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Introduction

1.1

1.11

The Intel® PXA27x Processor Family (referred to as the PXA27x processor throughout this
document) provides industry-leading multimedia performance, |ow-power capabilities, rich
peripheral integration, and second-generation memory stacking. Designed from the ground up for
wireless cllents it incorporates the Iatst Intel advancesin mobile technology over its predecessor,
the Intel® PXA255 processor. The Intel® PXA27x processor redefines scalability by operating
from 104 MHz up to 624 MHz, providing enough performance for the most demanding mobile
applications.

Itisthefirst Intel® Personal Internet Client Architecture (PCA) processor to include Intel®
WirdlessMMX " technology, enabllng high performance, low-power multimedia accel eration with
a general-purpose instruction set. Intel® Quick Capture technology provides one of the industry’s
most flexible and powerful camerainterfaces for capturing digital images and video. While
performance is key, power consumption is also a critical component. The new capabilities of
Wireless Intel SpeedStep technology provide a quantum leap forward in low-power operation.

The Intel® PXA27x Processor Family is available in both discrete and stacked versions, providing
customers the flexibility to use the processor even when spaceis at a premium.

Members of the Intel® PXA27x Processor Fami ly include:
o Intel® PXA270 processor in a 13x13mm VFBGA package

* Intel® PXA271 processor with 32 Mbytes of Intel StrataFlash® memory and 32 Mbytes of
low-power SDRAM

* Intel® PXA272 processor with 64 Mbytes of Intel StrataFlash® memory

About This Manual

This manual isintended for experienced programmers of ARM* Architecture V5TE-compliant
processors. This manual assumes that programmers have a working knowledge of the vocabulary
and principles of embedded-systems programming.

Intel X Scale® technology and the Intel® Wireless MM X ™ media enhancement technology are not
described in this manual. For more information, refer to Table 1-1.

Number Representation

All numbers in this document are decimal (base 10) unless designated otherwise. Hexadecimal
numbers have a prefix of 0x, and binary numbers have a prefix of Ob. For example, 107 is
represented as 0x6B in hexadecimal and 0b110_ 1011 in binary.

Intel® PXA27x Processor Family Developer’s Manual 11
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1.1.2 Naming Conventions

All signal and register bit names appear in uppercase. Active low items are prefixed with a
lowercase “n”.

Bits within a signal name are enclosed in angle brackets:
EXTERNAL_ADDRESS<31:0>
nCS<1>

Bits within aregister bit field are enclosed in sguare brackets:
REGISTER_BITFIELD[3:0]
REGISTER_BIT[Q]

Bit fieldsin registers are identified this way: REGISTER[REGISTER_BITFIELD]

The following terms are used in this document:
clear—Program 0b0 into a single register bit.
set—Program Ob1 into a single register bit.
write—Program a hexadecimal value into aregister bit field (more than one bit).
assert—Drive asignal to its active voltage level, either high or low.
de-assert—Drive asignal to itsinactive voltage level, either high or low.
drive—Assert avoltage level onto asignal.

In register-definition tables:
Values shown in the “Reset” row have the following meanings:
0 =Bit clear
1=Bit set
? = Bit isundefined.
* = Bits whose value is determined by the state of an external pin
Abbreviationsin the “Access’ column have the following meanings:
R = Read-only
W = Write-only
R/W = Read and write
There are two special cases:
R/WC = R/W. To clear the bit, write Ob1 to it.
RC = Read-only. The hit is automatically cleared after it is read.

1.1.3 Data Types

In the context of the ARM* Architecture V5TE, aword consists of 32 bits. Asaresult, the
following naming convention applies to the different data types in the PXA27x processor:

* 8 bits= byte (abbreviation B)

¢ 16 bits = half word (abbreviation H)

¢ 32 bits = word (abbreviation W)

* 64 bits = double word (abbreviation D)
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1.1.4 Related Documents

Table 1-1 lists supplemental documentation for users of the Intel® PXA27x Processor Family.
Contact an Intel representative for the latest revision of Intel documents without order numbers.

Table 1-1. Supplemental Documentation (Sheet 1 of 2)

Title

ARM Architecture Version 5T Specification (Document number ARM DDI 0100D-10) and ARM Architecture
Reference Manual (ARM DDI 0100 or ISBN 0-201-73719-1)

ARM Developer Suite Developer Guide

ARM Multi-ICE System Design Considerations, Application Note 72 (ARM DAI 0072A)

Audio Codec '97 Component Specification, http://www.intel.com/labs/media/audio

Bluetooth SIG Inc. http://www.bluetooth.org

CF+ and CompactFlash Specification, Version 1.4, CompactFlash Association, http://www.compactflash.org

General information: http://developer.intel.com

GSM 11.11 Specification of the Subscriber Identity Module-Mobile Equipment (SIM-ME) Interface, Version
3.16.0, http://www.etsi.org. See also ISO standard 7816-3

12C-Bus Specification, Philips Semiconductors, http://www.phillipssemiconductors.com

12S Bus Specification, February 1986, Philips Semiconductors, http://www.phillipssemiconductors.com

IEEE Std. 1149.1-1990 Standard Test Access Port and Boundary-Scan Architecture, http://standards.ieee.org

Infrared Data Association Serial Infrared Physical Layer Specification Version 1.3, October 15, 1998,
http://www.irda.org

256-Mbit 1.8 Volt Intel StrataFlash® Wireless Memory (L18/L30) Stacked-Chip Scale Package (x16)
Datasheet, 252633

Intel XScale® Core Developer's Manual, 273473

Intel XScale® Microarchitecture for the PXA255 Processor Developer’'s Manual, 278796

Intel® PC SDRAM Specification, Version 1.7

Intel® PXA270 Processor Electrical, Mechanical, and Thermal Specification, 280002, and Intel® PXA27x
Processor Family Electrical, Mechanical, and Thermal Specification, 280003

Intel® PXA27x Processor Family Design Guide, 280001

Intel® PXA27x Processor Family Optimization Guide, 280004

Intel® PXA27x Processor Family Power Requirements Application Note, 280005

Intel® Wireless MMX™ Technology Developer’s Guide, 251793

International Telecommunication Union, Recommendation ITU-R BT.656-4, http://www.itu.int

ISO 7816-3 Smart Card Standard: Part 3: Electronic Signals and Transmission Protocols; 3G TS 31.101
Technical Specification, 3rd Generation Partnership Project, http://www.3gpp.org

MICROWIRE Serial Interface, National Semiconductor Application Note AN-452

MultiMediaCard System Specification Version 3.2, http://www.mmca.org

OpenHCI—Open Host Controller Interface Specification for USB, Release 1.0a, http://www.usb.org

PC Card Standard, Volume 2, Electrical Specification, PCMCIA/JEITA, http://www.pcmcia.org

SD Memory Card Specifications Part |, Physical Layer Specification, Version 1.01, and Secure Digital Input/
Output (SDIO) Card Specification, Version 1.0 (Draft 4), SD Association, http://www.sdcard.org
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Table 1-1. Supplemental Documentation (Sheet 2 of 2)

1.2
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Title

Sony Memory Stick Standard, Format Specification Version 1.3

UARTSs are functionally compatible with the 16550A and 16750 industry standards. The 16550A was originally
produced by National Semiconductor Inc. The 16750 is produced as the TL16C750 by Texas Instruments.

Universal Serial Bus Specification, Revision 1.1; On-The-Go Supplement to Universal Serial Bus Specification
Revision 2.0; Pull-Up/Pull-Down Resistors Engineering Change Notice to Universal Serial Bus 2.0

Specification; http://www.usb.org

Product Overview

The PXA27x processor is an integrated system-on-a-chip microprocessor for high- performance
low-power, portable, handheld and handset devices. It incorporates the Intel X Scale® technology
with on-the-fly voltage and frequency scaling and sophisticated power management to provide
industry-leading MIPs/mW performance. The PXA27x processor complies with the ARM*
Architecture V5TE instruction set (excluding floating point msxructlons) and fol Iows the ARM*
programmer’s model. The PXA27x processor also supports| ntel® Wirdess MMX " " integer
instructions in applications such as those that accel erate audio and video processing.

The PXA27x processor provides a scalable, bidirectional datainterface to a cellular baseband
processor supporting seven logical channels. The OStimer channels, mobile scalable link (MSL)
interface, and synchronous serial ports (SSPs) also accept an external network clock input so that
they can be synchronized to the cellular network. The PXA27x processor also providesaUniversal
Subscriber Identity Module (USIM) card interface.

The PXA27x processor memory interface supports a variety of external memory typesto allow
design flexibility. Support for the connection of two companion chips permits a glueless interface
to external devices.

The PXA27x processor also provides four 64-Kbyte banks of on-chip SRAM, which can be used
for program code or multimedia data. Each bank can be configured to retain its contents when the
processor enters alow-power mode.

Anintegrated L CD panel controller provides support for displays up to 800 x 600 pixels. It permits
1-, 2-, and 4-bit gray scale and 8- or 16-bit color pixels. A 256-entry palette RAM provides
flexibility in color mapping.

A set of serial devices and general system resources provides computational and connectivity
capability for avariety of applications.

The PXA27x processor is designed for a high degree of backward compatibility with the Intel®
PXA25x Applications Processor.

The PXA27x processor incorporates a comprehensive set of system and peripheral functions that
make it useful in avariety of low- power applications. Figure 1-1 |IIustrates the system-on-a-chip
processor. The diagram shows a primary system bus with the Intel X Scale® core attached, along
with an LCD controller, USB host controller, and 256 Kbytes of internal memory. The system bus
is connected to amemory controller to allow communication with a variety of external memory or
companion-chip devices, and it is aso connected to aDMA controller/bridge to allow
communication with the on-chip peripherals. The key features of all the sub-blocks are described in
this section, with more detail provided in the respective chapters.
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Figure 1-1. Intel® PXA27x Processor Block Diagram for a Typical System

1.2.1

RTC

OS Timers

4 x PWM

Interrupt
Controller

3 x SSP

USIM

1’s
AC '97

Standard
UART

Full-Function
UART

Bluetooth
UART

Fast Infrared
12C
USB Client
Controller
MSL
Interface
Keypad
Interface

MMC/SD/SDIO
Interface
Memory Stick
Interface

USB
On-The-Go

General-Purpose 1/0

Primary GPIO

/\

Peripheral Bus

LCD
ick Memory
Quic Controller
Capture ||Internal LCD
Interface || SRAM ||Controller Ai(:]rgss
Data Il
_ § Variable
Latency I/O I
DMA ,\ Control
Controller System Bus
B?ir:id . 4 PC Card/
9 CompactFlash o
5 Control
x
% Intel USB
- XScale® Dynamic
3 c Host Memory [
% ore Controller Control
© | Debug
€ | Controller Static
A Memory
Power 13 32.768 Control
Management/ MHz kHz
Clock Control Osc Osc
A4 (] ]
JTAG

Intel XScale® Technology

% Address and Data Bus

>

v

Introduction

Socket 0

Socket 1

SDRAM/

Boot
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The Intel XScale® microarchitecture is based on anew core that complies with the ARM*
Architecture V5TE. The microarchitecture surrounds the core with instruction and data memory
management units; instruction, data, and mini-data caches; write, fill, pend, and branch-target
buffers; power management, performance monitoring, debug, and JTAG units; coprocessor
interface; multiply-accumulate coprocessor (MAC); and core memory bus.
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1.2.1.1 Intel XScale® Microarchitecture Features

The features of Intel X Scale® microarchitecture include:

* Seven- to eight-stage superpipelined RISC technology achieves high speed and ultra low
power.

* Dynamic voltage management means voltage and frequency on-the-fly scaling to allow
applications to use the right blend of performance and power.

* Mediaprocessing technology letsthe MAC perform two simultaneous 16-bit single-
instruction multiple-data (SIMD) multiplies with 40-bit accumulation for efficient media
processing.

* Power management provides power savings with idle, deep-idle, standby, sleep, and deep-
sleep modes.

e 128-entry branch target buffer keeps the pipeline filled with statistically correct branch
choices.

* 32-Kbyteinstruction cache keeps local copies of important instructions to enable high
performance and low power.

* 32-Kbyte data cache keepslocal copy of important data to enable high performance and low
power.

¢ 2-Kbyte mini-data cache avoids “thrashing” of the 32-Kbyte data cache for frequently
changing data streams.

e 32-entry instruction-memory management enabl es logical-to-physical address translation,
access permissions, and instruction-cache attributes.

* 32-entry data memory management unit enables |ogical-to-physical addresstranslation, access
permissions, and data-cache attributes.

* Four-entry fill and pend buffers promote core efficiency by allowing “hit-under-miss’
operation with data caches.

* Performance monitoring unit furnishes two 32-bit event counters and one 32-bit cycle counter
for analysis of hit rates.

¢ Debug unit uses hardware breakpoints and 256-entry trace-history buffer (for flow change
messages) to debug programs.

* 32-bit coprocessor interface provides a high-performance interface between core and
COProCESSOrS.

¢ Eight-entry write buffer allows the core to continue execution while data is written to memory.

Seethe Intel XScale® Core Developer’s Manual for additional information.

1.2.1.2 Coprocessor

The Intel XScale® core has attached to it a coprocessor to accelerate multimedia applications. This
coprocessor is characterized by a 64-bit single-instruction multiple-data gMSI MD) architecture and
compatibility with the integer functionality of the Intel® WirelessMMX ™ technology and
streaming SIMD extensions (SSE) instruction sets. Key features of this coprocessor include:

* 30 new media-processing instructions
* 64-bit architecture up to eight-way SIMD
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* 16 x 64-bit register file
* SIMD PSR flags with group-conditional execution support

¢ SIMD instruction support for sum of absolute differences (SAD) and multiply-accumulate
(MAC) operations

* Instruction support for alignment and video operations
* Intel® MMX™ and SSE integer instruction compatibility
* Superset of existing media-processing instructionsin the Intel XScal e® core

See the Intel® WirelessMMX ™ documentation, listed in Table 1-1, for more details.

Power Management
The PXA27x processor provides arich set of flexible power-management controls for awide range
of usage models while enabling very low-power operation. The key features include the following:

* Fivereset sources. power-on, hardware, watchdog, general-purpose I/0O (GPIO), and exit from
sleep, and deep-sleep modes (sl eep-exit)

¢ Three clock speed controls to adjust frequency: turbo mode, half-turbo mode, fast-bus mode
* Switchable clock source
* Functional clock gating

* Programmable frequency-change capability, with multiple turbo settings without requiring the
PLL to re-lock

* Power modesto control power consumption: normal (both run and turbo), idle, deep-idle,
standby, sleep, and deep-sleep

* Programmable 12C-based interface to support external power-regulator devices

See Chapter 3, “ Clocks and Power Manager” for more details.

Internal Memory

Key features of the internal memory module include:
* 256 Kbytes of on-chip RAM arranged as four banks of 64 Kbytes
¢ Bank-by-bank power management for reduced power consumption

* Support for byte writes

See Chapter 4, “Internal Memory” for more details.

Interrupt Controller

The interrupt controller, which masks and prioritizes all on-chip interrupts, is accessed either
through memory-mapped or coprocessor registers. The key features are as follows:
* Peripheral interrupt sources can be mapped to normal (IRQ) or fast (FIQ) interrupt request

¢ Each interrupt source can be enabled independently

1-7
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* Priority mechanism to indicate highest priority interrupt
¢ Accessible from the coprocessor interface for fast access

* Accessible as a memory-mapped periphera for backward compatibility.

See Chapter 25, “Interrupt Controller” for more details.

1.2.5 Operating-System Timers

The operating-system timers provide the following features:
¢ Single-counter operating at 3.25 MHz
¢ Four Match registers
¢ Watchdog function

Eight additional timer channels offer the following additional features:
¢ Eight independent channels, each consisting of:
— Counter
— Match register
— Control register
* |ndependent clock for each counter, selectable by software:
— 32.768-kHz clock for low power
— 13-MHz clock for high accuracy
— Externally supplied clock for network synchronization
* Counter resolutions of 1/32768™ of a second, one millisecond, and one microsecond
¢ Periodic and one-shot timers
* Two external synchronization events

* Operation during reduced-power modes (standby, sleep, deep-sleep)

See Chapter 22, “Operating System Timers” for more details.

1.2.6 Pulse-Width Modulation Unit (PWM)

The PWM unit consists of four independent channels. Source data can be derived from memory
(using DMA) or from CPU store. The following are key features:

* Four pulse-width modulated output channels
¢ Enhanced period control through 6-bit clock divider and 10-bit period counter
* 10-bit pulse control

See Chapter 23, “Pulse Width Modulator Controller” for more details.
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1.2.7 Real-Time Clock (RTC)

The real-time clock is a 32-bit counter with trim control that runs off the 32.76- kHz crystal
oscillator. The general features of the RTC are as follows.

* Timer
— User-programmabl e free-running counter
— User-programmable alarm register
— Resolution of one second

* Wristwatch

— User-programmabl e free-running counter displaying: time of the day in terms of hours,
minutes, and seconds, day of week, week of month, day of month, month, and year

— User-programmable Alarm registers generate alarms in terms of hours, minutes, seconds,
day of week, week of month, day of month, month, and year

— Resolution of one second
* Stopwatch

— User-programmable Counter register displays the time elapsed between two eventsin
terms of hours, minutes, seconds, and one-hundredth of a second

— Two user-programmable Alarm registers generate alarms in terms of hours, minutes,
seconds, and one-hundredth of a second

— Resolution of one-hundredth of a second

Periodic interrupts
— User-programmable Alarm register generates periodic interrupts at regular intervals
— Resolution of one millisecond

* Trimmers

— User-programmable Trimmer register generates a precise 1-Hz clock for the timer section
and the wristwatch section

See Chapter 21, “Real-Time Clock (RTC)” for more details.

1.2.8 General-Purpose 1/0 (GPIO)
Most of the peripheral pins on the PXA27x processor also double as GPIO pins. The genera
features of the GPIO are as follows:

¢ Asinputs, they can be sampled or programmed to generate an interrupt from either arising or
faling edge.

¢ Asoutputs, they can be cleared or set individually and can be preprogrammed to either state
when entering sleep mode.

* Each can be programmed to alternate functions to provide system flexibility.

See Section 24, “General-Purpose I/0O Controller” for more details.

Intel® PXA27x Processor Family Developer’s Manual 1-9
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Memory Controller

The external-memory controller is based on a unified memory architecture (UMA), where all
memory devices share acommon address and data bus. The memory controller consists of four
main units, each with its own dedicated control pins: dynamic memory, static memory, card
interface, and companion chip. The UMA consists of the following:

Interfaces to internal synchronous flash and SDRAM devices
Interfaces to four partitions of SDRAM

Interfaces to up to 1.0 Gbytes of SDRAM

Supports 1.8-V JEDEC LP-SDRAM operation at 104 MHz

Interfaces to six partitions of static memory. Four of these six partitions can be synchronous
static memory (synchronous flash)

Interfaces to up to 384 Mbytes of flash memory
Interfaces to two sockets of PC Card memory
Allows an aternate bus master to take control of the bus

Places the SDRAMs into self-refresh mode before entering sleep, standby, deep-sleep, and
frequency-change modes

Provides signals and controls for fly-by DMA transfers
Supports non-volatile memory configured as bank 0 from either 16- or 32-bit devices

Provides three independent output clocks that can be turned on/off separately and can be
programmed to be free-running. The clocks can be the same frequency or half the frequency of
the input clock, CLK_MEM. One clock can also be programmed as one quarter of the input-
clock frequency.

Programmable power-down mode for saving power

Compatibility with the SA-1110 companion chips.

See Chapter 6, “Memory Controller” for more details.

DMA Controller

The PXA27x processor provides the following DMA features:

Supports memory-to-memory, peripheral-to-memory, and memory-to-peripheral transfers (the
latter two transfers are supported only in flow-through mode)

Supports fly-by and flow-through modes for transfers related to external companion chips.
The external device can be a peripheral or acompanion chip.

Operates as a bridge for programmed 1/0 accesses to various peripheral devices

Supports 32 channels and 63 peripheral-device requests, with the capability of pre-
programming any request to any channel

Uses a priority mechanism to process active channels (four channels with outstanding DM A
requests at any given time)

Operatesin either the descriptor-fetch or the no-descriptor-fetch mode in each of the 32
channels.
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Supports special descriptor modes (descriptor comparison and descriptor branching)
Retrieves trailing bytes in the receive peripheral-device buffers

Supports programmable data-burst sizes (8, 16, or 32 bytes) and programmable peripheral
device datawidths (byte, half-word, or word)

Supports up to (8 Kbytes minus 1 byte) of datatransfer per descriptor; larger transfers can be
performed by software chaining multiple descriptors

Supports flow-control bits to process peripheral-device requests. Requests are processed only
if the flow-control bit is set.

See Chapter 5, “DMA Controller” for more details.

1.2.11 Serial Ports

The PXA27x processor supports arich set of serial controllersfor general system use. All ports can
be accessed through programmed 1/O or through descriptor-based DMA transfers. Pinson ports not
being used can be converted to GPIOs. The following sections describe these ports.

12111 UARTS

The PXA27x processor has three UARTSs: standard, Bluetooth*, and full-function.

All UARTs have the following features:

Slow infrared asynchronous interface (up to 115.2 kbps) based on the IrDA standard
Registers are compatible with the 16550 and 16750

Adds or deletes standard asynchronous communication bits (start, stop, and parity) to or from
the serial data

Independently-controlled transmit, receive, line-status, and data-set interrupts

Baud-rate generator allows division of clock by 1 to (216—1) and generates an internal 16X
clock; baud rate can be programmed manually or automatically using automatic baud-rate
detection circuitry.

Fully programmable serial interface characteristics:
— 5-, 6-, 7-, or 8-hit characters
— Even, odd, or no parity detection
— 1, 1%, or 2 stop-hit generation
— Baud-rate generation up to 921.6 kbps
False start-bit detection
Complete status-reporting capability
Break generation and detection
Internal diagnostic capabilitiesinclude:
— Loop-back controls for communications-link fault isolation

— Break, parity, overrun, and framing error simulation
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The Bluetooth and full-function UARTSs have the following extra features:
* Modem control functions (nCTS, nRTS)
¢ Auto-flow capability controls data /O without generating interrupts:
— NnRTS (output) controlled by UART receiver FIFO
— nCTS (input) from modem controls UART transmitter

— Full-function UART has hardware modem control functions (nDSR, nDTR, nRI, and
nDCD)

See Chapter 10, “UARTS’ for more details.

1.2.11.2 Fast-Infrared Communications Port

The fast-infrared communications port has the following features:

* Infrared Data Association (IrDA) compliant—See the Infrared Data Association Serial
Infrared Physical Layer Specification Version 1.3

* 4 MbpsIrDA, 4 ppm modulation

* Two separate 128-byte receive and transmit FIFOs

* FIFOs can be serviced using DMA, processor interrupt, or polling
* Transmit/receive loop-back mode for internal diagnostics

* Separate transmit/receive data path supports full or half-duplex operation

See Chapter 11, “Fast Infrared Communications Port” for more details.

1.2.11.3  I12C Serial Bus Port

The 1°C interface has the following features:
* 12C compliant
* Multi-master and arbitration support
* Supports standard-mode operation at 100 kbps
¢ Supports fast-mode operation at 400 kbps.

See Chapter 9, “1°C Bus Interface Unit” for more details.

1.2.11.4 AC '97 Codec Interface

The AC 97 Codec interface supports the following key features:

* Independent channels for stereo pulse code modulation (PCM) in, stereo PCM out, modem
out, modem in, and mono MICin

¢ All of the above channels support 16-bit samples only

* Supports multiple-sample-rate AC ' 97 2.0 Codecs (48-kHz and below). The AC * 97 controller
depends on the Codec to control the varying rate.

* Supports read/write accessto AC ' 97 registers
* Secondary Codec support.
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See Chapter 13, “AC ‘97 Controller” for more details.

IS Audio Codec Interface

The %S audio Codec interface supports the following key features:
* Record and playback of 64-bit stereo audio samples
¢ Each sample hastwo channels: audio left and audio right, each 32 bits wide.
¢ Each channel has 16 MSBs of valid data and 16 L SBs of padded zeros.
* Supports M SB-justified and normal-I 2S modes

¢ Supports sampling frequencies of 48 kHz, 44.1 kHz, 22.05 kHz, 16 kHz, 11.025 kHz, and 8
kHz

* The bit-rate clock (BITCLK) can be configured to be either an input or an output. If
configured as output, the processor also supplies an 1°s system clock (SY SCLK), whichis
four timesthe BITCLK.

See Chapter 14, “Inter-IC Sound (12S) Controller” for more details.

USB Client Controller

The USB client controller has the following key features:
* USB Revision 1.1 compliant—12 Mbps, half duplex
* 23 programmable endpoints
— Programmable endpoint type: bulk, isochronous, or interrupt
— Programmable endpoint direction: IN or OUT
— Programmable endpoint maximum packet size
— Programmable configuration, interface, and alternate interface setting numbers
* Endpoint O for control IN and OUT
* Four configurations:
— Three programmabl e configurations with up to seven interfaces
— Default configuration 0 with one interface and control endpoint O

¢ Configurable 4-K byte memory for endpoint data storage

See Chapter 12, “USB Client Controller” for more details.

USB Host Controller

The USB host controller has the following key features:
* USB Rev. 1.1 compatible
* Supports both low-speed and full-speed USB devices
* Open Host Controller Interface (OHCI) Rev 1.0a compatible
¢ Root hub supports three downstream ports.
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¢ Built-in DMA

See Chapter 20, “USB Host Controller” for more details.

