UDI[3]

UD[2]
UDI[1]

uDI0]

LCDLP

LCDM

LCDFP

LCDDCLK

LCDLE

LCDPWR

LCDCLKIN

UM10326
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External pin

LCDVD[23]
LCDVD[22]
LCDVD[21]
LCDVD[20]
LCDVD[19]
LCDVD[18]
LCDVD[17]
LCDVD[16]
LCDVD[15]

LCDVD[14]

LCDVD[13]

LCDVD[12]

LCDVD[11]

LCDVD[10]

LCDVD[9]

LCDVDI[8]

LCDVD[7]

LCDVD[6]

LCDVD[5]

LCDVD[4]

LCDVD[3]

UM10326

4-bit mono STN dual panel

8-bit mono STN dual panel

Color STN dual panel

LPC32x0 pin |LCD function
used

u7_TX/
MAT1.1/
LCDVD[11]

U7_RX/
CAP0.0 /
LCDVD[10]

GPO 9/
LCDVD[9]

GPO_8/
LCDVD[8]

LD[3]

LD[2]

LD[1]

LD[0]

GPO 21/
U4 _TX/
LCDVD[3]

UDI[3]

LPC32x0 pin
used

SYSCLKEN/
LCDVD[15]

GPO 22/
U7_HRTS/
LCDVD[14]

PO.7 /
12STX_WSO0 /
LCDVD[13]

P0.6 /
12STX_CLKO /
LCDVD[12]

u7_TX/
MAT1.1/
LCDVD[11]

U7_RX/
CAP0.0/
LCDVD[10]

GPO 9/
LCDVD[9]

GPO_8/
LCDVD[8]

PO.5/
12STX_SDAO /
LCDVD[7]

P0.4/
I2SRX_WS0 /
LCDVD[6]

P0.3/
I2SRX_CLKO /
LCDVD[5]

P0.2 /
I2SRX_SDAO /
LCDVD[4]

GPO 21/
ua_TX/
LCDVD[3]

LCD function

LD[7]

LD[6]

LD[5]

LD[4]

LD[3]

LD[2]

LD[1]

LD[0]

uD[7]

UDI6]

UDI[5]

UD[4]

UD[3]

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

LPC32x0 pin
used

SYSCLKEN/
LCDVD[15]

GPO 22/
U7_HRTS/
LCDVD[14]

PO.7/
12STX_WSO0 /
LCDVD[13]

P0.6 /
12STX_CLKO /
LCDVD[12]

u7_TX/
MAT1.1/
LCDVD[11]

U7_RX/
CAP0.0 /
LCDVD[10]

GPO 9/
LCDVD[9]

GPO_8/
LCDVD[8]

PO.5/
12STX_SDAO /
LCDVD[7]

P0.4/
I2SRX_WS0 /
LCDVD[6]

P0.3/
I2SRX_CLKO /
LCDVD[5]

P0.2 /
I2SRX_SDAO/
LCDVD[4]

GPO 21/
ua_TX/
LCDVD[3]

LCD function

LD[7]

LD[6]

LD[5]

LD[4]

LD[3]

LD[2]

LD[1]

LD[0]

uD[7]

UDI6]

UDI[5]

UD[4]

UDI[3]
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Table 227. LCD panel connections for STN dual panel mode

External pin  |4-bit mono STN dual panel 8-bit mono STN dual panel Color STN dual panel
LPC32x0 pin |LCD function |LPC32x0 pin LCD function LPC32x0 pin |LCD function
used used used

LCDVDI[2] GPO_7/ uUD[2] GPO_7/ UDI[2] GPO_7/ UDI[2]
LCDVDI[2] LCDVDI[2] LCDVDI[2]

LCDVDI[1] P2[7] UD[1] P2[7] UD[1] P2[7] UD[1]

LCDVDIO0] GPO_2/ uD[0] GPO_2/ UDIO0] GPO_2/ UDIO0]
MAT1.0/ MAT1.0/ MAT1.0/

LCDVDI[0] LCDVDI[O0] LCDVDIO0]

LCDLP GPO_18/ LCDLP GPO_18/ LCDLP GPO_18/ LCDLP
MCOA / MCOA / MCOA /

LCDLP LCDLP LCDLP

LCDM GPO_16/ LCDM GPO_16/ LCDM GPO_16/ LCDM
MCOB / MCOB / MCOB /

LCDENAB / LCDENAB / LCDENAB /
LCDM LCDM LCDM

LCDFP GPO_15/ LCDFP GPO_15/ LCDFP GPO_15/ LCDFP
MC1A / MC1A/ MC1A/

LCDFP LCDFP LCDFP

LCDDCLK GPO_13/ LCDDCLK GPO_13/ LCDDCLK GPO_13/ LCDDCLK
MC1B / MC1B / MC1B /

LCDDCLK LCDDCLK LCDDCLK

LCDLE GPO_12/ LCDLE GPO_12/ LCDLE GPO_12/ LCDLE
MC2A / MC2A / MC2A/

LCDLE LCDLE LCDLE

LCDPWR GPO_10/ LCDPWR GPO_10/ LCDPWR GPO_10/ LCDPWR
MC2B / MC2B / MC2B /

LCDPWR LCDPWR LCDPWR

LCDCLKIN U7_HCTS/ LCDCLKIN U7_HCTS/ LCDCLKIN U7_HCTS/ LCDCLKIN
CAPO.1/ CAPO.1/ CAPO.1/

LCDCLKIN LCDCLKIN LCDCLKIN

Table 228. LCD panel connections for TFT panels

External TFT 12 bit (4:4:4 mode) |TFT 16 bit (5:6:5 mode) |TFT 16 bit (1:5:5:5 mode) | TFT 24 bit

pin

LPC32x0 LCD LPC32x0 LCD LPC32x0 LCD LPC32x0 LCD
pin used function pin used function |pin used function pin used function

LCDVD[23] SPI2_CLK/ BLUE3 SPI2_CLK/ BLUE4 SPI2_CLK/ BLUE4 SPI2_CLK/ BLUE7

SCK1/ SCK1/ SCK1/ SCK1/
LCDVDI[23] LCDVD[23] LCDVDI[23] LCDVDI[23]
LCDVDI[22] GPIO_4/ BLUE2 GPIO_4/ BLUE3 GPIO_4/ BLUE3 GPIO_4/ BLUEG6
SSEL1/ SSEL1/ SSEL1/ SSEL1/
LCDVDI[22] LCDVD[22] LCDVDI[22] LCDVD[22]
LCDVDI[21] SPI2_DATIN BLUE1l SPI2_DATIN BLUE2 SPI2_DATIN/ BLUE2 SPI2_DATI BLUES
/[ MISO1/ / MISO1/ MISO1/ N/MISO1/
LCDVDI[21] LCDVD[21] LCDVDI[21] LCDVD[21]
LCDVDI[20] SPI2_DATIO BLUEO SPI2_DATI BLUE1 SPI2_DATIO/ BLUE1l SPI2_DATI BLUE4
/MOSI1/ O/MOSIL/ MOSI1/ O/MOSI1/
LCDVDI[20] LCDVD[20] LCDVDI[20] LCDVDI[20]
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External
pin

LCDVD[19]

LCDVD[18]

LCDVD[17]

LCDVD[16]

LCDVD[15]

LCDVD[14]

LCDVD[13]

LCDVD[12]

LCDVD[11]

LCDVD[10]

LCDVD[9]
LCDVD[8]

LCDVD[7]

LCDVD[6]

LCDVD[5]

UM10326

TFT 12 bit (4:4:4 mode) |TFT 16 bit (5:6:5 mode) |TFT 16 bit (1:5:5:5 mode) |TFT 24 bit
LPC32x0 LCD LPC32x0 LCD LPC32x0 LCD LPC32x0 |LCD
pin used function pin used function |pin used function pin used function
- - PWM_OUT BLUEO PWM_OUT2/ BLUEO PWM_OUT BLUE3
2/ LCDVDI[19] 2/
LCDVD[19] LCDVD[19]
- - - - GPO_6/ intensity GPO_6/ BLUE2
LCDVDI[18] LCDVD[18]
- - - - - - HIGHCOR BLUE1
E/
LCDVD[17]
- - - - - - PWM_OUT BLUEO
1/
LCDVD[16]
SYSCLKEN/ GREEN3  SYSCLKEN GREEN5 SYSCLKEN/ GREEN4  SYSCLKEN GREEN7
LCDVD[15] / LCDVDI15] LCDVD[15] /
LCDVD[15]
GPO_22/ GREEN2 GPO_22/ GREEN4 GPO_22/ GREEN3  GPO_22/ GREEN6
U7_HRTS/ U7_HRTS/ U7_HRTS/ U7_HRTS/
LCDVD[14] LCDVD[14] LCDVDJ[14] LCDVD[14]
PO.7 / GREEN1  PO.7/ GREEN3 PO0.7/ GREEN2 PO.7 / GREEN5
12STX_WSO0 I2STX_WSO0 I2STX_WSO0 / [2STX_WS
/ LCDVD[13] / LCDVDI13] LCDVD[13] 0/
LCDVD[13]
P0.6 / GREENO PO0.6/ GREEN2 P0.6/ GREEN1 P0.6/ GREEN4
12STX_CLKO I2STX_CLK I12STX_CLKO I2STX_CLK
/ LCDVD[12] 0/ / LCDVD[12] 0/
LCDVD[12] LCDVD[12]
- - u7_TX/ GREEN1 U7_TX/ GREENO  U7_TX/ GREEN3
MAT1.1/ MAT1.1/ MAT1.1/
LCDVD[11] LCDVD[11] LCDVD[11]
- - U7_RX/ GREENO U7_RX/ intensity U7_RX/ GREEN2
CAP0.0/ CAPO0.0/ CAP0.0/
LCDVD[10] LCDVD[10] LCDVD[10]
- - - - - - GPO_9/ GREEN1
LCDVD[9]
- - - - - - GPO_8/ GREENO
LCDVD[8]
PO.5/ RED3 P0O.5/ RED4 PO.5/ RED4 PO.5/ RED7
12STX_SDA I2STX_SDA 12STX_SDAO I2STX_SD
0/LCDVDI[7] o/ / LCDVD[7] A0/
LCDVD[7] LCDVD[7]
P0.4/ RED2 P0.4/ RED3 P0.4/ RED3 P0.4/ RED6
I2SRX_WSO0 [2SRX_WSO0 I2SRX_WSO0/ I2SRX_WS
/ LCDVD[6] / LCDVDI6] LCDVDI[6] 0/
LCDVDI[6]
P0.3/ RED1 P0.3/ RED2 P0.3/ RED2 P0.3/ RED5
I2SRX_CLK I2SRX_CLK I2SRX_CLKO I2SRX_CL
0/LCDVDI5] 0/ / LCDVD[5] KO/
LCDVD[5] LCDVD[5]
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External
pin

LCDVD[4]

LCDVD[3]

LCDVD[2]

LCDVD[1]
LCDVD[0]

LCDLP

LCDENAB

LCDFP

LCDDCLK

LCDLE

LCDPWR

LCDCLKIN

TFT 12 bit (4:4:4 mode) |TFT 16 bit (5:6:5 mode) |TFT 16 bit (1:5:5:5 mode) |TFT 24 bit
LPC32x0 LCD LPC32x0 LCD LPC32x0 LCD LPC32x0 |LCD
pin used function pin used function |pin used function pin used function
P0.2/ REDO P0.2/ RED1 P0.2/ RED1 P0.2/ RED4
I2SRX_SDA I2SRX_SDA I2SRX_SDAO I2SRX_SD
0/LCDVDI[4] 0/ / LCDVD[4] A0/
LCDVD[4] LCDVD[4]
- - GPO_21/ REDO GPO_21/ REDO GPO_21/ RED3
U4 _TX/ uda_TXx/ U4 _TX/
LCDVD[3] LCDVD[3] LCDVD[3]
- - - - GPO_7/ intensity GPO_7/ RED2
LCDVDI[2] LCDVD[2]
- - - - - - PO[5] RED1
- - - - - - GPO_2/ REDO
MAT1.0/
LCDVD|0]
GPO_18/ LCDLP GPO_18/ LCDLP GPO_18/ LCDLP GPO_18/ LCDLP
MCOA / MCOA / MCOA / MCOA /
LCDLP LCDLP LCDLP LCDLP
GPO_16/ LCDENAB GPO_16/ LCDENAB GPO_16/ LCDENAB GPO_16/ LCDENAB
MCOB / MCOB / MCOB / MCOB /
LCDENAB / LCDENAB / LCDENAB / LCDENAB/
LCDM LCDM LCDM LCDM
GPO_15/ LCDFP GPO_15/ LCDFP GPO_15/ LCDFP GPO_15/ LCDFP
MC1A/ MC1A / MC1A/ MC1A/
LCDFP LCDFP LCDFP LCDFP
GPO_13/ LCDDCLK GPO_13/ LCDDCLK GPO_13/ LCDDCLK GPO_13/ LCDDCLK
MC1B / MC1B / MC1B/ MC1B /
LCDDCLK LCDDCLK LCDDCLK LCDDCLK
GPO_12/ LCDLE GPO_12/ LCDLE GPO_12/ LCDLE GPO_12/ LCDLE
MC2A / MC2A / MC2A / MC2A /
LCDLE LCDLE LCDLE LCDLE
GPO_10/ LCDPWR GPO_10/ LCDPWR GPO_10/ LCDPWR GPO_10/ LCDPWR
MC2B / MC2B / MC2B / MC2B /
LCDPWR LCDPWR LCDPWR LCDPWR
U7_HCTS/ LCDCLKIN U7_HCTS/ LCDCLKIN U7_HCTS/ LCDCLKIN U7_HCTS/ LCDCLKIN
CAPO.1/ CAPO.1/ CAPO.1/ CAPO.1/
LCDCLKIN LCDCLKIN LCDCLKIN LCDCLKIN
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11.1 Touch screen interface

UM10326

1111

The LPC3250 includes a TouchScreen Control controller (TSC). The TSC can operate in
two different modes. In AUTO mode, the touchscreen will automatically collect the X and
Y coordinates of the pressed position. In MANUAL (INACTIVE) mode the controller can
be sequenced entirely by software to collect the coordinates of the pressed position.

The analog block of the Analog-to-Digital Converter (ADC) has its own power supply to
improve the low noise characteristics of the converter. This voltage should only be
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.

There is robust ESD protection on the touchscreen interface pins.

In normal operation, the touch screen controller hardware automatically measures and
determines the X and Y co-ordinates where the touch screen is pressed. In addition the
TSC can measure an additional analog input signal on the AUX_IN pin. This controller
also operates as a three channel ADC as described in Section 12.1.

The operation of the touch screen controller is described in the following sections.

Analog Interface Circuit

The analog part of the TSC consists of a 10-bit ADC and circuitry to apply a voltage
across the touch screen in different directions. When the touch screen detects a pen down
operation, the controller applies a voltage across one of the touch screen resistive films.
This voltage difference is applied to the positive and negative sense inputs on the ADC.
This voltage difference serves as a reference to determine the voltage on the other film,
which is proportional to the pressed position in the axis being measured. This design
automatically compensates for changes in the VddTS voltage and voltage drop over the
transistors. The touch screen controller then takes another measurement using the other
film as a reference to measure the voltage on the other axis.
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Fig 37. Touch screen signal and pin overview

11.1.1.1 Physical interface to the touch screen

In typical operation, the resistance across the touch screen is in the order of 300 ohms
(200 min.) in the X-direction and 650 ohms (400 min.) in the Y-direction.

If two different positions on the touch screen are pressed at the same time the resulting
resistance can be near zero. The transistors in the touch screen controller were selected
to have a high tolerance to this worst case condition.

Table 229. Touchscreen pin description

Name Comment

TS_YP This pin is used to apply VddTS voltage to the Y-plate on the touch screen.
Tie this pin to VddTS if the controller is not used

TS_XP This pin is used to apply VddTS voltage to the X-plate on the touch screen.
Tie this pin weakly to ground if the controller is not used

TS_YM (ADINO) This pin is used to apply ground to the Y-plate on the touch screen, and it
supplies the voltage for the X-value when determining the X-axis
co-ordinate. Tie this pin to ground if the controller is not used.

TS_XM (ADIN1) This pin is used to apply ground to the X-plate on the touch screen, and it
supplies the voltage for the Y-value when determining the Y-axis
co-ordinate. Tie this pin to ground if the controller is not used

TS_AUX_IN (ADIN2) This pin contains the voltage for the AUX-value when making an AUX
measurement. Tie this pin to ground if the controller is not used
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Overview of Operation

When the touch screen controller is in AUTO mode, the X and Y sample measurements
are automatically stored in the TSC_SAMPLE_FIFO. If the FIFO interrupt is enabled, the
touch screen controller generates a TSC_IRQ interrupt when the FIFO reaches the
programmed trigger level or if the FIFO has data and PEN down is no longer detected.

The clock to the TSC is enabled in the ADCLK_CTRL register. The ADC within the TSC
runs on this clock.

The touch screen controller logic can select either the 32 KHz (RTC_CLK) or
PERIPH_CLK; clock selection is made using the ADCLK_CTRL register.

The ADC within the TSC can operate up to 400 KHz, so a divider is provided to lower the
clock rate to a value less than 400KHz when using PERIPH_CLK as the clock source.
The value of this divider is set in the ADCLK1_CTRL register.

The Touch Screen Controller register interface runs on PERIPH_CLK.

Even when the touch screen controller is in MANUAL mode (INACTIVE state), software
can still control the touch screen by using the ADC_SELECT, ADC_CTRL and
ADC_VALUE registers. The intended use of this mode is for testing and making individual
touch screen measurements not supported by the controller when in AUTO mode.

The touch controller also has a special “auto position feature”. This feature can restrict
wake up to a specified location on the touch screen surface.

Mode Selection

The touch screen controller operates in two modes.

e AUTO Mode
e MANUAL Mode

AUTO Mode

When enabled, the touch screen controller hardware automatically handles the
measurement sequence to retrieve the co-ordinates as well as determining if the screen is
pressed or not. In addition, it will measure the AUX analog input signal if enabled. The
main purpose for the automation is to minimize the number of interrupts needed to
determine the touch position. This is the normal mode of operation for the TSC.

In AUTO mode AUX_IN measurements will happen independent of the PEN down signal
TS_P. The presense of a TS_P signal overrides the collection of AUX data.

The touch screen registers are set to default values after reset and the TSC enters
MANUAL mode (INACTIVE state), see Figure 39. If the AUTO mode is then enabled, the
touch screen controller will leave the INACTIVE State and enter the AUTO State. While
the touch screen controller is running in the AUTO state, it minimizes power consumption
by only clocking the ADC when an actual sample is measured, and only clocking the
touch screen controller while the touch screen is pressed or the controller is in AUX mode.

TSC_IRQ is the only interrupt needed in AUTO mode, TS_AUX IRQ is optional if sampling
the AUX_IN pin. The TS_P IRQ is not used because the sequenced operation of AUTO
mode will result in spurious interrupts.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

User manual

Rev. 3 — 22 July 2011 260 of 721



NXP Semiconductors UM10326

11.1.2.11

UM10326

Chapter 11: LPC32x0 Touch screen controller

It is possible to switch between manual test mode and auto mode, but may not be desired.