1.2.11.8 Synchronous Serial Ports (SSP)

The three SSP ports support these protocols:

— Programmable serial protocol (PSP) with programmable frame sync and programmable
start and stop delays

— National Semiconductor Microwire
— Texas Instruments Synchronous Serial Protocol (SSP)
— Motorola Serial Peripheral Interface (SPI) protocol.
* Upto 13-Mbpstransfer rate
¢ Sample dataformats from 4 to 32-bits of serial data
* Master or slave operation for both clock and frame sync signals

* Flexible clock-source selection from the 13-MHz master clock, the network clock input, or the
dedicated SSP external clock input

See Chapter 8, “ SSP Serial Ports’ for more details.

1.2.12 LCD Panel Controller

The LCD controller supports these key features:
¢ Display modes

— Support for single- or dual-scan display modules
— Passive monochrome mode supports up to 256 gray-scale levels (8 bits)
— Active color mode supports up to 16777216 colors (24 bits)
— Passive color mode supports atotal of 16777216 colors (24 bits)
— Support for LCD panels with an internal frame buffer
— Support for 8-bit (each) passive dual-scan color displays

— Support for up to 18-bit per pixel single-scan color displays without an internal frame
buffer

— Support for up to 24-bit per pixel single-scan color displays with an internal frame buffer
* Base plane with software control of two overlay windows and a hardware cursor
¢ Color management:

— Up-scaling for YCbCr 4:2:0 and 4:2:2 to YCbCr 4:4:4

— Color space conversion CCIR 601—Y CbCr 4:4:4 to RGB 8:8:8

— Conversion from true color, (RGB 8:8:8) to high color (RGB 5:5:5) and the various
configurations of RGBT

¢ Support for display sizes from 1x1 to 800 x 600 pixels.
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64-entry (by 24 bits) output FIFO

Three 256-entry by 25-bits internal color-palette RAMs (one for each overlay and base)
programmabl e to be automatically loaded at the beginning of each frame

Command data RAM (16 x 9 bits) to hold command data
Supports pixel depths of 2, 4, 8, 16, 18, and 24 bits per pixel (bpp) in RGB format
Overlays supported with pixel depths of 16, 19, 24, and 25 bpp in RGBT format

Provides one base layer plus two overlaysfor single-scan displays; maximum size of each
overlay can egual the display size

Integrated seven-channel DMA (one channel for base plane, one channel for Overlay 1 and
three channels for Overlay 2, one channel for the hardware cursor, and one channel to for the
command data)

Hardware support for color-space conversion from Y CbCr to RGB for video streams
Supports hardware cursor for single-scan display

Programmable toggle of AC bias-pin output (toggled by line count)

Programmable pixel clock from 52.0 MHz to 25.4 kHz (104.0 MHz/2 to 13 MHz/512)
Supports little-endian ordering of pixelsin frame buffer

Programmable wait-state insertion at beginning and end of each line

Programmable polarity for output enable, frame clock, and line clock

Programmable interrupts for input and output FIFOs (underrun)

Six 16 x 64-bit input FIFOs: one for the base channel, one for Overlay 1, three for Overlay 2,
and one for the hardware cursor; plus a seventh 4 x 52-bit input FIFO for command data for
panels with internal frame buffer

Backward-compatible with the | ntel® PXA25x and Intel® PXA26x processor LCD controllers

See Chapter 7, “LCD Controller” for more details.

1.2.13 MultiMediaCard, SD Memory Card, and SDIO Card
Controller

The MultiMediaCard/SD/SDIO controller provides the following key features:

Data-transfer rates up to 19.5 Mbps for MMC, 1-bit SD/SDIO, and SPI mode data transfers
Data-transfer rates up to 78 Mbps for 4-bit SD/SDIO data transfers

A response FIFO

Two transmit FIFOs and two receive FIFOs

Two modes of operation: MM C/SD/SDIO mode and SPI mode. MM C/SD/SDIO mode
supports MMC, SD, and SDIO communications protocols. SPI mode supports the SPI
communications protocol.

1- and 4-hit data transfers are supported for SD and SDIO communications protocols.

Controller turns clock on and off, based on status of FIFOs, to prevent overflows and
underruns.
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* Support for al valid MMC and SD/SDIO protocol data-transfer modes

* Interrupt-based application interface to control software interaction

* For stream writes, only data sizes of 10 bytes or more are allowed.

¢ Using the MM C communications protocol, multiple MMC cards are supported.

* Using the SD or SDIO communications protocol, one SD or SDIO card is supported.

¢ Using the SPI communications protocol, up to two MMC or SD/SDIO cards are supported.
Mixed card types are supported for the SPI communications protocol only.

See Chapter 15, “MultiMediaCard/SD/SDIO Controller” for more details.

1.2.14 Memory Stick Host Controller

The Memory Stick host controller supports the following features:
e Compliance with the Sony Memory Stick standard
¢ Built-in transmit and receive FIFO buffers
* Built-in CRC calculation and checking
* Transfer clock up to 20 MHz
¢ Datatransfer using programmed |/O, interrupt to processor, and DMA

¢ Automatic command execution when an interrupt from the Memory Stick is detected

See Chapter 17, “Memory Stick Host Controller” for more details.

1.2.15 Mobile Scalable Link (MSL) Interface

The MSL interface has the following key features:
* Two independent, high-speed, unidirectional links
¢ Scalablelinks with data-channel width options
¢ Asynchronous clocking from O to over 48 MHz per link
* Transfer rate per link up to 192 Mbps at 48 MHz
* Low-power electrical interface: 1.8 V (+20%/-5%), 2.5V, 3.0V and 3.3 V +10%/-10%
* Power management protocol and features
¢ 14 independent logical data channels for managing multiple simultaneous data streams
* Large 64-byte FIFOs for al data channels
* Round-robin FIFO service with independent enables and configuration options
¢ Single- or multiple-burst transfers

¢ Support for DMA-, interrupt-, or poll-driven operation

See Chapter 16, “Mobile Scalable Link (MSL) Interface” for more details.
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1.2.16 Keypad Interface

The keypad interface has the following key features:
¢ Direct-keypad interface:
— Eight inputs
— Supports up to eight direct keys and up to two rotary encoders
- Eight direct keys, or
- Six direct keys and one rotary encoder (two pinsfor the rotary encoder), or
- Four direct keys and two rotary encoders (two pins each for the two rotary encoders)
* Matrix-keypad interface:
— Eight scan outputs and eight inputs (returns)
— Supports up to 64 keys
— Supports manual and automatic scan
¢ Simultaneous operation of direct and matrix keypads
* Interrupt generated on keypad activity:
— Separate matrix- and direct-key interrupt enables
— Oneinterrupt signal, generated by merging the matrix and direct interrupts.
* Continuous keypad polling
¢ Key-debounce logic for both matrix and direct keypads

See Chapter 18, “Keypad Interface’ for more details.

1.2.17 Universal Subscriber Identity Module (USIM) Interface

The USIM interface has the following key features:

¢ Compatible with any USIM card that is compliant with standard SO 7816-3 and
3G TS31.101 and operatesin voltages of 1.8V or 3V

* Supports contral lines for two-level voltage supply (1.8 V and 3 V)

* Supports USIM card reset-pin control (using reset-pin control and power-supply control,
warm/cold reset can be software-initiated)

* SupportsT=0and T = 1 protocols
* Programmable card clock frequency

* Supports any combination of the following clock-rate conversion factor F, and bit-rate
adjustment factor D:

— F={372,512, 558}
— D={124.8,16, 32,12, 20}
¢ Auto-error signa in T = 0 receive mode
* Auto-character repeat in T = 0 transmit mode
¢ Transformsinverted format to regular format and vice-versa
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Programmable block-guard time period

Programmable extra-guard time period

Programmable character-waiting time period

Programmabl e block-waiting time period

Programmabl e time-out period

Programmable CPU interrupt on an error-signal detection
Programmable CPU interrupt when a smart card is connected

See Chapter 19, “Universal Subscriber 1D Interface” for more details.

1.2.18 Quick Capture Camera Interface

The quick capture interface is a component of Intel® Quick Capture technology and has the
following features:

Parallel interface support for 8, 9, and 10 bits

Serial interface support for 4-bit and 5-bit device connections

Support for ITU-R BT.656-4 SAV and EAV embedded synchronization
Pre-processed capture modes:

— RGB 8:8:8, RGBT 8:8:8, RGB 6:6:6, RGB 5:6:5, RGB 5:5:5, RGBT 5:5:5, RGB 4:4:4
dataformats

— YCbCr 4:2:2 data format

— RGB component precision reductions for RGB 8:8:8
Raw capture modes including RGGB and CMY G
Support for packing of 8-, 9-, and 10-bit raw pixel precision
Support for both packed and planar dataformatting for Y CbCr 4:2:2 formats
Programmable vertical and horizontal resolutions up to 2048 x 2048
Two 8-entry (by 64 bits) and one 16-entry (by 64 bits) FIFOs
Programmable sensor-clock output from 196.777 kHz to 52 MHz
Programmable interface timing signals for internal and external synchronization
Programmable interrupts for FIFO overflow, end-of-line, and end-of-frame

Programmable frame-capture rate allows usersto capture all frames or 1 out of every 2to 8
frames

See Chapter 27, “Quick Capture Interface” for additional information.

1.2.19 Test Interface

The boundary-scan interface has the following features:

1-18
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* Conformsto the IEEE Std. 1149.1-1990 and | EEE Std. 1149.1a-1993, Sandard Test Access
Port and Boundary-Scan Architecture

* Test-access port with dedicated pins. TDI, TMS, TCK, nTRST, and TDO
* Mini-instruction cache

For information on using the JTAG interface, see the “JTAG Debug Interface” chapter inthel ntel®
PXA27x Processor Family Design Guide.

1.3 Intel XScale® Microarchitecture Compatibility

The Intel XScale® microarchitecture complies with the ARM* Architecture V5TE. The PXA27x
processor implements the integer instruction set of the ARM* Architecture V5TE.

Backward compatibility for user-mode applications is maintained with the first generation of | ntel®
StrongARM* products. Operating systems require modifications to match the specific Intel

X Scale® core hardware features and to take advantage of the performance enhancements added to
this core.

Memory map and register locations are backward-compatible with the previous Intel X Scale®
microarchitecture hand-held products (see Section 1.3.1 for exceptions).

The Intel® WirelessMMX ™ instruction set is compatible with the standard ARM* coprocessor
instruction format.

1.3.1 Compatibility Exceptions

The USB client moduleis not backward-compatible with previous Intel X Scal €® microarchitecture
hand-held products. The mapping of periphera pinsto GPIO is backward-compatible where
possible.
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System Architecture 2

2.1

2.2

This chapter outlines the core implementation, types of processor resets, and signal descriptionsfor
the PXA27x processor.

Overview

The PXA27x processor isan |mpl ementation of the Intel X Scale® microarchitecture, which is
described in the Intel XScale® Core Devel oper’s Manual. The characteristics of this particular
implementation include the following:

* Several coprocessor registers

¢ Little-endian operation

¢ Semaphores and interrupts for processor control
* Multiple reset mechanisms

* Sophisticated power management

¢ Highly multiplexed pin usage

Intel XScale® Technology Implementation Options

The Intel XScale® core implementation used in the PXA27x processor includes the options
outlined in the following subsections. Most of these options are specified within the coprocessor
register space. Access to coprocessors other than CP14 and CP15 is controlled by the Coprocessor
Access reg|ster (CPAR—see Section 2.2.5.4). To accommodate the functionality in the Intel
XScaIe core, registers in CP14 and CP15 have been added or augmented. To accommodate the
Intel® Wireless MM X ™ multimedia extensions, the registersin CPO and CP1 have been added or
augmented. For more information, refer to the following sources:

* Intel® WirelessMMX ™ user documentation, listed in Table 1-1, “ Supplemental
Documentation” on page 1-3—M edia-enhancement technology supported by the PXA27x
processor

* Intel XScale® Microarchitecture for the PXA250 and PXA210 Application Processors User’s
Manual— nformation on configuring the coprocessor registers

* Section 28.2.1, “Intel XScale® Microarchitecture Core Registers’ on page 28-4—Complete
list of coprocessor registers
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22.2

Table 2-1.

The following subsections describe the coprocessor registers:

* Section 2.2.1, “Interrupt Controller Registers’

* Section 2.2.2, “ Performance Monitoring Registers’
* Section 2.2.3, “Clock Configuration and Power Management Registers’
* Section 2.2.4, “ Coprocessor Software Debug Registers’
* Section 2.2.5, “Coprocessor 15”

Interrupt Controller Registers

Access. Coprocessor 6

Theinterrupt controller registers can be accessed in either of two modes:

* Memory-mapped register access mode

tel.

* Coprocessor-register access mode. This mode results in significantly reduced interrupt
latencies. Accessing the interrupt controller registersin coprocessor-register access mode must
be performed in supervisor mode, as described in Section 25.4.1, “Accessing Interrupt

Controller Registers’ on page 25-4.

Performance Monitoring Registers

Access: Coprocessor 14—See Table 2-1

The performance-monitoring registers include four 32-bit performance counters, allowing four
separate events to be monitored simultaneously. In addition, a 32-bit clock counter is available,
which countsthe number of core clock cycles. For additional information, refer to the Performance
Monitoring section of the Intel XScal €® Core Devel oper’s Manual.

Performance Monitoring Registers (Sheet 1 of 2)
Name Description CRm CRn Instruction

pMNG | Performance Monitor Control 0 1 Read: MRC p14, 0, Rd, c0, c1, 0
register Write: MCR p14, 0, Rd, ¢0, c1, 0
. Read: MRC p14, 0, Rd, c1,c1,0

CCNT Clock Counter register 1 1 )
Write: MCR p14, 0, Rd, c1,c1, 0
) Read: MRC p14, 0, Rd, c4,¢c1,0

INTEN Interrupt Enable register 4 1 )
Write: MCR p14, 0, Rd, ¢4, c1, 0
. Read: MRC p14, 0, Rd, ¢5, c1, 0

FLAG Overflow Flag register 5 1 )
Write: MCR p14, 0, Rd, ¢5, c1, 0
’ . Read: MRC p14, 0, Rd, c8, c1, 0

EVTSEL | Event Selection register 8 1 )
Write: MCR p14, 0, Rd, ¢8, c1, 0
) Read: MRC p14, 0, Rd, c0, c2, 0

PMNO Performance Count register O 0 2 )
Write: MCR p14, 0, Rd, 0, c2, 0
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Table 2-1. Performance Monitoring Registers (Sheet 2 of 2)

2.2.3

224

2.2.5

Name Description CRm CRn Instruction

. Read: MRC p14, 0, Rd, c1, c2,0

PMN1 Performance Count register 1 1 2 )
Write: MCR p14, 0, Rd, c1, c2, 0
. Read: MRC p14, 0, Rd, c2, c2, 0

PMN2 Performance Count register 2 2 2 )
Write: MCR p14, 0, Rd, ¢2, c2, 0
. Read: MRC p14, 0, Rd, ¢3, c2, 0

PMN3 Performance Count register 3 3 2 .
Write: MCR p14, 0, Rd, ¢3,c2, 0

Clock Configuration and Power Management Registers

Access. Coprocessor 14, Registers6 and 7

The CCLKCFG (register 6) and PWRMODE (register 7) registers allow software to modify the
clock and power-management modes. The valid operations are described in Section 3.8.3,
“Coprocessor 14: Clock and Power Management” on page 3-103.

Coprocessor Software Debug Registers

Access. Coprocessor 14, registers 8 through 14
Coprocessor 15, register 14

These registers are used for software debug. See Table 26.6, “ Register Summary” on page 26-46
for additional information.

Coprocessor 15

The following subsections describe the registers available in coprocessor 15:
® Section 2.2.5.1, “Processor ID Register”
* Section 2.2.5.2, “Processor Cache Type Register”
* Section 2.2.5.3, “Auxiliary Control Register (P-Bit)”
® Section 2.2.5.4, “Coprocessor Access Register”
Section 2.2.5.5, “ Additions to Coprocessor 15 Functionality”
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Access. Coprocessor 15, Register 0, opcode 2=0

Processor ID Register

Table 2-2 shows the format and values presented in the read-only Processor ID register, which is
accessible only in supervisor mode. It conforms with the values provided in the ARM® Architecture

Reference Manual.

Table 2-2. Processor ID Register

Coprocessor 15

Register 0 Processor ID Register Processor ID
opcode_2=0
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Vendor Arch Version Core G Core R Prod ID Prod R
Reset 0 1 1 0 1 0 0 1 0 00 0O 1010100UO0TGO0UO0T1O0TO00O0 Trorot
Bits Access Name Description
31:24 R Vendor Vendor = Intel (0x69 = “i" = Intel Corporation)
23:16 R Arch Version |ARM* Architecture Version 5TE = 0b0000_0101
15:13 R Core G Core Generation Intel XScale® core = 0b010
Core Revision = 0b000
12:10 R Core R | This field reflects revisions of core generations. Differences can include
errata that dictate different operating conditions and software work-arounds.
9:4 R Prod ID 0b01_0001 = PXA27x processorT
Processor Stepping
0b0000 = A0
0b0001 = Al
0b0010 = BO
3.0 R Prod R
0b0011 = B1
0b0100 = CO
0b0111 =C5
T These values reflect the actual product identification and revision numbers embedded in the PXA27x processor.

Table 2-3. Coprocessor: CPU ID and JTAG ID Values

Stepping CPUID JTAG ID
AO 0x69054110 0x09265013
Al 0x69054111 0x19265013
BO 0x69054112 0x29265013
B1 0x69054113 0x39265013
Cco 0x69054114 0x49265013
C5 0x69054117 0x79265013
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2.25.2 Processor Cache Type Register
Access: Coprocessor 15, Register 0, opcode 2=1

The Processor Cache Type register describes the cache configuration of the Intel X Scal e® core.
The cache configuration for the PXA27x processor is described in the Intel XScal e® Core

Developer’s Manual. The PXA27x processor cache configuration isidentical to that of the Intel®
PXA255 processor.

2.25.3 Auxiliary Control Register (P-Bit)
Access. Coprocessor 15, Register 1, opcode 2=1

Bit 1 of the Auxiliary Control register is defined as the page-table memory-attribute bit, or P-bit. It
is not implemented in the PXA27x processor and must be written with 0b0. Similarly, the P-bit in

the memory management unit (MM U) page table descriptor is not implemented and must be
written with ObO.

2254 Coprocessor Access Register
Access: Coprocessor 15, Register 15, opcode 2=0, CRm =1

The Coprocessor Access register (CPAR), defined in Table 2-4, controls access to all coprocessors
other than CP14 and CP15. Thisregister is accessible only in supervisor mode.

Example 2-1 demonstrates setting the CPAR while in supervisor mode.

Table 2-4. Processor CPAR Register

Coprocessor 15
Register 15 Processor CPAR Register Processor CPAR
opcode_2 =0
CRm =1

User
Settings

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

©
(o]
~
[e2)
(&)
S

w

N

=
o

MmN H| O
Reserved PR E| g e|allaale
olo|clolololojlojolo|lojoflo|o
Reset 0 0 0 0O O OOO OOOUOOUOTU OTU OO OO OOOOOOOOSOOUOOOTQO0OTO
Bits Access Name Description
31:14 — — reserved
Coprocessor Access Rights
0 = Access denied. Any attempt to access the corresponding
13:0 RIW CPn coprocessor generates an undefined exception, even in supervisor
mode.
1 = Access allowed, including read and write access to the coprocessor.
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Example 2-1. Enabling Access to CPO, CP1, and CP6

2.2.5.5

;; The following code sets bits 0, 1, and 6 of the CPAR.
;; This enables access to Intel® Wireless MMX(TM) media enhancements.

;; This enables access to interrupt controller coprocessor registers.

LDR RO, =0x0043 ; Set bits 0,1, and 6.
MCR P15, 0, RO, C15, Ci, O ; Move to CPAR.
CPWAIT ; Wait for effect (Section 2.2.5.5).

Additions to Coprocessor 15 Functionality

At times, it is necessary to know exactly when a CP15 update takes effect. For example, when
enabling memory address translation (turning on the MMU), it is vital to know when the MMU is
actually guaranteed to be in operation. To address this need, a processor-specific code sequence is
defined for the Intel X Scale® core. Example 2-2 describes this sequence, CPWAIT.

Example 2-2. CPWAIT: Canonical Method to Wait for CP15 Update

2.3

;7 The following macro should be used when software needs to be
;; assured that a CP15 update has taken effect.
;; It may only be used while in a privileged mode, because it

;; accesses CP15.

MACRO CPWAIT

MRC P15, 0, RO, C2, CO, O ; arbitrary read of CP15
MOV RO, RO ; wait for it
SUB PC, PC, #4 ; branch to next instruction

; At this point, any previous CP1l5 writes are
; guaranteed to have taken effect.
ENDM

When setting multiple CP15 registers, software can opt to execute CPWAIT only once, after a
sequence of MCR instructions.

The CPWAIT sequence guarantees that CP15 updates are complete by the time the CPWAIT is
complete. It is possible that a CP15 side effect might occur before CPWAIT completes or isissued.
Use the technique shown in Example 2-2 to ensure that this does not affect the code correctness.

Endianness

Endianness is the convention that describes the order in which bits within aword are stored in
memory.

The PXA27x processor operates in Little Endian mode only, in which the least significant byte
(LSB) of avalueisstored in memory at alower address than the most significant byte (M SB). For
example, the value 0x1234 5678 at address 0x0 in alittle-endian system appears as shown in
Table 2-5.
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Table 2-5. Little-Endian Value Encoding

2.4

2.5

2.6

Note:

Address 0 1 2 3

Byte Value 0x78 0x56 0x34 0x12

I/O Ordering

The PXA27x processor uses queues that accept memory requests from the four internal masters:
CPU core, DMA controller, USB host, and LCD controller. Operations issued by each master are
completed in the order they are received. Operations from one master can be interrupted by
operations from another master. The PXA27x processor does not provide a software method to
control the order of operations from different masters.

Loads and stores to internal addresses are completed more quickly (generally) than those issued to
external addresses. The difference in completion time allows one operation to be received before
another operation, but completed after the second operation.

In the following sequence, the store to the address in r4 is compl eted before the store to the address
in r2 because the first store waits for memory in the queue while the second is not delayed.

str rl, [r2]; store to external memory address [r2]

str r3, [r4]; store to internal (on-chip) memory address [r4]

If the two stores are control operations that must be completed in order, insert aload to an
unbuffered, uncached memory page followed by an operation that depends on data from the load:

str rl, [r2]; first store issued
ldr r5, [r6]; load from external unbuffered, uncached address ([r2] if possible)
mov r5, r5; nop stalls until r5 is loaded

str r3, [r4]; second store completes in program order

Semaphores

The swap (SWP) and swap-byte (SWPB) instructions, as described in the ARM* V5TE
architecture reference, can be used for semaphore manipulation. No on-chip master or process can
access a memory |location between the load and store portion of a SWP or SWPB to the same
location.

It is not possible for an external companion chip (through the use of the MBREQ/MBGNT
handshake) to take ownership of the bus during a SWP or SWPB instruction. Therefore, software
coherency management is not needed when external companion chips manipulate semaphores.

Interrupts

The interrupt controller is described in detail in Chapter 25, “Interrupt Controller”. All on-chip
interrupts are enabled, masked, and routed to the core FIQ or IRQ. Each peripheral-unit interrupt is
enabled or disabled at the source through an interrupt-enable bit. Generally, all interrupt bitsin a
unit are ORed together and present a single value to the interrupt controller.
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2.7

2-8

Note:

Each interrupt goes through the Interrupt Controller Mask register. Then the Interrupt Controller
Level register directsthe interrupt into either the IRQ or FIQ. If an interrupt is taken, the Interrupt
Controller Pending register can be read to identify the source. After identifying the interrupt
source, software services the interrupt and clears it in the source unit before exiting the service
routine.

There is adelay between writing to a status bit and the interrupt actually being cleared by the
system. Therefore, clear the interrupt early in the interrupt-service routine to allow the status bit
time to clear before returning from the routine.

Reset

The PXA27x processor can be reset in any of five ways. Table 2-6 summarizes the effects of each
kind of reset. See Section 3.4, “Reset Manager Operation” on page 3-6 for more descriptions and
details of these resets:

* Power-on reset, equivalent to hardware reset, occurs at initial power-on when the power
supply is detected on VCC_BATT.

* Hardwarereset results from asserting nRESET, which forces all unitsinto areset state.

* Watchdog reset results from atime-out in the OS timer and can recover control from runaway
code by resetting the processor and peripherals. Watchdog reset is disabled by default and
must be enabled by software. For more information, see Chapter 22, “ Operating System
Timers'.

* GPIO reset isa“soft” reset, which preserves some of the registers and real-time clocks.

* Sleep-exit reset provides areset to modules that have been powered down in sleep or deep-
sleep mode so that they can recover properly when powered up to resume normal operation.

Each type of reset except sleep-exit affects the reset states of the processor pins. For details of these
states, see the “Pin Usage” section in the Intel® PXA270 Processor Electrical, Mechanical, and
Thermal Specification and Intel® PXA27x Processor Family Electrical, Mechanical, and Thermal
Specification (Intel® PXA27x Processor Family EMTS).

Waking from sleep or deep-sleep mode causes a sleep-exit reset.
The Reset Controller Status register (see Section 3.8.1.10, “Reset Controller Status Register

(RCSR)” on page 3-84) contains information that allows software to determine which reset has
occurred.
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Effect of Each Type of Reset on Internal Register State

System Architecture

Unit Sleep-Exit Reset GPIO Reset Watchdog Reset ngdsvége
Core reset reset reset reset
Memory Controller reset preserved reset reset
Internal Memory reset reset reset reset
LCD Controller reset reset reset reset
DMA Controller reset reset reset reset
Full-Function UART reset reset reset reset
Bluetooth UART reset reset reset reset
Standard UART reset reset reset reset
12Cc reset reset reset reset
12s reset reset reset reset
AC 97 reset reset reset reset
USB Client reset reset reset reset
USB Host reset reset reset reset
Infrared
Communications reset reset reset reset
Port
Quick Capture
Interface reset reset reset reset
all reset except
RTC preserved preserved RTTR reset
OS Timers reset’’ reset reset reset
PWM0,1,2,3 reset reset reset reset
All keypad register states are
Keypad Interface reset but can act as wake-up reset reset reset
events
MSL Interface reset reset reset reset
Interrupt Controller reset reset reset reset
All GPIO register states are
reset, but
GPIO<116>,GPI0O<113>,
GPI10<102:93>,GPI10<91:90
GPIO >, GPI0<83>, GPIO<53>, reset reset reset
GPI10<40:34>, GP10<31>,
GPIO<17:9>, GP10<4:3>,
and GPIO<1:0> can act as
wake-up events

t The power-on reset state is the same as the hardware reset state.

11 Register takes its reset value in during sleep- or deep-sleep-exit unless the pwr_I2C island retains state,
which occurs if PSLR[SL_PI] is set or nTRST is asserted before sleep or deep-sleep entry.
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2.8

2.9

2.10

2.11

2-10

Note:

Internal Registers

All internal registers are mapped in physical memory space on 32-bit address boundaries. Most
units alow only word accesses to that unit’s internal registers; however, some units allow byte or
half-word accesses. Refer to the unit chapter to determine which accesses are allowed. Internal
register space must be mapped as non-cacheable.

Register space where aregister is not specifically mapped is defined as reserved space. Reading or
writing reserved space causes unpredictabl e results.

The PXA27x processor does not use all register bit locations. The unused bit |ocations are marked
reserved and are allocated for future use. Write reserved bit locations with zeros. Ignore the values
of these bits during reads, because they are unpredictable.

Selecting Peripherals or General-Purpose I/O

Most peripherals connect to the external pins through GPIOs. To use a peripheral connected
through a GPI O, first configure the GPIO so that the preferred function is selected on the GPIO
pins. By default, all GPIO pins function as inputs.

To alocate a peripheral to a pin, disable the GPIO function for that pin. Then, map the peripheral
function onto the pin by selecting the proper alternate function for the pin. Some GPIOs have
multiple alternate functions. After afunction is selected for apin, all other functions are excluded.
For this reason, some peripherals are mapped to multiple GPIOs, as shown in Section 24.4.2,
“GPIO Operation as Alternate Function” on page 24-3.

Multiple mapping does not mean multiple instances of a peripheral—only that the periphera is
connected to the pinsin several ways.

Power-On Reset and Boot Operation

Before the device using the PXA27x processor is powered on, the system must assert NnRESET and
NTRST. To alow the interna clocksto stabilize, al power supplies must be stable for a specified
period before NRESET and nTRST are de-asserted. When nRESET is asserted, n(RESET_OUT is
asserted and can be used to reset other devices in the system.

When the system de-asserts nRESET, the processor de-asserts nRESET_OUT a specified time
later, and the device attempts to boot from physical address location 0x0000_0000.

The BOOT_SEL pinissampled when reset is de-asserted, which specifiesthe width of the memory

device from which the processor attempts to boot. For more information on reading the boot-select
pins, see Section 6.5.4, “Boot Time Default Configuration Register (BOOT_DEF)” on page 6-73.

Power Management

The PXA27x processor offers a number of modes to manage power in the system. These modes
range widely in levels of power savings and functionality. The following modes are supported.
Section 3.6, “Power Manager Operation” on page 3-34 describes these modes in detail:
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Turbo mode—L ow-latency (nanoseconds). Switch between two pre-programmed freguencies.
Run mode—Normal full-function mode. Peripherals are unaffected.

Idle mode—Allows stopping the CPU clock during periods of processor inactivity. Resume
through an interrupt back to full-frequency processing.

Deep-idle mode—Allows stopping the CPU clock during periods of processor inactivity.
Resume through an interrupt back to 13-MHz core frequency.

Standby mode—L ow-power mode where state is retained but no activity is allowed. Both
PLLs are disabled. Recovery isthrough externa and selected internal wake-up events.

Sleep mode—L ow-power mode that does not save states but keeps I/0Os powered. The RTC,
power manager, and clock modules are saved, except for Coprocessor 14.

Deep-sleep mode—L ow-power mode that uses even less power than sleep mode. Same as
sleep mode, but 1/0Os are powered down to reduce system power.

Note: To maximize power savings, particularly in low-power modes, do not alow input pinsto float. Do

not

2.12 Si

Tab

allow output pins to be pulled or driven to opposite levels by external devices.

gnal Descriptions

le 2-7 describes the PXA27x processor signals used by each interface. Most of the processor

pins are multiplexed so that they can be configured for one of two, three, or four available
functions using the GPIO alternate-function select registers. Some signal's can be configured to
appear on one of several different pins.

Note: For

more details about the processor pins and signals, including reset states and alternate functions,

see the “Pin Usage” section in the Intel® PXA27x Processor Family EMTS.

Table 2-7. Intel® PXA27x Processor Signal Descriptions (Sheet 1 of 10)

Signal Name Type Signal Descriptions
Memory Controller Signals
MA<25:0> Output Memory Address Bus—Drives the requested address for external memory accesses.
MD<31:0> Bidirectional Memory Data Bus—Carries data to and from external memory devices.
hOE Output Memory Output Enable—Connect to the output enables of static memory devices to
p control data bus drivers.
nWE Output Memory Write Enable—Connect to the write enables of SDRAM and static memory
devices.
SDRAM DQM Data Byte Mask Control for Data Bytes 3 through 0—Connect to the
DQM<3:0> Output data output mask enables (DQM) for SDRAM. (DQMO corresponds to MD<7:0>, DQM1
corresponds to MD<15:8>, and so forth.)
nSDRAS Output SDRAM RAS—Connect to the row address strobe (RAS) pins for all banks of SDRAM.
NSDCAS Output SDRAM CAS—Connect to the column address strobe (CAS) pins for all banks of
p SDRAM. Also functions as the active low address valid strobe for synchronous flash.
SDRAM Clock Enable—Connect to the clock-enable pins of SDRAM. It is deasserted
SDCKE Output during sleep. SDCKE is always deasserted upon reset. The memory controller provides

control register bits for de-assertion.
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Table 2-7. Intel® PXA27x Processor Signhal Descriptions (Sheet 2 of 10)

Signal Name Type Signal Descriptions
SDCLKO SDRAM or Synchronous Static Memory Clocks—Connect to the clock pins of
SDCLKL SMROM and SDRAM-timing synchronous flash.
Use SDCLKO for all static memory patrtitions. Use SDCLK1 for SDRAM memory
Output partitions 0/1. Use SDCLK2 for SDRAM memory partitions 2/3.
SDCLK1 and SDCLK?2 are generated by dividing the internal memory clock, CLK_MEM
SDCLK2 (configured in the Core Clock Configuration register) by 1 or 2. SDCLKO is generated by
dividing the internal memory clock by 1, 2, or 4. (The divide-by-4 option supports
configurations where synchronous flash memory runs at half the frequency of SDRAM.)
nSDCS<3>
nSDCS<2> Outout SDRAM Chip Selects—Chip selects for SDRAM memory devices, individually
nSDCS<1> p programmable in the memory configuration registers.
nSDCS<0>
nCS<5>
nCS<4> . . . . .
Static Chip Selects—Chip selects to static memory devices such as ROM and flash,
nCS<3> Output individually programmable in the memory configuration registers.
utpu
nCS<2> P nCS<5:0> can be used with variable-latency I/O devices. nCS<3:0> can be used with
synchronous flash.
nCS<1>
nCS<0>
RDNWR Output Read/Write—Indicates that the current transaction is a read (high) or a write (low)
RDY Inout Variable Latency /O Ready Pin—An external variable-latency 1/0 (VLIO) device
p asserts RDY when it is ready to transfer data.
BOOT_SEL Input Boot Select—Configures the memory controller for the bus width of the boot memory.
MBREQ Inout Memory Controller Alternate Bus Master Request—Allows an external device to
P request the memory bus from the memory controller.
MBGNT Outout Memory Controller Alternate Bus Master Grant—The memory controller asserts
p MBGNT to allow an external device to control the memory bus.
Fly-by DMA Data Valid 1—Asserted by the memory controller during a fly-by DMA
DVAL<1> Output transfer when the external companion chip should drive data onto the bus for writes or
latch the data for reads.
Fly-by DMA Data Valid 0—Asserted by the memory controller during a fly-by DMA
DVAL<0> Output transfer when the external companion chip should drive data onto the bus for writes or

latch the data for reads.

PC Card and CompactFlash Control Signals

PC Card Output Enable—Output enable for reads from PC Card memory and PC Card

nPOE Output attribute space.
nPWE Output PC Card Write Enable—Enables writes to PC Card memory and PC Card attribute
p space. Also serves as the write enable signal for variable-latency 1/O.

nPIOW Output PC Card I/0O Write—Asserted for writes to PC Card I/O space.
nPIOR Output PC Card I/0 Read—Asserted for reads from PC Card I/O space.

PC Card Enable 2—Selects a PC Card. nPCE<2> enables the high byte lane, and
nPCE<2> Output nPCE<1> enables the low byte lane.

PC Card Enable 1—Selects a PC Card. nPCE<2> enables the high byte lane and
nPCE<1> Output nPCE<1> enables the low byte lane.
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Table 2-7. Intel® PXA27x Processor Signal Descriptions (Sheet 3 of 10)

Signal Name

Type

Signal Descriptions

nloOIS16

Input

I/O Select 16—Input from the PC Card card indicating that the data bus:

0 = Data bus is 8 bits wide
1 = Data bus is 16 bits wide

nPWAIT

Input

PC Card Wait—Driven low by the PC Card to insert wait states, which extend transfers
to and from the PXA27x processor.

PSKTSEL

Output

PC Card Socket Select—Used by external steering logic to route control, address, and
data signals to one of the two PC Card sockets. Active-low output enable that can be
used as nOE for the data transceivers. Has the same timing as the address bus.

In a single socket solution:

0 = Output enable selected
1 = Output enable not selected

In a dual socket solution, the socket select:

0 = Socket 0 selected
1 = Socket 1 selected

nPREG

Output

PC Card Register Select—Functions as address bit 26 to select register space (I/O or
attribute) or memory space. Has the same timing as the address bus.

LCD Controller Signals

LDD<17:0>

Bidirectional

LCD Display Data—Transfers pixel information from the LCD controller to the external
LCD panel. These pins become inputs driven by the panel during a read from a panel
with an integrated frame buffer.

L CS

Output

LCD Chip Select—Chip select signal for LCD panels with an internal frame bulffer.

L_FCLK_RD

Output

LCD Frame Clock—Frame clock used by the LCD display module to signal the start of a
new frame of pixels that resets the line pointers to the top of the screen. This pin is also
the vertical synchronization signal for active (TFT) displays.

This pin is the read signal during reads from a panel with an internal frame buffers.

L_LCLK_AO

Output

LCD Line Clock—Indicates the start of a new line. Also referred to as Hsync (or
horizontal synchronization) for active panels. For LCDs with an internal frame buffer, this
signal indicates a command or data transaction.

L_PCLK_WR

Output

LCD Pixel Clock—Pixel clock used by the LCD display module to clock the pixel data
into the Line Shift register.

In passive mode, the pixel clock toggles only when valid data is available on the data
pins.

In active mode, the pixel clock toggles continuously, and the AC bias pin is used as an
output to signal when data is valid on the LCD data pins.

This pin also functions as a write signal for LCD panels with an internal frame buffer.

L_VSYNC

Input

LCD Refresh Sync—Sync input driven by LCDs with an internal frame buffer

L _BIAS

Output

LCD Bias Drive—AC bias that signals the LCD display module to switch the polarity of
the power supplies to the row and column axis of the screen to counteract DC offset. In
active (TFT) mode, it is used as the output enable to signal when data should be latched
from the data pins using the pixel clock.

Full-Function UART Signals

FFRXD Input Full-Function UART Receive Data
FFTXD Output Full-Function UART Transmit Data
FFCTS Input Full-Function UART Clear-to-Send
FFDCD Input Full-Function UART Data-Carrier-Detect
FFDSR Input Full-Function UART Data-Set-Ready
FFRI Input Full-Function UART Ring Indicator
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Table 2-7. Intel® PXA27x Processor Signhal Descriptions (Sheet 4 of 10)

Signal Name Type Signal Descriptions
FFDTR Output Full-Function UART Data-Terminal-Ready
FFRTS Output Full-Function UART Request-to-Send
Bluetooth UART Signals
BTRXD Input Bluetooth UART Receive Data
BTTXD Output Bluetooth UART Transmit Data
BTCTS Input Bluetooth UART Clear-to-Send
BTRTS Output Bluetooth UART Request-to-Send
Standard UART Signals
STD_RXD Input Receive Pin for Standard UART and Slow Infrared Functions
STD_TXD Output Transmit Pin for Standard UART and Slow Infrared Functions
Fast Infrared Communications Port Signals
ICP_RXD Input IrDA Receive Data—Receive data pin for the fast infrared port function
ICP_TXD Output IrDA Transmit Data—Transmit data pin for the fast infrared port function

MultiMediaCard (MMC) Controller Sig

nals

MMCLK Output MultiMediaCard and SD/SDIO Card Bus Clock
MultiMediaCard Command:
MMCMD Bidirectional MMC and SD/SDIO:Bidirectional line for command and response tokens.
SPI:  Output for command and write data.
MultiMediaCard Data 0:
MMDAT<0> Bidirectional MMC and SD/SDIO:Bidirectional line for read and write data.
SPI:  Input for response token and read data.
MultiMediaCard Data 1:
MMDAT<1> Bidirectional SD/SDIO:B|d|rect|_onaI line for read and write data. Used only for SD 4-bit data
transfers and to signal SDIO interrupts to the controller.
SPI:  Used only to signal SDIO interrupts to the controller.
MMC Chip Select 0:
MMDAT<2>/ Bidirectional SD/SDIO:Bidirectional line for read and write data. Used only for SD 4-bit data
MMCCS<0> transfers.
SPI: Chip select 0
MMC Chip Select 1:
MMDAT<3>/ Bidirectional SD/SDIO:Bidirectional line for read and write data. Used only for SD 4-bit data
MMCCS<1> transfers.
SPI:  Chip select 1

Synchronous Serial Port (SSP) Signal

Is

Synchronous Serial Port 1 Clock—The serial bit-clock can be configured as an output

SSPSCLK Bidirectional (master-mode operation) or an input (slave-mode operation).

SSPSERM Bidirectional Synchronous Serial Port ;Frame—'_l'he serial frame sync can be configured as an
output (master-mode operation) or an input (slave-mode operation).

SSPTXD Output Sync_hronous Serial Port 1 Transmit Data—Serial data driven out synchronously with
the bit-clock.

SSPRXD Input Synchronous Serial Port 1 Receive Data—Serial data latched using the bit-clock.
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Table 2-7. Intel® PXA27x Processor Signal Descriptions (Sheet 5 of 10)

Signal Name Type Signal Descriptions
SSPEXTCLK/ Inout Synchronous Serial Port 1 External Clock—This input supplies an external bit-clock
SSPSCLKEN P or an external enable request for the internally generated bit-clock.
Synchronous Serial Port 1 System Clock—When enabled, provides a reference clock
SSPSYSCLK Output at four times the port 1 bit-clock.
S Synchronous Serial Port 2 Clock—The serial bit-clock can be configured as an output
SSPSCLK2 Bidirectional (master-mode operation) or an input (slave-mode operation).
S Synchronous Serial Port 2 Frame—The serial frame sync can be configured as an
SSPSFRM2 Bidirectional output (master-mode operation) or an input (slave-mode operation).
SSPTXD2 Output Synthonous Serial Port 2 Transmit Data—Serial data driven out synchronously with
the bit-clock.
SSPRXD2 Input Synchronous Serial Port 2 Receive Data—Serial data latched using the bit-clock.
SSPEXTCLK/ Inout Synchronous Serial Port 2 External Clock—This input supplies an external bit-clock
SSPSCLKEN2 P or an external enable request for the internally generated bit-clock.
SSPSYSCLK2 Output Synchr_onous Serial Port 2 System Clock—When enabled, provides a reference clock
at four times the port 2 bit-clock.
SSPSCLK3 Bidirectional Synchronous SerlaI_Port 3 CIc_)ck—The serial bit-clock can be configured as an output
(master-mode operation) or an input (slave-mode operation).
SSPSFRM3 Bidirectional Synchronous Serial Port 3_ Frame—'_l'he serial frame sync can be configured as an
output (master-mode operation) or an input (slave-mode operation).
SSPTXD3 Output Sync_hronous Serial Port 3 Transmit Data—Serial data driven out synchronously with
the bit-clock.
SSPRXD3 Input Synchronous Serial Port 3 Receive Data—Serial data latched using the bit-clock.
SSPSYSCLK3 Output Synchronous Serial Port 3 System Clock—When enabled, provides a reference clock

at four times the port 3 bit-clock.

Single-Ended USB Signals

USB_P2_5, Inout USB D+ Positive Receiver Input—Connects to the positive receiver output of an

USB_P3 5 P external USB transceiver.

USB_P2_3, Inout USB D- Negative Receiver Input—Connects to the negative receiver output of an

USB_P3 3 P external USB transceiver.

USB_P2_6, Output USB D+ Positive Driver Output—Connects to the positive driver input of an external

USB_P3 6 p USB transceiver.

USB_P2_4, Output USB D- Negative Driver Output—Connects to the negative driver input of an external

USB_P3 4 p USB transceiver.

USB_P2_1, Inout USB Receiver Input— Connects to the receiver difference signal output of an extoller

USB_P3 1 P USB transceiver.

USB_P2_2, USB Transceiver Output Enable—Enables the output driver in an external USB
Output h

USB_P3 2 transceiver.

USBHPEN<3:1> Output USB Host Power Enable—Controls power IC for USB host port.

USBHPWR<3:1> Input USB Host Power Indicator—Over-current indicator from USB power IC for USB host

port.
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Table 2-7. Intel® PXA27x Processor Signhal Descriptions (Sheet 6 of 10)

Signal Name Type Signal Descriptions
Differential USB Signals
USBC_P Bidirectional USB Client Positive Line—Differential signal connects to the USB client interface.
USBC_N Bidirectional USB Client Negative Line—Differential signal connects to the USB client interface.
USBH_P Bidirectional USB Host Positive Line—Differential signal connects to the USB host interface.
USBH_N Bidirectional USB Host Negative Line—Differential signal connects to the USB host interface.

Quick Capture Interface Signals

CIF_MCLK Output Quick Capture Interface Master Clock

CIF_PCLK Input Quick Capture Interface Pixel Clock

CIF_DD<9:0> Input Quick Capture Interface Data

CIF_FV Bidirectional Quick Capture Interface Frame Synchronization—Vertical sync signal.
CIF_LV Bidirectional Quick Capture Interface Line Synchronization—Horizontal sync signal.

Universal Subscriber Identity Module

(USIM) Interface Signals

USIM I/O—USIM data signal. The bidirectional pad is connected directly to the USIM
card. When asserted, the 1/O line is forced to V, o,,. When deasserted, the I/O line is

vio Bidirectional pulled-up by a 20KQ pull-up resistor. If the USIM function is not used, the pull-up
resistor is not needed, decreasing power consumption in standby mode.
USIM Voltage Select 0—This output goes high to disable the USIM card power and
uvso Output connect VCC_USIM to VSS_10.
USIM Voltage Select 1—This output goes low to enable the external USIM card power
nuvs1 Output supply that provides 1.8 VV on VCC_USIM.
USIM Voltage Select 2—This output goes low to enable the external USIM card power
nuvs2 Output supply that provides 3.0 V on VCC_USIM.
UCLK Output USIM Clock—USIM card clock signal.
nURST Output USIM Reset—USIM card reset signal.
UDET Input USIM Card Detect
UEN Output USIM Enable
Keypad Interface Signals
KP_DKIN<7:0> Input Keypad Direct Key Inputs
KP_MKIN<7:0> Input Keypad Matrix Key Inputs
KP_MKOUT<7:0> Output Keypad Matrix Key Outputs

Memory Stick Host Controller Signals

MSBS Output Memory Stick Bus State—Serial protocol bus-state signal.
MSSDIO Bidirectional Memory Stick Data—Serial protocol data signal.
nMSINS Input Memory Stick Insert Signal—Detects memory stick insertion and extraction.
MSSCLK Output Memory Stick Serial Clock—Serial protocol clock signal.
Mobile Scalable Link (MSL) Signals

. MSL Outbound Data—This bus carries up to four bits of parallel data to be transmitted
BB_OB_DAT<3:0> | Output to the baseband processor.

MSL Outbound Clock—This clock provides timing for outbound transmissions to the

BB_OB_CLK Output baseband processor.
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Table 2-7. Intel® PXA27x Processor Signal Descriptions (Sheet 7 of 10)

Signal Name Type Signal Descriptions
MSL Outbound Strobe—This signal qualifier indicates that a channel identifier is on the
BB_OB_STB Output data pins when it is asserted, and that a data nibble is on the data pins when it is
deasserted
BB OB WAIT Input MSL Outbound Wait—This input provides flow control for the outbound link from the
- = baseband processor.
BB IB DAT<3:0> Input MSL Inbound Data—This bus carries up to four-bits of parallel data received from the
- = baseband processor.
BB IB CLK Input MSL Inbound Clock—This clock provides timing for inbound transmissions from the
- = baseband processor.
MSL Inbound Strobe—This signal qualifier indicates that a channel identifier is on the
BB_IB_STB Input data pins when it is asserted, and that a data nibble is on the data pins when it is
deasserted.
BB IB WAIT Output MSL Inbound Wait—This output provides flow-control for the inbound link back to the
- = baseband processor.
AC '97 Controller Signals
AC97_RESET_n Output AC '97 Reset—Active-low Codec reset.
AC97_BITCLK Input AC 97 Bit-Clock—Bit-rate clock.
AC97_SYNC Output AC '97 Sync—Frame indicator and synchronizer.
AC97_SDATA_OUT |Output AC’97 ‘_Serlal Data Out—Serial audio data output to the Codec for digital-to-analog
conversion.
AC97_SDATA_IN_O |Input AC 97 Serial Data In 0—Serial audio data from the primary Codec analog-to-digital
converter.
AC97_SDATA_IN_1 |Input AC 97 Serial Data In 1—Serial audio data from the secondary Codec analog-to-digital
converter.
AC97_SYSCLK Output AC '97 System Clock—AC ‘97 system clock output.
I2S Interface Signals
1°s System Clock—System clock running at four times the bit-clock, which is used by
12S_SYSCLK Output the Codec only.
[2S_BITCLK Bidirectional I°S Bit-rate Clock—I2S bit-rate clock.
12S_SYNC Output 12S Sync—Sync signal to identify left/right channel data.
12S_SDATA_OUT Output I°S Serial Data Out—Serial data output to the Codec digital-to-analog converter.
12S_SDATA_IN Input I°S Serial Data In—Serial data input from the Codec analog-to-digital converter.
I2C Interface Signals
SCL Bidirectional 12C Clock—Serial clock.
SDA Bidirectional I2C Data—Serial data/address bus.
Pulse Width Modulation (PWM) Signals
PWM_OUT<3> Output Pulse Width Modulation Channel 3—Pulse width modulator channel 3 output.
PWM_OUT<2> Output Pulse Width Modulation Channel 2—Pulse width modulator channel 2 output.
PWM_OUT<1> Output Pulse Width Modulation Channel 1—Pulse width modulator channel 1 output.
PWM_OUT<0> Output Pulse Width Modulation Channel 0—Pulse width modulator channel 0 output.
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Table 2-7. Intel® PXA27x Processor Signhal Descriptions (Sheet 8 of 10)

Signal Name Type Signal Descriptions
DMA Signals
DREQ<2> Input DMA Request 2—DMA request from an external companion chip.
DREQ<1> Input DMA Request 1—DMA request from an external companion chip.
DREQ<0> Input DMA Request 0—DMA request from an external companion chip.
GPIO Signals
General-Purpose 1/O:
GPIO<116, 113, 102:93, 91:90, 83, 53, 40:34, 31, 17:9, 4.3, 1.0>
These signals can be configured as dedicated GPIO wake-up sources in sleep and
standby modes.
GPI0O<3, 1:0> can be configured as deep-sleep wake-up sources.
. S GPIO<1:0> are dedicated deep-sleep wake-up sources from nVDD_FAULT or
GP10<120:0> Bidirectional NBATT_FAULT assertion.
GPIO<1> can alternatively be configured as a GPIO reset input signal.
GP10<8:5>These pins are reserved for PWR_CAP use only.
GPI0<120:117, 115:114, 112:103, 92, 89:84, 82:54, 52:41, 33:32, 30:18, 2>
These additional GPIO signals cannot be configured to generate wake-up events.
NOTE: GPIO<120:119> are available on the PXA271, PXA272 processors only.
Crystal and Clock Signals
PXTAL_IN Input Processor Crystal Input—Can be connected to an external 13-MHz crystal or to an
external clock source.
Processor Crystal Output—Can be connected to an external 13-MHz crystal or to an
PXTAL_OUT Analog external clock source (which must be complementary to PXTAL_IN or floated).
TXTAL IN Inout Timekeeping Crystal Input—Clock input that is distributed to the timekeeping control
- P system (32.768-kHz crystal or external clock source).
Timekeeping Crystal Output—Can be connected to an external 32.768-kHz crystal or
TXTAL_OUT Analog to an external clock source (which must be complementary to TXTAL_IN or floated).
HZ_CLK Output Real-Time 1 Hz Clock—Real-time 1-Hz clock (after RTC trim adjustment).
Processor Clock Input/Output—CLK_PIO can drive a buffered version of the
PXTAL_IN oscillator input, or it can be used as a clock input alternative to PXTAL_IN.
CLK_PIO Bidirectional The 13-MHz processor clock from the oscillator is driven out when the POUT_EN bit of
the OSCC register is set. When enabled, this clock is output in sleep mode, but it is
always disabled in deep-sleep mode.
Timekeeping Clock Output—CLK_TOUT signal is an output that drives a buffered
CLK TOUT Output version of the TXTAL_IN oscillator input when the TOUT_EN bit of the OSCC register is
— p set. When enabled, this clock is output in sleep mode, but it is always disabled in
deep-sleep mode.
Clock Request—CLK_REQ signal is an input during power-on or hardware reset that
S indicates if the process or oscillator clock input comes from PXTAL_IN (CLK_REQ = 0)
CLK_REQ Bidirectional or CLK_PIO (CLK_REQ = floating). If CLK_PIO is the processor oscillator input, then
CLK_REQ becomes an output indicating when the processor oscillator is required.
External Network Clock—This input accepts an external network clock, up to 13 MHz,
CLK_EXT Input that can be selected as the timing reference for the mobile scalable link (MSL) interface,
SSP ports, and OS timer channels.
48 MHz Output 48-MHz Output Clock—Generates peripheral timing from 312-MHz peripheral clock.
OS Timers Signals
EXT_SYNC<1> Input External Sync 1—This input provides a reset for any timer channels enabled to use it.
EXT_SYNC<0> Input External Sync 0—This input provides a reset for any timer channels enabled to use it.
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Table 2-7. Intel® PXA27x Processor Signal Descriptions (Sheet 9 of 10)

Signal Name

Type

Signal Descriptions

CHOUT<1>

Output

Timer Channel Output 1—Periodic clock output from timer channel 11.