Manual Mode

In this mode all measurement sequences are implemented in software. Here is a typical X
and Y measurement sequence followed by an AUX_IN measurement.

Enable the TSC_P and TSC_IRQ signal interrupts.
Set the TSC state in ADC_SELECT to TS_DETECT.

On the Touch Screen pen down (TSC_P IRQ), configure ADC_SELECT register to
MEASURE_X and start the ADC by setting the TS_ADC_STROBE bit in ADC_CTRL.

On the TSC_IRQ interrupt, read the X-axis data from ADC_VALUE register.

Configure the Y-axis for measurement by configuring ADC_SELECT to MEASURE_Y
and start the ADC by setting the TS _ADC_STROBE bitin ADC_CTRL.

On the TSC_IRQ interrupt, read the Y-axis data from ADC_VALUE register.
Configure the Touch screen controller to drain the X-plate.

Configure the AUX input for measurement by configuring ADC_SELECT to
MEASURE_AUX and start the ADC by setting the TS_ADC_STROBE bit in
ADC_CTRL.

On the TSC_IRQ interrupt, read the AUX_IN data from ADC_VALUE register.
Check Pen down status and repeat as necessary.

In MANUAL mode the TSC_ADC_RDY signal is gated to the TSC_IRQ signal and
time-out registers are not used.

Note the ADC is reset by hardware when the ADC is powered up using bit 2 in the
ADC_CTRL register.

Touch Screen Controller Special Features

The Touch screen controller also supports several special features.

¢ Position Detect in Auto Mode

¢ Auxiliary Analog-to-Digital conversion (AUX_IN)

¢ Position Detect in Auxiliary Analog-to-Digital conversion (AUX_IN)

Position detect in Auto Mode

The touch controller has a special low power auto position detect feature. This feature
limits wake up to a specified location on the touch interface. To use this feature set bits 3
and 0 high in the ADC_CTRL register. When this feature is enabled, each ADC sample is
compared against a minimum and maximum value for both the X and Y axis. Only
samples found to be between the min./max. values in both directions will go into the
TSC_SAMPLE_FIFO. When the TSC_SAMPLE_FIFO reaches the programmed trigger
level, the TSC_IRQ signal goes active. This mode can also be used to trigger a start
signal to take the system out of STOP mode. These values are stored in registers
TSC_MIN_X, TSC_MAX_X, TSC_MIN_Y, and TSC_MAX_Y.
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Measuring the AUX analog input

The touch screen controller may also be set to measure the AUX analog input. To enable
the AUX measuring mode, set bit 0 and 10 high in the ADC_CTRL register. The sampling
frequency of TS_AUX_IN is specified in the TSC_AUX_UTR register. Enable the TS_AUX
interrupt. In auto mode the when the ADC completes an AUX_IN measurement it will
generate a TS_AUX IRQ, reading the AUX_VALUE register will provide the data and clear
the TX_AUX IRQ.

Position Detect in Auxiliary Analog-to-Digital converter

The Auxiliary ADC measurement can also be use in the auto position mode. In this mode
the TSC_AUX_MIN and TSC_AUX_MAX can limit the ADC range that will generate a
TS_AUX interrupt or start signal.

Manual Mode Operation Detail

The signals used to control the TSC in manual mode are listed here.

¢ TS_YPC and TS_YMC signals control the film used for the Y-axis.
¢ TS _XPC and TS_XMC signals control the film used for the X-axis.

e TS Ref+[1:0] and TS_Ref-[1:] registers select the reference voltage supplied to the
ADC.

¢ TS_IN[1:0] selects is the input to the ADC.

Table 230 describes these signals, and Figure 38 shows these signals in a simplified
block diagram of the TSC.

Table 230. Touchscreen Control and Data Signal Description

Name Comment

TS_Ref+ [1:0] Selects which reference voltage to use on Ref+

TS_Ref- [1:0] Selects which reference voltage to use on Ref-

TS_IN[1:0] Selects which input voltage to send to the ADC

TS_XPC Selects the voltage on the TS_XP connection. (X Plus)

TS_XMC Selects the voltage on the TS_XM connection. (X Minus)

TS_YPC Selects the voltage on the TS_YP connection. (Y Plus)

TS_YMC Selects the voltage on the TS_YM connection. (Y Minus)

TS_ADC Supplies the ADC converted output data.

TSC_P The inverted logical level on the TS_XP connection. This signal generates a

touch interrupt as well as determining if the screen is pressed.

TSC_ADC_RDY In manual mode, the ADC Ready signal pulses high for one ADC_CLK cycle
when an AD-conversion is ready. In auto mode the controller switches off the
ADC clock off immediately after a conversion is ready causing ADC_RDY to
lock high. The ADC_RDY signal is ignored in auto mode.
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Fig 38. Simplified block diagram of the analog interface to the touch screen

Controlling the Touch ADC reference and Analog in signal multiplexer

There are five configurations needed to perform a manual data collection sequence are
defined here.

Configurations needed for manual data collection

TS _DETECT — The TSC is configured to detect PEN DOWN.

MEASURE_X — The TSC is configured to measure the X-axis position.
MEASURE_Y — The TSC is configured to measure the Y-axis position.
MEASURE_AUX_IN — The TSC is configured to measure the AUX_IN ADC value.
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DRAIN_X PLATE — The TSC is configured to drain the X-plate

The ADC_SELECT register is used to configure the signals to take manual
measurements with the TSC.

Table 231 lists the value needed for the ADC_SELECT register for each of the five
configurations.

Table 231. Touch screen manual configurations

TS Control State

TS_DETECT
MEASURE_X
MEASURE_Y
MEASURE_AUX_IN
DRAIN_X_PLATE

ADC_SELECT ADC_SELECT individual bit field values

Register Value 1g pep_ TS _REF+ TS_IN TS_YMC TS_YPC TS_XMC TS_XPC
(AD_Ref-) (AD_Ref+) (AD_IN)

0x010 00 00 01 0 0 0 0
0x007 00 00 00 0 1 1 1
0x158 01 01 01 1 0 0 0
Ox2AE 10 10 10 1 1 1 0
Ox01E 00 00 01 1 1 1 0

UM10326

Table 232 lists the bias and inputs selected for input to the ADC in each manual
configuration.

Table 232. Touch screen reference control state signals

TS Control State Resulting ADC Configuration

REF+ ADC REF-ADC INADC
TS_DETECT TS_XP TS_XM TS_XM
MEASURE_X TS_XP TS_XM TS_YM
MEASURE_Y TS_YP TS_YM TS_XM
MEASURE_AUX_IN Vddts Vss TS_AUX
DRAIN_X_PLATE TS_XP TS_XM TS_XM

Table 233 shows the resulting external pin state for each configuration.

Table 233. Touch screen external pin configurations

TS control state Resulting External Pin State

TS XP TS XM TS YP TS YM
TS_DETECT Z2 z Vddts z
MEASURE_X [ Vddts Vss VA z
MEASURE_Y[ Z Z Vddts Vss
MEASURE _AUX_IN VA Vss VA Vss
DRAIN_X_PLATEEI Z Vss Zz Vss

[1] The measure X and Y states consume relatively high currents and must only be enabled while the software
is performing in a co-ordinate fetch for the touch position. In automatic mode, the controller handles this in
hardware.

[2] To be able to detect a touch in TS_DETECT State the TS_XP external pin needs to be weakly pulled down.

[3] The DRAIN_X_ PLATE state is used to allow a fast unload of the TOUCH screen plate connected to the
TS_XP pin before going to the TS_DETECT state.
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11.1.2.2 The Touch Screen Controller state machine

INACTIVE
(Manual Mode)

TS_AUTO_EN =0

TS_AUTO_EN=0
- - TS_AUTO_EN=0

TS_AUTO_EN=1

TS_AUTO_EN=0

TSC_P=0
(TS pressed)

or
TS_AUX_EN =0

TSC_P=0
(TS pressed)

AUX MEASURE
(Measure AUX Value)

(TSC Enabled)

TSC P=1
(TS not pressed)
and
TS _AUX_EN=1

(TS not_pressed)

TSC_P=1
(TS not pressed)

(Wait for AUX Update Time) (TS still pressed)

TOUCH MEASURE
(Measure X and Y Value)
(Drain X-plate)
(Wait for Touch Time)

(Wait for Update Time)

Fig 39. Touch screen controller state diagram

The touch screen controller state diagram can be divided into five main states.
Touch Screen Controller States

INACTIVE — In this state, the TSC and AUX inputs can be measured in using software
that controls each step in the Touch screen data collection sequence. This is also referred
to as MANUAL mode.

AUTO — In this state, the TSC is enabled and the AUX mode is not enabled, the
controller is waiting for the touch screen to be touched or the TS_AUX_EN to be enabled.

WAIT DELAY — In this state, TSC waits for a specified amount of time to see ifitis a real
touch.

AUX MEASURE — In this state, both the TSC and the AUX measure mode are enabled,
the AUX input pin is measured using the interval defined in the TSC_AUX_UTR register. A
touch detected on the touch screen will change the controller to the WAIT DELAY state.

TOUCH MEASURE — In this state, the touch screen controller measure the X and Y
value and determine the touched point. The controller will stay in this state as long as the
Touch screen remains touched.

11.1.3 Touch Screen Controller Time registers

Figure 40 shows the relationship among the various timing registers used when an
automatic sample is taken.
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FIFO [
Triggered | TSC_IRQ
Delay Time | Rise Time | Measure X | Rise Time | Measure Y | Drain X | Touch Time | Update Time
TSC_DTR CONVERT_XW@ CONVERT_Y® TSC_TTR
TSC_RTR TSC_RTR TSC_DXPR TSC_UTR

REPEAT if TSC_P =0 (TS still pressed)

L

(1) CONVERT_X and CONVERT_Y represent the number of clock cycles needed to perform an Analog to digital conversion for
the axis.

Time in Touch Clocks

Fig 40. Touch screen controller AUTO mode timing diagram

11.1.4 Touch Screen Register Descriptions

Table 234 shows the registers that are used to configure and operate the touch screen

controller.

Table 234. Touchscreen registers

Address Register name Function Reset State  Attributes
0x4000 40B4 ADCLK_CTRL ADC clock control 0 R/W
0x4000 4060 ADCLK_CTRL1 Second ADC clock control register 0 R/W
0x4004 8000 ADC_STAT A/D Status register 0x80 R

0x4004 8004 ADC_SELECT A/D Select State register 0x04 R/W
0x4004 8008 ADC_CTRL A/D Control Register 0x0000 R/W
0x4004800C TSC_SAMPLE_FIFO  Touchscreen Sample FIFO - R

0x4004 8010 TSC_DTR Touchscreen Delay Time Register 0x00000 R/W
0x4004 8014 TSC_RTR Touchscreen Rise Time Register 0x00000 R/W
0x4004 8018 TSC_UTR Touchscreen Update Time Register 0x00000 R/W
0x4004801C TSC_TTR Touchscreen Touch Time Register 0x00000 R/W
0x4004 8020 TSC_DXP Touchscreen Drain X Plate Time Register 0x00000 R/W
0x4004 8024 TSC_MIN_X Touchscreen Minimum X value 0x00000 R/W
0x4004 8028 TSC_MAX_X Touchscreen Maximum X value 0x00000 R/W
0x4004 802C TSC_MIN_Y Touchscreen Minimum X value 0x00000 R/W
0x4004 8030 TSC_MAX_Y Touchscreen Maximum Y value 0x00000 R/W
0x4004 8034 TSC_AUX_UTR Touchscreen AUX Update Time Register 0x00000 R/W
0x4004 8038 TSC_AUX_MIN Touchscreen AUX Minimum value 0x00000 R/W
0x4004 803C TSC_AUX_MAX Touchscreen AUX Maximum value 0x00000 R/W
0x4004 8044 TSC_AUX_VALUE Touchscreen Value Register 0x00000 R/-
0x4004 8048 ADC_VALUE A/D Data Register 0x00000 R/-
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11.1.4.1 ADC Clock Control register (ADCLK_CTRL - 0x4000 40B4)

The ADCLK_CTRL register allows enabling or disabling the clock to the Analog to Digital
Converter and Touch Screen.

Table 235. ADC Clock Control register (ADCLK_CTRL - 0x4000 40B4)
Bit Function Reset value

0 0 = Disable 32 kHz clock to ADC block. 0
1 = Enable clock.

11.1.4.2 ADC Clock Controll register (ADCLK_CTRL1 - 0x4000 4060)

The ADCLK_CTRL1 register controls switching the source of the ADC/Touch Screen
clock. If the PERIPH_CLK is selected, use the clock divider to reduce the input frequency of
the peripheral clock to a value less than 400KHz before using the ADC or touch screen.

Table 236. ADC Clock Control register (ADCLK_CTRL1 - 0x4000 4060)
Bit Function Reset value
8 ADCCLK_SEL; ADC clock select 0

0 = Clock ADC and touch screen from RTC clock.

1 = Clock ADC and touch screen from PERIPH_CLK clock.

7.0 ADC_FREQ. Controls the clock divider for ADC when Peripheral clock (bit 8) is enabled. 0
Value in register is one less than divide value. reg value = (divider -1)

00000000 =1
00000001 =2
11111110 = 255
11111111 = 256

11.1.4.3 A/D Status Register (ADC_STAT - 0x4004 8000)

The ADC_STAT register contains information about the current status of the A/D
Converter. The function and description of bits in ADC_STAT are shown in Table 237

Table 237. A/D Status Register (ADC_STAT - 0x4004 8000)

Bits Function Description Reset
value

31:9 Reserved Reserved. The value read from a reserved bit is not defined. -

8 TS FIFO_OVERRUN Overrun status on TS FIFO -

0 = FIFO not over run
1 = FIFO over run

7 TS FIFO_EMPTY Empty status on TS FIFO -
0 = FIFO not empty
1 = FIFO empty
6:0 Reserved Reserved. The value read from a reserved bit is not defined. 0x0

11.1.4.4 A/D Select State Register (ADC_SELECT - 0x4004 8004)

The ADC_SELECT register provides a means of selecting an A/D channel or configure
the touchscreen connections to be used for the next conversion. The function of bits in
ADC_SELECT are shown in Table 238.

The settings in the ADC_SELECT register do not affect the analog touchscreen interface
when the AUTO_EN bit in the ACD_CTRL register is set to logic 1.
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Table 238. A/D Select Register (ADC_SELECT - 0x4004 8004)

Bits Function
31:10 Reserved

9:8 TS _Ref-
(AD_Ref-)

7:6 TS _Ref+

(AD_Ref+)
5:4 TS_IN
(AD_IN)
3 TS_YMC
2 TS_YPC
1 TS_XMC
0 TS_XPC

Description

Reserved, user software should not write ones to reserved bits.

The value read from a reserved bit is not defined.

Selects the A/D negative reference voltage, Vref-in TS ADC
00=TS_XM

01=TS_YM

10 =Vss

11 = Not used

Selects the A/D positive reference voltage, Vref+in TS ADC
00 =TS_XP

01=TS_YP

10 = VDDTS

11 = Not used

Selects the input TS ADC as follows:
00=TS_YM

01=TS_XM

10 = TS_AUX

11 = Not used

YM Control
0 =the TS_YM signal is disconnected from GND.
1 =the TS_YM signal is connected to GND.

YP Control
0 =the TS_YP signal is connected to VddTS.

1 =the TS_YP signal is disconnected from VddTS.

XM Control
0 =the TS_XM signal is disconnected from GND.
1 =the TS_XM signal is connected to GND.

XP Control
0 =the TS_XP signal is disconnected from VddTS. (Externally
pulled down by 100k resistor.) (Typical)

1 =the TS_XP signal is connected to VddTS (only if TS_XMC bit

is also 1).

Reset
value

11.1.4.5 A/D Control register (ADC_CTRL - 0x4004 8008)

The ADC_CTRL register contains bits that control the power state of the A/D, start an A/D
conversion. The function of bits in ADC_CTRL are shown in Table 239.
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Table 239. A/D Control Register (ADC_CTRL - 0x4004 8008)

Bits Function Description Reset
value
31:13 Reserved Reserved, user software should not write ones to -
reserved bits. The value read from a reserved bit is not
defined.
12:11 TS _FIFO_CTRL FIFO Control 0

These bits set the level in the FIFO to trig the TSC_IRQ
00 = Send TSC_IRQ on FIFO level 1

01 = Send TSC_IRQ on FIFO level 4

10 = Send TSC_IRQ on FIFO level 8

11 = Send TSC_IRQ on FIFO level 16

10 TS_AUX_EN This bit enables the AUX ANALOG measure in auto 0
mode
0 = The AUX measured controller is disabled.
1 = The AUX measured controller is enabled.

9:7 TS_X_ACC These bits sets the number of bits delivered by the ADC
for all modes doing X direction measurement. (AUTO
mode only). Fewer ADC bits used means fewer clocks to
the ADC and faster acquire time. Note that the MSB bits
used will stay in the same bit position in all registers.
(They are not shifted down)

000 = ADC delivers 10 bits
001 = ADC delivers 9 bits

o

111 = ADC delivers 3 bits

6:4 TS_Y_ACC These bits set the number of bits delivered by the ADC 0
for all modes doing Y direction measurement. See
description for TS_X_ACC.

3 TS_POS_DET This bit has no effect if AUTO_EN =0 0
0 = Normal auto mode.
1 = Auto mode including position detect.

2 TS_ADC_PDN_CTRL This bit has no effect if AUTO_EN =1 0
0 =the ADC is in power down. (Default)
1 =the ADC is powered up and reset.

1 TS_ADC_STROBE This bit has no effect if AUTO_EN =1 0
Setting this bit to logic 1 will start an AD conversion. This
bit is write only

0 TS_AUTO_EN 0 = The touch screen controller is disabled. The touch 0
screen must be operated in manual mode.
1 =The touch screen controller is enabled. Bits 2:1 in this
register are don't care when AUTO_EN is 1.

Touchscreen controller sample FIFO register (TSC_SAMPLE_FIFO - 0x4004
800C)

This register reads the first value in the TSC sample FIFO, it contains both the X and Y
values and whether the screen is pressed or not pressed. If the screen is not pressed, the
ADC may not have completed a conversion before the hardware abandons sample
collection. In this case, do not to use the last sample.

Note, if the FIFO is full, then new samples will be thrown away! This event will set the
overrun bit 8 in the ADC_STAT register.
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The register bit fields for TSC_SAMPLE_FIFO are shown in Table 240.

Table 240. Touchscreen sample FIFO Register (TSC_SAMPLE_FIFO - 0x4004 800C)

Bits Function Description Reset
value

31 TSC_P_LEVEL 0 = the touch screen is pressed. 0
1 = the touch screen is not pressed.

30 FIFO_EMPTY 0 = FIFO not empty 0
1 = FIFO empty

29 FIFO_OVERRUN 0 = FIFO not over run 0
1 = FIFO over run

29:26 Reserved Reserved, user software should not write ones to reserved 0
bits. The value read from a reserved bit is not defined.

25:16 TS_X_VALUE TS_X_VALUE 0
The ADC value of the X co-ordinate.