CHOUT<0>

Output

Timer Channel Output 0—Periodic clock output from timer channel 10.

Miscellaneous Signals

PWR_EN

Output

Power Enable for Core Power Supply—This output, when negated, signals the power
supply to remove power from the external low-voltage power domains (VCC_CORE,
VCC_SRAM, VCC_PLL) because the system is entering sleep or deep-sleep mode.

SYS_EN

Output

Power Enable for System Peripheral Power Supply—This output, when negated,
signals the power supply to remove power from the external high-voltage power domains
(vCC_IO, VCC_LCD, VCC_MEM, VCC_USIM, VCC_USB, and VCC_BB) because the
system is entering deep-sleep mode.

NBATT_FAULT

Input

Main Battery Fault—This input signals that the main battery is low or removed.
Assertion causes the PXA27x processor to enter deep-sleep mode or, if PMCR[BIDAE]
is set, forces an imprecise-data abort, which cannot be masked. The PXA27x processor
does not recognize a wake-up event while this signal is asserted.

nVDD_FAULT

Input

VDD Fault—This input signals that the main power source is going out of regulation.
nVDD_FAULT causes the PXA27x processor to enter deep-sleep mode or, if
PMCRI[VIDAE] is set, forces an imprecise-data abort, which cannot be masked.
nVDD_FAULT is ignored after a wake-up event until the power supply timer completes
(approximately 10 ms).

NnRESET

Input

Reset—This active-low, level-sensitive input starts the processor from the reset vector at
address 0. Assertion causes the current instruction to terminate abnormally and causes
a reset. When nRESET is driven high, the processor starts execution from address 0.
NRESET must remain low until the power supply is stable and the internal 13-MHz
oscillator has stabilized.

NnRESET_OUT

Output

Reset Out—Asserted when nRESET is asserted, it deasserts after N(RESET is
deasserted but before the first instruction fetch occurs. NRESET_OUT is asserted during
power-on, hardware, watchdog, and sleep-exit resets. It is configurable for GPIO reset.

PWR_SCL

Bidirectional?

Power Manager 1°C Clock—The power manager 12C clock signal that connects to an
external power controller.

PWR_SDA

Bidirectional?

Power Manager 1°C Data—The power manager 1°C data signal that connects to an
external power controller.

PWR_CAP<3:0>

Analog

Power Capacitor<3:0>—Must be connected to external capacitors to achieve very low
power in sleep mode.

PWR_OUT

Analog

Power Out—Low-voltage supply created for sleep and deep-sleep modes. It connects
to an isolated external capacitor.

JTAG and Test Signals

NTRST Input JTAG Test Reset—IEEE 1194.1 test reset.
JTAG Test Data Input—Data from the JTAG controller is sent to the PXA27x processor
TDI Input : o Ay h .
using this signal. This pin has an internal pull-up resistor.
DO Output JTAG Test Data Qutput—Data from the PXA27x processor is returned to the JTAG
controller using this signal.
JTAG Test Mode Select—Selects the test mode required from the JTAG controller. This
T™MS Input . . .
pin has an internal pull-up resistor.
TCK Input JTAG Test Clock—For all transfers on the JTAG test interface.
TEST Input Test Mode—Reserved for manufacturing test. Must be grounded for normal operation.
TESTCLK Input Test Clock—Reserved for manufacturing test. Must be grounded for normal operation.
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Table 2-7. Intel® PXA27x Processor Signhal Descriptions (Sheet 10 of 10)

Signal Name

Type

Signal Descriptions

Power and Ground Signals

Backup Battery Supply—Connect to the backup battery supply. If a backup battery is

VCC_BATT Power not required, this pin can be connected to another 2.2-V to 3.8-V system supply.

VCC_CORE<13:0> |Power Positive Supply for Internal Logic—Must be connected to a low-voltage, adjustable
system power supply.

VSS_CORE<17:0> |Power SéoBund for Internal Logic—Must be connected to the common ground plane on the

VCC PLL Power Positive Supply for PLLs and Oscillators—Must be connected to a separate, fixed

- 1.3-V supply.

VSS _PLL Power Ground for PLL—Must be connected to the common ground plane on the PCB.

VCC_SRAM<3:0> Power Z:);;T;ve Supply for Internal SRAM—Must be connected to a separate, fixed 1.1-V

VCC_LCD Power P05|t_|ve Supply for LCD I/O—Must be connected to an external power supply for the
LCD interface.

VSS_10<4:0> Power Ground for USB Transceiver Pins, USIM Pins, LCD Pins, and MSL Pins—Must be
connected to the common ground plane on the PCB.
Positive Supply for All CMOS /O except the Memory Bus, PC Card Pins, USB

VCC_lO<7:0> Power Transceiver Pins, USIM Pins, LCD Pins, and MSL Pins—Must be connected to an
external power supply for pins on the 1/0 domain.!

VCC USB Power Positive Supply for USB Transceivers (both host and client)—Must be connected to

- an external power supply for the USB interface.

VCC_USIM Power Positive Supply for USIM Interfa_tce—Must be connected to an external power supply
for pins on the USIM power domain.

VCC_MEM<16:0> Power Positive Supply for External Memory Interface—Must be connected to an external
power supply for the external memory interface.

VSS_MEM<16:0> Power Ground for External Memory Interface

VSS<3:0> Power Ground for Sleep-Active Units and Oscillators
Positive Supply for Mobile Scalable Link—Must be connected to an external power

VCC_BB Power supply for the MSL. Must be externally tied to VCC_MEM in applications using PC Card
or CompactFlash memory card interfaces.

VSS_BB Power Ground for Mobile Scalable Link

NOTES:

1. Two VCC_IO die pads are attached to the four corner balls identified as A23, A24, B23, and B24 in the Intel® PXA27x
Processor Family EMTS.
2. Although these PWR I2C signals are intended as outputs to power controllers, they can also be used generically.
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Clocks

and Power Manager 3

This chapter describes the clocks and power management unit and registers supported by the
PXA27x processor.

3.1 Overview

The clocks and power manager unit administers the processor resets, clocks, power management,
and controls external power management |Cs (PMIC). Control over these features allows
optimization of the processor’s overall power consumption and performance for an individual
application. This chapter describes the following management and control units:

Reset Manager (Section 3.4)

The reset manager places the processor into one of five reset states: power on, hardware,
watchdog, GPIO, or sleep-exit reset.

Clocks Manager (Section 3.5)

The clocks manager contains al clock generation, gating, and frequency controls for the
processor.

Power Manager (Section 3.6)

The power manager controls the following:

— All internal power domains and external power-supply functionality

— Entry and exit sequences for the different power modes: normal, idle, deep idle, standby,
sleep, and deep sleep.

Voltage Manager (Section 3.7)

The voltage manager provides dynamic or static voltage management for the processor
through the use of the power manager 1°C module, which is dedicated to communication with
the external VCC_CORE regulator.

3.2 Features

Wireless Intel SpeedStep® technology includes the following features:

Five reset sources: power-on, hardware, watchdog, GPIO, and exit from sleep and deep-sleep
modes (sleep-exit)

Multiple clock-speed controls to adjust frequency, including frequency change, turbo mode,
half-turbo mode, fast-bus mode, memory clock, 13M mode, A-bit mode, and AC ' 97.

Switchable clock source
Functional-unit clock gating
Programmable frequency-change capability

One normal -operation power mode (also called run mode) and five low-power modes to
control power consumption (idle, deep-idle, standby, sleep, and deep-sleep modes)
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* Programmable 1°C-based external regulator interface to support changing dynamic core
voltage, frequency change, and power-maode coupling.

Signal Descriptions

The following signals are inputs or outputs from the clocks and power manager unit. The use of
some pins can be shared with general-purpose 1/0 (GPIO) functions. The GPIO functionality is
described in Chapter 24, “General-Purpose I/0O Controller”.

Table 3-1. Clocks and Power Manager 1/O Signal Descriptions (Sheet 1 of 2)
Name Type Definition
NRESET Input Signals the processor to enter hardware-reset state.
nRESET_OUT  |Output Signals t_he system that the processor is in any reset state (configurable for sleep- and deep-
sleep-exit and GPIO resets).
GPIO<n> Bidirectional The GPIQ<n> pins are used as standby and sleep wake-up sources. For the possible values of n,
see Section 3.3.3.
GPIO<3> Bidirectional | The GPIO<3> pin is used as a standby, sleep, and deep-sleep wake-up source.
. S The GPIO<1:0> pins are used as standby and sleep/deep-sleep wake-up sources, and as deep-
GPIO<1:0> Bidirectional sleep wake-up sources after nBATT_FAULT or nVDD_FAULT is asserted.
Can be connected to an external 13-MHz crystal or to an external clock source. For more
PXTAL_IN Input information, see Section 3.5.2.
Can be connected to an external 13-MHz crystal or to an external clock source. PXTAL_OUT
PXTAL_OUT Analog must be either complementary to PXTAL_IN or floated.
S Can output a buffered version of the PXTAL_IN oscillator input or can be used as a clock-input
CLK_PIO Bidirectional alternative to PXTAL_IN.
Can be connected to an external 32.768-kHz crystal or to an external clock source. TXTAL_IN is
TXTAL_IN Input distributed to the timekeeping control system and power-management unit. (See Section 3.5.3 for
more information.)
Can be connected to an external 32.768-kHz crystal or to an external clock source. TXTAL_OUT
TXTAL_OUT Analog must be either complimentary to TXTAL_IN or floated.
CLK_TOUT Output Drives a buffered and inverted version of the TXTAL_IN oscillator input.
Input during power-on or hardware reset that indicates to the processor whether the processor
S oscillator clock input comes from PXTAL_IN (CLK_REQ low) or CLK_PIO (CLK_REQ floating). If
CLK_REQ Bidirectional CLK_PIO is the processor oscillator input, CLK_REQ becomes an output indicating when the
processor oscillator is required. For more information, see Section 3.5.1.
CLK EXT Inout Can be used by the mobile scalable link (MSL) interface, SSP serial ports, or the operating
— P system (OS) timer module as a clock input.
NBATT_FAULT |Input Signals the processor that the main battery is low or has been removed from the system.
nVDD_FAULT Input Signals the processor that the main power supply is going out of regulation.
PWR_EN Output Enables the external low-voltage power domains: VCC_CORE, VCC_SRAM, VCC_PLL
Enables the external high-voltage power domains: VCC_10, VCC_MEM, VCC_LCD, VCC_USB,
SYS_EN Output VCC_USIM, VCC_BB
PWR_SCL Input/Output | Power manager 12C clock pin
PWR_SDA Input/Output | Power manager 1°C data pin
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Table 3-1.

Clocks and Power Manager

Clocks and Power Manager I/O Signal Descriptions (Sheet 2 of 2)

Name

Type

Definition

PWR_CAP<3:0>

Analog

The PWR_CAP pins connect to external capacitors that are used with on-chip DC-DC converter
circuits to achieve very low power in sleep and deep-sleep modes.

PWR_OUT

Analog

Connects to an external isolated capacitor. See Section 3.6.2.3.

48_MHz

Output

48-MHz output clock—Divided down output generated from the 312-MHz peripheral clock.

Generally used for board bring-up or debug purposes.

3.3.1

3.3.2

3.3.3

Intel® PXA27x Processor Family Developer’s Manual

Hardware Reset (nRESET)

NRESET is an active-low input that signals the processor to enter hardware-reset state. The
assertion of NnRESET cannot be gated and causes the processor to enter a compl ete and
unconditional reset state. While nRESET is asserted, the processor does not recognize any external
events except CLK_REQ. (See Section 3.3.11 for more information.)

Internal Reset (nRESET_OUT)

NRESET_OUT is an active-low output that signals the system that the processor isin reset state.
NRESET_OUT is asserted during power-on, hardware, watchdog, and sleep-exit resets.

If PSLR[SL_ROD] isclear (see Section 3.8.1.11), NRESET_OUT is also asserted during sleep and
deep-deep modes. See Section 3.4, Section 3.6.9, and Section 3.6.10 for descriptions of these
modes.

If PCFR[GP_ROD] isclear (see Section 3.8.1.8), nRESET_OUT is also asserted during GPIO
reset.

GPIO Wake-Up Sources

The GPIO<n> pins are used as standby and sleep wake-up sources. Possible values for n are:

116 113 102 101 100 99 98 97 96 95 94
93 91 90 83 53 40 39 38 37 36 35
34 31 17 16 15 14 13 12 11 10 9
4 3 1 0

See Table 3-17 and Table 3-28 for details. These pins contain internal resistive pull-downs or pull-
ups that are enabled during power-on, hardware, watchdog, and GPIO resets and disabled when
PSSR[RDH] is clear.

The GPIO<3> pinis used as awake-up source for standby, sleep, and deep-sleep modes. This pin
has an internal resistive pull-up that is enabled during power-on, hardware, watchdog, and GPIO
resets and disabled when PSSR[RDH] is clear.

The GPIO<1:0> pins are used as dedicated standby, sleep, or deep-sleep wake-up sources. If
nVDD_FAULT or nBATT_FAULT caused entry or re-entry into deep-sleep mode, then these GPIO
pins are the only allowed wake-up sources. Therefore, if using nBATT_FAULT or nVDD_FAULT
to indicate power-supply health, at least one of these GPIO pins must be programmed as an input.
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3.3.4

3.3.5

3.3.6

3.3.7

3.3.8

3.3.9

3-4

GPIO Reset (nRESET_GPIO/GPIO<1>)

The nRESET_GPIO signd is an aternate function to GPIO<1>. If PCFR[GPR_EN] is set, then
GPIO<1> functionsasNRESET_GPIO. nRESET_GPIO is an active-low input that signalsthe
processor to enter GPIO reset state. The GPIO<1> functionality, as described in Chapter 24,
“General-Purpose I/0O Controller”, is enabled unless PCFR[GPR_EN] is set.

See Section 3.4.6 for more information about the GPIO reset function.

Processor Oscillator Input (PXTAL_IN)

PXTAL_IN isaclock input that is distributed to the processor control system. PXTAL_IN can be
connected to an external 13-MHz crystal or to an external clock source. If OSCC[CRI] is set,
PXTAL_IN isignored and must be grounded. See Section 3.8.2.3 for details.

Processor Oscillator Output (PXTAL_OUT)

PXTAL_OUT isthe output of the processor clock-control crystal oscillator amplifier. If
PXTAL_IN isconnected to an external 13-MHz crystal, then PXTAL_OUT must be connected to
the other terminal of the crystal. If PXTAL_IN is connected to an external clock source,
PXTAL_OUT must be driven with asignal complementary to PXTAL _IN or left floating. Noise
causes performance degradation if PXTAL_OUT isfloated. See Section 3.5.2 for more
information.

Processor Clock Input/Output (CLK_PIO/GPI10<9>)

The CLK_PIO signal can be either an output that is driven with a buffered version of the
PXTAL_IN oscillator input or an input used as an aternative to PXTAL_IN, based on OSCC[CRI]
(see Section 3.8.2.3). CLK_PIO can be shared with the GPIO<9> function if the buffered processor
clock input/output function is not required. The GPIO<9> functionality, as described in

Chapter 24, “ General-Purpose |/O Controller”, is enabled unless OSCC[PIO_EN] or OSCC[CRI]
is set. See Section 3.8.2.3 for OSCC register details.

Timekeeping Oscillator Input (TXTAL_IN)

TXTAL_IN isaclock input that is distributed to the processor timekeeping control system, which
includes the real-time clock (RTC) and power manager. TXTAL_IN can be connected to an
external 32.768-kHz crystal or to an external clock source. If OSCC[OON] and OSCC[CRI] are
both clear (see Section 3.8.2.3), TXTAL _IN can be left unconnected or grounded. See

Section 3.5.3 for more information.

Timekeeping Oscillator Output (TXTAL_OUT)

TXTAL_OUT isthe output of the timekeeping control system’s crystal oscillator amplifier. If
TXTAL_IN isconnected to an external 32.768-kHz crystal, then TXTAL_OUT must be connected
to the other terminal of the crystal. If TXTAL_IN is connected to an external clock source, then
TXTAL_OUT must be driven with asignal complementary to TXTAL_IN or left floating. Noise
causes performance degradation if TXTAL_OUT isfloated. See Section 3.5.3 for more
information.
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3.3.10

3.3.11

3.3.12

Note:

3.3.13

3.3.14

Clocks and Power Manager

Timekeeping Clock Output (CLK_TOUT/GPIO<10>)

The CLK_TOUT signal is an output that drives a buffered version of the TXTAL_IN oscillator
input. CLK_TOUT can be shared with the GPIO<10> function if the buffered timekeeping-clock-
output function is not required. The GPIO<10> functionality, as described in Chapter 24, “ General -
Purpose I/O Controller”, is enabled unless OSCC[TOUT_EN] is set. During deep-sleep mode,
CLK_TOUT isheld low if OSCC[TOUT_EN] is set.

The CLK_TOUT pin has an internal resistive pull-down that is enabled during power-on,
hardware, watchdog, and GPIO resets and is disabled when PSSR[RDH] is clear.

Clock Request (CLK_REQ)

CLK_REQ isaninput during power-on or hardware reset that is used for external clock source
selection. See Section 3.5.1 for details of operation.

External Clock (CLK_EXT)

CLK_EXT isaninput that can be used by the mobile scalable link (M SL), operating system (OS)
timer, or SSP modules as a possible clock source for those modules.

CLK_EXT does not function during standby and sleep modes if any OS timer is on. See
Chapter 22, “Operating System Timers” for more information.

Battery Fault and VDD Fault (nBATT_FAULT, nVDD_FAULT)

NBATT_FAULT isan active-low input indicating that the main battery islow or has been removed
from the system. nVDD_FAULT is an active-low input indicating that the main power supply is
going out of regulation (for example, when an overload occurs).

Assertion of either of these power faults causes the processor to enter deep-sleep mode if
PMCR[xIDAE] is 0, as described in Section 3.6.4, Section 3.6.10, and Section 3.6.11.

Once nBATT_FAULT or nVDD_FAULT has been asserted, the processor recognizes only
GPI0O<1:0> as wake-up sources.

For more information, refer to the Intel® PXA27x Processor Family Power Requirements
Application Note.

Power Enable (PWR_EN)

PWR_EN is an active-high output that enables the external low-voltage core power supplies.
Deasserting PWR_EN informs the external regulator that the processor is entering sleep or deep-
sleep mode and that the external low-voltage power domains (which include VCC_CORE,
VCC_SRAM, and VCC_PLL) can be removed.
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3.3.15

3.3.16

3.3.17

3.3.18

3.3.19

3.3.20

3.4

3.4.1

3-6

System Power Enable (SYS_EN)

SYS _EN isan active-high output that enables the external high-voltage system power supplies.
Deasserting SYS_EN informs the power supplies that the processor is entering deep-sleep mode
and that the external high-voltage power domains (which include VCC_|O, VCC_LCD,
VCC_MEM, VCC_USIM, VCC_USB, and VCC_BB) can be removed.

Power Manager 1°C Clock (PWR_SCL/GPIO<3>)

PWR SCL isthe power manager 12C clock pin (see Chapter 9, “ 12C Bus Interface Unit” for detalls
of the 12C pins). PWR_SCL can be shared with the GPIO<3> function if the power manager 1°C
featureis not required. The GPIO functlonahty, as described in Chapter 24, “General -Purpose |/0
Controller”, is enabled unless PCFR[PI c . EN] isset.

Power Manager 1°C Data (PWR_SDA/GPI10<4>)

PWR_SDA isthe power manager 12C data pin (see Chapter 9, “ 12C Bus Interface Unit” for deta| Is
of the 12C pins). PWR_SDA can be shared with the GPIO<4> function if the power manager | c
featureis not required. . The GPIO functlonallty, as described in Chapter 24, “General-Purpose 1/0
Controller”, is enabled unless PCFR[PI ’c _EN] isset.

Power Manager Capacitor Pins (PWR_CAP<3:0>)

The PWR_CAP signals connect to external capacitors, which are used with on-chip DC-DC
converter circuitry to achieve very low power in sleep and deep-sleep modes.

Power Manager Supply Output (PWR_OUT)

The PXA27x processor requires an external 0.1-pF capacitor connected to the PWR_OUT pin.
This connection is the only connection or load alowed on the PWR_OUT pin. Thisfunction is not
optional. The pin must be connected to a capacitor for correct operation.

48-MHz Output Clock (48_MHZz)

This output signal is the divided-down output generated from the 312-MHz peripheral clock. Itis
generally used for board bring-up or debug.

Reset Manager Operation

Reset Types

The reset manager can place the PXA27x processor into one of five resets:

¢ Power-On Reset (Section 3.4.3—An uncompromised, ungated, total and complete reset that is
used when power isfirst applied to the VCC_BATT pin

Intel® PXA27x Processor Family Developer’s Manual
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* Hardware Reset (nRESET asserted) (Section 3.4.4)—An uncompromised, ungated, total, and
complete reset that is used when absolutely no system information requires preservation

* Watchdog Reset (Section 3.4.5)—Enabled through the OS timer; resets all registers except
those listed in Table 3-2.

* GPIO Reset (GPIO<1>) (Section 3.4.6)—Enabled with PCFR[GPR_EN], GPIO reset isan
alternative to hardware reset. An external source can reset the processor while preserving the
registerslisted in Table 3-2.

* Sleep-Exit Reset (Section 3.6.9 and Section 3.6.10)—Provides resets to the modules that have
been powered off during sleep or deep-sleep mode so that they recover properly when power is
reapplied.

See Table 2-6, “Effect of Each Type of Reset on Internal Register State” on page 2-9 for the states
of all processor modules during all resets.

3.4.2 Boot Sequences After Reset

The required boot sequence begins. All unitsin the processor (except thoselisted in Table 3-2) start
with their predefined reset conditions. Software must examine the Reset Controller Status register
(RCSR—see Table 3-23) to determine the reset source.

Each type of reset requires a boot sequence tailored to the machine states that are lost or retained
during the reset. These reset states are defined in the discussion of each reset.

3.4.3 Power-On Reset

Power-on reset is invoked when a positive power supply is detected on the backup battery pin,
VCC_BATT, and the nRESET pin is de-asserted.

3.4.3.1 Behavior During Power-On Reset

During power-on reset, the following conditions occur:

¢ All internal power domains except RTC remain powered off. (See Figure 3-2 for information
on the power domains and what units are in each domain.)

¢ All interna registers and processes are held at their defined reset conditions.
* All clock sources are disabled; there is no activity inside the processor.

* Theinterna clocks are stopped and the chip is fully static.

¢ All pinsassumetheir reset conditions.

* ThenBATT_FAULT and nVDD_FAULT pins areignored.

* nRESET_OUT pinisasserted when the power-on reset state occurs. For the states of processor
pins during power-on reset, see the Pin Usagetablein thel ntel® PXA270 Processor Electrical,
Mechanical, and Thermal Specification and Intel® PXA27x Processor Family Electrical,
Mechanical, and Thermal Specification (| ntel® PXA27x Processor Family EMTS).
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3.4.3.2

Caution:

Note:

3.4.4

3441

3-8

Invoking Power-On Reset

When a positive transition is detected on the backup battery pin VCC_BATT, a power-on reset is
invoked, and then nRESET is de-asserted after>10ms. VCC_BATT hasto be completely powered
off for more than 10 ps prior to invoking power-on reset. Typically, this occurs when VCC_BATT
is asserted (the back-up battery isinitialy inserted into the system), before theinitial system
configuration. Power-on reset cannot be entered from any other mode, since the processor must be
completely powered off first. Seethe Intel® PXA27x Processor Family EMTSfor more details.
The following sequence occurs during power-on reset:
1. A positivetransition isdetected on VCC_BATT. Power must be applied in the following order:
a. NnRESET is asserted before or at the sametime as VCC_BATT is asserted.
b. VCC_BATT followed by the deassertion of nRESET (initiates the power-on reset).

¢. The high-voltage suppliesVCC_10, VCC_MEM, VCC_LCD, VCC_USB, VCC_USIM,
and VCC_BB in any order except VCC_I0O, which must befirst.

After the high-voltage supplies have been applied, VCC_1O must be maintained at a
voltage as high as or higher than the other high-voltage supplies (except VCC_BATT and
VCC_USB).

d. VCC _CORE, VCC_SRAM, and VCC_PLL inany order.
2. Theinterna power domains are powered on.

3. The 13-MHz processor oscillator and internal PLL clock generators are enabled and wait for
stabilization.

4. nRESET_OUT is deasserted.

The Intel® PXA27x Processor Family EMTS describes the power-supply ramp times, timing
specifications and sequences and the delay between the power-supply transitions and the
deassertion of NRESET_OUT. Any other supply power-on sequence might cause permanent
damage to the processor.

Deassertion of the NRESET pin must follow VCC_BATT detection (within specification) to initiate
apower-on-reset. Removing and then re-applying VCC_BATT without the use of NRESET puts
the processor into an undefined state.

Hardware Reset

Hardware reset is invoked when the nRESET pin is asserted. All unitsin the processor are reset to
known states. Hardware reset is complete and total .

Behavior During Hardware Reset

During hardware reset, the following conditions occur:
¢ All internal registers and processes are held at their defined reset conditions.

* While nRESET is asserted, the only activity inside the processor is the stabilization of the
13-MHz processor oscillator and phase-locked |oops.

* Theremaining internal clocks are stopped and the chip isfully static.

¢ All pins assume their reset conditions, and the nBATT_FAULT and nVDD_FAULT pinsare
ignored.
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* The nRESET_OUT pinis asserted when nRESET is asserted.

For the states of all processor pins during hardware reset, refer to the Intel® PXA27x Processor
Family EMTS

3.4.4.2 Invoking Hardware Reset

Hardware reset isinvoked when an externa source drives the nRESET input pin low. nRESET is
unmaskable and is always enabled. Upon assertion of NRESET, hardware reset is entered
regardless of the previous mode. For more information, see the Intel® PXA27x Processor Family
EMTS

The following sequence occurs during hardware reset:

1. ThenRESET input is asserted for the period of time described in thel ntel® PXA27x Processor
Family EMTS The nRESET_OUT signal is also asserted.

2. NRESET is deasserted.

Caution: VCC_BATT must be stable prior to the deassertion of NRESET. Otherwise, permanent damage to
the PXA27x processor might result, and operation is undefined.

3. The 13-MHz processor oscillator and internal PLL clock generators wait for stabilization, if
not stabilized already.

4. nRESET_OUT is deasserted.

3.45 Watchdog Reset

Watchdog reset is invoked when software fails to prevent the watchdog timer from expiring. In
watchdog reset, all unitsin the PXA27x processor (except those listed in Table 3-2) are reset to
their predefined reset states.

3.4.5.1 Behavior During Watchdog Reset

During watchdog reset, the following conditions occur:
¢ All units except those listed in Table 3-2 are held at their defined reset conditions.

¢ All pinsassume their reset conditions, and the nBATT_FAULT and nVDD_FAULT pins are
ignored.

* ThePWR_EN and SYS EN signals de-assert and the nRESET_OUT pin is asserted during
watchdog reset.

A watchdog reset follows the same timing specifications as a power-on or hardware-reset
sequence. Refer to the Intel® PXA27x Processor Family EMTSfor timing specifications.

3.4.5.2 Invoking Watchdog Reset

Watchdog reset is invoked when OWER[WME] is set and OSM R3 matches the OS timer counter
(see Chapter 22, “Operating System Timers’). When this occurs, watchdog reset is entered
regardless of the previous mode. When watchdog reset isinvoked, the nNRESET_OUT pinis
asserted.
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Note:

3.4.6

Note:

3.4.6.1

3.4.6.2

3-10

The following sequence occurs during watchdog reset:

1. Thewatchdog reset source asserts. When this happens, OSM R3 matches the OS timer counter
(see Section 22.4.2, “Compares and Matches’ on page 22-4). The nRESET_OUT signd is
asserted.

2. Thewatchdog reset source is reset automatically (OWER[WME] is reset (see Table 22-6,
“OWER Bit Definitions” on page 22-16) as aresult of propagation of the internal reset state.

3. The 13-MHz processor oscillator and internal PLL clock generators wait for stabilization,
regardless of the state of the clocks at watchdog reset assertion.

4. ThenRESET_OUT signal is deasserted. See the Intel® PXA27x Processor Family EMTSfor
timing details.

If awatchdog reset occurs while the processor isin sleep mode, both the sleep-reset and the
watchdog-reset indicator bits are set in the RCSR.

GPIO Reset

GPIO reset isinvoked when PCFR[GPR_EN] is set (see Section 3.8.1.8) and the GPIO<1> pinis
asserted low for more than 240 nsin normal and idle modes of operation.

In standby, sleep, and deep-sleep modes, GPIO reset isfirst treated as a wake-up event. To be
recognized as a GPI O reset event, GPIO reset must be held asserted until NRESET_OUT is de-
asserted as part of the normal wake up process. Holding GPIO Reset asserted until NRESET_OUT
is de-asserted enables the internal power mode circuitry and all of the power supplies to stabilize.

In GPIO reset, al unitsin the PXA27x processor (except those listed in Table 3-2) are reset to their
predefined reset states.

If the flash reset signal is connected to the processor NRESET_OUT signal, then software must
disable GPIO reset before putting the flash into a program or erase cycle. This ensuresthat a GPIO
reset occurs only when the flash isin aread cycle and, if the GPIO reset occurs, then
NRESET_OUT isheld for at least 230 ns, which meets the flash requirements.

Enabling GPIO Reset

The nRESET_GPIO pin (GPIO<1>) has an internal pull-up that is active following any reset
(except deep- or deep-sleep-exit) until PSSR[RDH] (see Section 3.8.1.2) is cleared. Thus,
PCFR[GPR_EN] must be written before PSSR[RDH] is cleared.

To enable the GPIO reset function, set PCFR[GPR_EN] (see Section 3.8.1.8). When
PCFR[GPR_EN] is set, the GPIO reset function overrides GPIO<1> settings, regardless of its
state. PCFR[GPR_EN] isnot affected during standby, sleep, and deep-sleep modes, allowing use of
the GPIO reset function in these modes. PCFR[GPR_EN] is not affected by GPIO reset.

GPIO reset isignored while a frequency-change operation isin progress. If GPIO<1> remains
asserted low for 240 ns after the frequency change completes, it is recognized as a GPIO reset.

Behavior During GPIO Reset

During GPIO reset, the following conditions occur:
¢ All units (except those listed in Table 3-2) are held at their predefined reset states.
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¢ All pinsassume their reset conditions, and the NBATT_FAULT and nVDD_FAULT pinsare
ignored. See the Pin Usage table in the Intel® PXA27x Processor Family EMTSfor the states
of al processor pins during GPIO reset.

¢ |f PCFR[GP_ROD] isclear, the NRESET_OUT pin is asserted during GPIO reset.

3.4.6.3 Invoking GPIO Reset

3.4.6.3.1 Normal Power Mode

In normal power mode, GPIO reset isinvoked when the function is properly conflgured (see
Section 3.4.6.1) and nRESET_GPIO is asserted low for the time specmed in the Intel® PXA27x
Processor Family EMTS. When GPIO reset isinvoked, nRESET_OUT is asserted if
PCFR[GP_ROD] isclear.

In normal mode, the following sequence occurs during GPIO reset:

1. The GPIO reset source assertsthe GPIO reset pin (GPIO<1>). The processor GPIO reset pinis
level triggered. nRESET_OUT asserts if PCFR[GP_ROD] is clear.

2. If PCFR[GPR_EN] is set, the external GPIO reset source must be de-asserted.

3. If GPIO reset was entered while the core PLL was disabled or unlocked (such as during a
power-mode or clock change), the core PLL clock generator waits for stabilization.

4. nRESET_OUT is de-asserted if PCFR[GP_ROD] is clear. See the Intel® PXA27x Processor
Family EMTSfor timing details.

3.4.6.3.2 Low-Power Modes

In the low-power modes (standby, sleep, and deep-deep), if PCFR[GPR_EN] is set, the following
GPIO reset sequence occurs:
1. The GPIO reset must be asserted for 100 ps to be treated first as a wake-up event.

2. Then, if held asserted for more than 1 ms after all power supplies are stable, it is recognized as
aGPlO reset.

3. nRESET_OUT asserts if PCFR[GP_ROD] isclear.

4. If PCFR[GPR_EN] is set, the external GPIO reset source must be deasserted. (Failure to de-
assert the reset source would force the GPR_EN bit to be cleared thus preventing GPIO<1> to
be configured as the GPIO reset pin).

5. If GPIO reset was entered while the core PLL was disabled or unlocked (such as during a
power-mode or clock change), the core PLL clock generator waits for stabilization.

6. NRESET_OUT is de-asserted if PCFR[GP_ROD] is clear. Seethe Intel® PXA27x Processor
Family EMTSfor timing details.

Note: If aGPIO reset occurs while the processor isin sleep or deep-sleep mode, both the corresponding
sleep-reset and the GPIO-reset indicator bits are set in the Reset Controller Status register (RCSR).

Note: GPlIO<1> is not recognized as areset source again until configured to do so in software. Software
must check the state of GPIO<1> before configuring as areset to ensure that no spuriousreset is
generated.
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3.4.7

Summary of Module Reset Sensitivity

In

The registers and functions of most modules assume their default (reset) values when entering any
of the five reset states. Table 3-2 describes which modules are reset for the various reset modes.

Table 3-2. Summary of Module Reset Functions

Module Register Name or Function S:Ee)fif' GPIO | Watchdog | Hardware | Power-On
OS Timers |All registers and functions xt X X X X
PWR_I2C |All registers and functions X2 X X X X

PGSR0, PGSR1, PGSR2, PGSR3 X X X X X

PVCR, PCMD X2 X X X X

Clocks and PSSR, PSPR, PWER, PRER, PFER, PEDR, PKWR, PKSR X X X X

Power All bits except GP_ROD in PCFR X X X X

Manager 55 ROD bitin PCFR X X X

CCCR, CKEN, CCSR X X X

OsccC X X

RTC RTTR X X

RTC Other registers and functions X X X

/O Pins Egaitlr;eEli\’/ilr_}g.sage table in the Intel® PXA27x Processor x " . .

MEMC All registers and functions X X X X
NOTES:

x: Register takes its reset value when the corresponding reset is asserted

x1

PSLR[SL_PI] is set or nTRST is asserted before sleep or deep-sleep entry.

XZZ

PCFR[PIC_EN] is set or nTRST is asserted before sleep or deep-sleep entry.
Any module not listed takes the reset value for all of its registers.

. Register takes its reset value in during sleep- or deep-sleep-exit unless the pwr_|2C island retains state, which occurs if

Register takes its reset value in during sleep- or deep-sleep-exit unless the pwr_I2C island retains state, which occurs if

3.4.8

Table 3-3. Summary of Reset Sequences (Sheet 1 of 2)

Summary of Reset Sequences

All of the processor resets follow similar sequences. Table 3-3 summarizes the sequence for each

type of reset and the differences between them.

Description of Action Clock | Latency SIeep— GPIO | Watchdog |Hardware | Power-On
Source | (Cycles) | Exit

Reset source asserted - X X X X X
Reset source synchronized to clocks/power manager

: 13M 3 X
state machine
Reset asynchronously distributed; nRESET_OUT 1 3

- X X X X X

asserted
All /O, CPU, peripheral modules take reset state (except
as noted in the Pin Usage table in the Intel® PXA27x ) « « « « «
Processor Family EMTS and text in this chapter). All clock
sources are driven from the 13-MHz processor oscillator.
PLLs, 13-MHz processor oscillator disabled - X X X

3-12
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Table 3-3. Summary of Reset Sequences (Sheet 2 of 2)

Clocks and Power Manager

Clock

Latency

Sleep-

Description of Action Source | (Cycles) | Exit GPIO | Watchdog [Hardware | Power-On
i.ts;lg/lilz—zlésrocessor oscillator re-enabled, self-biases and 13M 64k X X X
Core PLL (CPLL) and peripheral PLL (PPLL) enabled 13M 3 X X2 X X X
Core PLL and peripheral PLL self-bias <100 us X X2 X X X
Core PLL and peripheral PLL stabilize 13M 512 X X2 X X X
All clock sources swit_ched to functional source (PPLL, 13M 3 N . N " .
CPLL, processor oscillator)

Final clock stabilization CPLL 512 X X X X X

NRESET_OUT deasserted, boot sequence begins; RCSR
written

NOTES:

x: If PSLR[SL_ROD] is set, do not assert NRESET_OUT.

x: These steps apply if the corresponding reset has been asserted.

x2: If PLL was disabled when GPIO reset was asserted, these steps apply.
x3: If PCFR[GP_ROD] is set, do not assert NRESET_OUT.

3.5 Clocks Manager Operation

The clocks manager contains all clock generation, gating, and frequency controls for the PXA27x

processor. Clock generation and distribution consists of the following sources:

* 13-MHz processor oscillator—Creates the PLL reference clock and the functiona clock for

several units.

* 32.768-kHz timekeeping oscillator—Creates the low-power, low-frequency clock for
timekeeping functions during low-power modes.

* Peripheral phase-locked loop (312 MHz)—Creates the fixed-frequency clocks for the
peripheral bus and the peripheral units listed in Table 3-6.

* Core phase-locked loop (26624 MHz)—Creates the programmabl e frequency clocks for the
core, LCD controller, memory controller, and the system bus, although the core can run at 13

MHz in some modes.

Note: 624 MHzisavailable on the PXA270 processor only. See the Intel® PXA270 Processor Electrical,

Mechanical, and Thermal Specification and Intel® PXA27x Processor Family Electrical,

Mechanical, and Thermal Specification for supported frequency product points.

¢ Memory controller clock input—Sets the memory controller to run at the same frequency as

the system bus. (CCCR[A] bit).

* Functional-unit clock gates—Enables and disables clocks to the functional units.

The clocks manager adjusts the frequencies of the internal clocks. Adjusting the frequency of the
processor and peripheral system is one of the most effective methods of optimizing power
consumption for an application’s performance requirements. Applications might also require
frequency changes for system reasons. The primary means of changing frequency are:

¢ Turbo/run selection—Changes the processor frequency relative to the system frequency. It is
enabled by setting CLKCFG[T] (see Section 3.8.3.1).

Intel® PXA27x Processor Family Developer’s Manual
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Note:

¢ Fast-bus mode—Changesthe ratio of the system bus to the CPU run-mode frequency from 1:2
(reset value) to 1:1. It is enabled by setting CLKCFG[B].

* Frequency change—Changes the frequency of the entire system to a new, unrelated frequency
with some interruption in system operation. It is enabled by setting CLKCFG[F].

Refer to Section 3.5.7 for more information.

Figure 3-1 illustrates the clock distribution within the processor. The diagram uses the following
definitions, where L, A, and N are programmed in the Core Clock Configuration register (see
Table 3-31) and B is programmed in the Clock Configuration register (see Section 3.8.3.1):

Turbo-mode frequency (T) = 13-MHz processor-oscillator frequency * L * N
Run-mode frequency (R) = 13-MHz processor-oscillator frequency * L

System-bus frequency = 13-MHz processor-oscillator frequency * L / B,
where B = 1 (when in fast-bus mode) or B = 2 (when not in fast-bus mode)

For CCCR[A] = 0 (see Table 3-7):

Memory-controller frequency = 13-MHz processor-oscillator frequency * L / M,
where M = 1 (L = 2-10), M =2 (L = 11-20), or M = 4 (L = 21-31)

LCD frequency = 13-MHz processor-oscillator frequency * L / K,
where K =1 (L = 2-7), K=2 (L = 8-16), or K = 4 (L = 17-31)

For CLKCFG[B] = 0 and CCCR[A] = 1 (see Table 3-7):
Memory-controller frequency = 13-MHz processor-oscillator frequency * L / 2

LCD frequency = 13-MHz processor-oscillator frequency * L / K,
where K =1 (L = 2-7), K=2 (L = 8-16), or K =4 (L = 17-31)

For CLKCFG[B] = 1 and CCCR[A] = 1 (see Table 3-7):
Memory-controller frequency = 13-MHz processor-oscillator frequency * L

LCD frequency = 13-MHz processor-oscillator frequency * L / K,
where K = 1 (L = 2-7), K=2 (L = 8-16), or K = 4 (L = 17-31)

Intel® PXA27x Processor Family Developer’s Manual
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Figure 3-1. Clocks Manager and Clocks Distribution Block Diagram
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3.5.1

Note:

External Clock Source Selection (CLK_REQ)

CLK_REQ isan input during power-on or hardware reset that sets or clears OSCC[CRI] (see
Section 3.8.2.3). Table 3-4 summarizes the externa clock selection as a function of OSCC[CRI],
OSCC[OON], and CLK_REQ.

If CLK_REQ isdriven low during power-on or hardware reset, OSCC[CRI] is cleared, and:
* The 13-MHz processor oscillator input is taken from PXTAL_IN.
* The 32.768-kHz timekeeping oscillator is software-enabled.
* CLK_PIO can be used as an outpuit.
* CLK_REQisaninput.

If CLK_REQ isfloated during power-on or hardware reset, OSCC[CRI] is set, and:
* The 13-MHz processor oscillator input is taken from the CLK_PIO pin.
* The 32.768-kHz timekeeping oscillator is enabled and driven out onto CLK_TOUT.
e PXTAL_IN must be grounded.

* CLK_REQ isan output indicating that the processor oscillator is requested from the external
source.

If OSCC[CRI] is set, CLK_REQ isdriven high after nRESET is de-asserted until the processor

enters deep-sleep mode. During deep-sleep mode, CLK_REQ isdriven low. After leaving deep-
sleep mode, CLK_REQ is not resampled.

Do not drive CLK_REQ high externally because the processor drivesit low during deep-sleep
mode.

If OSCC[OON] and OSCC[TOUT_EN] are set, CLK_TOUT does not start until the 32.768-kHz
timekeeping oscillator is stable, which can take up to two seconds after power-on or hardware reset
is asserted. See Section 3.5.2 for more information.

Refer to the Intel® PXA27x Processor Family EMTS for timing specifications.

Table 3-4. External Clock Source Selection

3-16

CLK_REQT| 0SscCCICR]] OSCC[OON] 32.768-kHz Source 13-MHz Source
float 1 1 TXTAL_IN CLK_PIO
Internally generated as
0 0 0 PXTAL_IN /400 = 32.5 kHz PXTAL_IN
0 0 1t TXTAL_IN PXTAL_IN
NOTES:
t During power-on or hardware reset
t1 Software-programmed
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352 13-MHz Processor Oscillator

The 13-MHz processor oscillator provides the primary clock source for the PXA27x processor. The
on-chip PLL frequency multipliers and several peripheral modul es use the processor oscillator asa
reference. If the application has not enabled the 32.768-kHz timekeeping oscillator, the processor
oscillator also drives the real-time clock (RTC) and power manager.

The processor oscillator can be disabled during standby, sleep, and deep-sleep modes by setting
PCFR[OPDE] (see Section 3.8.1.8), but only if the timekeeping oscillator is enabled and stabilized
(OSCC[OOK] is set—see Section 3.8.2.3). If the timekeeping oscillator has not stabilized, the
processor oscillator remains enabled for the duration of the low-power mode.

The processor oscillator can aso serve as the clock source for the core, system bus, memory
controller, and LCD controller by setting CCCR[CPDIS]. The peripheral PLL can be enabled by
clearing CCCR[PPDIS] bit. The PPDIS bit can be set or cleared independently, regardless of the
CPDIS setting. In this mode, the system bus frequency is 13 MHz regardless of the state of
CLKCFG[B] (see Section 3.8.3.1). When selected, the processor oscillator is used with the same
programming model as the core PLL, with the exception that the programming values are fixed, as
shown in Table 3-5.

Table 3-5. Processor Oscillator Output Frequencies for 13-MHz Crystal

System Bus System Bus CLK_MEM CLK_MEM
Run Mode
Frequency Frequency Frequency Frequency Frequency LCD Frequency
(MH2) B=1 B=0 A=1 A=0 (MHz)
(MHz) (MHz) (MHz) (MHz)
13 13 13 13 13 13 0r 26"
NOTE:
T CCCRI[LCD_26] determines the LCD frequency.

The 13-MHz processor oscillator input can be generated by using:

* Anexternal crystal between the PXTAL_IN and PXTAL_OUT pins (lowest power
consumption)

* An external clock source onthe PXTAL_IN pin, or
¢ Anexterna clock source onthe CLK_PIO pin.

Observe the following precautions when driving the PXTAL_IN pin:

* OSCCI[CRI] must be clear (see Section 3.8.2.3), and the CLK_REQ pin must be driven low
during power-on and hardware reset.

* [or best results, drive PXTAL_IN and PXTAL_OUT with complementary, terminated signals.
Noise causes performance degradation if PXTAL_OUT is floated.

¢ Drive PXTAL _IN and PXTAL_OUT withaVSS-to-VCC_PLL rail-to-rail signal. If morethan
10% overshoot or undershoot occurs, use a 1.5-kQ seriesresistor or avoltage divider to reduce
the level of VSS-to-VCC_PLL.
Observe the following precautions when driving the CLK_PIO pin:

* OSCC[CRI] must be set (the CLK_REQ pin must be floated during power-on and hardware
reset).
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Note:

Note:

¢ Drive CLK_PIO with aVSS-to-VCC_10 rail-to-rail signal. If more than 10% overshoot or
undershoot occurs, use a 1.5-kQ series resistor or avoltage divider to reduce the level of VSS-
to-VCC_IO.

* Ground the PXTAL_IN pin, and leave the PXTAL_OUT pin floating.

If OSCC[CRI] is clear, setting OSCC[PIO_EN] drives a buffered version of the PXTAL_IN signal
out to the external system on the CLK_PIO pin.

Thetwo pairs of crystal pins are located close to each other on the processor package. This
arrangement is advantageous when crystals are connected to the pins because the low amplitudes
and slow slew rates reduce noise coupling between the pins. If one of the crystalsis replaced by an
external signal source and the other is not, some degradation of the remaining crystal oscillator can
result due to increased noise coupling. This effect can be reduced by limiting the slew rate on the
pin(s) driven by the external source.

32.768-kHz Timekeeping Oscillator

The 32.768-kHz timekeeping oscillator is alow-power, low-frequency oscillator that clocks the
real-time clock (RTC) and power manager. If OSCC[CRI] is set, the timekeeping oscillator is
aways enabled, and the CLK_TOUT pin drives a buffered version of the TXTAL _IN signal after
the de-assertion of nNRESET (for a period of up to 2.048 seconds (64,000 x 32-kHz clock cycles),
this buffered signal might not be present because of the unknown stabilization time of the
externally supplied clock source). This output can then be disabled by clearing OSCC[TOUT_EN].

If OSCCI[CRI] isclear, the timekeeping oscillator and CLK_TOUT are disabled upon exit from
power-on reset or hardware reset, and the RTC and power manager blocks use the 13-MHz
processor oscillator divided by 400. Setting OSCC[OON] enables the timekeeping oscillator and
configures the RTC and power manager to use the timekeeping oscillator after it has stabilized.
CLK_TOUT isenabled by setting OSCC[TOUT_EN]. Doing so eliminates the need for the
external (TXTAL) crystal oscillator, for cost savings in less power-sensitive applications.

Follow these steps to use the timekeeping oscillator and CLK_TOUT function:

1. Enable the timekeeping oscillator by setting OSCC[OON]. It is automatically set if
OSCCICRI] is s&t.

OSCC[OON] cannot be cleared once it has been set, and the timekeeping oscillator cannot be
disabled until a power-on or hardware reset occurs.

2. Wait for OSCC[OOK] to be set automatically. Do not attempt to enter standby, sleep, or deep-
sleep modes with PCFR[OPDE] set until OSCC[OOK] is set. Otherwise, the 13-MHz
processor oscillator is used and is not powered off.

3. Enableor disablethe CLK_TOUT output as needed by setting or clearing OSCC[TOUT_EN],
respectively. If OSCC[CRI] isset, OSCC[TOUT_EN] isset automatically after power-on reset
or hardware reset.

For lowest power consumption, connect a 32.768-kHz crystal between the TXTAL _IN and
TXTAL_OUT pins. However, some systems might have other clock sources of the same frequency,
so the overall system cost is reduced by driving the TXTAL crystal pinswith one of those clock
Sources.

Observe the following precautions when driving the TXTAL_IN and TXTAL_OUT pins:

¢ For best results, drive TXTAL_IN and TXTAL_OUT with complementary, terminated signals.
Noise causes performance degradation if TXTAL_OUT is floated.
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* Drive TXTAL_IN and TXTAL_OUT with VSS-to-VCC_PLL rail-to-rail signals. If more than
10% overshoot or undershoot is experienced, use a 1.5-kQ series resistor or a voltage divider
to reduce the level to VSS-to-VCC_PLL.

3.5.4 Peripheral Phase-Locked Loop (312 MHz)

When the CCCR[PPDIS] bit is clear (see Section 3.8.2.1), the peripheral PLL generates a fixed-
frequency clock source (312 MHZz) that is used in several peripherals, as shown in Table 3-6.

To save power, the peripheral PLL can be disabled by initiating a frequency change with
CCCRI[PPDIS] set. The frequencies of the peripheral clocks then derive from the 13-MHz
processor oscillator. However, doing so causes those peripheral modules with strict bandwidth or
protocol-related frequency reguirements not to work. When the peripheral PLL isre-enabled, the
exit sequence from the frequency change lengthens for up to 150 ps.

The generated PLL frequencies, listed in Table 3-6, are not exact, because of the choice of crystal
frequency and the lack of aleast common multiple between peripheral units. The 13-MHz crystal
maintains the clock frequency for each unit within the unit’s clock tolerance.