15:10 Reserved Reserved, user software should not write ones to reserved 0
bits. The value read from a reserved bit is not defined.

9:0 ADC_VALUE TS_Y_VALUE 0

The ADC value of the Y co-ordinate.

Touchscreen controller Delay Time register (TSC_DTR - 0x4004 8010)

The delay time register sets the number of clock cycles to wait after the Touchscreen is
pressed before starting a sample. Any time shorter than the value stored in this register is
ignored by the touchscreen controller. The bit fields in TSC_DTR are shown in Table 241.

The delay time is expressed in number of TOUCH_CLK clock cycles.

Table 241. Touchscreen controller Delay Time Register (TSC_TDTR - 0x4004 8010)

Bits Function Description Reset
value

31:20 Reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.

19:0 TSC_DTR TS Controller Delay Time Register 0

Touchscreen controller Rise Time register (TSC_RTR - 0x4004 8014)

The rise time sets the time required for conditions to be stable enough to measure the
voltages in the physical TS interface. The bit fields in the TSC_DTR register are shown in
Table 242.

The rise time is expressed in number of TOUCH_CLK clock cycles.

Table 242. Touchscreen controller Rise Time Register (TSC_RTR - 0x4004 8014)

Bits Function Description Reset
value

31:20 Reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.

19:0 TSC_RTR Touch Screen Controller rise time 0
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11.1.4.9 Touchscreen controller Update Time register (TSC_UTR - 0x4004 8018)

The update time register defines the time interval between touch screen scans made by
the TS controller.

The update time is expressed in TOUCH_CLK clock cycles. The fields in TSC_UTR are
shown in Table 243.

Table 243. Touchscreen controller Update Time Register (TSC_UTR - 0x4004 801C)

Bits Function Description Reset
value

31:20 Reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.

19:0 TSC_UTR Touch Screen Controller update time. 0

11.1.4.10 Touchscreen controller Touch Time register (TSC_TTR - 0x4004 801C)

The touch time register sets the time that the touchscreen controller waits in the touch
detect state before the TSC_P signal is tested in AUTO mode. The time is expressed in
TOUCH_CLK clock cycles. The fields in TSC_TTR are shown in Table 244.

Table 244. Touchscreen controller Delay Time Register (TSC_TTR - 0x4004 801C)

Bits Function Description Reset
value

31:20 Reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.

19:0 TSC_TTR TS Controller touch time. 0

11.1.4.11 Touchscreen controller Drain X Plate Time Register (TSC_DXP - 0x4004
8020)

The touch time register sets the time the Drain X plate state is maintained. The time is
expressed in TOUCH_CLK clock cycles.The fields in TSC_DXP are shown in Table 245.

Table 245. Touchscreen controller Drain X Plate Time Register (TSC_TTR - 0x4004 8020)

Bits Function Description Reset
value

31:20 Reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.

19:0 TSC_DXP TS Controller Drain X Plate time. 0

11.1.4.12 Touchscreen controller Minimum X value Register (TSC_MIN_X - 0x4004
8024)

This register is only used in Auto-position mode. (ADC_CTRL [3:0] = 1001). The register
defines the minimum X value to accept from the ADC. The fields in TSC_MIN_X are
shown in Table 246.
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Table 246. Touchscreen controller Minimum X value Register (TSC_MIN_X - 0x4004 8024)

Bits Function Description Reset
value

31:10 Reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.

9:0 TSC_MIN_X TS Controller Minimum X value. 0

Touchscreen controller Maximum X value Register (TSC_MAX_X - 0x4004
8028)

This register is only used in Auto-position mode. (ADC_CTRL [3:0] = 1001). The register
defines the maximum X value to accept from the ADC. The fields in TSC_MAX_ X are
shown in Table 247.

Table 247. Touchscreen controller Maximum X value Register (TSC_MIN_X - 0x4004 8028)

Bits Function Description Reset
value
31:10 Reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.
9:0 TSC_MAX_X TS Controller Maximum X value. 0

Touchscreen controller Minimum Y value Register (TSC_MIN_Y - 0x4004
802C)

This register is only used in Auto-position mode. (ADC_CTRL [3:0] = 1001). The register
defines the minimum Y value to accept from the ADC. The fields in TSC_MIN_Y are
shown in Table 248.

Table 248. Touchscreen controller Minimum Y value Register (TSC_MIN_Y - 0x4004 802C)

Bits Function Description Reset
value
31:10 Reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.
9:0 TSC_MIN_Y TS Controller Minimum Y value. 0

Touchscreen controller Maximum Y value Register (TSC_MAX_X - 0x4004
8030)

This register is only used in Auto-position mode. (ADC_CTRL [3:0] = 1001). The register
defines the maximum Y value to accept from the ADC. The fields in TSC_MAX_Y are
shown in Table 249.

Table 249. Touchscreen controller Maximum X value Register (TSC_MIN_X - 0x4004 8030)

Bits Function Description Reset
value
31:10 Reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.
9:0 TSC_MAX_X TS Controller Maximum X value. 0
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Touchscreen controller AUX Update Time Register (TSC_AUX_UTR - 0x4004
8034)

This register defines the time interval between scans of the AUX_IN made by the Touch
controller when ADC_CTRLJ[10] = 1.

This register is only used in AUTO mode. (ADC_CTRL [0] = 1). The update time is
expressed in TOUCH_CLK clock cycles.

The fields in TSC_AUX_UTR are shown in Table 250.

Table 250. Touchscreen controller AUX Update Time Register (TSC_AUX_UTR - 0x4004

8034)
Bits Function Description Reset
value
31:0 TSC_AUX_UTR TS Controller auxiliary update time. 0

Touchscreen controller AUX Minimum value Register (TSC_AUX_MIN -
0x4004 8038)

This register is only used in ANALOG mode. (ADC_CTRL [10] = 1). The register defines
the minimum Analog value to accept from the ADC. This register is only used in
Auto-position mode. (ADC_CTRL [3:0] = 1001). The fields in TSC_AUX_MIN are shown
in Table 251.

Table 251. Touchscreen controller AUX Minimum value Register (TSC_AUX_MIN - 0x4004

8038)
Bits Function Description Reset
value
31:10 Reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.
9:0 TSC_AUX_MIN TS Controller Minimum auxiliary ADC value. 0

Touchscreen controller AUX Maximum value Register (TSC_AUX_MAX -
0x4004 803C)

This register is only used in ANALOG mode. (ADC_CTRL [10] = 1). The register defines
the maximum Analog value to accept from the ADC. This register is only used in

Auto-position mode. (ADC_CTRL [3:0] = 1001). The register defines the maximum AUX
value to accept from the ADC. The fields in TSC_AUX_MAX are shown in Table 252.

Table 252. Touchscreen controller AUX Maximum value Register (TSC_AUX_MAX - 0x4004

803C)
Bits Function Description Reset
value
31:10 Reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.
9:0 TSC_AUX_MAX TS Controller Maximum Auxiliary ADC value. 0
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Touchscreen controller AUX Value Register (TSC_AUX_VALUE - 0x4004
8044)

This register is only used in ANALOG mode. (ADC_CTRL [10] = 1). The register reads the
Analog value from the AUX ADC. The fields in TSC_AUX_VALUE are shown in
Table 253.

Table 253. Touchscreen controller AUX Maximum value Register (TSC_AUX_VALUE - 0x4004

8044)
Bits  Function Description Reset
value
31:10 Reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.
9:0 TSC_AUX_VALUE TS Controller Auxiliary ADC value. 0

Touchscreen controller ADC Value Register (ADC_VALUE - 0x4004 8048)

This register is only used in ANALOG mode. (ADC_CTRL [10] = 1). The register reads the
Analog value from the ADC. The fields in ADC_VALUE are shown in Table 254. Reading
this bit clears all TS interrupts.

The TSC_P_LEVEL bit in this register is not a duplicate of the TSC_P_LEVEL bit in the
TS_SAMPLE_FIFO register. The TSC_P_LEVEL bit in ADC_VALUE is registered,
while the TSC_P_LEVEL bit in TSC_SAMPLE_FIFO register is raw data.

Table 254. Touchscreen controller ADC Value Register (TSC_ADC_VALUE - 0x4004 8048)

Bits  Function Description Reset
value

31:11 Reserved Reserved, user software should not write ones to reserved -
bits. The value read from a reserved bit is not defined.

10 TSC_P_LEVEL 0 = the touch screen is pressed. -
1 = the touch screen is not pressed.

9:0 ADC_VALUE The ADC value of the last conversion. 0

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

User manual

Rev. 3 — 22 July 2011 274 of 721



UM10326

Chapter 12: LPC32x0 Analog-to-Digital Converter (ADC)
Rev. 3 — 22 July 2011 User manual

12.1 Introduction

The Analog-to-Digital Converter (ADC) is a 3 channel, 10-bit successive approximation
converter. The ADC is a sub-component of the Touch Screen controller, and when
configured as an Analog-to-Digital converter results have a resolution of 10 bits.
Conversion time of the A/D converter is 11 clock times for the full 10-bit conversion. The
ADC can convert one of its 3 analog input signals with a maximum conversion rate of
400 kSamples/s for a 10-bit resolution.

The analog portion of the ADC has its own power supply to enhance the low noise
characteristics of the converter. This voltage should only be 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.

Figure 41 shows the block diagram of the A/D Converter.

12.1.1 Features

* Low noise A/D converter

¢ 10-bit resolution

¢ Three input channels

¢ 400 kSamples/s maximum conversion rate

12.2 Pin description

Table 255. A/D pin description

Pin name Type Description

ADINO/TS_YM Analog This pin is A/D input 0. This pin should be tied to ground if it is not
Input used.

ADIN1/TS_XM Analog This pin is A/D input 1. This pin should be tied to ground if it is not
Input used.

ADIN2/TS_AUX_IN Analog This pin is A/D input 2. This pin should be tied to ground if it is not
Input used.

VDD_AD Power This is the VDD supply for the ADC, also acting as the positive

reference voltage.

VSS_AD Power This is the VSS supply for the ADC, also acting as the negative
reference voltage.
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Fig 41. Simplified Block diagram of the Touch screen controller used as an ADC

12.3 Register description

Table 256 shows the registers associated with the A/D Converter and a summary of their
functions. Following the table are details for each register.

Table 256. A/D registers

Address Name Description Reset value Type
offset

0x4000 40B4 ADCLK_CTRL ADC clock control 0 R/W
0x4000 4060 ADCLK_CTRL1 Second ADC clock control register 0 R/W
0x4004 8004 ADC_SELECT A/D Select Register 0x04 R/W
0x4004 8008 ADC_CTRL A/D Control Register 0x0000 R/W
0x4004 8048 ADC_VALUE A/D Data Register 0x00000 R/-

12.3.1 ADC Clock Control register (ADCLK_CTRL - 0x4000 40B4)

The ADCLK_CTRL1 register controls switching the source of the ADC/Touch Screen
clock. If the PERIPH_CLK is selected, use the clock divider to reduce the input frequency
of the peripheral clock to a value less than or equal to 4.5Mhz before using the ADC or
touch screen. One 10-bit conversion needs 11 clock cycles. The maximum conversion
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rate of 10-bit samples is 4.5M / 11 or ~400KS/s. During the first clock cycle, the selected
input signal is sampled. After the sampling is done the successive approximation
algorithm determines the output code during the following 10 clock cycles.

Table 257. ADC Clock Control register (ADCLK_CTRL - 0x4000 40B4)

Bit Function Function Reset
value
0 ADC_CLK_EN  ADC clock enable 0

0 = Disable 32 kHz (RTC) clock to ADC block.
1 = Enable clock.

ADC Clock Controll register (ADCLK_CTRL1 - 0x4000 4060)

The ADCLK_CTRLL1 register controls switching the source of the ADC/Touch Screen
clock. If the PERIPH_CLK is selected, use the clock divider to reduce the input frequency of
the peripheral clock to a value less than 4.5 MHz before using the ADC or touch screen.

Table 258. ADC Clock Control register (ADCLK_CTRL1 - 0x4000 4060)

Bit Function Description Reset
value
8 ADCCLK_SEL ADC clock select 0

0 = Clock ADC and touch screen from RTC clock.
1 = Clock ADC and touch screen from PERIPH_CLK clock.

7.0 ADC_FREQ. ADC Frequency 0
Controls the clock divider for ADC when Peripheral clock (bit 8) is
enabled. Value in register is one less than divide value. reg value =
(divider -1)

00000000 = 1
00000001 =2
11111110 = 255
11111111 = 256

A/D Select Register (ADC_SELECT - 0x4004 8004)

The ADC_SELECT register provides a means of selecting an A/D channel to be used for
the next conversion. Other bits in ADC_SELECT control internal A/D functions and must
be set to the values indicated for proper A/D operation. The function of bits in
ADC_SELECT are shown in Table 259.

Table 259. A/D Select Register (ADC_SELECT - 0x4004 8004)

Bits Function Description Reset
value

31:10 Reserved Reserved, user software should not write ones to reserved
bits. The value read from a reserved bit is not defined.

9:8 AD_Ref- Selects the A/D negative reference voltage. Must be setto 00
(TS_Ref-) 10 if ADC is used (VSS_AD). Settings 11, 01, and 00 are
undefined. Do not use.
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Table 259. A/D Select Register (ADC_SELECT - 0x4004 8004)

Bits Function Description Reset
value
7:6 AD_Ref+ Selects the A/D positive reference voltage. Must be setto 00

(TS_Ref+) 10 if ADC is used (VDD_AD). Settings 11, 01, and 00 are
undefined. Do not use.

5:4 AD_IN Selects the A/D input as follows: 00
(TS_IN) 00 - ADINO
01 - ADIN1
10 - ADIN2
11 - Not used

3.0 - A/D internal controls. Must not be changed from the reset  0x4
value.

12.3.4 A/D Control register (ADC_CTRL - 0x4004 8008)
The ADC_CTRL register contains bits that control the power state of the A/D, start an A/D
conversion. The function of bits in ADC_CTRL are shown in Table 260.

Table 260. A/D Control Register (ADC_CTRL - 0x4004 8008)

Bits Function Description Reset
value

31:7 Reserved Reserved, user software should not write ones to
reserved bits. The value read from a reserved bit
is not defined.

6:3 - Internal A/D controls. Must be set to 0x0. 0x0
AD_PDN_CTRL 0 =the ADC is in power down. 0
(TS_ADC_PDN_CTRL) 1 =the ADC is powered up and reset.

1 AD_STROBE Setting this bit to logic 1 will start an A/D 0

(TS_ADC_STROBE) conversion. The bit is reset by hardware when the
A/D conversion has started.

0 - Internal A/D control. Must be set to 0. 0

12.3.5 ADC Value register (ADC_VALUE - 0x4004 8048)

The ADC_VALUE register contains the result of the last completed A/D conversion. The
result field in ADC_VALUE is shown in Table 261.

Table 261. A/D Data Register (ADC_VALUE - 0x4004 8048)

Bits Function Description Reset
value

31:10 Reserved Reserved, user software should not write ones -
to reserved bits. The value read from a
reserved bit is not defined.

9:0 ADC_VALUE The ADC value of the last conversion.

12.4 A/D conversion sequence

The following is an example sequence of setting up the ADC, starting a conversion, and
acquiring the result value.
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¢ Write a value to the AD_IN field of the ADSEL register to select the desired A/D

channel to convert. Make sure to include the required values of other fields in the
register.

* Wait for an A/D interrupt signal from AD_IRQ (see Figure 41), or poll the raw interrupt
bit 7 in the SIC1_RSR register to determine when the conversion is complete.

* Read the conversion result in the ADC_VALUE register, which will also clear the
ADC_INT interrupt.

UM10326 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

User manual Rev. 3 — 22 July 2011 279 of 721




13.1 Features

UM10326

Chapter 13: LPC32x0 Keyboard scan interface
Rev. 3 — 22 July 2011 User manual

* Supports up to 64 keys in 8 x 8 matrix.
* Programmable debounce period.
* A key press can wake up the CPU from stop mode.

13.2 Functional description

13.2.1

13.2.2

13.2.3

UM10326

Clocking

The Keyboard Scan interface has two clock domains, a 32 kHz (RTC_CLK) domain for
scan functionality and a PERIPH_CLK domain for the FAB bus interface including
registers. To ensure proper function, the 32 kHz clock should always run.

To wake up the CPU from stop mode on a 'key pressed’, a start signal is issued via the
NKEY_IRQ signal. This is achieved without the APB bus or PERIPH_CLK active.

Multiplexing of pins

To be able to use a full 8 x 8 matrix, the GPIO_3 and GPIO_2 pins must be connected to
Row([7:6]. This is performed by setting the appropriate bits in the P2_MUX_SET register.

Keyboard scan operation

When the internal state machine is in ’Idle state’, all KEY_ROWI[n] pins are set to 'high’
waiting for a key (or multiple keys) to be pressed. 'Key pressed’ is detected as a 'high’ on
the respective KEY_COL[n] input pin. The matrix is scanned by setting one output pin
'high’ at a time and then reading all inputs. After a pre-programmed de-bounce period (n
identical matrix values are read) the keypad state is stored in the matrix registers
(KS_DATAN[7:0]) and an interrupt request is sent to the interrupt controller. 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. It is possible to read
the KEY_COL[n] inputs directly via the FAB bus. The internal de-bounce logic will then be
inactive.
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Fig 42. Keyboard scan 8 x 8 block diagram. (Only a 3 x 3 external key matrix is shown).
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13.3 Register description

Table 262 shows the registers associated with the Keyboard Scan and a summary of their

functions. Following the table are details for each register.

Table 262. Keyboard scan registers

Address Name Description Reset value Access
0x4005 0000 KS_DEB Keypad de-bouncing duration register 0x05 R/W
0x4005 0004 KS_STATE_COND Keypad state machine current state register 0x00 RO
0x4005 0008 KS_IRQ Keypad interrupt register 0x01 R/W
0x4005 000C KS_SCAN_CTL Keypad scan delay control register 0x05 R/W
0x4005 0010 KS_FAST_TST Keypad scan clock control register 0x02 R/W
0x4005 0014 KS_MATRIX_DIM Keypad Matrix Dimension select register 0x06 R/W
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Table 262. Keyboard scan registers

Address

0x4005 0040
0x4005 0044
0x4005 0048
0x4005 004C
0x4005 0050
0x4005 0054
0x4005 0058
0x4005 005C

Name Description Reset value Access
KS_DATAQ Keypad data register 0 0x00 RO
KS_DATAl Keypad data register 1 0x00 RO
KS_DATA2 Keypad data register 2 0x00 RO
KS_DATAS Keypad data register 3 0x00 RO
KS_DATA4 Keypad data register 4 0x00 RO
KS_DATAS Keypad data register 5 0x00 RO
KS_DATA6 Keypad data register 6 0x00 RO
KS_DATA7 Keypad data register 7 0x00 RO

13.3.1 Keypad De-bouncing Duration register (KS_DEB, RW - 0x4005 0000)

Table 263. Keypad De-bouncing Duration register (KS_DEB, RW - 0x4005 0000)

Bits Description Reset
value
7.0 Keypad de-bouncing duration. Number of equal matrix values to be read plus 3. This register specifies 0x5

the number of passes (plus 3) that are used to debounce a matrix of size 1 to 8. Each column read of
a matrix takes exactly 1 clock in SCANONCE mode and 2 clocks in SCANMATRIX mode.

0x02 => Debounce completes after 2 + 3 = 5 equal matrix values are read
OxFF => Debounce completes after 256 + 3 = 259 equal matrix values are read

13.3.2 Keypad State Machine Current State register (KS_STATE_COND, RO -

0x4005 0004)

Table 264. Keypad State Machine Current State register (KS_STATE_COND, RO - 0x4005 0004)

Bits Name Description Reset
value
1.0 STATE 00: Idle 0x0

01: Scan Once
10: IRQ generation
11: Scan Matrix

UM10326
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Fig 43. Keyboard scan state diagram

13.3.3 Keypad Interrupt register (KS_IRQ, RW - 0x4005 0008)

Table 265. Keypad Interrupt register (KS_IRQ, RW - 0x4005 0008)

Bits Name Description Reset
value
0 KIRQN 0: Active interrupt: Key pressed or released. Any write access to this register will clear 0x1

the interrupt. In polling mode, this bit needs to be reset after a key has been pressed.
1: No active interrupt.

13.3.4 Keypad Scan Delay Control register (KS_SCAN_CTL, RW - 0x4005

000C)
Table 266. Keypad Scan Delay Control register (KS_SCAN_CTL, RW - 0x4005 000C)
Bits Name Description Reset
value
7.0 SCN_CTL Time between each keypad scan in STATE: ‘Scan Matrix'. OxFF
Time between each scan = (1 / clock_freq) x 32 x SCN_CTL
32KHz clock source:
SCN_CTL = 0x00 => Scan always
SCN_CTL =0x01 => (1/ 32KHz) x 32 x 1 =1 ms (32 clock cycles x 1)
SCN_CTL = OxFF => (1 / 32KHz) x 32 x 256 = 250 ms (32 clock cycles x 256)
(default)
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13.3.5 Keypad Scan Clock Control register (KS_FAST_TST, RW - 0x4005
0010)

Table 267. Keypad Scan Clock Control register (KS_FAST_TST, RW - 0x4005 0010)

Bits Description Reset
value
0 0: No forced Jump (default). 0
1: Jump to STATE: Scan Once.
1 0: PCLK (do not use in this configuration) 1

1: Use the 32 KHz RTC clock as the clock source (default).

13.3.6 Keypad Matrix Dimension Select register (KS_MATRIX_DIM, RW -
0x4005 0014)

Table 268. Keypad Matrix Dimension Select register (KS_MATRIX_DIM, RW - 0x4005 0014)

Bits Name Description Reset
value
3.0 MX_DIM 0x01 => 1 x 1 matrix dimension 0x06

0x06 => 6 x 6 matrix dimension (default)
0x08 => 8 x 8 matrix dimension (Max)

13.3.7 Keypad Data Register 0 (KS_DATAO, RO - 0x4005 0040)

Table 269. Keypad Data Register 0 (KS_DATAO, RO - 0x4005 0040)

Bits Description Reset
value
7:0 KEY_RO_C<7:0> Image of Column <7:0> on Row 0. Captured on Row O ‘high’ 0x0

1: Column <7:0> = ‘high’ (key pressed on Row 0)
0: Column <7:0> = ‘low’ (no key pressed on Row 0)

13.3.8 Keypad Data Register 1 (KS_DATAL, RO - 0x4005 0044)

Table 270. Keypad Data Register 1 (KS_DATA1, RO - 0x4005 0044)

Bits Description Reset
value
7:0 KEY_R1_C<7:0> Image of Column <7:0> on Row 1. Captured on Row 1 ‘high’ 0x0

1: Column <7:0> = ‘high’ (key pressed on Row 1)
0: Column <7:0> = ‘low’ (no key pressed on Row 1)

13.3.9 Keypad Data Register 2 (KS_DATA2, RO - 0x4005 0048)

Table 271. Keypad Data Register 2 (KS_DATA2, RO - 0x4005 0048)

Bits Description Reset
value
7:0 KEY_R2_C<7:0> Image of Column <7:0> on Row 2. Captured on Row 2 ‘high’ 0x0

1: Column <7:0> = ‘high’ (key pressed on Row 2)
0: Column <7:0> = ‘low’ (no key pressed on Row 2)
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13.3.10 Keypad Data Register 3 (KS_DATA3, RO - 0x4005 004C)

Table 272. Keypad Data Register 3 (KS_DATA3, RO - 0x4005 004C)
Bits Description Reset
value
7.0 KEY_R3_C<7:0> Image of Column <7:0> on Row 3. Captured on Row 3 ‘high’ 0x0
1: Column <7:0> = ‘high’ (key pressed on Row 3)
0: Column <7:0> = ‘low’ (no key pressed on Row 3)
13.3.11 Keypad Data Register 4 (KS_DATA4, RO - 0x4005 0050)
Table 273. Keypad Data Register 4 (KS_DATA4, RO - 0x4005 0050)
Bits Description Reset
value
7:0 KEY_R4_C<7:0> Image of Column <7:0> on Row 4. Captured on Row 4 ‘high’ 0x0
1: Column <7:0> = ‘high’ (key pressed on Row 4)
0: Column <7:0> = ‘low’ (no key pressed on Row 4)
13.3.12 Keypad Data Register 5 (KS_DATA5, RO - 0x4005 0054)
Table 274. Keypad Data Register 5 (KS_DATA5, RO - 0x4005 0054)
Bits Description Reset
value
7:0 KEY_R5_C<7:0> Image of Column <7:0> on Row 5. Captured on Row 5 ‘high’ 0x0
1: Column <7:0> = ‘high’ (key pressed on Row 5)
0: Column <7:0> = ‘low’ (no key pressed on Row 5)
13.3.13 Keypad Data Register 6 (KS_DATAG, RO - 0x4005 0058)
Table 275. Keypad Data Register 6 (KS_DATA6, RO - 0x4005 0058)
Bits Description Reset
value
7.0 KEY_R6_C<7:0> Image of Column <7:0> on Row 6. Captured on Row 6 ‘high’ 0x0
1: Column <7:0> = ‘high’ (key pressed on Row 6)
0: Column <7:0> = ‘low’ (no key pressed on Row 6)
13.3.14 Keypad Data Register 7 (KS_DATA7, RO - 0x4005 005C)
Table 276. Keypad Data Register 7 (KS_DATA7, RO - 0x4005 005C)
Bits Description Reset
value
7:0 KEY_RO_C<7:0> Image of Column <7:0> on Row 7. Captured on Row 7 ‘high’ 0x0

1: Column <7:0> = ‘high’ (key pressed on Row 7)
0: Column <7:0> = ‘low’ (no key pressed on Row 7)

13.4 Example timing for Keyscan matrix

UM10326

The following Equations can be used to calculate keyscan timing.
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Equation 10 shows timing calculation for Scan once mode
ScanOnce Time = (1/32K) x ((MX_DIM x (KS_DEB + 3)) (10)
Equation 11 shows timing calculation for Scan Matrix mode

ScanMatrix Time = (1/32K) x (2 x MX_DIM x (KS_DEB + 3)) (11)

Timing example for 4 x 4 matrix keyscan
For the following conditions:

Clock — 32.768 KHz

Number of Rows — MX_DIM = 4 (matrix size)
Debounce Duration — KS_DEB =5

Scan Delay — SCN_CTL=1

The first scan pass is 1.95 ms.
Scan Once + Scan delay = (1/32768) x (4 x (5 + 3)) + ((1/32768) x (1 x 32)) =1.95 ms
Each subsequent pass through the scan matrix is 2.92 ms.

Scan Matrix + Scan delay = (1/32768) x (2 x 4 x (5 + 3)) + ((1/32768) x (1 x 32)) =2.92 ms
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The Ethernet interface contains a full featured 10 Mbps or 100 Mbps Ethernet MAC
(Media Access Controller) 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 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 block is an AHB master connected to the AHB matrix and has access to
internal SRAM (IRAM) and memory connected to the External Memory Controller for
Ethernet data, control, and status information. Other AHB traffic in the LPC32x0 can take
place using other masters, effectively separating Ethernet activity from the rest of the

system.

The Ethernet block interfaces between an off-chip Ethernet PHY using the MIl (Media
Independent Interface) or RMII (reduced MII) protocol. and the on-chip MIIM (Media
Independent Interface Management) serial bus.

Remark: The Ethernet controller is available on LPC3240 and LPC3250 parts only.

Table 277. Ethernet acronyms, abbreviations, and definitions

Acronym or
Abbreviation

AHB

CRC

DMA
Double-word
FCS

Fragment

Frame

Half-word
LAN
MAC

Mill

MIIM
Octet
Packet

PHY
RMII
Rx

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

Definition

Advanced High-performance bus
Cyclic Redundancy Check

Direct Memory Access

64 bit entity

Frame Check Sequence (CRC)

A (part of an) Ethernet frame; one or multiple fragments can add up to a single
Ethernet frame.

An Ethernet frame consists of destination address, source address, length
type field, payload and frame check sequence.

16 bit entity

Local Area Network

Media Access Control sublayer

Media Independent Interface

MII management

An 8 hit data entity, used in lieu of "byte" by IEEE 802.3

A frame that is transported across Ethernet; a packet consists of a preamble,
a start of frame delimiter and an Ethernet frame.

Ethernet Physical Layer
Reduced MII
Receive
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Table 277. Ethernet acronyms, abbreviations, and definitions

Acronym or Definition
Abbreviation

TCP/IP

Tx
VLAN
WoL
Word

Transmission Control Protocol / Internet Protocol. The most common
high-level protocol used with Ethernet.

Transmit

Virtual LAN
Wake-up on LAN
32 bit entity

UM10326

¢ Ethernet standards support:

Supports 10 or 100 Mbps 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.
VLAN frame support.

* Memory management:

* En

Independent transmit and receive buffers memory mapped to shared IRAM or
EMC memory.

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

Memory traffic optimized by buffering and pre-fetching.

hanced Ethernet features:

Receive filtering.

Multicast and broadcast frame support for both transmit and receive.

Optional automatic FCS insertion (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 Media Independent Interface
(MII) or standard Reduced MII (RMII) interface, software selectable.

PHY register access is available via the Media Independent Interface Management
(MIIM) interface.
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14.3 Architecture and operation

Figure 44 shows the internal architecture of the Ethernet block.
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Fig 44. Ethernet block diagram

The block diagram for the Ethernet block consists of:

* The host registers module containing the registers in the software view and handling
AHB accesses to the Ethernet block. The host registers connect to the transmit and
receive datapath as well as the MAC.

* The DMA to AHB interface. This provides an AHB master connection that allows the
Ethernet block to access IRAM or EMC memory for reading of descriptors, writing of
status, and reading and writing data buffers.

* The Ethernet MAC and attached RMII adapter. The MAC interfaces to the off-chip
PHY.
¢ The transmit datapath, including:

— The transmit DMA manager which reads descriptors and data from memory and
writes status to memory.

— The transmit retry module handling Ethernet retry and abort situations.
— The transmit flow control module which can insert Ethernet pause frames.

* The receive datapath, including:

— The receive DMA manager which reads descriptors from memory and writes data
and status to memory.

— The Ethernet MAC which detects frame types by parsing part of the frame header.

— The receive filter which can filter out certain Ethernet frames by applying different
filtering schemes.
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— The receive buffer implementing a delay for receive frames to allow the filter to
filter out certain frames before storing them to memory.

14.4 DMA engine functions

The Ethernet block is designed to provide optimized performance via DMA hardware
acceleration. Independent scatter/gather DMA engines connected to the AHB bus off-load
many data transfers from the LPC32x0.

Descriptors, which are stored in memory, contain information about fragments of incoming
or outgoing Ethernet frames. A fragment may be an entire frame or a much smaller
amount of data. Each descriptor contains a pointer to a memory buffer that holds data
associated with a fragment, the size of the fragment buffer, and details of how the
fragment will be transmitted or received.

Descriptors are stored in arrays in memory, which are located by pointer registers in the
Ethernet block. Other registers determine the size of the arrays, point to the next
descriptor in each array that will be used by the DMA engine, and point to the next
descriptor in each array that will be used by the Ethernet device driver.

14.5 Overview of DMA operation

UM10326

The DMA engine makes use of a Receive descriptor array and a Transmit descriptor array
in memory. All or part of an Ethernet frame may be contained in a memory buffer
associated with a descriptor. When transmitting, the transmit DMA engine uses as many
descriptors as needed (one or more) to obtain (gather) all of the parts of a frame, and
sends them out in sequence. When receiving, the receive DMA engine also uses as many
descriptors as needed (one or more) to find places to store (scatter) all of the data in the
received frame.

The base address registers for the descriptor array, registers indicating the number of
descriptor array entries, and descriptor array input/output pointers are contained in the
Ethernet block. The descriptor entries and all transmit and receive packet data are stored
in memory which is not a part of the Ethernet block. The descriptor entries tell where
related frame data is stored in memory, certain aspects of how the data is handled, and
the result status of each Ethernet transaction.

Hardware in the DMA engine controls how data incoming from the Ethernet MAC is saved
to memory, causes fragment related status to be saved, and advances the hardware
receive pointer for incoming data. Driver software must handle the disposition of received
data, changing of descriptor data addresses (to avoid unnecessary data movement), and
advancing the software receive pointer. The two pointers create a circular queue in the
descriptor array and allow both the DMA hardware and the driver software to know which
descriptors (if any) are available for their use, including whether the descriptor array is
empty or full.

Similarly, driver software must set up pointers to data that will be transmitted by the
Ethernet MAC, giving instructions for each fragment of data, and advancing the software
transmit pointer for outgoing data. Hardware in the DMA engine reads this information and
sends the data to the Ethernet MAC interface when possible, updating the status and
advancing the hardware transmit pointer.
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14.6 Ethernet Packet

d
<

Figure 45 illustrates the different fields in an Ethernet packet.

\4
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Fig 45. Ethernet packet fields

time
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14.7 Overview

A packet consists of a preamble, a start-of-frame delimiter and an Ethernet frame.

The Ethernet frame consists of the destination address, the source address, an optional
VLAN field, the length/type field, the payload and the frame check sequence.

Each address consists of 6 bytes where each byte consists of 8 bits. Bits are transferred
starting with the least significant bit.

14.7.1

UM10326

Partitioning

The Ethernet block and associated device driver software offer the functionality of the
Media Access Control (MAC) sublayer of the data link layer in the OSI reference model
(see IEEE std 802.3). The MAC sublayer offers the service of transmitting and receiving
frames to the next higher protocol level, the MAC client layer, typically the Logical Link
Control sublayer. The device driver software implements the interface to the MAC client
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layer. It sets up registers in the Ethernet block, maintains descriptor arrays pointing to
frames in memory and receives results back from the Ethernet block through interrupts.
When a frame is transmitted, the software partially sets up the Ethernet frames by
providing pointers to the destination address field, source address field, the length/type
field, the MAC client data field and optionally the CRC in the frame check sequence field.
Preferably concatenation of frame fields should be done by using the scatter/gather
functionality of the Ethernet core to avoid unnecessary copying of data. The hardware
adds the preamble and start frame delimiter fields and can optionally add the CRC, if
requested by software. When a packet is received the hardware strips the preamble and
start frame delimiter and passes the rest of the packet - the Ethernet frame - to the device
driver, including destination address, source address, length/type field, MAC client data
and frame check sequence (FCS).

Apart from the MAC, the Ethernet block contains receive and transmit DMA managers that
control receive and transmit data streams between the MAC and the AHB interface.
Frames are passed via descriptor arrays located in host memory, so that the hardware
can process many frames without software/CPU support. Frames can consist of multiple
fragments that are accessed with scatter/gather DMA. The DMA managers optimize
memory bandwidth using pre-fetching and buffering.

A receive filter block is used to identify received frames that are not addressed to this
Ethernet station, so that they can be discarded. The Rx filters include a perfect address
filter and a hash filter.

Wake-on-LAN power management support makes it possible to wake the system up from
a power-down state -a state in which some of the clocks are switched off -when wake-up
frames are received over the LAN. Wake-up frames are recognized by the receive filtering
modules or by a Magic Frame detection technology. System wake-up occurs by triggering
an interrupt.

An interrupt logic block raises and masks interrupts and keeps track of the cause of
interrupts. The interrupt block sends an interrupt request signal to the host system.
Interrupts can be enabled, cleared and set by software.

Support for IEEE 802.3/clause 31 flow control is implemented in the flow control block.
Receive flow control frames are automatically handled by the MAC. Transmit flow control
frames can be initiated by software. In half duplex mode, the flow control module will
generate back pressure by sending out continuous preamble only, interrupted by pauses
to prevent the jabber limit from being exceeded.

The Ethernet block has both a standard IEEE 802.3/clause 22 Media Independent
Interface (MII) bus and a Reduced Media Independent Interface (RMII) to connect to an
external Ethernet PHY chip. MIl or RMIl mode can be selected by the RMII bit in the
Command register. The standard nibble-wide Ml interface allows a low speed data
connection to the PHY chip: 2.5 MHz at 10 Mbps or 25 MHz at 100 Mbps. The RMII
interface allows a low pin count double clock data connection to the PHY. Registers in the
PHY chip are accessed via the AHB interface through the serial management connection
of the MII bus (MIIM).

Example PHY Devices

Some examples of compatible PHY devices are shown in Table 278.
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Table 278. Example PHY Devices

Manufacturer
Broadcom
ICS

Intel

LSI Logic
Micrel
National
SMSC

14.8 Pin description

Part Number(s)

BCM5221

ICS1893

LXT971A

L80223, L80225, L80227
KS8721

DP83847, DP83846, DP83843
LAN83C185

Table 279 shows the signals used for connecting the Media Independent Interface (Mil),
and Table 280 shows the signals used for connecting the Reduced Media Independent
Interface (RMII) to the external PHY.

Remark: The Ethernet interface

must be configured by enabling the clocks and

connecting the Ethernet pins to port pins using the MAC_CLK_CTRL register (see
Table 642 and Table 643). Enabling clocks without connecting the Ethernet signals to
external pins will lock the Ethernet interface and, in Debug mode, cause JTAG to lose

communication with the target.

Table 279. Ethernet MIl pin descriptions

Pin Name Type
ENET_TX_EN Output
ENET_TXD[3:0] Output
ENET_TX_ER Output
ENET_TX_CLK Input
ENET_RX_DV Input
ENET_RXD[3:0] Input
ENET_RX_ER Input
ENET_RX_CLK Input
ENET_COL Input
ENET_CRS Input

Pin Description
Transmit data enable.
Transmit data, 4 bits.
Transmit error.
Transmit clock.
Receive data valid.
Receive data.
Receive error.
Receive clock
Collision detect.
Carrier sense.

Table 280. Ethernet RMII pin descriptions

Pin Name Type
ENET_TX_EN Output
ENET_TXD[1:0] Output
ENET_RXDI[1:0] Input
ENET_RX_ER Input
ENET_CRS Input
ENET_REF_CLK/ Input
ENET_RX_CLK
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Table 281 shows the signals used for Media Independent Interface Management (MIIM) of
the external PHY.