Note: The following configuration is not supported:
— CCCRI[CPDIS] = 0and CCCR[PPDIS] =1

Table 3-6. Peripheral PLL Output Frequencies for 13-MHz Crystal

_ Divide Required Actual Systemic_E_rror _ Total Error_ Frequency,
Units Ratio Frequency | Frequency | Due to Divide | with PLL/ Osc Jitter PPDIS =1
(MHz) (MHz) (%) (%) (MHz)

Peripheral Bus 24/2 26.000 26.000 0.000 +0.025 13
rored Pore i 132 | 48000 | 48.000 0.000 +0.025 13
MSL 13/2 48.000 48.000 0.000 +0.025 13
12c 19/2 33.333 32.842 -1.474 —1.500 to —1.450 13
MMC 32/2 20.000 19.500 —-0.500 —2.525t0-2.475 13
UARTSs 42/2 14.746 14.857 +0.754 +0.725 to +0.780 13
12S (48.000k) 51/2 12.288 12.235 —-0.429 —0.455 to —0.400 13
1°S (44.100k) 55/2 11.290 11.346 +0.493 +0.465 to +0.520 13
12S (22.050k) (37%3)/12 5.645 5.622 -0.411 —0.440 to —0.385 13
12S (16.000K) (38*4)/12 4.096 4.105 +0.226 +0.200 to +0.255 13
12S (11.025k) (37%6)/12 2.822 2.811 -0.411 —0.440 to —-0.385 13
12S (8.000K) (38*8)/2 2.048 2.053 +0.226 +0.200 to +0.255 13
SD/SDIO (8.000k) 32/2 25.000 19.500 -55 —2.5251t0 -2.475 13

3.5.5 Core Phase-Locked Loop (Programmable)

When the CCCR[CPDIS] bit is clear (see Section 3.8.2.1), the core PLL serves as the clock source
for the core, system bus, memory controller, and LCD controller. The core PLL generates three
output frequencies:

¢ Run-mode frequency = 13-MHz processor oscillator * L
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* Turbo-mode frequency = run-mode frequency * N

In

tel.

* Memory/LCD controller frequencies = predefined divisor of run-mode frequency based on L,
where Table 3-7 gives the values of L and N along with the output frequencies. See
Section 3.8.2.1 for information on programming the L and N factors.

Note: Do not exceed the maximum specified frequency for the applied VCC_CORE voltage. Observe the
Tease Specification. Seethel ntel® PXA27x Processor Family EMTSfor details.
To reduce power, the core PLL can be disabled by performing afrequency change with
CCCR[CPDIS] set. Refer to Table 3-5 for details. Setting the PLL early enable bit,
CCCR[PLL_EARLY_EN], prior to a frequency change reduces the frequency change time. Refer
to the Intel® PXA27x Processor Family EMTSfor timing details.
Note: Thefollowing configuration is not supported:
— CCCR[CPDIS] = 0and CCCR[PPDIS] = 1
Table 3-7. Clock Frequencies
Note: Refer to the Intel® PXA27x Processor Family Specification Update for any changesto the
supported frequency pointsin Table 3-7.
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Table 3-7. Clock Frequencies

Note: Refer to the Intel® PXA27x Processor Family Specification Update for any changes to the
supported frequency pointsin Table 3-7.

§ p <
8 e T | &
g o = — A T & @ | @
£ Ell « EIlT | =|=| 2 @ || = — || 2% |a| & o | o 2 | 2
|0 2% |9z |z |8 |o|Ys S|V |22 |2 |2 |am] 2|2
Sz |& 21 LR | ||l || 3 ||| <8 | oI = |= |8z g oy
s | Q 535 Cllc | L |o| ez |9 s |o|l J5 |[=l g5 | ¥ | K S| 2 2
2 | x SRS ~ O = < ERS O O [ o< [T [T -2 17} n
(4] 3 o 3 X %) Q 0 S — o [©] = o = w w
) 0 = o || g 1l @ ol © 2 w5 xr | 3 8
O n < o O (@]
o Q S x|l ¢ a | a
(@] a a) > = =
%) = N
208 | 0 || 624™H1TT | 1 16 | 6 208 1 104 0 104 0 52 0 1 || 104
208 | 0 || 624THTTT | 1 0| 16| 6 208 1 208 104 1 52 1 X || 104 X

NOTES:

T Not a PLL clock frequency. Refer to Section 3.5.7.7.

Tt Use CCCR[LCD_26] to control this setting. See Table 3-31.

ttt L =7 (Core =91.0 MHz) is used for hardware boot-up frequency only and must not be used for normal operation.
Tttt KxDB2 represents K1DB2 and K2DB2

t1111 624 MHz is available on the PXA270 processor only. See the Intel® PXA270 Processor Electrical, Mechanical, and Thermal Specification
and Intel® PXA27x Processor Family Electrical, Mechanical, and Thermal Specification for supported frequency product points.

3.5.6 Functional-Unit Clock Gating

Functional-unit clock gating allows software to enable and disable the clock to individual modules
(peripherals) within the processor, which is an advantage for low-power system designs.

The Clock Enable register (CKEN—see Section 3.8.2.2) enables and disables the clocks to
individual modules. The CKEN register values override the clock-gating functionality that might
be present in some modules. These values are set only when entire modules are not being used.
After power-on reset or hardware reset, software must disable the clocks to inactive modules.

If amoduleistemporarily quiescent but does not have clock gating functionality, use CKEN to
disable the modul€e’s clock. With its clock disabled, register reads from that module return
undefined values, and register writes to that module have no effect.

3.5.7 Modifying Clock Frequencies

3.5.7.1 General Procedure for Clock-Frequency Changes

Note: In this document, the term CPU clock refers to both the Intel X Scal €® microarchitecture and the
WirelessMM X coprocessor clocks.

Modifying any of the processor clock frequencies requires programming two registers, in the
following order:

1. The Core Clock Configuration register (CCCR—see Section 3.8.2.1) contains the clock
configuration information. For details of the frequency changes, see the following sections:
Section 3.5.7.3 — Changing Core Frequency

Section 3.5.7.4 — Turbo Mode
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Section 3.5.7.6 — Fast-Bus Mode

Coprocessor 14, register C6 (CLK CFG—see Section 3.8.3.1) initiates the changes
programmed in CCCR when any of the following bits are written to CLKCFG. It islegal to
change the settings of any of these bits when writing to CLKCFG, in which case al of the
changes in CCCR are implemented.

CLKCFG[B]—Fast-Bus Mode. When B is set, the system-bus frequency is equa to the
run-mode frequency indicated in CCCR. When B is clear, the system-bus frequency is
equal to half the run-mode frequency indicated in the CCCR. Itisillegal to set B if
CCCR[CPDIS] is set. When B ismodified, the core PLL is stopped, and then restarted
with the new CCCR settings. See Section 3.5.7.6 for details.

CLKCFG[F] —Core Frequency Change. When F is set and CCCR[xPDIS] are clear,
the core PLL is stopped, and then restarted with the new CCCR settings. If thecore PLL is
disabled (CCCR[CPDIS] set), the PLL is not restarted.

F remains set after the frequency change, and thereis no need to clear it. Clearing F does
not initiate a frequency change. To initiate a new frequency change, set F again. See
Section 3.5.7.3 for details.

CLKCFG[T]—Turbo Mode. When T is set, the CPU operates at the turbo frequency;
when clear, the CPU operates at the run-mode frequency. If only T isset, Fisclear, and B
isnot atered, then the core PLL is not stopped. See Section 3.5.7.4 for details.

CLKCFG[HT]—Half-Turbo Mode. When HT is set, whether T is set or clear, the CPU
operates at the turbo frequency divided by two; when HT is clear, and T is clear, the CPU
operates at the run-mode frequency; when HT isclear, and T is set, the CPU operates at
the turbo frequency. If only HT isset, Fisclear, and B is not altered, then the core PLL is
not stopped. See Section 3.5.7.4 for details.

Special Considerations for Clock-Frequency Changes

Changing a clock frequency generally incurs the following stoppages, |atencies, and special
requirements (except half-turbo and turbo mode changes). Table 3-8 summarizes the latenciesin
terms of clock cycles.

All interrupts to the CPU are held, causing latencies for the peripherals.
All current instructions, including incomplete fetches, are compl eted.
All outstanding stores are compl eted.

The CPU clock stops. The stoppage timeincurred by each type of frequency changeisgivenin
the “ Preparations’ subsection for the specific change.

Depending on the requested change sequence, the system-bus clock can be halted.

Depending on system use, some peripherals might need reconfiguration to account for the new
frequencies (depending on system configuration and peripheral unit usage).

Note: (1) Each of the clock-frequency change sequences can impose additional limitations and
requirements. For details of a specific type of clock-frequency change, see the subsections below.

(2) When awrite to CLKCFG initiates more than one clock-frequency change at the same time,

Thetota latency timeisthe maximum required by any of the changesinitiated. In other words,
the change sequences run concurrently.

Preparations for all requested changes must be completed before writing to CLKCFG. See the
corresponding “ Preparations’ section for each type of frequency change in the following
subsections.
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* Refer to section 6.5.1.4 for CLK_MEM changes while SDCLK<1> or SDCLK<2> isat 104
MHz

Table 3-8 summarizes the clock-frequency change sequences. The total latency for each sequence
is the sum of the latencies at each step.
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Table 3-8. Summary of Clock-Frequency Change Sequences
o . . ‘Z’\g Type of Change
Description of Action 5 g9 9 20| 0g
c o = 3 | od
~ 2 Lo | O%
Write to CP14 CLKCFG register (software); interrupts are held. CPU| 1CPU X X X
All current instructions, including incomplete fetches, are completed. CPU| ?CPU X X X
All outstanding stores are completed. CPU ? SB X X X
Wait for synchronization. The CPU clock halts. CPU | <20 CPU X X X
Deny all bus requests from LCD, USB-H, DMA, CPU, and memory controllers. PM 1SB — X X
Complete all memory control transactions (allow memory controller bus requests). MEM > SB X
Place SDRAM in self-refresh mode. '
. . . <4 13M
Synchronize clocks and power manager. Switch clock sources (done in hardware). PM <8 SB — — X
Core-frequency change sequence splits
Disable PLLs if appropriate (xPDIS set). PM 2 13M — —
Enable PLLs if appropriate (xPDIS clear). Wait for PLLs to lock. PM | 2000 13M | — —
. <2 13M
Synchronize clocks and power manager. PM — — X
<4 SB
Core-frequency change sequence merges
Set PLL and/or SB dividers. PM 2SB — X X
Release system bus for all transactions. PM 1SB — X X
Wait for synchronization. PM | <20 CPU X X
Enable clocks, enable interrupts to the CPU, and begin execution. PM 2SB X X
NOTES:
X Step is followed in the corresponding clock mode.
— Not applicable
? Variable—depends on system/software configuration.
13M 13-MHz processor oscillator
CPU CPU
MEM Memory controller
PM Power manager
SB System bus
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Changing Core Frequency

The core clock frequency can be changed in several ways:
* Selecting the 13-MHz clock source
¢ Changing the core PLL frequency
¢ Enabling turbo or half-turbo mode

The following parametersin the Core Clock Configuration register (CCCR) control the core clock
frequency (see Section 3.8.2.1 for register details):

* The run-mode-to-oscillator ratio bit, CCCR[L], determines the run frequency by multiplying
the external crystal oscillator input by L.

* The core PLL disable bit, CCCR[CPDIS=1], turns off the core PLL to reduce power
consumption. The peripheral PLL can remain enabled, if required (CCCR[PPDIS=0]). If the
core PLL isdisabled, al internal processor core units derive their clocks from the 13-MHz
processor oscillator. Disabling the peripheral PLL, CCCR[PPDIS=0], forces all peripheralsto
derivetheir clocksfrom the 13-MHz processor oscillator. The PLL s can be enabled or disabled
independently by the CCCR[xPDIS] hits.

¢ Theturbo mode hit, CLKCFG[T], selects either turbo mode or run mode.

* The turbo-mode-to-run-mode ratio bit, CCCR[2N], determines the turbo frequency by
multiplying the run frequency by N.

¢ The half-turbo mode bit, CLKCFG[HT], selects whether the core frequency is equal to therun
or turbo frequency (dependent on the setting of CLKCFG[T]).

Table 3-7 summarizes the core PLL frequencies as functions of L and N.

Preparations for Core-Frequency Change
Before performing a core-frequency change, review Section 3.5.7.1 and Section 3.5.7.2.

Table 3-8 summarizes the specific steps that take place during a core-frequency change. The
frequency-change sequence imposes the following limitations and requirements:

¢ All interrupts to the CPU are held, causing latencies for the peripheras.
¢ All current instructions, including incomplete fetches, are completed.
¢ All outstanding memory-controller transactions are completed.

* The system-bus clock stops for up to 150 pus. No new system-bus transactions are allowed
during the change sequence. During this time,

— The LCD controller cannot transmit data to the LCD panel. If the panel cannot tolerate the
150-ps latency (for example, if it does not have a built-in frame buffer), disable the LCD
controller before initiating the core-frequency change.

— The USB host controller cannot access its own FIFOs or configuration registers, which
might require disabling the USB host controller before initiating the core-frequency
change.

* SDRAMsare automatically placed in self-refresh mode.
* The CPU clock stops for up to 150 ps.
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Note:

intel.

The suspension of DMA activity and CPU interrupt service can cause overrun or underrun in some
peripheral modules. If a peripheral module cannot tolerate the 150-us system-bus clock latency,
disable the module befor e initiating the core-frequency change.

(2) If the PLLs are to be turned off using the xPDIS bits, then set the xPDI S bits befor e the
frequency change, and clear the xPDI S bits after the frequency change.

(2) For best results, set both of the PMCR[xIDAE] bitsin the Power Manager Control register
while changing the core frequency (to allow software controlled entry into deep sleep, if
NBATT_FAULT or nVDD_FAULT asserts, rather than immediate entry to deep sleep) (see
Section 3.8.1.1 for register details). If the PLLs are disabled by setting the XxPDI S bits, and then a
standby mode entry is initiated, the CCCR[xPDIS] bits must not be atered until after exit from
standby mode.

Table 3-9 summarizes the action required for each module when changing the core frequency.

Table 3-9. Required Actions Before and After Core-Frequency Change

Module

Before PLL Frequency Change
(Core PLL = Clock Source)

After PLL Frequency Change
(Core PLL = Clock Source)

Memory Controller

Reconfigure for new clock speed.

LCD Controller
Quick Capture Interface

Disable unless LCD panel is tolerant of 150-us
pause in data transmittal.

Reconfigure for new clock speed and re-
enable.

USB Host

Disable if intolerant of 150-us system-bus clock |

stoppage and DMA/interrupt latency.

USB Client

Infrared Port

MSL

I2C Bus Interface Unit
MMC

UARTs

AC'97

1’s

SSP Serial Ports

Disable if intolerant of 150-us DMA/interrupt
latency.

Keypad I held until letion of f
. nterrupts held until completion of frequency
OS Timers change.
RTC
3.5.7.3.2 Initiating Core-Frequency Change
To initiate a frequency-change operation:
1. Writethe preferred valuesfor L, N, PPDIS, and CPDISto CCCR and T and HT to CLKCFG.
2. Set CLKCFG[F]. When thiswrite occurs, the new core-frequency change sequence beginsand
the values in CCCR are applied.
Note: Do not set CLKCFG[HT] while performing a frequency change.
3.5.7.3.3 Behavior During Core-Frequency Change
While the core-frequency change sequence is executing, the following occurs before the switch in
CPU clock speed is made:
1. All processor activity is stopped and all interrupt requests to the processor are held.
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All new DMA and LCD activity is suspended.
All CPU loads are completed and CPU stores are sent to the system bus.
All outstanding memory-controller transactions are compl eted.

o M w DN

The memory controller places the SDRAM in self-refresh mode and drives the
NRAS/NSDCS<3:0> and nCAS/DQM<3:0> pinsto their self-refresh state.

6. The system bus clocks are stopped for a period of at least four cycles of the system bus clock
(at the new frequency).

The DMA controller and CPU experience a stoppage of the system bus clock for up to four system-
bus cycles (during a clock-source change) or up to 150 us (during acore PLL frequency change
with the core PLL selected as the clock source), plus the time it takes the memory controller to
finish its outstanding transactions. The total period of DMA and CPU inactivity depends on the
source/destination of memory controller transactions and the type of frequency change. The lack of
DMA service means that peripheral modules can experience overrun or underrun in their FIFOs,
and the lack of CPU activity means increased interrupt latency.

If apower fault (nVDD_FAULT or nBATT_FAULT) is asserted during the period of CPU
inactivity, the frequency-change sequence completes first. Then, the processor enters deep-sleep
mode as described in Section 3.6.4.

Completion of Core-Frequency Change Sequence

After the clock speed has been changed, the CPU continues execution at the next instruction after
the write to CLKCFG. interrupt requests are no longer held, and any interruptsthat occurred during
the change sequence are sent to the CPU.

CLKCFG remains in the state that was written to it. The valuesin it and the Clock Configuration
Status register (CCSR—see Section 3.8.2.4) provide data about the operating frequencies of the
core PLL, which determines the frequencies of the CPU, LCD controller, memory controller, and
system bus.

The SDRAMs are automatically brought out of self-refresh mode. Before enabling external
transactions to devices with frequency-dependent configurations, reconfigure the memory
controller to account for the new clock frequency. See Chapter 6, “Memory Controller” for more
information on memory configuration.

If required, reconfigure the LCD controller pixel clock to account for the new frequency. If the
LCD controller was disabled before the frequency change, re-enable it. See Chapter 7, “LCD
Controller” for more information on LCD configuration.

Turbo Mode

The processor CPU frequency depends on the setting of the T-bit in the Clock Configuration
register (CLK CFG—see Section 3.8.3.1):
¢ CLKCFGJT] set—CPU operates at the turbo frequency.

* CLKCFGJT] clear—CPU operates at the run frequency.
The turbo-mode and run-mode frequencies depend on the values in the Core Clock Configuration

register (CCCR—see Section 3.8.2.1 for register details). Table 3-7 lists the turbo-mode
frequencies.
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The increased latency for entering or exiting turbo mode is an interruption in execution while
current instructions and loads are completed and stores are sent to the system bus. This latency
varies depending on the number and destination and source of the stores and loads, respectively, as
well as other bus activity and cacheability of the interrupt handler. Interrupt requests are held until
the frequency is changed, resulting in longer and less predictable interrupt latency. The increased
latency is greater when performing a frequency change (F-bit) or fast-bus change (B-bit) in the
same write as the T-bit in the CLKCFG register.

Also refer to Section 3.5.7.5 for half-turbo mode details.

Preparations for Turbo-Mode Entry and Exit

While entering or exiting turbo mode, the CPU clock halts, and interrupt requests to the CPU are
held for up to eight core clock cycles.

Thevalue of N istheratio of the turbo-mode-frequency to the run-mode frequency. N is determined
by CCCR[2N]. Thisvalue must have been loaded beforehand into the core PLL by means of a
core-frequency change (see Section 3.5.7.3) and must be reflected in the Core Clock Status register
(CCSR—see Section 3.8.2.4). Thevaluereflected in CCSR[2N_S] isthe value that is actually used
when CLKCFG[T] is set.

Because entering or exiting turbo mode does not stop the system-bus clocks and does not alter any
of the periphera clocks (including the LCD and memory controller), no specia steps are required
with respect to the peripherals or memory controller.

Initiating Turbo-Mode Change

Follow these steps to enter or exit turbo mode:
1. Complete the preparations described in Section 3.5.7.4.1.

2. Setor clear CLKCFG[T]. When thiswrite occurs, the CPU frequency switchesto the indicated
mode (turbo or normal run).

If CCSR[2N_S] has the value of 0x2, the turbo-mode change sequence occurs, but the core
frequency does not change.

Behavior During Turbo-Mode Change

While the processor is entering or exiting turbo mode, all processor activity is stopped and all
interrupt requests are held. All CPU-initiated loads are completed, and all stores are sent to the
system bus before the switch in CPU clock speed is made. Peripheral and memory-controller
activity continues without interruption or change in behavior.

A possible issue during the entry or exit from turbo mode is the additional interrupt latency caused
by holding interrupt requests while all CPU |oads are completed and CPU stores are sent to the
system bus.

If apower fault (NnVDD_FAULT or nBATT_FAULT) is asserted during the period of CPU
inactivity, the turbo-mode change sequence completes first. Then, the processor enters deep-sleep
mode as described in Section 3.6.4.

Completion of Turbo-Mode Change Sequence

After the clock speed has been changed, the CPU continues execution at the next instruction after
thewriteto CLKCFG. interrupt requests are no longer held, and any interrupts that occurred during
the change sequence are sent to the CPU.
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CLKCFG remains in the state that was written to it. The valuesin it and the Clock Configuration
Status register provide information about the current operating frequencies of the CPU, LCD
controller, memory controller, and system bus.

Half-Turbo Mode

The processor CPU frequency depends on the setting of the HT bit in the Clock Configuration
register (CLK CFG—see Section 3.8.3.1):

¢ CLKCFG[HT] set—the CPU operates at the turbo-mode frequency divided by two.
¢ CLKCFG[HT] clear—the CPU operates at the run frequency if the T-bit is clear or at the turbo
frequency if the T-bit is set.
Half-turbo mode can be invoked only when the CCSR reflects 2*N values of 6 or 8.

The half-turbo-mode and run-mode frequencies depend on the values in the Core Clock
Configuration register (CCCR—see Section 3.8.2.1 for register details). Table 3-7 lists the turbo-
mode frequencies.

The increased latency for entering or exiting half-turbo mode is an interruption in execution while
current instructions and loads are completed and stores are sent to the system bus. This latency
varies depending on the number and destination and source of the stores and loads, respectively, as
well as other bus activity and cacheability of the interrupt handler. Interrupt requests are held until
the frequency is changed, resulting in longer and less predictable interrupt latency. Do not set the
HT-bit in CLKCFG while performing a core PLL frequency change. After afrequency change has
been performed, writing to the T-bit and the HT-bit at the same time resultsin the CPU frequency at
the turbo-mode frequency divided by two.

Preparations for Half-Turbo Mode Entry and Exit

While entering or exiting half-turbo mode, the CPU clock halts, and interrupt requests to the CPU
are held for up to eight core clock cycles.

Thevalue of N istheratio of the turbo-mode-frequency to the run-mode frequency. N is determined
by CCCR[2N]. This value must have been loaded beforehand into the core PLL by means of a
core-frequency change (see Section 3.5.7.3) and must be reflected in the Core Clock Status register
(CCSR—see Section 3.8.2.4). The valuereflected in CCSR[2N_S] isthe value that is actually used
when CLKCFG[HT] is set.

Because entering or exiting half-turbo mode does not stop the system-bus clocks and does not alter
any of the peripheral clocks (including the LCD and memory controller), no special steps are
required with respect to the peripherals or memory controller.

Initiating Half-Turbo Mode Change

Follow these steps to enter or exit half-turbo mode:
1. Complete the preparations described in Section 3.5.7.4.1.
2. Set or clear CLKCFG[HT] asfollows:
a If CLKCFG[HT] is set, the CPU frequency switches to the half-turbo mode
b. if CLKCFG[HT] isclear and T is clear, the CPU frequency is normal run-mode frequency
c. if CLKCFG[HT] isclear and T is set, the CPU frequency is normal turbo freguency.

Intel® PXA27x Processor Family Developer’s Manual 3-29



u
Clocks and Power Manager Int6|®

3.5.7.5.3

3.5.7.5.4

3.5.7.6

3.5.7.6.1

3.5.7.6.2

3-30

Behavior During a Half-Turbo Mode Change

While the processor is entering or exiting half-turbo mode, all processor activity is stopped and all
interrupt requests are held. All CPU-initiated loads are completed and all stores are sent to the
system bus before the switch in CPU clock speed is made. Peripheral and memory-controller
activity continues without interruption or change in behavior.

A possible issue during the entry or exit from half-turbo mode is the additional interrupt latency
caused by holding interrupt requests while all CPU loads are completed and CPU stores are sent to
the system bus.

If apower fault (NVDD_FAULT or nBATT_FAULT) gets asserted during the period of CPU
inactivity, the turbo-mode change sequence completes first. Then, the processor enters deep-sleep
mode as described in Section 3.6.4.

Completion of Half-Turbo Mode Change Sequence

After the clock speed has been changed, the CPU continues execution at the next instruction after
thewriteto CLKCFG. interrupt requests are no longer held, and any interrupts that occurred during
the change sequence are sent to the CPU.

CLKCFG remainsin the state that was written to it. The valuesin it and the Clock Configuration
Status register provide information about the current operating frequencies of the CPU, LCD
controller, memory controller, and system bus.

Fast-Bus Mode

The processor system-bus frequency depends on the setting of the B-bit in the Clock Configuration
register (CLK CFG—see Section 3.8.3.1):

* CLKCFGI[B] set—System bus operates at the full run-mode frequency.
* CLKCFGIB] clear—System bus operates at one-half the run-mode freguency.
The system-bus frequency is relative to the run-mode frequency indicated in the Core Clock

Configuration register (CCCR—see Section 3.8.2.1 for register details and Table 3-7 for a
summary of the frequencies).

Certain values of CCCR[2N] areillegal when CLKCFG[B] is set. For details, see Table 3-7.

Theincreased latency for afast-bus mode changeis a stoppage of LCD, memory controller, system
bus and core clocks, lasting up to 150 ps. Additionally, an interruption in execution occurs while
all outstanding processor or memory controller transactions are completed. Finally, some re-
configuration of the LCD controller and memory controller might be required. Interrupt requeststo
the CPU are held until the new frequency is enacted, resulting in longer and less predictable
interrupt latency.

Preparations for Fast-Bus-Mode Entry and Exit
Entering and exiting fast-bus mode incurs the same latencies and requires the same precautions as

for acore frequency change. Thus, to prepare for afast-bus mode change, follow theinstructionsin
Section 3.5.7.3.1.