Table 281. Ethernet MIIM pin descriptions

Pin Name Type Pin Description
ENET_MDC Output MIIM clock.
ENET_MDIO Input/Output Ml data input and output

14.9 Registers and software interface

The software interface of the Ethernet block consists of a register view and the format
definitions for the transmit and receive descriptors. These two aspects are addressed in
the next two subsections.

14.9.1 Register map

Table 282 lists the registers, register addresses and other basic information. The total
AHB address space consumes 4 kilobytes.

After a hard reset or a soft reset via the RegReset bit of the Command register all bits in
all registers are reset to 0 unless stated otherwise in the following register descriptions.

Some registers will have unused bits which will return a 0 on a read via the AHB interface.
Writing to unused register bits of an otherwise writable register will not have side effects.

The register map consists of registers in the Ethernet MAC and registers around the core
for controlling DMA transfers, flow control and filtering.

Reading from reserved addresses or reserved bits leads to unpredictable data. Writing to
reserved addresses or reserved bits has no effect.

Reading of write-only registers will return a read error on the AHB interface. Writing of
read-only registers will return a write error on the AHB interface.

Table 282. Register definitions

Address Register Type Name R/W Description
MAC
Configuration
0x4000 4090 MAC_CLK_CTRL R/W Controls Ethernet CLKs and Pin Multiplexing
MAC registers
0x3106 0000 MAC1 R/W MAC configuration register 1.
0x3106 0004 MAC2 R/W MAC configuration register 2.
0x3106 0008 IPGT R/W Back-to-Back Inter-Packet-Gap register.
0x3106 000C IPGR R/W Non Back-to-Back Inter-Packet-Gap register.
0x3106 0010 CLRT R/W Collision window / Retry register.
0x3106 0014 MAXF R/W Maximum Frame register.
0x3106 0018 SUPP R/W PHY Support register.
0x3106 001C TEST R/W Test register.
0x3106 0020 MCFG R/W MIl Mgmt Configuration register.
0x3106 0024 MCMD R/W MIl Mgmt Command register.
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Table 282. Register definitions

Address Register Type  Name R/W Description
0x3106 0028 MADR R/W  MIl Mgmt Address register.
0x3106 002C MWTD WO MIl Mgmt Write Data register.
0x3106 0030 MRDD RO MIl Mgmt Read Data register.
0x3106 0034 MIND RO  MIl Mgmt Indicators register.
0x3106 0038 - - Reserved, user software should not write ones
to to reserved bits. The value read from a
0x3106 003C reserved bit is not defined.
0x3106 0040 SAO0 R/W Station Address O register.
0x3106 0044 SAl R/W Station Address 1 register.
0x3106 0048 SA2 R/W Station Address 2 register.
0x3106 004C - - Reserved, user software should not write ones
to to reserved bits. The value read from a
0x3106 O0OFC reserved bit is not defined.
Control
Registers
0x3106 0100 Command R/W Command register.
0x3106 0104 Status RO Status register.
0x3106 0108 RxDescriptor R/W Receive descriptor base address register.
0x3106 010C RxStatus R/W Receive status base address register.
0x3106 0110 RxDescriptorNumber R/W Receive number of descriptors register.
0x3106 0114 RxProducelndex RO Receive produce index register.
0x3106 0118 RxConsumelndex R/W Receive consume index register.
0x3106 011C TxDescriptor R/W Transmit descriptor base address register.
0x3106 0120 TxStatus R/W Transmit status base address register.
0x3106 0124 TxDescriptorNumber  R/W Transmit number of descriptors register.
0x3106 0128 TxProducelndex R/W Transmit produce index register.
0x3106 012C TxConsumelndex RO Transmit consume index register.
0x3106 0130to - - Reserved, user software should not write ones
0x3106 0154 to reserved bits. The value read from a
reserved bit is not defined.
0x3106 0158 TSVO RO Transmit status vector O register.
0x3106 015C TSV1 RO Transmit status vector 1 register.
0x3106 0160 RSV RO Receive status vector register.
0x3106 0164 to - - Reserved, user software should not write ones
0x3106 016C to reserved bits. The value read from a
reserved bit is not defined.
0x3106 0170 FlowControlCounter ~ R/W Flow control counter register.
0x3106 0174 FlowControlStatus RO Flow control status register.
0x3106 0178 to - - Reserved, user software should not write ones
0x3106 01FC to reserved bits. The value read from a
reserved bit is not defined.
Rx filter
Registers
0x3106 0200 RxFliterCtrl Receive filter control register.
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Address

0x3106 0204
0x3106 0208
0x3106 020C

0x3106 0210
0x3106 0214

0x3106 0218 to

0x3106 OFDC

0x3106 OFEO
0x3106 OFE4
0x3106 OFES8
0x3106 OFEC
0x3106 OFFO

0x3106 OFF4
0x3106 OFF8

14.10 Ethernet MAC register definitions

Register Type

Module control
Registers

Name
RxFilterWoL Status
RxFilterWoLClear

HashFilterL
HashFilterH

IntStatus
IntEnable
IntClear
IntSet

PowerDown

R/W

RO
R/W
(e
WO

R/W

Description
Receive filter WoL status register.
Receive filter WoL clear register.

Reserved, user software should not write ones
to reserved bits. The value read from a
reserved bit is not defined.

Hash filter table LSBs register.
Hash filter table MSBs register.

Reserved, user software should not write ones
to reserved bits. The value read from a
reserved bit is not defined.

Interrupt status register.
Interrupt enable register.
Interrupt clear register.
Interrupt set register.

Reserved, user software should not write ones
to reserved bits. The value read from a
reserved bit is not defined.

Power-down register.

Reserved, user software should not write ones
to reserved bits. The value read from a
reserved bit is not defined.

The forth column in the table lists the accessibility of the register: read-only, write-only,
read/write.

All AHB register write transactions except for accesses to the interrupt registers are
posted i.e. the AHB transaction will complete before write data is actually committed to the
register. Accesses to the interrupt registers will only be completed by accepting the write
data when the data has been committed to the register.

This section defines the bits in the individual registers of the Ethernet block register map.

14.10.1 MAC Configuration Register 1 (MACL1 - 0x3106 0000)

The MAC configuration register 1 (MAC1) has an address of 0x3106 0000. Its bit
definition is shown in Table 283.
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Table 283. MAC Configuration register 1 (MAC1 - address 0x3106 0000) bit description

Bit Symbol Function Reset
value
0 RECEIVE ENABLE Set this to allow receive frames to be received. Internally the MAC synchronizes 0
this control bit to the incoming receive stream.
1 PASS ALL RECEIVE When enabled (set to '1’), the MAC will pass all frames regardless of type (normal 0
FRAMES vs. Control). When disabled, the MAC does not pass valid Control frames.
2 RX FLOW CONTROL When enabled (set to '1’), the MAC acts upon received PAUSE Flow Control 0
frames. When disabled, received PAUSE Flow Control frames are ignored.
3 TX FLOW CONTROL When enabled (set to '1’), PAUSE Flow Control frames are allowed to be 0
transmitted. When disabled, Flow Control frames are blocked.
4 LOOPBACK Setting this bit will cause the MAC Transmit interface to be looped back to the MAC 0
Receive interface. Clearing this bit results in normal operation.
75 - Unused 0x0
RESET TX Setting this bit will put the Transmit Function logic in reset. 0

RESET MCS/TX Setting this bit resets the MAC Control Sublayer / Transmit logic. The MCS logic 0
implements flow control.

10 RESET RX Setting this bit will put the Ethernet receive logic in reset. 0

11 RESET MCS / RX Setting this bit resets the MAC Control Sublayer / Receive logic. The MCS logic 0x0
implements flow control.

13:12 - Reserved. User software should not write ones to reserved bits. The value read 0x0
from a reserved bit is not defined.

14 SIMULATION RESET Setting this bit will cause a reset to the random number generator within the 0
Transmit Function.

15 SOFT RESET Setting this bit will put all modules within the MAC in reset except the Host 1
Interface.

31:16 - Reserved. User software should not write ones to reserved bits. The value read 0x0

from a reserved bit is not defined.

14.10.2 MAC Configuration Register 2 (MAC2 - 0x3106 0004)

The MAC configuration register 2 (MAC2) has an address of 0x3106 0004. Its bit
definition is shown in Table 284.

Table 284. MAC Configuration register 2 (MAC2 - address 0x3106 0004) bit description

Bit Symbol Function Reset
value
0 FULL-DUPLEX When enabled (set to '1’), the MAC operates in Full-Duplex mode. When disabled, 0
the MAC operates in Half-Duplex mode.
1 FRAME LENGTH When enabled (set to '1’), both transmit and receive frame lengths are comparedto 0
CHECKING the Length/Type field. If the Length/Type field represents a length then the check is
performed. Mismatches are reported in the Statusinfo word for each received frame.
2 HUGE FRAME When enabled (set to '1’), frames of any length are transmitted and received. 0
ENABLE
3 DELAYED CRC This bit determines the number of bytes, if any, of proprietary header information 0

that exist on the front of IEEE 802.3 frames. When 1, four bytes of header (ignored
by the CRC function) are added. When 0, there is no proprietary header.

4 CRC ENABLE Set this bit to append a CRC to every frame whether padding was required or not. 0
Must be set if PAD/CRC ENABLE is set. Clear this bit if frames presented to the
MAC contain a CRC.
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Table 284. MAC Configuration register 2 (MAC2 - address 0x3106 0004) bit description

Bit Symbol Function Reset
value
5 PAD / CRC ENABLE Set this bit to have the MAC pad all short frames. Clear this bit if frames presented 0

to the MAC have a valid length. This bit is used in conjunction with AUTO PAD
ENABLE and VLAN PAD ENABLE. See Table 286 - Pad Operation for details on the
pad function.

6 VLAN PAD ENABLE Set this bit to cause the MAC to pad all short frames to 64 bytes and append a valid 0
CRC. Consult Table 286 - Pad Operation for more information on the various
padding features.
Note: This bit is ignored if PAD / CRC ENABLE is cleared.

7 AUTO DETECT PAD Set this bit to cause the MAC to automatically detect the type of frame, either tagged 0
ENABLE or un-tagged, by comparing the two octets following the source address with
0x8100 (VLAN Protocol ID) and pad accordingly. Table 286 - Pad Operation
provides a description of the pad function based on the configuration of this register.
Note: This bit is ignored if PAD / CRC ENABLE is cleared.

8 PURE PREAMBLE When enabled (set to '1’), the MAC will verify the content of the preamble to ensure 0
ENFORCEMENT it contains 0x55 and is error-free. A packet with an incorrect preamble is discarded.
When disabled, no preamble checking is performed.
9 LONG PREAMBLE When enabled (set to '1’), the MAC only allows receive packets which contain 0

ENFORCEMENT preamble fields less than 12 bytes in length. When disabled, the MAC allows any
length preamble as per the Standard.

11:10 - Reserved. User software should not write ones to reserved bits. The value read 0x0
from a reserved bit is not defined.

12 NO BACKOFF When enabled (set to '1’), the MAC will immediately retransmit following a collision 0
rather than using the Binary Exponential Backoff algorithm as specified in the
Standard.

13 BACK PRESSURE / When enabled (set to '1’), after the MAC incidentally causes a collision during back 0
NO BACKOFF pressure, it will immediately retransmit without backoff, reducing the chance of
further collisions and ensuring transmit packets get sent.

14 EXCESS DEFER When enabled (set to '1’) the MAC will defer to carrier indefinitely as per the 0
Standard. When disabled, the MAC will abort when the excessive deferral limit is
reached.

31:15 - Reserved. User software should not write ones to reserved bits. The value read 0x0
from a reserved bit is not defined.

Table 285. Pad operation
Type Autodetect VLANpad Pad/CRC Action

pad enable enable enable
MAC2 [7] MAC2 [6] MAC2 [5]
Any X X 0 No pad or CRC check
Any 0 0 1 Pad to 60 bytes, append CRC
Any X 1 1 Pad to 64 bytes, append CRC
Any 1 0 1 If untagged, pad to 60 bytes and append CRC. If VLAN tagged: pad to

64 bytes and append CRC.

14.10.3 Back-to-Back Inter-Packet-Gap Register (IPGT - 0x3106 0008)

The Back-to-Back Inter-Packet-Gap register (IPGT) has an address of 0x3106 0008. Its
bit definition is shown in Table 286.
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Table 286. Back-to-back Inter-packet-gap register (IPGT - address 0x3106 0008) bit description

Bit Symbol

6:0 BACK-TO-BACK
INTER-PACKET-GAP

Function Reset
value

This is a programmable field representing the nibble time offset of the minimum  0x0
possible period between the end of any transmitted packet to the beginning of the

next. In Full-Duplex mode, the register value should be the desired period in

nibble times minus 3. In Half-Duplex mode, the register value should be the

desired period in nibble times minus 6. In Full-Duplex the recommended setting is

0x15 (21d), which represents the minimum IPG of 960 ns (in 100 Mbps mode) or

9.6 ps (in 10 Mbps mode). In Half-Duplex the recommended setting is 0x12 (18d),
which also represents the minimum IPG of 960 ns (in 100 Mbps mode) or 9.6 ps

(in 10 Mbps mode).

31:7 - Reserved. User software should not write ones to reserved bits. The value read
from a reserved bit is not defined.

0x0

14.10.4 Non Back-to-Back Inter-Packet-Gap Register (IPGR - 0x3106 000C)

The Non Back-to-Back Inter-Packet-Gap register (IPGR) has an address of 0x3106 000C.
Its bit definition is shown in Table 287.

Table 287. Non Back-to-back Inter-packet-gap register (IPGR - address 0x3106 000C) bit description

Bit Symbol

6:0 NON-BACK-TO-BACK
INTER-PACKET-GAP PART2

14:8 NON-BACK-TO-BACK
INTER-PACKET-GAP PART1

31:15 -

Function

This is a programmable field representing the Non-Back-to-Back
Inter-Packet-Gap. The recommended value is 0x12 (18d), which
represents the minimum IPG of 960 ns (in 100 Mbps mode) or 9.6 us (in
10 Mbps mode).

Reserved. User software should not write ones to reserved bits. The value
read from a reserved bit is not defined.

This is a programmable field representing the optional carrierSense
window referenced in IEEE 802.3/4.2.3.2.1 'Carrier Deference'. If carrier is
detected during the timing of IPGR1, the MAC defers to carrier. If,
however, carrier becomes active after IPGR1, the MAC continues timing
IPGR2 and transmits, knowingly causing a collision, thus ensuring fair
access to medium. Its range of values is 0x0 to IPGR2. The recommended
value is OxC (12d)

Reserved. User software should not write ones to reserved bits. The value
read from a reserved bit is not defined.

Reset
value

0x0

0x0

0x0

0x0

14.10.5 Collision Window / Retry Register (CLRT - 0x3106 0010)

The Collision window / Retry register (CLRT) has an address of 0x3106 0010. Its bit
definition is shown in Table 288.
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Table 288. Collision Window / Retry register (CLRT - address 0x3106 0010) bit description

Bit Symbol Function Reset
value
3.0 RETRANSMISSION This is a programmable field specifying the number of retransmission attempts OxF
MAXIMUM following a collision before aborting the packet due to excessive collisions. The
Standard specifies the attemptLimit to be OxF (15d). See IEEE 802.3/4.2.3.2.5.
74 - Reserved. User software should not write ones to reserved bits. The value read from 0x0
a reserved bit is not defined.
13:8 COLLISION This is a programmable field representing the slot time or collision window during 0x37
WINDOW which collisions occur in properly configured networks. The default value of 0x37

(55d) represents a 56 byte window following the preamble and SFD.

31:14 - Reserved, user software should not write ones to reserved bits. The value read from NA
a reserved bit is not defined.

14.10.6 Maximum Frame Register (MAXF - 0x3106 0014)

The Maximum Frame register (MAXF) has an address of 0x3106 0014. Its bit definition is
shown in Table 289.

Table 289. Maximum Frame register (MAXF - address 0x3106 0014) bit description

Bit Symbol Function Reset
value
15:0 MAXIMUM FRAME This field resets to the value 0x0600, which represents a maximum receive frame of 0x0600
LENGTH 1536 octets. An untagged maximum size Ethernet frame is 1518 octets. A tagged

frame adds four octets for a total of 1522 octets. If a shorter maximum length
restriction is desired, program this 16 bit field.

31:16 - Unused 0x0

14.10.7 PHY Support Register (SUPP - 0x3106 0018)

The PHY Support register (SUPP) has an address of 0x3106 0018. The SUPP register
provides additional control over the RMII interface. The bit definition of this register is
shown in Table 290.

Table 290. PHY Support register (SUPP - address 0x3106 0018) bit description

Bit Symbol Function Reset
value
7:0 - Unused 0x0
SPEED This bit configures the Reduced MII logic for the current operating speed. When set, 0
100 Mbps mode is selected. When cleared, 10 Mbps mode is selected.
319 - Unused 0x0

Unused bits in the PHY support register should be left as zeroes.

14.10.8 Test Register (TEST - 0x3106 001C)

The Test register (TEST) has an address of 0x3106 001C. The bit definition of this register
is shown in Table 291. These bits are used for testing purposes only.
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Table 291. Test register (TEST - address 0x3106 ) bit description

Bit Symbol Function Reset
value
0 SHORTCUT PAUSE This bit reduces the effective PAUSE quanta from 64 byte-times to 1 byte-time. 0
QUANTA
1 TEST PAUSE This bit causes the MAC Control sublayer to inhibit transmissions, just as if a 0

PAUSE Receive Control frame with a nonzero pause time parameter was received.

2 TEST Setting this bit will cause the MAC to assert backpressure on the link. Backpressure 0
BACKPRESSURE causes preamble to be transmitted, raising carrier sense. A transmit packet from the
system will be sent during backpressure.

31:3 - Unused 0x0

14.10.9 MIl Mgmt Configuration Register (MCFG - 0x3106 0020)

The MII Mgmt Configuration register (MCFG) has an address of 0x3106 0020. The bit
definition of this register is shown in Table 292.

Table 292. MIl Mgmt Configuration register (MCFG - address 0x3106 0020) bit description

Bit Symbol Function Reset
value
0 SCAN INCREMENT  Set this bit to cause the MIl Management hardware to 0

perform read cycles across a range of PHYs. When set,
the MIl Management hardware will perform read cycles
from address 1 through the value setin PHY
ADDRESSJ[4:0]. Clear this bit to allow continuous reads
of the same PHY.

1 SUPPRESS Set this bit to cause the MIl Management hardware to 0
PREAMBLE perform read/write cycles without the 32 bit preamble
field. Clear this bit to cause normal cycles to be
performed. Some PHYs support suppressed preamble.

4:2 CLOCK SELECT This field is used by the clock divide logic in creating the 0
MIl Management Clock (MDC) which IEEE 802.3u
defines to be no faster than 2.5 MHz. Some PHYs
support clock rates up to 25 MHz, however. Refer to
Table 293 below for the definition of values for this field.
Note: Using a Host Clock (HCLK) of 104 MHz results in a
minimum MDC clock of 3.72 Mhz.

145 - Unused 0x0
15 RESET MIl MGMT This bit resets the MIl Management hardware. 0
31:16 - Unused 0x0

Table 293. Clock select encoding
Clock Select Bit 4 Bit 3 Bit 2
Host Clock divided by 4
Host Clock divided by 6
Host Clock divided by 8
Host Clock divided by 10
Host Clock divided by 14
Host Clock divided by 20
Host Clock divided by 28

m R R P O O O
B B O O L L O
m O R O Rr O X
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MIl Mgmt Command Register (MCMD - 0x3106 0024)

The MIl Mgmt Command register (MCMD) has an address of 0x3106 0024. The bit
definition of this register is shown in Table 294.

Table 294. MIl Mgmt Command register (MCMD - address 0x3106 0024) bit description

Bit Symbol Function Reset
value

0 READ  This bit causes the MIl Management hardware to perform a single 0
Read cycle. The Read data is returned in Register MRDD (MIl Mgmt
Read Data).

1 SCAN  This bit causes the MIl Management hardware to perform Read cycles 0
continuously. This is useful for monitoring Link Fail for example.

31:2 - Unused 0x0

MIl Mgmt Address Register (MADR - 0x3106 0028)

The MIl Mgmt Address register (MADR) has an address of 0x3106 0028. The bit definition
of this register is shown in Table 295.

Table 295. MIl Mgmt Address register (MADR - address 0x3106 0028) bit description

Bit Symbol Function Reset
value

4:0 REGISTER This field represents the 5 bit Register Address field of Mgmt ~ 0x0

ADDRESS cycles. Up to 32 registers can be accessed.
75 - Unused 0x0
12:8 PHY ADDRESS This field represents the 5 bit PHY Address field of Mgmt 0x0
cycles. Up to 31 PHYs can be addressed (0 is reserved).
31:13 - Unused 0x0

MII Mgmt Write Data Register (MWTD - 0x3106 002C)

The MII Mgmt Write Data register (MWTD) is a Write Only register with an address of
0x3106 002C. The bit definition of this register is shown in Table 296.

Table 296. MIl Mgmt Write Data register (MWTD - address 0x3106 002C) bit description

Bit Symbol Function Reset
value
15.0 WRITE When written, an MIl Mgmt write cycle is performed using the 16 bit  0x0
DATA data and the pre-configured PHY and Register addresses from the
MII Mgmt Address register (MADR).
31:16 - Unused 0x0

MIl Mgmt Read Data Register (MRDD - 0x3106 0030)

The MII Mgmt Read Data register (MRDD) is a Read Only register with an address of
0x3106 0030. The bit definition of this register is shown in Table 297.
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Table 297. MIl Mgmt Read Data register (MRDD - address 0x3106 0030) bit description

Bit Symbol Function Reset
value

15.0 READ Following an MIl Mgmt Read Cycle, the 16 bit data can be read from  0x0
DATA this location.

31:16 - Unused 0x0

MIl Mgmt Indicators Register (MIND - 0x3106 0034)

The MII Mgmt Indicators register (MIND) is a Read Only register with an address of
0x3106 0034. The bit definition of this register is shown in Table 298.

Table 298. MIl Mgmt Indicators register (MIND - address 0x3106 0034) bit description

Bit Symbol Function Reset
value

0 BUSY When '1' is returned - indicates MIl Mgmt is currently performingan 0
MII Mgmt Read or Write cycle.

1 SCANNING When '1’ is returned - indicates a scan operation (continuous Ml 0
Mgmt Read cycles) is in progress.

2 NOT VALID When '1’is returned - indicates MIl Mgmt Read cycle has not 0
completed and the Read Data is not yet valid.

3 MII Link Fail When "1’ is returned - indicates that an MIl Mgmt link fail has 0
occurred.

314 - Unused 0x0

Here are two examples to access PHY via the MIl Management Controller.
For PHY Write if scan is not used:

1. Write 0 to MCMD

2. Write PHY address and register address to MADR
3. Write data to MWTD

4. Wait for busy bit to be cleared in MIND

For PHY Read if scan is not used:

Write 1 to MCMD

Write PHY address and register address to MADR
Wait for busy bit to be cleared in MIND

Write 0 to MCMD

Read data from MRDD

o~ w D

14.10.15 Station Address 0 Register (SAO - 0x3106 0040)

UM10326

The Station Address 0 register (SA0) has an address of 0x3106 0040. The bit definition of
this register is shown in Table 299.
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Table 299. Station Address register (SAO - address 0x3106 0040) bit description

Bit Symbol Function Reset
value

7:0 STATION ADDRESS, This field holds the second octet of the station address. 0x0

2nd octet

15:8 STATION ADDRESS, This field holds the first octet of the station address. 0x0
1st octet

31:16 - Unused 0x0

The station address is used for perfect address filtering and for sending pause control
frames. For the ordering of the octets in the packet please refer to Figure 45.

Station Address 1 Register (SA1 - 0x3106 0044)

The Station Address 1 register (SA1) has an address of 0x3106 0044. The bit definition of
this register is shown in Table 300.

Table 300. Station Address register (SA1 - address 0x3106 0044) bit description

Bit Symbol Function Reset
value
7:0 STATION ADDRESS, This field holds the fourth octet of the station address. 0x0
4th octet
15:8 STATION ADDRESS, This field holds the third octet of the station address. 0x0
3rd octet
31:16 - Unused 0x0

The station address is used for perfect address filtering and for sending pause control
frames. For the ordering of the octets in the packet please refer to Figure 45.

Station Address 2 Register (SA2 - 0x3106 0048)

The Station Address 2 register (SA2) has an address of 0x3106 0048. The bit definition of
this register is shown in Table 301.

Table 301. Station Address register (SA2 - address 0x3106 0048) bit description

Bit Symbol Function Reset
value
7:0 STATION ADDRESS, This field holds the sixth octet of the station address. 0x0
6th octet
15:8 STATION ADDRESS, This field holds the fifth octet of the station address. 0x0
5th octet
31:16 - Unused 0x0

The station address is used for perfect address filtering and for sending pause control
frames. For the ordering of the octets in the packet please refer to Figure 45.

14.11 Control register definitions

UM10326

14111

Command Register (Command - 0x3106 0100)

The Command register (Command) register has an address of 0x3106 0100. Its bit
definition is shown in Table 302.
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Table 302. Command register (Command - address 0x3106 0100) bit description

Bit

w N B O

10
3111

Symbol

RxEnable
TxEnable

RegReset

TxReset
RxReset
PassRuntFrame
PassRxFilter
TxFlowControl

RMII

FullDuplex

Function

Enable receive.
Enable transmit.
Unused

When a1’ is written, all datapaths and the host registers are
reset. The MAC needs to be reset separately.

When a '1’ is written, the transmit datapath is reset.
When a1’ is written, the receive datapath is reset.

When set to '1’, passes runt frames smaller than 64 bytes to
memory unless they have a CRC error. If ‘0’ runt frames are
filtered out.

When set to '1’, disables receive filtering i.e. all frames
received are written to memory.

Enable IEEE 802.3 / clause 31 flow control sending pause

frames in full duplex and continuous preamble in half duplex.

When set to '1’, RMIl mode is selected; if '0’, MIl mode is
selected.

When set to '1’, indicates full duplex operation.
Unused

Reset
value

0x0

0
0x0

All bits can be written and read. The Tx/RxReset bits are write only, reading will return a 0.

Status Register (Status - 0x3106 0104)

The Status register (Status) is a Read Only register with an address of 0x3106 0104. Its bit
definition is shown in Table 303.

Table 303. Status register (Status - address 0x3106 0104) bit description

Bit

0
1
31:2

Symbol

RxStatus
TxStatus

Function

If 1, the receive channel is active. If 0, the receive channel is inactive.

- Unused

Reset
value

0

If 1, the transmit channel is active. If 0, the transmit channel is inactive. 0

0x0

The values represent the status of the two channels/datapaths. When the status is 1, the
channel is active, meaning:

¢ |tis enabled and the Rx/TxEnable bit is set in the Command register or it just got
disabled while still transmitting or receiving a frame.

¢ Also, for the transmit channel, the transmit queue is not empty
i.e. Producelndex != Consumelndex.

¢ Also, for the receive channel, the receive queue is not full
i.e. Producelndex != Consumelndex - 1.
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The status transitions from active to inactive if the channel is disabled by a software reset
of the Rx/TxEnable bit in the Command register and the channel has committed the status
and data of the current frame to memory. The status also transitions to inactive if the
transmit queue is empty or if the receive queue is full and status and data have been
committed to memory.

Receive Descriptor Base Address Register (RxDescriptor -
0x3106 0108)

The Receive Descriptor base address register (RxDescriptor) has an address of
0x3106 0108. Its bit definition is shown in Table 304.

Table 304. Receive Descriptor Base Address register (RxDescriptor - address 0x3106 0108)
bit description

Bit Symbol Function Reset
value

1:0 - Fixed to '00’ -

31:2 RxDescriptor MSBs of receive descriptor base address. 0x0

The receive descriptor base address is a byte address aligned to a word boundary i.e.
LSB 1:0 are fixed to '00’. The register contains the lowest address in the array of
descriptors.

Receive Status Base Address Register (RxStatus - 0x3106 010C)

The receive descriptor base address is a byte address aligned to a word boundary i.e.
LSB 1:0 are fixed to '00’. The register contains the lowest address in the array of
descriptors.

Table 305. receive Status Base Address register (RxStatus - address 0x3106 010C) bit

description
Bit Symbol Function Reset
value
20 - Fixed to '000’ -
31:3 RxStatus MSBs of receive status base address. 0x0

The receive status base address is a byte address aligned to a double word boundary i.e.
LSB 2:0 are fixed to’000'.

Receive Number of Descriptors Register (RxDescriptor - 0x3106 0110)

The Receive Number of Descriptors register (RxDescriptorNumber) has an address of
0x3106 0110. Its bit definition is shown in Table 306.

Table 306. Receive Number of Descriptors register (RxDescriptor - address 0x3106 0110) bit
description

Bit Symbol Function Reset
value

15:0 RxDescriptorNumber Number of descriptors in the descriptor array for which  0x0
RxDescriptor is the base address. The number of
descriptors is minus one encoded.

31:16 - Unused 0x0
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The receive number of descriptors register defines the number of descriptors in the
descriptor array for which RxDescriptor is the base address. The number of descriptors
should match the number of statuses. The register uses minus one encoding i.e. if the
array has 8 elements, the value in the register should be 7.

Receive Produce Index Register (RxProducelndex - 0x3106 0114)

The Receive Produce Index register (RxProducelndex) is a Read Only register with an
address of 0x3106 0114. Its bit definition is shown in Table 307.

Table 307. Receive Produce Index register (RxProducelndex - address 0x3106 0114) bit

description
Bit Symbol Function Reset
value
15:0 RxProducelndex Index of the descriptor that is going to be filled next by the 0x0
receive datapath.
31:16 - Unused 0x0

The receive produce index register defines the descriptor that is going to be filled next by
the hardware receive process. After a frame has been received, hardware increments the
index. The value is wrapped to 0 once the value of RxDescriptorNumber has been
reached. If the RxProducelndex equals RxConsumelndex - 1, the array is full and any
further frames being received will cause a buffer overrun error.

Receive Consume Index Register (RxConsumelndex - 0x3106 0118)

The Receive consume index register (RxConsumelndex) has an address of 0x3106 0118.
Its bit definition is shown in Table 308.

Table 308. Receive Consume Index register (RXConsumelndex - address 0x3106 0118) bit

description
Bit Symbol Function Reset
value
15:0 RxConsumelndex Index of the descriptor that is going to be processed next by
the receive
31:16 - Unused 0x0

The receive consume register defines the descriptor that is going to be processed next by
the software receive driver. The receive array is empty as long as RxProducelndex equals
RxConsumelndex. As soon as the array is not empty, software can process the frame
pointed to by RxConsumelndex. After a frame has been processed by software, software
should increment the RxConsumelndex. The value must be wrapped to 0 once the value
of RxDescriptorNumber has been reached. If the RxProducelndex equals
RxConsumelndex - 1, the array is full and any further frames being received will cause a
buffer overrun error.

Transmit Descriptor Base Address Register (TxDescriptor -
0x3106 011C)

The Transmit Descriptor base address register (TxDescriptor) has an address of
0x3106 011C. Its bit definition is shown in Table 309.
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Table 309. Transmit Descriptor Base Address register (TxDescriptor - address 0x3106 011C)
bit description

Bit Symbol Function Reset
value

1:0 - Fixed to '00’ -

31:2  TxDescriptor MSBs of transmit descriptor base address. 0x0

The transmit descriptor base address is a byte address aligned to a word boundary i.e.
LSB 1:0 are fixed to '00’. The register contains the lowest address in the array of
descriptors.

Transmit Status Base Address Register (TxStatus - 0x3106 0120)

The Transmit Status base address register (TxStatus) has an address of 0x3106 0120. Its
bit definition is shown in Table 310.

Table 310. Transmit Status Base Address register (TxStatus - address 0x3106 0120) bit

description
Bit Symbol Function Reset
value
1:0 - Fixed to '00’ -
31:2  TxStatus MSBs of transmit status base address. 0x0

The transmit status base address is a byte address aligned to a word boundary i.e. LSB
1:0 are fixed to '00’. The register contains the lowest address in the array of statuses.

Transmit Number of Descriptors Register (TxDescriptorNumber -
0x3106 0124)

The Transmit Number of Descriptors register (TxDescriptorNumber) has an address of
0x3106 0124. Its bit definition is shown in Table 311.

Table 311. Transmit Number of Descriptors register (TxDescriptorNumber - address
0x3106 0124) bit description

Bit Symbol Function Reset
value

15:0 TxDescriptorNumber Number of descriptors in the descriptor array for which
TxDescriptor is the base address. The register is minus
one encoded.

31:16 - Unused 0x0

The transmit number of descriptors register defines the number of descriptors in the
descriptor array for which TxDescriptor is the base address. The number of descriptors
should match the number of statuses. The register uses minus one encoding i.e. if the
array has 8 elements, the value in the register should be 7.

Transmit Produce Index Register (TxProducelndex - 0x3106 0128)

The Transmit Produce Index register (TxProducelndex) has an address of 0x3106 0128.
Its bit definition is shown in Table 312.
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Table 312. Transmit Produce Index register (TxProducelndex - address 0x3106 0128) bit

description
Bit Symbol Function Reset
value
15:0 TxProducelndex Index of the descriptor that is going to be filled next by the 0x0
transmit software driver.
31:16 - Unused 0x0

The transmit produce index register defines the descriptor that is going to be filled next by
the software transmit driver. The transmit descriptor array is empty as long as
TxProducelndex equals TxConsumelndex. If the transmit hardware is enabled, it will start
transmitting frames as soon as the descriptor array is not empty. After a frame has been
processed by software, it should increment the TxProducelndex. The value must be
wrapped to 0 once the value of TxDescriptorNumber has been reached. If the
TxProducelndex equals TxConsumelndex - 1 the descriptor array is full and software
should stop producing new descriptors until hardware has transmitted some frames and
updated the TxConsumelndex.

Transmit Consume Index Register (TxConsumelndex - 0x3106 012C)

The Transmit Consume Index register (TxConsumelndex) is a Read Only register with an
address of 0x3106 012C. Its bit definition is shown in Table 313.

Table 313. Transmit Consume Index register (TxConsumelndex - address 0x3106 012C) bit
description

Bit Symbol Function Reset
value

15:0 TxConsumelndex Index of the descriptor that is going to be transmitted next by  0x0
the transmit datapath.

31:16 - Unused 0x0

The transmit consume index register defines the descriptor that is going to be transmitted
next by the hardware transmit process. After a frame has been transmitted hardware
increments the index, wrapping the value to 0 once the value of TxDescriptorNumber has
been reached. If the TxConsumelndex equals TxProducelndex the descriptor array is
empty and the transmit channel will stop transmitting until software produces new
descriptors.

Transmit Status Vector 0 Register (TSVO - 0x3106 0158)

The Transmit Status Vector 0 register (TSVO0) is a Read Only register with an address of
0x3106 0158. The transmit status vector registers store the most recent transmit status
returned by the MAC. Since the status vector consists of more than 4 bytes, status is
distributed over two registers TSV0 and TSV1. These registers are provided for debug
purposes, because the communication between driver software and the Ethernet block
takes place primarily through the frame descriptors. The status register contents are valid
as long as the internal status of the MAC is valid and should typically only be read when
the transmit and receive processes are halted.

Table 314 lists the bit definitions of the TSVO register.
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Table 314. Transmit Status Vector O register (TSVO - address 0x3106 0158) bit description

Bit

(o) NN IS ~ NN V)

10

11
27:12

28
29

30

31

Symbol

CRC error

Length check error

Length out of rangelt

Done
Multicast
Broadcast
Packet Defer

Excessive Defer
Excessive Collision

Late Collision
Giant

Underrun
Total bytes

Control frame
Pause

Backpressure

VLAN

Function

The attached CRC in the packet did not match the
internally generated CRC.

Indicates the frame length field does not match the actual
number of data items and is not a type field.

Indicates that frame type/length field was larger than
1500 bytes.

Transmission of packet was completed.
Packet’s destination was a multicast address.
Packet’s destination was a broadcast address.

Packet was deferred for at least one attempt, but less than
an excessive defer.

Packet was deferred in excess of 6071 nibble times in
100 Mbps or 24287 bit times in 10 Mbps mode.

Packet was aborted due to exceeding of maximum allowed
number of collisions.

Collision occurred beyond collision window, 512 bit times.

Byte count in frame was greater than can be represented
in the transmit byte count field in TSV1.

Host side caused buffer underrun.

The total number of bytes transferred including collided
attempts.

The frame was a control frame.

The frame was a control frame with a valid PAUSE
opcode.

Carrier-sense method backpressure was previously
applied.

Frame’s length/type field contained 0x8100 which is the
VLAN protocol identifier.

[1] The EMAC doesn't distinguish the frame type and frame length, so, e.g. when the IP(0x8000) or
ARP(0x0806) packets are received, it compares the frame type with the max length and gives the "Length
out of range" error. In fact, this bit is not an error indication, but simply a statement by the chip regarding the

status of the received frame.

Transmit Status Vector 1 Register (TSV1 - 0x3106 015C)

The Transmit Status Vector 1 register (TSV1) is a Read Only register with an address of
0x3106 015C. The transmit status vector registers store the most recent transmit status
returned by the MAC. Since the status vector consists of more than 4 bytes, status is
distributed over two registers TSV0 and TSV1. These registers are provided for debug
purposes, because the communication between driver software and the Ethernet block
takes place primarily through the frame descriptors. The status register contents are valid
as long as the internal status of the MAC is valid and should typically only be read when
the transmit and receive processes are halted.Table 315 lists the bit definitions of the
TSV1 register.
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Table 315. Transmit Status Vector 1 register (TSV1 - address 0x3106 015C) bit description

Bit Symbol Function Reset
value
15:0 Transmit byte count  The total number of bytes in the frame, not counting the 0x0
collided bytes.
19:16 Transmit collision Number of collisions the current packet incurred during 0x0
count transmission attempts. The maximum number of collisions
(16) cannot be represented.
31:20 - Unused 0x0

14.11.15 Receive Status Vector Register (RSV - 0x3106 0160)

The Receive status vector register (RSV) is a Read Only register with an address of
0x3106 0160. The receive status vector register stores the most recent receive status
returned by the MAC. This register is provided for debug purposes, because the
communication between driver software and the Ethernet block takes place primarily
through the frame descriptors. The status register contents are valid as long as the
internal status of the MAC is valid and should typically only be read when the transmit and
receive processes are halted.