Initiating Fast-Bus Mode Change

Follow these steps to enter or exit fast-bus mode:
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1. Complete the preparations described in Section 3.5.7.3.1.

2. Set or clear CLKCFG[B]. When this write occurs, the system-bus frequency switchesto the
indicated mode relative to the CPU run-mode frequency.

3.5.7.6.3 Behavior During Fast-Bus Mode Change

System behavior during the fast-bus-mode change sequence is identical to the behavior during a
core frequency change, as described in Section 3.5.7.3.3.

3.5.7.6.4 Completion of Fast-Bus-Mode Change Sequence

After the system-bus speed has been changed, the peripheral continues execution at the next
instruction after the write to CLKCFG. interrupt requests are no longer held, and any that occurred
during the change sequence are sent to the peripheral.

CLKCFG remains in the state that was written to it. The valuesin it and the Clock Configuration
Status register (CCSR—see Section 3.8.2.4) provide data about the operating frequencies of the
peripheral, LCD controller, memory controller, and system bus.

3.5.7.7 13M Mode

The processor enters 13M mode when (1) the CPDIS is set, (2) the PPDISisclear, and (3) a
frequency change operation is performed by writing to the F-bit in the CLKCFG register. In this
mode (CPDI S set and PPDI S clear), only the CPU core PLL isturned off, forcing all of the internal
clocks to be derived from the 13-MHz oscillator. However, the peripheral PLL is still enabled and
continues to provide the 312-MHz clock to all peripherals. Peripherals using external clocking are
not altered; they continue to receive an external clock.

Allowing the peripheral PLL to continue running while the core PLL is disabled (forcing the CPU
to run at 13 MHz) maintains peripheral functionality while using alower CPU frequency.

Software can disable (optionally) both CPU core PLL and peripheral PLL (CPDIS and PPDIS are
set); however, the increased latency for thisis a stoppage of certain peripherals that cannot operate
at 13 MHz.

Note: The LCD clock frequency (L_CLK) can be configured to 26 MHz while the processor isin 13M
mode or deep idle by setting CCCR[LCD_26].

Follow these steps to avoid stoppage of the LCD clock while exiting 13M mode (when
CCCR[CPDIS] is set):
1. Remainin 13M mode, but early-enable the PLL (CCCR[CPDIS] = 1 and
CCCR[PLL_EARLY_EN] =1) to allow the PLL to be started early.

2. Read CCCR and compare to make sure that the data was correctly written.

3. Verify that CCSR[CPLOCK] and CCSR[PPL OCK] hits are both set, indicating that the PLLs
are locked. Proceed to the next step only when this condition is true. At this point, the
processor is still in 13M mode, but the PLLs are running.

Note: Becausethe PLLsdo not lock in less than 120 us, software could use an OS timer to generate an
interrupt after 120 us. When the 120-us timer interrupt occurs, the software could then begin
polling CCSR[CPLOCK] and CCSR[PPLOCK]. Thisinterrupt-driven delay would allow normal
processing of other tasks at 13 M Hz to continue during the time the PLLs are locking.
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4. Exit 13M mode by writing 0x00 to CCCR[CPDIS,PPDIS] but maintaining
CCCR[PLL_EARLY_EN] = 1. The CCCR[PLL_EARLY_EN] bit is cleared automatically
after the frequency change.

5. Perform the frequency change only by setting the CLK CFG register F-bit.
Entering idle mode from 13M mode puts the processor into deep-idle mode. Refer to Section 3.6.7
for details.

Prerequisites for Changing to 13M Mode

See Section 3.5.7.3 for details because entering or exiting 13M mode is the same as a frequency
change. If software also disables the peripheral PLL, CCCR[PPDIS=1], certain peripherals cannot
function in this mode—see Table 3-6 for details.

Software can change into 13M mode from run mode only.
Initiating 13M Mode Change Sequence

To enter or exit 13M mode, perform afrequency change after setting the CCCR[CPDI S| bit. When
this bit iswritten and a frequency change is performed by setting the F-bit in CLKCFG, the
processor enters or exits 13M mode.

Other bitsin CLKCFG cannot be changed while entering or exiting 13M mode. Whilein 13M
mode, software must not write to CLKCFG [B, HT, T].

Behavior During 13M Mode Change Sequence

Entering and exiting 13M mode is the same as a frequency change. See Section 3.5.7.3 for details.

Completion of 13M Mode Change Sequence

After the clock speed has been changed, the peripheral continues execution at the next instruction
after the write to CLK CFG. interrupt requests are no longer held, and any interrupts that occurred
during the change sequence are sent to the peripheral.

CLKCFG remainsin the state that was written to it. The valuesin it and the Clock Configuration
Status register provide information about the current operating frequencies of the periphera, LCD
controller, memory controller, and system bus.
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3.5.8 Summary of Clock Modes

The clock modes follow the sequences shown in Table 3-10. The total latency of each sequenceis
the sum of the latencies at each step.

Table 3-10. Summary of Clock Mode Sequences

=)
e
I
o .
> |£1]0 |2
L. . = c @ S %] (@)
Description of Action c oo = S .
=] T > o m o
a8 2| = o
s
T
Write to CP14 CLKCFG register (software); interrupts gated. CPU 1CPU X X X
All current instructions, including incomplete fetches, completed. CPU ? CPU X X X
All outstanding stores pending in CPU and memory controller are completed. CPU ?SB X X X
Wait for synchronization, Halt CPU clock. Clks <20 CPU X X X
Deny all new bus requests (from LCD, USB-H, DMA, CPU). PM 1SB X X
Complete all memory controller transactions.
. MEM ? SB X
Place SDRAM in self-refresh mode.
Synchronize clocks and power manager. PM <4 13M «
Switch clock sources. <8 SB
Frequency change sequence splits
Disable PLLs if appropriate (xPDIS set). PM 213M X
Enable PLLs if appropriate (xPDIS clear) and wait for PLL to lock. PM 2k* 13M X
. <2 13M
Synchronize clocks and power manager. PM X
<4 SB
Frequency change completion sequence merges here
Set PLL and/or SB divider. PM 2SB X X
Release bus for all transactions. PM 1SB X X
Wait for synchronization. PM <20 CPU X X X
Enable clocks, interrupts to CPU and begin execution. PM 2SB X X X
NOTES:
X Must follow this step in the corresponding clock mode.
— Not applicable
? Variable—depends on system/software configuration.
13M 13-MHz processor oscillator
CPU CPU
MEM Memory controller
PM Power manager
SB System bus frequency
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3.6 Power Manager Operation

The power manager controls all internal power domains, external power-supply functionality, and
the entry and exit sequences for the processor power modes. The functional units within the power
manager are:

Power domains—Provide the connectivity and biasing to different regions for the various
power modes. All units within a power domain receive the same power supply and must be
powered on and off together. (The power domains are defined on page 3-5 and illustrated in
Figure 3-2.)

Sleep-mode power supply—Provides power during sleep mode to the 32.768-kHz
timekeeping oscillator, rea-time clock (RTC), and power manager.

Power manager 12C interface—Provides a hardware-controlled interface to the external
regulator for voltage management.

The processor power modes are listed in order of recovery time back to normal mode, with idle
mode being the fastest and deep-sleep mode being the slowest:

Normal mode—All internal power domains and external power suppliesare fully powered and
functional. The processor clocks are running.

Idle mode—See Section 3.6.6 for more information. Clocks to the CPU are disabled; recovery
is through interrupt assertion.

Deep-idle mode—See Section 3.6.6 for more information. Clocks to the CPU are disabled;
recovery is through interrupt assertion. When CCCR[CPDI ] is set, the modeis referred to as
deep-idle.

Standby mode—See Section 3.6.8 and Section 3.8.1.12 for more information. All internal
power domains except VCC_RTC and VCC_OSC are placed in alow-power mode where state
isretained but no activity is allowed. The clock sources can be disabled. Some of the internal
power domains can be powered off, and both PLL s are disabled. Recovery is through external
and selected internal wake-up events.

Sleep mode—See Section 3.6.9 and Section 3.8.1.11 for more information. All internal power
domains except VCC_RTC and VCC_OSC (both are internal supplies) can be powered off.
All clock sources, except those used by the real time clock (RTC) and the power manager, are
disabled. The PXA27x processor PWR_EN? output pln de-asserts to optionally disable the
external low-voltage power suppliesto the processor’s low-voltage domains. The remaining
power domains are placed in alow-power state where state is retained but no activity is
allowed. Recovery is through external and selected internal wake-up events. Because the
program counter isinvalid, recovery requires a system reboot (the program counter restarts
from 0x0, so the core begins execution starting at the reset vector).

Deep-sleep mode—See Section 3.6.10 for more information. All internal power domains
except VCC_RTC and VCC_OSC can be powered off. All clock sources, except those used by
the RTC and the power manager, are disabled. The PXA27x processor PWR_EN? output pin
de—asserts to opt|onaIIy disable the external low-voltage power supplies. They processor

SYS | EN? output pin also de-asserts to optionally disable the external high-voltage power
domains. All power domains are powered directly from the backup battery pin, VCC_BATT.
The remaining power domains are placed in alow-power state where state is retained but no
activity is allowed. Recovery is through external and selected internal wake-up events.

1. PWR_ENand SYS_EN are de-asserted by hardware during the entry into sleep and deep-sleep modes. The system’s power management |C
must be configured to correctly control the system’s power supplies.
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Because the program counter isinvalid, recovery requires a system reboot (the program
counter restarts from 0x0, so the core begins execution starting at the reset vector).

Table 3-11 summarizes the action taken in each power mode. Figure 3-2 shows an overview of the
power domains and unitsinternal to the processor. Figure 3-3 summarizes the operational modes.

Note: VCC _BATT must beon at al times.

Table 3-11. Summary of Module Power and Clocks by Power Mode

Clocks Power
Module B > = S 3: =
£ o |2 |8|88|8|w| 2 a o
= S c o loo £ |5 c 3 op=%
2 = < n | on o = IS = o @
n z &0 n 2
[
CPU (Processor Core) On Off off | Off | Off [ On | On St Off Off
Cache Contents — — — — — P P NP NP
SRAMSs (Internal SRAM Banks 0, 1, 2, and 3) On On off |Off| Off [On | On| StOff Sté/off Off
Peripherals 1 1
(All Units Not Otherwise Mentioned) ¢ ¢ Off | Off | Off On | On St off off
OS Timer and Power Manager 12C 1 1 1 6 7
(P1) Power Domain C C CH/Off| Off | Off | On | On |On/St/Off| On/St°/Off | St'/Off
Peripheral PLL c? c? | off |off| off |[on|on| oOff off Off
Core PLL cs c® | off |off| off |on|on| oOff off Off
Real-Time Clock, Clocks/Power Manager On On On [On| On | On|On On on® on®
13-MHz Processor Oscillator on on c* [c*| c* [on®|lon®| oOn® on8 on®
32.768-kHz Timekeeping Oscillator cb cb c® |c®| c® |on®|ond| on® oné® on®
NOTES:

On—Clock or power supply is active and fully functional.

Off—Clock is disabled or power supply is powered off.

St—Standby—power supply is in a low-power state-retaining mode; no activity is allowed.
Cl—Configurable, using the clock-enable bits in CKEN.

Cz—ConfigurabIe, using CCCR[PPDIS]; off if processor oscillator is off.
C3—Configurable, using CCCR[CPDIS]; off if processor oscillator is off.
C4—Configurable, using PCFR[OPDE]; on if OSCC[OOK] is clear.
C5—Configurable, using OSCC[OON].

St®—standby state is powered by VCC_|O through the internal voltage regulator.
St’—standby state is powered by VCC_BATT through the internal voltage regulator.
oné—Powered by VCC_I0 through the internal voltage regulator.

on®—Powered by VCC_BATT through the internal voltage regulator.

P—Contents preserved.

NP—Contents not preserved.

Tt All power supplies that are being used must be enabled at all times.
Tt When PWR_EN is de-asserted, optionally remove external low-voltage power domains.
tttWhen SYS_EN is de-asserted, optionally remove external high-voltage power domains.
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Figure 3-2. Power Manager and Internal Power Domain Block Diagram
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Figure 3-3. Overview of Power Manager Modes of Operation

Reset Mode

any reset
asserted
reset
deasserted
- - - - - - - " - " - - - - - - -ty - - - - - - - - - - - - \
/ \
I Idle Normal Mode Sleep |
| instruction instruction |
| CPDIS=1
I
I Idle |
| instruction Make-up event
| Interrupt cppis=0,/ Standby ORNFault & XIDAE=1) I
OR (Fault &<IDAE=1) instruction Wake-up event |
I Inteprupt OR (Fault & XIDAEX1) I
| OR (Fauit & xIDAE=1) Wake-Uevent |
| v; OR (Fault & xIDAE= |
|\ Deep-ldle Mode Idle Mode Standby Mode Sleep Mode |
I =
— Fault &|xIDAE=0
I Fault & XIDAE=0 Fault & XIDAE=0 Deep-Sleep !
instruction OR |
| Fault & xIDAE=0 (Fault & xIDAEzq)
I
| Deep-Sleep Mode I
I
\ - y
3.6.1 Power Domains
The PXA27x processor has seven internal power domains (shown in Figure 3-2) and four 1/0
power supplies. All units within apower domain receive the same power and are powered on and
off together. These domains are generated from one of seven externally applied power supplies,
described in the Intel® PXA27x Processor Family EMTS,
The externa power supplies create the internally-generated power domains. Refer to the Intel®
PXA27x Processor Family EMTSfor more information.
3.6.2 Internal Voltage Regulators

To achieve lowest system power in sleep and deep-sleep modes, the external power supplies can be
disabled to prevent external regulator overhead power. Because the real-time clock (RTC),
32.768-kHz timekeeping oscillator, and power manager circuits must remain active, the PXA27x
processor contains three internal voltage regulators, described in the sections that follow:

* High-Current Linear Regulator (Section 3.6.2.1)
¢ Sleep/Deep-Sleep Linear Regulator (Section 3.6.2.2)
¢ Sleep/Deep-Sleep DC-DC Converter (Section 3.6.2.3)
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3.6.2.1 High-Current Linear Regulator
The external power supplies can be disabled in sleep and deep-deep modes. In these modes,
however, there might be many current active loads:

* Thereal-time clock, 32.768-kHz timekeeping oscillator, and power manager are always active
in these modes.

* The 13-MHz processor oscillator, OS timer, and power 12C units are selectively active, based
on software settings.

* |n sleep mode only, the internal SRAM banks can be placed in a state that retains data at the
expense of some current leakage.
The high-current linear regulator is always active in any of the following cases:

* The sleep/deep-sleep linear regulator and DC-DC converter are disabled by clearing
PCFR[L1 _EN] and PCFR[DC_EN]. For register details, see Section 3.8.1.8

* The 13-MHz processor oscillator is enabled.

* PCFR[OPDE] is set, attempting to disable the 13-MHz oscillator, but the 32.768-kHz
oscillator has not yet stabilized (OSCC[OOK] is clear) before entering the low-power mode.

 Any of theinternal SRAM banks or the power manager 1°C power domains are in a state-
retaining mode during sleep mode.

* The power manager 1%C power domain isin a state-retaining mode during deep-sleep mode.

3.6.2.2 Sleep/Deep-Sleep Linear Regulator

The sleep/deep-sleep linear regulator cannot supply high current. Thisregulator is used when all of
the following conditions apply (the sequence of setting the conditions is unimportant):

* The sleep/deep-sleep DC-DC converter is disabled (PCFR[DC_EN] is clear) and the
sleep/deep-dleep linear regulator is enabled (PCFR[L1_EN] is set). For register details, see
Section 3.8.1.8.

* The 13-MHz processor oscillator is disabled, and the 32-kHz oscillator has stabilized
(OSCC[OOK] is set) before entering the low-power mode.

* Theinternal SRAM banks and power manager 1°C power domain do not retain state during
sleep or deep-sleep modes.

* The power manager 1°C power domain and the OS timers are inactive.

3.6.2.3 Sleep/Deep-Sleep DC-DC Converter

There are very few active loads during the lowest power sleep or deep-sleep modes. In these cases,
the processor achieves best low-power efficiency when the internal DC-DC converter creates the
internal supply. The DC-DC converter is used when all of the following conditions apply (the
sequence of setting these conditions is unimportant):

* The sleep/deep-sleep DC-DC converter is enabled (PCFR[DC_EN] is set) and the sleep/deep-
sleep linear regulator is disabled (PCFR[L1_EN] isclear). For register details, see
Section 3.8.1.8.

* The 13-MHz processor oscillator is disabled and the 32-kHz oscillator has stabilized
(OSCC[OOK] is set) before entering the low-power mode.
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* Theinternal SRAM banks and power manager 1°C power domain are not in state-retaining
modes during sleep or deep-sleep.

* The power manager 12C power domain and the OS times are inactive.

The sleep/deep-sleep DC-DC converter requires the following external components:
¢ 0.1-uf capacitor connected between the PWR_OUT pin and ground
* 0.1-uf capacitor connected between the PWR_CAPO and PWR_CAP1 pins
* 0.1-uf capacitor connected between the PWR_CAP2 and PWR_CAP3 pins

These capacitors must be ceramic, unpolarized capacitors with low equivalent series resistance
(ESR).

Note:  No other connections are allowed on the PWR_OUT and PWR_CAP<3:0> pins. Failure to adhere
to this requirement can result in high currents, with associated potential for high temperature and
permanent damage to the processor and the system.

3.6.3 Power Manager I°C Interface

The PXA27x processor contains a dedicated 12C module for communicati ng with an externa
regulator. See Chapter 9, “ 1%C Bus Interface Unit” for afull description. The only differences
between the power manager 12C (PWR_I2C) and the standard 12C interfaces are the register
addresses, which are summarized in Section 9.6.

3.6.4 Power Faults and Imprecise-Data Abort

Upon assertion of NnBATT_FAULT or nVDD_FAULT, the processor enters the low-power deep-
sleep mode, either automatically or under the control of afault handler. See Section 3.6.10 for
details of deep-sleep mode. See Section 3.3.13 for descriptions of the fault signals.

After apower fault, the ensuing action occursin one of three ways, depending on the settings of the
corresponding BIDAE and VIDAE hits and the IAS bit in the Power Manager Control register
(PMCR—see Section 3.8.1.1 for register details):

¢ XIDAE clear—The processor immediately enters deep-sleep mode without issuing an
imprecise data abort or an interrupt to the core. All data and processor states are lost.

* XIDAE set, IAS clear—An imprecise data abort is issued to the processor core, which
immediately jumps to a pre-defined interrupt vector address. The imprecise data abort handler
must be in place to manage deep-sleep entry. Refer to the chapter “Handling Processor
Exceptions’ in the ARM* Developer Suite Developer Guide for more information.

* XIDAE set, IAS set—An interrupt isissued to the processor core. The interrupt handler must
be in place to manage deep-sleep entry. See Chapter 25, “Interrupt Controller” for more
information about the processor interrupts.

Note: When afault occurs—regardless of the method used to manage this fault—the processor must
enter deep-sleep mode. The software handler must not attempt to place the processor into any other
mode when a fault signal asserts.

In the last two cases (xIDAE set), the abort handler typically preserves critical cache and other data
before initiating the deep-sleep entry with awrite to the PWRMODE register.
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Note:

3.6.6

3.6.6.1
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The time available for the abort handler to take other actions, such as completion of current
routines, depends upon how long the external regulator system can continue to supply power after
the assertion of a power fault.

In some cases, such as during sleep mode while some units are retaining states, the wake-up
latency and the abort handler’s execution require more time than is available while the external
supply ramps down. In these cases, clear xIDAE to force an immediate deep-sleep entry.

Modifying Power Modes

Coprocessor 14, register C7 (PWRM ODE—see Section 3.8.3.2 for register details) initiates the
following power-mode changes when the corresponding bit is set:

* PWRMODE[VC] initiates a voltage-change sequence. See Section 3.7.2 for details.

* PWRMODE[M] initiates the power mode corresponding to the value written to this bit field:
normal, idle, deep idle, standby, sleep, or deep sleep. Section 3.6 summarizes these power
modes, and the following subsections describe them in detail.

Legal values can be written to both VC and M in the same write operation. When awrite to
PWRM ODE occurs, the processor implements the requested power-mode change and clears
PWRMODE automatically.

(2) If CPSR[1] and CPSR[F] are set to mask the interrupt in the core before changing the power
mode, the processor continues with the power-mode change despite any pending interrupts. In this
case, if the power mode is sleep or deep sleep, and if there was a pending interrupt, the interrupt
information is lost after waking from the mode. To avoid this situation, software must clear
CPSR[I] and CPSR[F] before entering the power mode.

(2) Any two writes to CLKCFG or PWRMODE must be separated by six 13-MHz cycles. This
requirement is achieved by reading CCCR and then comparing its value to the CLKCFG or
PWRMODE register.

(3) If the memory controller is configured for synchronous external flash memory, it loses the
synchronous configuration upon entry into sleep or deep-sleep mode. If PSLR[SL_ROD] is set,
then NRESET_OUT does not get asserted. Thus, the external flash memory is still configured as
synchronous, whereas the memory controller is configured for asynchronous operation. Software
must manage this potential mismatch. See Section 6.5.2.1, “ Synchronous Static Memory
Configuration Register (SXCNFG)” on page 6-57 for more information.

Idle Mode

Idle mode allows stopping only the CPU clock during periods of processor inactivity, while
continuing to monitor interrupt service requests. Idle mode is entered when PWRMODE[M] =
0b001. Generation of all other clocks remains unchanged so that, when an interrupt occurs, the
CPU isquickly re-activated at the point where it entered idle mode. During idle mode, all other on-
chip resources are active.

Thismode is called deep-idle mode when CCCR[CPDIS] is set and PWRMODE[M] = 0b001.

Preparation for Idle Mode

Before entering idle mode, enable any interrupts to be used as wake-ups from idle mode.
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Idle mode does not stop the bus clocks and does not alter any of the peripheral clocks, including the
memory and LCD controllers. Thus, no additional steps are required (with respect to the peripheral
clocks) before entering idle mode.

3.6.6.2 Entering Idle Mode

To enter idle mode, first complete the preparations listed in Section 3.6.6.1. Then, write the
appropriate value to the M hit field in the PWRMODE register (see Section 3.8.3.2). When the
write to PWRMODE occurs, the following steps occur in order:

1. All processor activity is stopped. All interrupt requests to the CPU core are held.
2. All CPU loads are completed. CPU stores are sent to the system bus.
3. The CPU clock is halted.

4. Interrupts are no longer held and are recognized as wake-up sources from idle mode.

3.6.6.3 Behavior During ldle Mode

During idle mode, all peripherals and system resources are fully operational, except that the CPU
clock is stopped.

The only difference from normal peripheral operation isthat any enabled interrupt can awaken the
processor from idle mode, regardless of the state of ICMR (see Section 25.5.4, “Interrupt
Controller Mask Registers (ICMR and ICMR2)” on page 25-19).

If normal interrupt masking is required, disable thisfeature by setting the disable idle mask hit,
ICCR[DIM] (see Section 25.5.6, “Interrupt Controller Control Register (ICCR)” on page 25-27).

If ICCR[DIM] isclear and idle-mode wake-ups from a specific unit are not wanted, the unit’s
interrupt must be disabled at the unit level.

Note: (1) Additional interrupt latency is caused by holding interrupt requests while the CPU loads are
completed and CPU stores are sent to the system bus. This latency varies with the number, source,
and destination of loads and stores, as well as with other bus activity.

(2) The watchdog timer, if enabled, is functional during idle mode and generates a watchdog reset
if OSMR register 3 matches the OS timer counter.

3.6.6.4 Exiting Idle Mode

Idle mode ends with the assertion of either of the following idle-mode wake-up events:
* Any enabled interrupt, regardless of the state of ICMR.
¢ Assertion of nBATT_FAULT or nVDD_FAULT (see Section 3.6.4 for details of the ensuing
action).
Following the assertion of an idle-mode wake-up event, the following occurs:
1. The CPU clock is restarted.

2. The processor continues execution at the next instruction after the write to PWRMODE or at
the entry point to the imprecise-data abort or interrupt handler.
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Note: Any two writesto the CLKCFG or PIWRM ODE registers must be separated by at least six 13-MHz
cycles. To meet this requirement, read CCCR and then compare its value to the CLKCFG or
PWRMODE register.

3.6.7 Deep-ldle Mode

Deep-idle mode is a combination of 13M mode and the processor idle feature. Deep-idle modeisa
transition into idle mode from 13M mode. Refer to Section 3.6.6 for idle mode and Section 3.5.7.7
for 13M mode.

Refer to the Intel® PXA27x Processor Fami ly EMTSfor appropriate VCC_CORE voltage setting
in deep-idle mode.

When CCCR[CPDI ] is set and PWRMODE[M] = 0b001, this mode is referred to as deep-idle.

3.6.8 Standby Mode

Standby mode is alow-power mode in which power consumption is reduced bel ow the normal
static power consumption while the processor retains state. All processor activity stops, except for
the real-time clock (RTC) and the clocks and power manager. Since internal activity has stopped,
recovery from standby mode must be through an external or RTC event. At recovery, execution
resumes at the instruction following the write to the PIWRM ODE register (see Section 3.8.3.2).

Unit state retention during standby mode is as follows (see the block diagram in Figure 3-2):
* Thefollowing units always retain state:
— CPU powered by VCC_CPU (internal domain)
— Peripheral units powered by VCC_PER (internal domain)
* The following units may optionally retain state:

— Internal SRAM banks, powered by VCC_SRAM or VCC_REG (internal domain)
(depending on low-power mode)

— Power manager 12C unit and 13-MHz timer, powered by VCC_PI (internal domain)
* ThePLLsare automatically disabled in standby mode.