Table 316 lists the bit definitions of the RSV register.

Table 316. Receive Status Vector register (RSV - address 0x3106 0160) bit description

Bit Symbol Function Reset
value
15:0 Received byte count Indicates length of received frame. 0x0
16 Packet previously Indicates that a packet was dropped. 0
ignored
17 RXDV event Indicates that the last receive event seen was not long 0
previously seen enough to be a valid packet.
18 Carrier event Indicates that at some time since the last receive statistics, 0
previously seen a carrier event was detected.
19 Receive code Indicates that MIl data does not represent a valid receive 0
violation code.
20 CRC error The attached CRC in the packet did not match the 0
internally generated CRC.
21 Length check error Indicates the frame length field does not match the actual 0
number of data items and is not a type field.
22 Length out of rangelll Indicates that frame type/length field was larger than 0
1518 bytes.
23 Receive OK The packet had valid CRC and no symbol errors. 0
24 Multicast The packet destination was a multicast address. 0
25 Broadcast The packet destination was a broadcast address. 0
26 Dribble Nibble Indicates that after the end of packet another 1-7 bits were 0

received. A single nibble, called dribble nibble, is formed
but not sent out.

27 Control frame The frame was a control frame. 0
28 PAUSE The frame was a control frame with a valid PAUSE 0
opcode.
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Table 316. Receive Status Vector register (RSV - address 0x3106 0160) bit description

Bit Symbol Function Reset
value
29 Unsupported Opcode The current frame was recognized as a Control Frame but 0
contains an unknown opcode.
30 VLAN Frame’s length/type field contained 0x8100 which is the 0
VLAN protocol identifier.
31 - Unused 0x0

[1] The EMAC doesn't distinguish the frame type and frame length, so, e.g. when the IP(0x8000) or
ARP(0x0806) packets are received, it compares the frame type with the max length and gives the "Length
out of range" error. In fact, this bit is not an error indication, but simply a statement by the chip regarding the
status of the received frame.

Flow Control Counter Register (FlowControlCounter - 0x3106 0170)

The Flow Control Counter register (FlowControlCounter) has an address of 0x3106 0170.
Table 317 lists the bit definitions of the register.

Table 317. Flow Control Counter register (FlowControlCounter - address 0x3106 0170) bit

description
Bit Symbol Function Reset
value
15:0  MirrorCounter In full duplex mode the MirrorCounter specifies the number 0x0
of cycles before re-issuing the Pause control frame.
31:16 PauseTimer In full-duplex mode the PauseTimer specifies the value 0x0

that is inserted into the pause timer field of a pause flow
control frame. In half duplex mode the PauseTimer
specifies the number of backpressure cycles.

Flow Control Status Register (FlowControlStatus - 0x3106 0174)

The Flow Control Status register (FlowControlStatus) is a Read Only register with an
address of 0x3106 8174. Table 318 lists the bit definitions of the register.

Table 318. Flow Control Status register (FlowControlStatus - address 0x3106 8174) bit

description
Bit Symbol Function Reset
value
15:0  MirrorCounterCurrent In full duplex mode this register represents the current 0x0
value of the datapath’s mirror counter which counts up to
the value specified by the MirrorCounter field in the
FlowControlCounter register. In half duplex mode the
register counts until it reaches the value of the PauseTimer
bits in the FlowControlCounter register.
31:16 - Unused 0x0
14.12 Receive filter register definitions
14.12.1 Receive Filter Control Register (RxFilterCtrl - 0x3106 0200)
The Receive Filter Control register (RxFilterCtrl) has an address of 0x3106 0200.
Table 319 lists the definition of the individual bits in the register.
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Table 319. Receive Filter Control register (RxFilterCtrl - address 0x3106 0200) bit description

Bit Symbol Function Reset
value

0 AcceptUnicastEn When set to "1, all unicast frames are accepted. 0

1 AcceptBroadcastEn When set to '1’, all broadcast frames are accepted. 0

2 AcceptMulticastEn When set to '1’, all multicast frames are accepted. 0

3 AcceptUnicastHashEn When set to '1’, unicast frames that pass the imperfect 0

hash filter are accepted.

4 AcceptMulticastHashEn ~ When set to '1’, multicast frames that pass the 0
imperfect hash filter are accepted.

5 AcceptPerfectEn When set to '1’, the frames with a destination address 0
identical to the

station address are accepted.

11:6 - Reserved, user software should not write ones to NA
reserved bits. The value read from a reserved bit is not
defined.

12 MagicPacketEnWoL When set to '1’, the result of the magic packet filter will 0
generate a WolL interrupt when there is a match.

13 RxFilterEnWoL When set to '1’, the result of the perfect address 0

matching filter and the imperfect hash filter will
generate a WoL interrupt when there is a match.

31:14 - Unused 0x0

14.12.2 Receive Filter WolL Status Register (RxFilterWoLStatus - 0x3106 0204)

The Receive Filter Wake-up on LAN Status register (RxFilterWoLStatus) is a Read Only
register with an address of 0x3106 0204.

Table 320 lists the definition of the individual bits in the register.

Table 320. Receive Filter WoL Status register (RxFilterWoL Status - address 0x3106 0204) bit

description
Bit Symbol Function Reset
value
0 AcceptUnicastWoL When the value is '1’, a unicast frames caused WoL. 0
1 AcceptBroadcastWolL When the value is '1’, a broadcast frame caused WoL. 0
2 AcceptMulticastWolL When the value is '1’, a multicast frame caused WoL. 0
3 AcceptUnicastHashWoL ~ When the value is '1’, a unicast frame that passes the 0
imperfect hash filter caused WoL.
4 AcceptMulticastHashWoL When the value is '1’, a multicast frame that passes the 0
imperfect hash filter caused WoL.
5 AcceptPerfectWoL When the value is '1’, the perfect address matching filter 0
caused WoL.
- Unused 0x0
RxFilterWoL When the value is '1’, the receive filter caused WoL. 0
MagicPacketWolL When the value is '1’, the magic packet filter caused 0
WolL.
319 - Unused 0x0
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The bits in this register record the cause for a WoL. Bits in RxFilterWoL Status can be
cleared by writing the RxFilterWoLClear register.

Receive Filter WoL Clear Register (RxFilterWoLClear - 0x3106 0208)

The Receive Filter Wake-up on LAN Clear register (RxFilterWoLClear) is a Write Only
register with an address of 0x3106 0208.

Table 321 lists the definition of the individual bits in the register.

Table 321. Receive Filter WoL Clear register (RxFilterwoLClear - address 0x3106 0208) bit

description
Bit Symbol Function Reset
value
0 AcceptUnicastWoLClIr When a "1’ is written to one of these bits (0 to 5), the 0
1 AcceptBroadcastWoLClr corresponding status bit in the RxFilterWoL Status 0
- register is cleared.
2 AcceptMulticastWoLClr 0
3 AcceptUnicastHashWoLClr 0
4 AcceptMulticastHashWoL Clir 0
5 AcceptPerfectWoLClr 0
6 - Unused 0x0
7 RxFilterWoLClr When a1’ is written to one of these bits (7 and/or 8), 0O
8 MagicPacketWoLClr the.corrgspondlng status bit in the RxFilterWoL Status
register is cleared.
319 - Unused 0x0

The bits in this register are write-only; writing resets the corresponding bits in the
RxFilterWoL Status register.

Hash Filter Table LSBs Register (HashFilterL - 0x3106 0210)

The Hash Filter table LSBs register (HashFilterL) has an address of 0x3106 0210.
Table 322 lists the bit definitions of the register. Details of Hash filter table use can be
found in Section 14.16.10 “Receive filtering” on page 345.

Table 322. Hash Filter Table LSBs register (HashFilterL - address 0x3106 0210) bit

description
Bit Symbol Function Reset
value
31:0 HashFilterL Bit 31:0 of the imperfect filter hash table for receive 0x0

filtering.

Hash Filter Table MSBs Register (HashFilterH - 0x3106 0214)

The Hash Filter table MSBs register (HashFilterH) has an address of 0x3106 0214.
Table 323 lists the bit definitions of the register. Details of Hash filter table use can be
found in Section 14.16.10 “Receive filtering” on page 345.
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Table 323. Hash Filter MSBs register (HashFilterH - address 0x3106 0214) bit description

Bit Symbol Function Reset
value
31:0 HashFilterH Bit 63:32 of the imperfect filter hash table for receive 0x0
filtering.

14.13 Module control register definitions

UM10326

14.13.1

Interrupt Status Register (IntStatus - 0x3106 OFEOQ)

The Interrupt Status register (IntStatus) is a Read Only register with an address of
0x3106 OFEOQ. The interrupt status register bit definition is shown in Table 324. Note that
all bits are flip-flops with an asynchronous set in order to be able to generate interrupts if
there are wake-up events while clocks are disabled.

Table 324. Interrupt Status register (IntStatus - address 0x3106 OFEOQ) bit description

Bit Symbol Function Reset
value
0 RxOverrunint  Interrupt set on a fatal overrun error in the receive queue. The 0

fatal interrupt should be resolved by a Rx soft-reset. The bit is not
set when there is a nonfatal overrun error.

1 RxErrorint Interrupt trigger on receive errors: AlignmentError, RangeError, 0
LengthError, SymbolError, CRCError or NoDescriptor or Overrun.

2 RxFinishedInt Interrupt triggered when all receive descriptors have been 0
processed i.e. on the transition to the situation where
Producelndex == Consumelndex.

3 RxDonelnt Interrupt triggered when a receive descriptor has been processed 0
while the Interrupt bit in the Control field of the descriptor was set.

4 TxUnderrunint Interrupt set on a fatal underrun error in the transmit queue. The 0
fatal interrupt should be resolved by a Tx soft-reset. The bit is not
set when there is a nonfatal underrun error.

5 TxErrorint Interrupt trigger on transmit errors: LateCollision, 0
ExcessiveCollision and ExcessiveDefer, NoDescriptor or
Underrun.

6 TxFinishedint Interrupt triggered when all transmit descriptors have been 0

processed i.e. on the transition to the situation where
Producelndex == Consumelndex.

7 TxDonelnt Interrupt triggered when a descriptor has been transmitted while 0
the Interrupt bit in the Control field of the descriptor was set.

11:8 - Unused 0x0

12 Softint Interrupt triggered by software writing a 1 to the SoftintSet bitin 0
the IntSet register.

13 Wakeupint Interrupt triggered by a Wakeup event detected by the receive 0
filter.

31:14 - Unused 0x0

The interrupt status register is read-only. Setting can be done via the IntSet register. Reset
can be accomplished via the IntClear register.
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14.13.2 Interrupt Enable Register (IntEnable - 0x3106 OFE4)

The Interrupt Enable register (IntEnable) has an address of 0x3106 OFE4. The interrupt

enable register bit definition is shown in Table 325.

Table 325. Interrupt Enable register (intEnable - address 0x3106 OFE4) bit description

Bit Symbol Function Reset

value

0 RxOverrunintEn  Enable for interrupt trigger on receive buffer overrun or 0
descriptor underrun situations.

RXErrorIntEn Enable for interrupt trigger on receive errors.

RxFinishedIntEn  Enable for interrupt triggered when all receive descriptors have 0
been processed i.e. on the transition to the situation where
Producelndex == Consumelndex.

3 RxDonelntEn Enable for interrupt triggered when a receive descriptor has 0
been processed while the Interrupt bit in the Control field of the
descriptor was set.

4 TxUnderrunintEn Enable for interrupt trigger on transmit buffer or descriptor 0
underrun situations.

TXErrorintEn Enable for interrupt trigger on transmit errors.

TxFinishedIntEn  Enable for interrupt triggered when all transmit descriptors 0
have been processed i.e. on the transition to the situation
where Producelndex == Consumelndex.

7 TxDonelntEn Enable for interrupt triggered when a descriptor has been 0
transmitted while the Interrupt bit in the Control field of the
descriptor was set.

11:8 - Unused 0x0

12 SoftintEn Enable for interrupt triggered by the Softint bit in the IntStatus 0
register, caused by software writing a 1 to the SoftIntSet bit in
the IntSet register.

13 WakeupIntEn Enable for interrupt triggered by a Wakeup event detected by 0
the receive filter.

31:14 - Unused 0x0

14.13.3 Interrupt Clear Register (IntClear - 0x3106 OFES8)

The Interrupt Clear register (IntClear) is a Write Only register with an address of

0x3106 OFES8. The interrupt clear register bit definition is shown in Table 326.

Table 326. Interrupt Clear register (IntClear - address 0x3106 OFES8) bit description

Bit Symbol Function Reset

value

0 RxOverrunintClr Writing a ’1’ to one of these bits clears (0 to 7) the 0

1 RxErrorintClr corresponding status bit in interrupt status register 0

IntStatus.

2 RxFinishedIntClr 0

3 RxDonelntClr 0

4 TxUnderrunintClr 0

5 TxErrorintClr 0

6 TxFinishedIntClIr 0

7 TxDonelntClIr 0
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Table 326. Interrupt Clear register (IntClear - address 0x3106 OFES) bit description

Bit Symbol Function Reset
value
11:8 - Unused 0x0
12 SoftintClr Writing a ’1’ to one of these bits (12 and/or 13) clears the 0
13 WakeuplntCIr corresponding status bit in interrupt status register 0
IntStatus.
31:14 - Unused 0x0

The interrupt clear register is write-only. Writing a 1 to a bit of the IntClear register clears
the corresponding bit in the status register. Writing a 0 will not affect the interrupt status.

Interrupt Set Register (IntSet - 0x3106 OFEC)

The Interrupt Set register (IntSet) is a Write Only register with an address of
0x3106 OFEC. The interrupt set register bit definition is shown in Table 327.

Table 327. Interrupt Set register (IntSet - address 0x3106 OFEC) bit description

Bit Symbol Function Reset
value
0 RxOverrunintSet Writing a ’1’ to one of these bits (0 to 7) sets the 0
1 RxErrorintSet corresponding status bit in interrupt status register 0
— IntStatus.
2 RxFinishedIntSet 0
3 RxDonelntSet 0
4 TxUnderrunintSet 0
5 TxErrorintSet 0
6 TxFinishedIntSet 0
7 TxDonelntSet 0
11:8 - Unused 0x0
12 SoftintSet Writing a '1’ to one of these bits (12 and/or 13) sets the 0
13 WakeupintSet corresponding status bit in interrupt status register 0
IntStatus.
31:14 - Unused 0x0

The interrupt set register is write-only. Writing a 1 to a bit of the IntSet register sets the
corresponding bit in the status register. Writing a 0 will not affect the interrupt status.

Power Down Register (PowerDown - 0x3106 OFF4)

The Power-Down register (PowerDown) is used to block all AHB accesses except
accesses to the PowerDown register. The register has an address of 0x3106 OFF4. The
bit definition of the register is listed in Table 328.

Table 328. Power Down register (PowerDown - address 0x3106 OFF4) bit description

Bit Symbol Function Reset

value
30.0 - Unused 0x0
31 PowerDownMACAHB If true, all AHB accesses will return a read/write error, 0

except accesses to the PowerDown register.
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Setting the bit will return an error on all read and write accesses on the MACAHB interface
except for accesses to the PowerDown register.

14.14 Descriptor and status formats

14.14.1

This section defines the descriptor format for the transmit and receive scatter/gather DMA
engines. Each Ethernet frame can consist of one or more fragments. Each fragment
corresponds to a single descriptor. The DMA managers in the Ethernet block scatter (for
receive) and gather (for transmit) multiple fragments for a single Ethernet frame.

Receive descriptors and statuses
Figure 46 depicts the layout of the receive descriptors in memory.

RxDescriptor @ RxStatus ®
\ 4 Y
PACKET @ DATA BUFFER Statusinfo
CONTROL StatusHashCRC
PACKET @ DATA BUFFER Statusinfo
CONTROL StatusHashCRC
PACKET ® DATA BUFFER Statusinfo
CONTROL StatusHashCRC
PACKET ® P DATA BUFFER Statusinfo
CONTROL StatusHashCRC
PACKET ® DATA BUFFER Statusinfo
CONTROL | StatusHashCRC
! l
! | 1 |
! 1 1 1
| | | |
| | |
| | |
RxDescriptorNumber PACKET ® DATA BUFFER Statusinfo
CONTROL StatusHashCRC
Fig 46. Receive descriptor memory layout

UM10326

Receive descriptors are stored in an array in memory. The base address of the array is
stored in the RxDescriptor register, and should be aligned on a 4 byte address boundary.
The number of descriptors in the array is stored in the RxDescriptorNumber register using
a minus one encoding style e.qg. if the array has 8 elements the register value should be 7.
Parallel to the descriptors there is an array of statuses. For each element of the descriptor
array there is an associated status field in the status array. The base address of the status
array is stored in the RxStatus register, and must be aligned on an 8 byte address
boundary. During operation (when the receive datapath is enabled) the RxDescriptor,
RxStatus and RxDescriptorNumber registers should not be modified.
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Two registers, RxConsumelndex and RxProducelndex, define the descriptor locations
that will be used next by hardware and software. Both registers act as counters starting at
0 and wrapping when they reach the value of RxDescriptorNumber. The RxProducelndex
contains the index of the descriptor that is going to be filled with the next frame being
received. The RxConsumelndex is programmed by software and is the index of the next
descriptor that the software receive driver is going to process. When RxProducelndex ==
RxConsumelndex, the receive buffer is empty. When RxProducelndex ==
RxConsumelndex -1 (taking wraparound into account), the receive buffer is full and newly
received data would generate an overflow unless the software driver frees up one or more
descriptors.

Each receive descriptor takes two word locations (8 bytes) in memory. Likewise each
status field takes two words (8 bytes) in memory. Each receive descriptor consists of a
pointer to the data buffer for storing receive data (Packet) and a control word (Control).
The Packet field has a zero address offset, the control field has a 4 byte address offset
with respect to the descriptor address as defined in Table 329.

Table 329. Receive Descriptor Fields

Symbol Address Bytes Description

offset
Packet 0x0 4 Base address of the data buffer for storing receive data.
Control 0x4 4 Control information, see Table 330.

The data buffer pointer (Packet) is a 32 bits byte aligned address value containing the
base address of the data buffer. The definition of the control word bits is listed in
Table 330.

Table 330. Receive Descriptor Control Word
Bit Symbol Description

10:0 Size Size in bytes of the data buffer. This is the size of the buffer reserved by the
device driver for a frame or frame fragment i.e. the byte size of the buffer
pointed to by the Packet field. The size is -1 encoded e.qg. if the buffer is 8
bytes the size field should be equal to 7.

30:11 - Unused

31 Interrupt If true generate an RxDone interrupt when the data in this frame or frame
fragment and the associated status information has been committed to
memory.

Table 331 lists the fields in the receive status elements from the status array.

Table 331. Receive Status Fields

Symbol Address Bytes Description
offset
StatusInfo 0x0 4 Receive status return flags, see Table 333.
StatusHashCRC 0x4 4 The concatenation of the destination address hash CRC and

the source address hash CRC.

Each receive status consists of two words. The StatusHashCRC word contains a
concatenation of the two 9 bit hash CRCs calculated from the destination and source
addresses contained in the received frame. After detecting the destination and source
addresses, StatusHashCRC is calculated once, then held for every fragment of the same
frame.
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The concatenation of the two CRCs is shown in Table 332:

Table 332. Receive Status HashCRC Word

Bit Symbol Description

8:0 SAHashCRC Hash CRC calculated from the source address.
159 - Unused

24:16 DAHashCRC Hash CRC calculated from the destination address.
31:25 - Unused

The Statusinfo word contains flags returned by the MAC and flags generated by the
receive datapath reflecting the status of the reception. Table 333 lists the bit definitions in
the Statusinfo word.

Table 333. Receive status information word

Bit Symbol Description

10:0 RxSize The size in bytes of the actual data transferred into one fragment buffer. In
other words, this is the size of the frame or fragment as actually written by
the DMA manager for one descriptor. This may be different from the Size
bits of the Control field in the descriptor that indicate the size of the buffer
allocated by the device driver. Size is -1 encoded e.g. if the buffer has
8 bytes the RxSize value will be 7.

17:11 - Unused

18 ControlFrame Indicates this is a control frame for flow control, either a pause frame or a
frame with an unsupported opcode.

19 VLAN Indicates a VLAN frame.

20 FailFilter Indicates this frame has failed the Rx filter. These frames will not normally
pass to memory. But due to the limitation of the size of the buffer, part of
this frame may already be passed to memory. Once the frame is found to
have failed the Rx filter, the remainder of the frame will be discarded
without being passed to the memory. However, if the PassRxFilter bit in
the Command register is set, the whole frame will be passed to memory.

21 Multicast Set when a multicast frame is received.
22 Broadcast Set when a broadcast frame is received.
23 CRCEtrror The received frame had a CRC error.

24 SymbolError The PHY reports a bit error over the MII during reception.

25 LengthError The frame length field value in the frame specifies a valid length, but does
not match the actual data length.

26 RangeErrorll  The received packet exceeds the maximum packet size.

27 AlignmentError An alignment error is flagged when dribble bits are detected and also a
CRC error is detected. This is in accordance with IEEE std. 802.3/clause
4.3.2.

28 Overrun Receive overrun. The adapter can not accept the data stream.

29 NoDescriptor  No new Rx descriptor is available and the frame is too long for the buffer
size in the current receive descriptor.

30 LastFlag When set to 1, indicates this descriptor is for the last fragment of a frame.
If the frame consists of a single fragment, this bit is also set to 1.

31 Error An error occurred during reception of this frame. This is a logical OR of
AlignmentError, RangeError, LengthError, SymbolError, CRCError, and
Overrun.
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[1] The EMAC doesn't distinguish the frame type and frame length, so, e.g. when the IP(0x8000) or
ARP(0x0806) packets are received, it compares the frame type with the max length and gives the "Range"
error. In fact, this bit is not an error indication, but simply a statement by the chip regarding the status of the
received frame.

For multi-fragment frames, the value of the AlignmentError, RangeError, LengthError,
SymbolError and CRCError bits in all but the last fragment in the frame will be 0; likewise
the value of the FailFilter, Multicast, Broadcast, VLAN and ControlFrame bits is undefined.
The status of the last fragment in the frame will copy the value for these bits from the
MAC. All fragment statuses will have valid LastFrag, RxSize, Error, Overrun and
NoDescriptor bits.

14.14.2 Transmit descriptors and statuses
Figure 47 depicts the layout of the transmit descriptors in memory.
TxDescriptor @ TxStatus ®
\ 4 A 4
PACKET @ DATA BUFFER
______ StatuslInfo
CONTROL
PACKET @ DATA BUFFER
______ StatuslInfo
CONTROL
PACKET @ DATA BUFFER
______ StatuslInfo
CONTROL
PACKET ® »  DATA BUFFER
______ Statuslinfo
CONTROL
PACKET @ DATA BUFFER
______ ; StatuslInfo
| CONTROL |
I
| | | |
| | | |
| | | |
| I |
¢ | 1 |
TxDescriptorNumber PACKET ® DATA BUFFER
______ StatuslInfo
CONTROL

Fig 47. Transmit descriptor memory layout
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Transmit descriptors are stored in an array in memory. The lowest address of the transmit
descriptor array is stored in the TxDescriptor register, and must be aligned on a 4 byte
address boundary. The number of descriptors in the array is stored in the
TxDescriptorNumber register using a minus one encoding style i.e. if the array has 8
elements the register value should be 7. Parallel to the descriptors there is an array of
statuses. For each element of the descriptor array there is an associated status field in the
status array. The base address of the status array is stored in the TxStatus register, and
must be aligned on a 4 byte address boundary. During operation (when the transmit
datapath is enabled) the TxDescriptor, TxStatus, and TxDescriptorNumber registers
should not be modified.
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Two registers, TxConsumelndex and TxProducelndex, define the descriptor locations that
will be used next by hardware and software. Both register act as counters starting at 0 and
wrapping when they reach the value of TxDescriptorNumber. The TxProducelndex
contains the index of the next descriptor that is going to be filled by the software driver.
The TxConsumelndex contains the index of the next descriptor going to be transmitted by
the hardware. When TxProducelndex == TxConsumelndex, the transmit buffer is empty.
When TxProducelndex == TxConsumelndex -1 (taking wraparound into account), the
transmit buffer is full and the software driver cannot add new descriptors until the
hardware has transmitted one or more frames to free up descriptors.

Each transmit descriptor takes two word locations (8 bytes) in memory. Likewise each
status field takes one word (4 bytes) in memory. Each transmit descriptor consists of a
pointer to the data buffer containing transmit data (Packet) and a control word (Control).
The Packet field has a zero address offset, whereas the control field has a 4 byte address
offset, see Table 334.

Table 334. Transmit descriptor fields

Symbol Address offset Bytes Description
Packet 0x0 4 Base address of the data buffer containing transmit data.
Control 0x4 4 Control information, see Table 335.

The data buffer pointer (Packet) is a 32 bit, byte aligned address value containing the
base address of the data buffer. The definition of the control word bits is listed in
Table 335.

Table 335. Transmit descriptor control word

Bit Symbol Description

10:0 Size Size in bytes of the data buffer. This is the size of the frame or fragment as it
needs to be fetched by the DMA manager. In most cases it will be equal to the
byte size of the data buffer pointed to by the Packet field of the descriptor. Size
is -1 encoded e.g. a buffer of 8 bytes is encoded as the Size value 7.

25:11 - Unused

26 Override  Per frame override. If true, bits 30:27 will override the defaults from the MAC
internal registers. If false, bits 30:27 will be ignored and the default values
from the MAC will be used.

27 Huge If true, enables huge frame, allowing unlimited frame sizes. When false,
prevents transmission of more than the maximum frame length (MAXF[15:0]).

28 Pad If true, pad short frames to 64 bytes.
29 CRC If true, append a hardware CRC to the frame.
30 Last If true, indicates that this is the descriptor for the last fragment in the transmit

frame. If false, the fragment from the next descriptor should be appended.

31 Interrupt I true, a TxDone interrupt will be generated when the data in this frame or
frame fragment has been sent and the associated status information has been
committed to memory.

Table 336 shows the one field transmit status.

Table 336. Transmit status fields

Symbol Address Bytes Description
offset
Statusinfo 0x0 4 Transmit status return flags, see Table 337.
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The transmit status consists of one word which is the Statusinfo word. It contains flags
returned by the MAC and flags generated by the transmit datapath reflecting the status of
the transmission. Table 337 lists the bit definitions in the Statusinfo word.

Table 337. Transmit status information word

Bit Symbol Description
200 - Unused
24:21 CollisionCount The number of collisions this packet incurred, up to the

Retransmission Maximum.

25 Defer This packet incurred deferral, because the medium was occupied.
This is not an error unless excessive deferral occurs.

26 ExcessiveDefer This packet incurred deferral beyond the maximum deferral limit and
was aborted.

27 ExcessiveCollision Indicates this packet exceeded the maximum collision limit and was

aborted.

28 LateCollision An Out of window Collision was seen, causing packet abort.

29 Underrun A Tx underrun occurred due to the adapter not producing transmit
data.

30 NoDescriptor The transmit stream was interrupted because a descriptor was not
available.

31 Error An error occurred during transmission. This is a logical OR of

Underrun, LateCollision, ExcessiveCollision, and ExcessiveDefer.

For multi-fragment frames, the value of the LateCollision, ExcessiveCollision,
ExcessiveDefer, Defer and CollissionCount bits in all but the last fragment in the frame will
be 0. The status of the last fragment in the frame will copy the value for these bits from the
MAC. All fragment statuses will have valid Error, NoDescriptor and Underrun bits.

block functional description

UM10326

14.15.1

This section defines the functions of the DMA capable 10/100 Ethernet MAC. After
introducing the DMA concepts of the Ethernet block, and a description of the basic
transmit and receive functions, this section elaborates on advanced features such as flow
control, receive filtering, etc.

Overview

The Ethernet block can transmit and receive Ethernet packets from an off-chip Ethernet
PHY connected through the MII or RMII interface. MIl or RMII mode can be selected from
software.

Typically during system start-up, the Ethernet block will be initialized. Software
initialization of the Ethernet block should include initialization of the descriptor and status
arrays as well as the receiver fragment buffers.

Remark: when initializing the Ethernet block, it is important to first configure the PHY and
insure that reference clocks (ENET_REF_CLK signal in RMIl mode, or both
ENET_RX_CLK and ENET_TX_CLK signals in MIl mode) are present at the external pins
and connected to the Ethernet MAC module prior to continuing with Ethernet
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configuration. Otherwise the CPU can become locked and no further functionality will be
possible. This will cause JTAG lose communication with the target if debug mode is being
used.

To transmit a packet the software driver has to set up the appropriate Control registers
and a descriptor to point to the packet data buffer before transferring the packet to
hardware by incrementing the TxProducelndex register. After transmission, hardware will
increment TxConsumelndex and optionally generate an interrupt.

The hardware will receive packets from the PHY and apply filtering as configured by the
software driver. While receiving a packet the hardware will read a descriptor from memory
to find the location of the associated receiver data buffer. Receive data is written in the
data buffer and receive status is returned in the receive descriptor status word. Optionally
an interrupt can be generated to notify software that a packet has been received. Note
that the DMA manager will pre-fetch and buffer up to three descriptors.

AHB interface

The registers of the Ethernet block connect to an AHB slave interface to allow access to
the registers from the CPU.

The AHB interface has a 32 bit data path, which supports only word accesses and has an
address aperture of 4 KB. Table 282 lists the registers of the Ethernet block.

All AHB write accesses to registers are posted except for accesses to the IntSet, IntClear
and IntEnable registers. AHB write operations are executed in order.

If the PowerDown bit of the PowerDown register is set, all AHB read and write accesses
will return a read or write error except for accesses to the PowerDown register.

Bus Errors
The Ethernet block generates errors for several conditions:

* The AHB interface will return a read error when there is an AHB read access to a
write-only register; likewise a write error is returned when there is an AHB write
access to the read-only register. An AHB read or write error will be returned on AHB
read or write accesses to reserved registers. These errors are propagated back to the
CPU. Registers defined as read-only and write-only are identified in Table 282.

¢ If the PowerDown bit is set all accesses to AHB registers will result in an error
response except for accesses to the PowerDown register.

14.16 Interrupts

UM10326

The Ethernet block has a single interrupt request output to the CPU via the Interrupt
Controller.

The interrupt service routine must read the IntStatus register to determine the origin of the
interrupt. All interrupt statuses can be set by software writing to the IntSet register;
statuses can be cleared by software writing to the IntClear register.

The transmit and receive datapaths can only set interrupt statuses, they cannot clear
statuses. The Softint interrupt cannot be set by hardware and can be used by software for
test purposes.
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14.16.1 Direct Memory Access (DMA)

Descriptor arrays

The Ethernet block includes two DMA managers. The DMA managers make it possible to
transfer frames directly to and from memory with little support from the processor and
without the need to trigger an interrupt for each frame.

The DMA managers work with arrays of frame descriptors and statuses that are stored in
memory. The descriptors and statuses act as an interface between the Ethernet hardware
and the device driver software. There is one descriptor array for receive frames and one
descriptor array for transmit frames. Using buffering for frame descriptors, the memory
traffic and memory bandwidth utilization of descriptors can be kept small.

Each frame descriptor contains two 32 bit fields: the first field is a pointer to a data buffer
containing a frame or a fragment, whereas the second field is a control word related to
that frame or fragment.

The software driver must write the base addresses of the descriptor and status arrays in
the TxDescriptor/RxDescriptor and TxStatus/RxStatus registers. The number of
descriptors/statuses in each array must be written in the
TxDescriptorNumber/RxDescriptorNumber registers. The number of descriptors in an
array corresponds to the number of statuses in the associated status array.

Transmit descriptor arrays, receive descriptor arrays and transmit status arrays must be
aligned on a 4 byte (32bit)address boundary, while the receive status array must be
aligned on a 8 byte (64bit) address boundary.

Ownership of descriptors

Both device driver software and Ethernet hardware can read and write the descriptor
arrays at the same time in order to produce and consume descriptors. Arbitration on the
AHB bus gives priority to the DMA hardware in the case of simultaneous requests. A
descriptor is "owned" either by the device driver or by the Ethernet hardware. Only the
owner of a descriptor reads or writes its value. Typically, the sequence of use and
ownership of descriptors and statuses is as follows: a descriptor is owned and set up by
the device driver; ownership of the descriptor/status is passed by the device driver to the
Ethernet block, which reads the descriptor and writes information to the status field; the
Ethernet block passes ownership of the descriptor back to the device driver, which uses
the status information and then recycles the descriptor to be used for another frame.
Software must pre-allocate the memory used to hold the descriptor arrays.

Software can hand over ownership of descriptors and statuses to the hardware by
incrementing (and wrapping if on the array boundary) the
TxProducelndex/RxConsumelndex registers. Hardware hands over descriptors and
status to software by updating the TxConsumelndex/ RxProducelndex registers.

After handing over a descriptor to the receive and transmit DMA hardware, device driver
software should not modify the descriptor or reclaim the descriptor by decrementing the
TxProducelndex/ RxConsumelndex registers because descriptors may have been
prefetched by the hardware. In this case the device driver software will have to wait until
the frame has been transmitted or the device driver has to soft-reset the transmit and/or
receive datapaths which will also reset the descriptor arrays.

Sequential order with wrap-around
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When descriptors are read from and statuses are written to the arrays, this is done in
sequential order with wrap-around. Sequential order means that when the Ethernet block
has finished reading/writing a descriptor/status, the next descriptor/status it reads/writes is
the one at the next higher, adjacent memory address. Wrap around means that when the
Ethernet block has finished reading/writing the last descriptor/status of the array (with the
highest memory address), the next descriptor/status it reads/writes is the first
descriptor/status of the array at the base address of the array.

Full and Empty state of descriptor arrays

The descriptor arrays can be empty, partially full or full. A descriptor array is empty when
all descriptors are owned by the producer. A descriptor array is partially full if both
producer and consumer own part of the descriptors and both are busy processing those
descriptors. A descriptor array is full when all descriptors (except one) are owned by the
consumer, so that the producer has no more room to process frames. Ownership of
descriptors is indicated with the use of a consume index and a produce index. The
produce index is the first element of the array owned by the producer. It is also the index
of the array element that is next going to be used by the producer of frames (it may
already be busy using it and subsequent elements). The consume index is the first
element of the array that is owned by the consumer. It is also the number of the array
element next to be consumed by the consumer of frames (it and subsequent elements
may already be in the process of being consumed). If the consume index and the produce
index are equal, the descriptor array is empty and all array elements are owned by the
producer. If the consume index equals the produce index plus one, then the array is full
and all array elements (except the one at the produce index) are owned by the consumer.
With a full descriptor array, still one array element is kept empty, to be able to easily
distinguish the full or empty state by looking at the value of the produce index and
consume index. An array must have at least 2 elements to be able to indicate a full
descriptor array with a produce index of value 0 and a consume index of value 1. The
wrap around of the arrays is taken into account when determining if a descriptor array is
full, so a produce index that indicates the last element in the array and a consume index
that indicates the first element in the array, also means the descriptor array is full. When
the produce index and the consume index are unequal and the consume index is not the
produce index plus one (with wrap around taken into account), then the descriptor array is
partially full and both the consumer and producer own enough descriptors to be able to
operate actively on the descriptor array.

Interrupt bit

The descriptors have an Interrupt bit, which is programmed by software. When the
Ethernet block is processing a descriptor and finds this bit set, it will allow triggering an
interrupt (after committing status to memory) by passing the RxDonelnt or TxDonelnt bits
in the IntStatus register to the interrupt output pin. If the Interrupt bit is not set in the
descriptor, then the RxDonelnt or TxDonelnt are not set and no interrupt is triggered (note
that the corresponding bits in IntEnable must also be set to trigger interrupts). This offers
flexible ways of managing the descriptor arrays. For instance, the device driver could add
10 frames to the Tx descriptor array, and set the Interrupt bit in descriptor number 5 in the
descriptor array. This would invoke the interrupt service routine before the transmit
descriptor array is completely exhausted. The device driver could add another batch of
frames to the descriptor array, without interrupting continuous transmission of frames.

Frame fragments
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For maximum flexibility in frame storage, frames can be split up into multiple frame
fragments with fragments located in different places in memory. In this case one
descriptor is used for each frame fragment. So, a descriptor can point to a single frame or
to a fragment of a frame. By using fragments, scatter/gather DMA can be done: transmit
frames are gathered from multiple fragments in memory and receive frames can be
scattered to multiple fragments in memory.

By stringing together fragments it is possible to create large frames from small memory
areas. Another use of fragments is to be able to locate a frame header and frame payload
in different places and to concatenate them without copy operations in the device driver.

For transmissions, the Last bit in the descriptor Control field indicates if the fragment is the
last in a frame; for receive frames, the LastFrag bit in the Statusinfo field of the status
words indicates if the fragment is the last in the frame. If the Last(Frag) bit is 0 the next
descriptor belongs to the same Ethernet frame, If the Last(Frag) bit is 1 the next descriptor
is a new Ethernet frame.

Initialization

After reset, the Ethernet software driver needs to initialize the Ethernet block. During
initialization the software needs to:

* Remove the soft reset condition from the MAC
¢ Configure the PHY via the MIIM interface of the MAC

Remark: when initializing the Ethernet block, it is important to first configure the PHY
and insure that reference clocks (ENET_REF_CLK signal in RMIl mode, or both
ENET_RX_CLK and ENET_TX_CLK signals in Mll mode) are present at the external
pins and connected to