Note:  Any two writesto the CLKCFG or PWRMODE registers must be separated by six 13-MHz cycles.
To meet this requirement, read of CCCR and then compare its value to the CLK CFG or
POWERMODE register.

Refer to the Intel® PXA27x Processor Fami ly EMTSfor appropriate VCC_CORE voltage setting.

3.6.8.1 Preparation for Standby Mode

Before entering standby mode, complete the following steps:

1. Set the standby-mode unit-retention bitsin the Standby Configuration register (PSTR) for any
units that must retain state during standby mode (see Section 3.8.1.12 for register details).

2. Configure the memory controller to ensure that SDRAM contents are maintained during
standby mode (all required boot sequences must be complete). See Chapter 6, “Memory
Controller” for details.
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Stop or disable all peripheral units except the RTC and, optionally, the OS timer. Also, if the
keypad is configured as the wake-up source, do not disable the keypad controller.

The other peripherals do not function normally because the clocks are stopped. Thisincludes
the LCD controaller; thus, unless the external LCD can sustain operation without constant pixel
information, disable the external LCD and the LCD controller.

Program the following registers to enable the standby-mode wake-up sources:
Section 3.8.1.4 — Power Manager Wake-Up Enable Register (PWER)
Section 3.8.1.15 — Power Manager Keyboard Wake-Up Enable Register (PKWR)
Section 3.8.1.5 — Power Manager Rising-Edge Detect Enable Register (PRER)
Section 3.8.1.6 — Power Manager Falling-Edge Detect Enable Register (PFER)

If low-power operation isrequired, set PCFR[OPDE] to disable the 13-MHz processor

oscillator (see Section 3.8.1.8 for register details). In this case, wait until PCFR[OOK] is set
before entering standby mode.

If fast wake-up isrequired, clear PCFR[OPDE] to keep the oscillator on during standby.

After exiting standby mode, the code/data fetches by the core must not resume from the
memory space that cannot be accessed due the PSSR[PH] bit being set by hardware.

Note: The GPIO block is not reset in standby mode. Hence, the GPIO alternate functions are restored
automatically after standby mode to their states immediately preceding standby mode.

3.6.8.2 Entering Standby Mode

To enter standby mode, first complete the preparations listed in Section 3.6.8.1. Then, write the
appropriate value to the M-bit field in the PWRMODE register (see Section 3.8.3.2). The following
steps occur when the write to PWRM ODE occurs:

1

S O A\

All processor activity is stopped. All interrupt requests to the processor are held.

All CPU loads are completed. All CPU stores are sent to the system bus.

The CPU clock is halted.

All new transactions from the USB host, LCD controller, and DMA controller are ignored.
The memory controller completes all outstanding transactions in its buffers.

The memory controller places the SDRAM in self-refresh mode and drives the
NRAS/NSDCS<3:0> and NnCAS/DQM<3:0> pinsto their self-refresh states.

7. All PLLs are disabled.
8. If PCFR[OPDE] and PCFR[OOK] are set, the 13-MHz processor oscillator is disabled.
9. Thecircuits that activate the low-current mode are energized for the following units:

— unitsin the VCC_CPU and VCC_PER power domains (see the block diagram in
Figure 3-2)

— units selected by the PSTR[standby mode unit retention] hits.

10. Units not selected by the PSTR[standby mode unit retention] bits are powered off.
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3.6.8.3

3.6.8.4
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Behavior in Standby Mode

In standby mode, all clocks are disabled except those for the power manager and the RTC. No
interrupts are recognized. No external pin transitions are recognized other than valid wake-up
signals, reset signals, nBATT_FAULT, and nVDD_FAULT.

The power manager watches for wake-up events that were programmed prior to entering standby
mode (see Section 3.6.8.1 for more information about wake-ups). Refer to the Intel® PXA27x
Processor Family EMTSfor GPIO timing specifications.

Deep-sleep entry due to a power fault (NVDD_FAULT or nBATT_FAULT asserted) normally
occurs as described in Section 3.6.4. But in standby mode, with the corresponding PM CR[xIDAE]
bit set, the imprecise data abort or interrupt is not issued immediately. Instead, the power-fault
event appears to the power manager first as a standby-mode wake-up. The power-fault abort is sent
to the processor core only after exit from standby mode is complete. Thus, there is additional
latency between the assertion of a power fault and its recognition.

If this additional latency is unacceptable, clear the corresponding PM CR[xIDAE] bit. In this case,
entry into deep-sleep mode occurs immediately, but controlled entry using software is not possible.

Exiting Standby Mode
The following occurs after the assertion of a pre-programmed standby-mode wake-up event or the
assertion of NnBATT_FAULT or nVDD_FAULT with the corresponding PMCR[xIDAE] bit set:

1. If standby mode was entered with PCFR[OPDE] set, the 13-MHz processor oscillator gets re-
enabled and allowed to stabilize.

If PCFR[OPDE] is clear, the 13-MHz processor oscillator is already enabled and has
stabilized.

2. If any of the standby-mode unit-retention bits are clear, power is restored to the selected unit.

3. ThePLLsarerestarted according to the corresponding values in the Core Clock Configuration
register and allowed to stabilize.

4. The CPU clock is restarted. Interrupts are no longer held.

5. The processor resumes execution at the next instruction after the writeto PWRM ODE or at the
entry point to the imprecise data abort or interrupt handler.

6. The standby-mode configuration is automatically cleared in the PWRM ODE register.

7. The SDRAM must be brought out of self-refresh mode, which requires that the SDRAM
controller be switched to itsidle state. See Chapter 6, “Memory Controller” for details on
configuring the SDRAM interface.

If NnBATT_FAULT or nVDD_FAULT is asserted:

* |f the corresponding PM CR[xIDAE] bit is set, the regular standby-mode exit sequence occurs.
The abort handler can then enter deep-sleep mode under controlled conditions, alowing
software to save critical data. See Section 3.6.4 for more information about the abort handler.

* |f the corresponding PMCR[XIDAE] bit is clear, the processor exits standby mode without
performing steps 1-7 and immediately enters deep-sleep mode.
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3.6.9 Sleep Mode

Sleep mode offers even lower power consumption by powering off most units. The increased
latency for this low-power mode is that all states are lost. There is no activity inside the processor,
except for the units programmed to retain their state in the PSLR register, the real-time clock, and
the clocks and power manager. Because internal activity has stopped, recovery from sleep mode
must occur through an external or areal-time clock event. All processor states are reset, and
recovery begins with the required boot sequence (see Section 3.4 for information about boot
sequences).

In sleep mode, the external low-voltage power domains can be disabled externally to further lower
the system power consumption. See Figure 3-2 for information on the power domains.

3.6.9.1 Preparation for Sleep Mode

Follow these steps before entering sleep mode:

1. For unitsthat must retain their states during sleep, set the appropriate sleep-mode unit-
retention bitsin the Sleep Mode Configuration register (PSLR—see Section 3.8.1.11). The
unitsthat can retain state are the internal SRAM banks and the PI power domain (timer and
power 12C). The PLLs are disabled automatically.

2. Program PSLR[SYS DEL] and PSLR[PWR_DEL] for the number of 32.768-kHz
timekeeping oscillator cycles required for the external power supplies to stabilize (the default
reset valueis 125-ms delay for each).

3. For lowest power consumption, enable the sleep/deep-sleep DC-DC converter (see
Section 3.6.2.3) by setting PCFR[DC_EN].

If PCFR[DC_EN] isclear and PCFR[L1_EN] is set, the sleep/deep-sleep linear regulator is
enabled. If both PCFR[DC_EN] and PCFR[L1_EN] are clear, the high-current linear regulator
isenabled.

Note: Do not set both PCFR[DC_EN] and PCFR[L1_EN] at the same time.

4. Disable the LCD controller, unless the external LCD panel has a built-in frame buffer and can
operate while the pixel clock is stopped. See Chapter 7, “LCD Controller” for more
information.

5. Configure the appropriate power manager registers for the sleep-mode wake-up sources:

Section 3.8.1.4 — Power Manager Wake-Up Enable Register (PWER)
Section 3.8.1.15 — Power Manager Keyboard Wake-Up Enable Register (PKWR)
Section 3.8.1.5 — Power Manager Rising-Edge Detect Enable Register (PRER)
Section 3.8.1.6 — Power Manager Falling-Edge Detect Enable Register (PFER)
Section 3.8.1.9 — Power Manager GPIO Sleep-State Registers (PGSRX)
Note: Asthe PGSRx registers get loaded onto the processor GPIO outputs, initialize these to the correct

state. For example, pins related to the static and synchronous-memory chip selects need to be de-
asserted, and PC Card control pins must be either de-asserted or floated.

6. For lowest-power operation, set PCFR[OPDE] to disable the 13-MHz processor oscillator
(see Section 3.8.1.8 for register details). In this case, wait until PCFR[OOK] is set before
entering sleep mode.

For fastest wake-up, clear PCFR[OPDE] to keep the oscillator running during sleep mode.

7. Preparefor possible power faults (assertion of nVDD_FAULT or nBATT_FAULT and
subsequent deep-sleep entry) as described in Section 3.6.4.
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3.6.9.2

Note:

3.6.9.3

3-46

Entering Sleep Mode

The GPIO block is reset in sleep mode. Therefore, the GPIO alternate functions must be re-
programmed after sleep exit.

Entry into sleep mode occurs when the sleep configuration is written to the M-bits in the

PWRMODE register (see Section 3.8.3.2).

The following sequence occurs when the sleep configuration is written to PWRM ODE:
1. All processor activity stop and all interrupt requests to the processor are ignored.

All CPU loads are completed and CPU stores are sent to the system bus.

The CPU clock is halted.

All new transactions from the USB host controller, LCD controller, and DMA controller are
ignored.

The memory controller completes al outstanding transactions in its buffers.

6. The memory controller places the SDRAM in self-refresh mode and drives the
NRAS/NSDCS<3:0> and NnCASDQM<3:0> pinsto their self-refresh state.

7. ThePLL clock sources and their outputs are disabled.

0w

o

8. The power manager switches the GPIO output pinsto the sleep states programmed in the
PGSR registers.

9. If PCFR[OPDE] and OSCC[OOK] are set, the 13-MHz processor oscillator is disabled.

10. Aninternal reset (reflected externally by the assertion of the NRESET_OUT pin if
PSLR[SL_ROD] isclear) is generated to the CPU, to periphera logic powered by VCC_PER
(internal domain), and to all units not selected by the sleep-mode unit-retention bits.

11. Thelow current state retention circuitry is enabled for the units that are selected by the sleep-
mode unit-retention bits.

12. The units not selected by the sleep-mode unit-retention bits are powered off.

13. The power supply to the clocks and power manager, RTC, and any units selected by the sleep-
mode unit-retention bitsis switched from VCC_CORE to VCC_OSC (internal domain). The
internal SRAM banks selected by the sleep-mode unit-retention bits are switched from
VCC_SRAM to VCC_OSC (interna domain).

14. The PWR_EN pin is de-asserted. Optionally, disable the external |ow-voltage power domains
to minimize power consumption.

Behavior in Sleep Mode

In sleep mode, all clocks are disabled to the processor and to all peripherals except the RTC.
However, if the keypad is configured to be the wake-up source, do not disable the keypad
controller. No interrupts are recognized, and no external pin transitions other than valid wake-up
signals, reset signals, and the power fault (nVDD_FAULT and nBATT_FAULT) signalsare
recognized. The nVDD_FAULT pinisignored if PSLR[IVF] is set.

The power manager watches for pre-programmed wake-up events that the CPU configures prior to

entering sleep mode. Refer to the Intel® PXA27x Processor Family EMTSfor GPIO timing
specifications.
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The processor does not recognize the imprecise data abort or interrupt during sleep mode.
Therefore, if the corresponding PMCR[xIDAE] bit is set, the assertion of nVDD_FAULT or
NBATT_FAULT appears to the processor as a wake-up event from sleep mode. Once the processor
has exited sleep mode, an imprecise data abort or interrupt is reported to the core. See Section 3.6.4
for more information on these power faults and their management.

If nVDD_FAULT or nBATT_FAULT isasserted and if the corresponding PMCR[xIDAE] bit is set,
the processor does not issue the imprecise data abort or interrupt until sleep-mode exit completes.
If this additional latency is unacceptable, the corresponding PMCR[xIDAE] bit must be cleared
before entering sleep mode. In this case, however, assertion of the power fault resultsin the
immediate loss of all processor states, with no software-controlled entry into deep-sleep mode.

3.6.9.4 Sleep Exit

Thefollowing occurs after the assertion of a pre-programmed sleep-mode wake-up event while the
nVDD_FAULT and nBATT_FAULT pins are not asserted ("WVDD_FAULT isignored if
PSLR[IVF] is set):

1. PWR_EN isasserted, enabling the external low-voltage power domains.

2. The processor waits the number of 32.768-kHz timekeeping oscillator cycles specified by the
PSLR[PWR_DEL] bits.

3. The power supply to the clocks and power manager, RTC, and any units selected by the sleep-
mode unit-retention bitsin PSLR is switched from VCC_OSC to VCC_CORE or from
VCC_0OSC to VCC_SRAM.

4. If sleep mode was entered with PCFR[OPDE] set, the 13-MHz processor oscillator is enabled
and allowed to stabilize.

5. If any of the sleep-mode unit-retention bits are clear, power to the selected units is restored.

6. The PLLsarerestarted with the corresponding valuesin the Core Clock Configuration register
and allowed to stabilize.

7. The sleep-mode configuration in the PWRMODE register is cleared.

8. ThenRESET_OUT pin, if asserted, is de-asserted, indicating that the processor is about to
perform afetch from the reset-vector location. The processor internal reset is de-asserted.

9. The CPU begins the required boot sequence (see Section 3.4 for information about boot
sequences), which includes the following items:

a. Software must bring the SDRAM out of self-refresh mode, which requires that the
SDRAM controller be switched to its idle state. See Chapter 6, “Memory Controller” for
details on configuring the SDRAM interface.

b. All unitsin the PXA27x processor, except those listed in Table 3-2, begin with their
predefined reset conditions.

¢. Software must examine the Reset Controller Status register (RCSR[SMR]) to determine
that the reset source was a sleep-exit reset and the Sleep Status register (PSSR[SSS]) to
determine the reason for being in sleep mode.

d. If the Scratch Pad register (PSPR) was used for saving any general processor state during
sleep mode, the state can be recovered.

Note: If sleep mode was entered while the processor was in turbo, half-turbo or fast-bus mode, the sleep-
mode exit returns the processor to normal run mode. If sleep mode was entered while in 13M
mode, the sleep-mode exit returns the processor to 13M mode.
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3.6.10

3.6.10.1

Note:
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Deep-Sleep Mode

Deep-sleep mode offers the lowest power consumption by powering most units off. The increased
latency for this low-power modeisthat al stateislost and there is no activity inside the processor,
except for the real-time clock (RTC) and the clocks and power manager. Because internal activity
has stopped, recovery from deep-sleep mode must be through an external event or an RTC event.
Because all state has been lost, the state of the processor is reset, and recovery begins with the
required boot sequence (see Section 3.4 for information about boot sequences).

In deep-seep mode, all the power supplies (VCC_CORE, VCC_SRAM, VCC PLL, VCC_IO,
VCC_LCD, VCC _USIM, VCC _USB, VCC BB, and VCC_MEM) excluding VCC_BATT can be
powered off for minimized power consumption.

If deep-sleep mode was entered with a software write to the PWRM ODE register, deep-sleep can
be exited by correctly programming the PWER, PFER and PRER registers for the RTC wake-up
event and awake-up event on GPIO<3>, GPIO<1>, or GPIO<0>. If deep-sleep mode was entered
dueto apower fault (assertion of nBATT_FAULT or nVDD_FAULT), then exit from deep-deep is
limited to a wake-up event on GPIO<1> or GPIO<0>. The PWER, PFER, and PRER registers are
automatically forced to their reset valuesin this case.

Preparation for Deep-Sleep Mode

Complete the following steps before entering deep-sleep mode:

1. For any units that must retain state during deep-sleep mode, set the sleep-mode unit-retention
bitsin the Sleep Mode Configuration register (see Section 3.8.1.11). Only the unitsin the Pl
power domain (RTC and power manager IZC) can retain state. The PLLs are disabled
automatically.

2. Program the SYS DEL and PWR_DEL bitsin PSLR for the number of 32.768-kHz
timekeeping oscillator cycles required to stabilize the external power supplies (the reset value
is 125ms delay each).

3. For lowest power consumption, enable the sleep/deep-sleep DC-DC converter (see
Section 3.6.2.3) by setting PCFR[DC_EN].

If PCFR[DC_EN] isclear and PCFR[L1_EN] is set, the sleep/deep-deep linear regulator is
enabled. Otherwise, the high-current linear regulator is enabled.

Do not set PCFR[DC_EN] and PCFR[L1_EN] at the same time.

4. The memory controller sends the self-refresh command to the SDRAM banks. Ensure that the
supply to the SDRAM isnot removed if state retention is required during deep-sleep mode.
See Chapter 6, “Memory Controller” for more details.

5. Disablethe LCD controller. LCD operation during deep-sleep mode is possible only with an
external LCD panel that has a built-in frame buffer.

6. Initialize the appropriate power manager registers to determine the deep-sleep wake-up
SOUrces:

*  Power Manager Wake-Up Enable register (PWER)

*  Power Manager Falling-Edge Detect Enable and Power Manager Rising-Edge
Detect Enable registers (PFER and PRER)

e Power Manager GPIO Sleep-State registers (PGSR0, PGSR1, PGSR2 and
PGSR3).
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Because the PGSRX registers get loaded onto the GPIO outputs, be careful to initialize these to the
correct states—for example, pins related to the static and synchronous memory chip selects, PC
Card control, and so forth must be floated. When SYS_EN is de-asserted and the power domains
are powered off, all GPIOs float. However, if software is configured to maintain power during
deep-sleep maode, the GPIOs default to the pull-up, pull-down reset state as indicated in the | ntel®
PXA27x Processor Family EMTS Pin Usage section for reset states and the GPIO AC Timing
Specification section for timing details.

7. For lowest-power operation, set PCFR[OPDE] to disable the 13-MHz processor oscillator
(see Section 3.8.1.8 for register details). In this case, wait until PCFR[OOK] is set before
entering sleep mode.

8. For fastest wake-up, clear PCFR[OPDE] to keep the oscillator running during sleep mode.

Entering Deep-Sleep Mode

Entry into deep-sleep mode occurs at any of the following deep-sleep entry events:

* The deep-sleep configuration is written to the mode bits in the PWRMODE register (see
Section 3.8.3.2).

* ThepinnBATT_FAULT or nVDD_FAULT is asserted while the corresponding xIDAE bit is
Clear.

e NBATT_FAULT or nVDD_FAULT is asserted while exiting from deep-sleep mode.

The following sequence occurs when the deep-sleep configuration is written:
1. All processor activity is stopped and all interrupt requests to the processor are ignored.
2. All CPU loads are completed, and CPU stores are sent to the system bus.
3. The CPU clock is halted.

The sequence begins hereif nBATT_FAULT or nVDD_FAULT is asserted while the
corresponding xIDAE bit is clear:

4. All new transactions from the LCD controller or DMA controller are ignored.
5. The memory controller completes all outstanding transactionsin its buffers.

6. The memory controller places the SDRAM in self-refresh mode and drives the
NRAS/NSDCS<3:0> and n"CAS/DQM<3:0> pinsto their self-refresh state.

If nVDD_FAULT or nBATT_FAULT isasserted during the sleep or deep-deep exit sequence,
deep-sleep mode is re-entered here:

7. The power manager switches the GPIO output pinsto the sleep state programmed in registers
PGSRO-3.

8. If the deep-sleep sequence was entered because of the assertion of nVDD_FAULT or
nBATT_FAULT, regardless of the state of the corresponding xIDAE bit, the following actions
occur:

a. All wake-ups detected at this point are cleared (all GPIO edge-detects and the RTC alarm
interrupt).

b. The power manager wake-up source registers (PWER, PRER and PFER) are |oaded with
the value 0x0000_0003, the reset state after a hardware reset, which limits the potential
wake-up sources to arising or faling edge on GPIO<0> or GPIO<1>. This wake-up fault
state prevents spurious events from causing an unwanted wake-up when a problem
develops with the main battery or a power supply.
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9. The PLL clock sources and their outputs are disabled.
10. If PCFR[OPDE] and OSCC[OOK] are set, the 13-MHz processor oscillator is disabled.

11. Aninternal reset (reflected externally by the assertion of the n(RESET_OUT pin if
PSLR[SL_ROD] isclear) is generated to the CPU, to periphera logic powered by VCC_PER,
and to all units not selected by the sleep mode unit retention bits.

12. The low-current state retention circuitry is enabled for the units that are selected by the sleep-
mode unit-retention bits.

13. The units not selected by the sleep-mode unit-retention bits are powered off.

14. The power supply (VCC_REG) for the regulator that generates VCC_OSC is switched from
VCC_IOto VCC_BATT.

15. The power supply to the clocks and power manager, RTC, and any units selected by the sleep-
mode unit-retention bitsis switched from VCC_CORE to VCC_OSC.

16. The PWR_EN pinisde-asserted. Disable the external low-voltage power domainsto minimize
power consumption.

17. The SYS_EN pinisde-asserted. Disable the external high-voltage power domainsto minimize
power consumption. If any of these power suppliesis disabled, then al of the external low-
voltage power domains must also be disabled.

Behavior in Deep-Sleep Mode

In deep-sleep mode, all clocksto the processor and to all peripherals (except the RTC) are disabled.
Therefore, no interrupts are recognized, and no external pin transitions other than valid wake-up
signals, reset signals, and the nBATT_FAULT signal are recognized. The nVDD_FAULT pinis
ignored until the appropriate point in the deep-sleep wake-up sequence. ThenVDD_FAULT pinis
ignored if PSLR[IVF] is set.

The power manager watches for wake-up events that were programmed prior to entering deep-
sleep mode. Refer to the Intel® PXA27x Processor Family EMTSfor GPIO timing specifications.

In deep-sleep mode, the external GPIO wake-up sources are limited to GPIO<3:0>, unless the
deep-sleep entry was caused by nBATT_FAULT or nVDD_FAULT assertion. In this case, the
wake-ups are limited to GPIO<1:0>.

The imprecise data abort or interrupt is not recognized in deep-sleep mode. If nBATT_FAULT is
asserted during deep-sleep mode, the processor remains in deep-sleep mode.

Exiting Deep-Sleep Mode
The following occurs after the assertion of a pre-programmed deep-sleep mode wake-up event
while the nBATT_FAULT pin isnot asserted:

1. SYS EN isasserted, enabling the external high-voltage power domains.

2. The processor waits the number of 32.768-kHz timekeeping oscillator cycles specified by
PSLR[SYS DEL].

If PSLR[PSSD] is set, the processor shortens the wake-up sequence by asserting PWR_EN as
soon as al of the high-voltage power supplies signal that they are powered on.

3. The PWR_EN signal is asserted, enabling the external low-voltage power domains.

4. The processor waits the number of 32.768-kHz timekeeping oscillator cycles specified by
PSLR[PWR_DEL].
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If PSLR[PSSD] is set, the processor shortens the wake-up sequence by cutting short the
PSLR[PWR_DEL] counting as soon as all of the low-voltage power supplies signal that they
are powered on.

Beyond this point, if "'VDD_FAULT is asserted, the processor switches back into deep-sleep
mode.

The power supply to the clocks and power manager, the RTC, and any units selected by the
PSL R[slegp-mode unit-retention] bitsis switched from VCC_OSC to VCC_CORE.

The power supply (VCC_REG) to the regulator that generates VCC_OSC is switched from
VCC _BATT toVCC_IO.

If deep-deep mode was entered with PCFR[OPDE] set, the 13-MHz processor oscillator is
enabled and allowed to stabilize.

If any of the PSLR[sleep-mode unit-retention] bits are clear, power to the selected unit is
restored. If any of the PSLR[sleep-mode unit-retention] bits are set, the low-current state-
retention circuitry is disabled, and power to the selected unit is restored.

The PLLs are reprogrammed with the corresponding valuesin the Core Clock Configuration
register and allowed to stabilize.

The deep-sleep configuration in the PWRMODE register is cleared.

If it is asserted, the NRESET_OUT pin is de-asserted, indicating that the processor is about to
perform afetch from the reset-vector location. The processor’sinterna reset is de-asserted.

The CPU begins the required boot sequence (see Section 3.4 for information about boot
sequences), which includes the following items:

a. Software must bring the SDRAM out of self-refresh mode, which requires that the
SDRAM controller be switched to itsidle state. See Chapter 6, “Memory Controller” for
details on configuring the SDRAM interface.

b. All processor units, except those listed in Table 3-2, begin with their predefined reset
states.

c. Software must examine the Reset Controller Status register (RCSR[SMR]) to determine
that the reset source was a slegp-exit reset from deep-sleep mode and the Sleep Status
register (PSSR) to determine the reason for being in deep-sleep mode.

d. If the Scratch Pad register (PSPR) was used for saving any general processor states during
deep-seep mode, the states can be recovered.

If deep-sleep mode was entered while the processor was in turbo, half-turbo or fast-bus mode, the
deep-slegp exit returns the processor to normal run mode. |f deep-sleep mode was entered while the

processor was in 13M mode, the deep-sleep exit returns the processor tol3M mode.

Initial Power-On and Deep-Sleep Exit Sequence

As shown in Figure 3-4, the external voltage regulator supplies the high-voltage and low-voltage
power supplies to the processor. The external voltage regulator also sources the nBATT_FAULT
and nVDD_FAULT signalsto the processor. The processor’'s SYS _EN and PWR_EN signals

control the high (VCC_IO, VCC_MEM, VCC_LCD, VCC_BB, VCC_USB, and VCC_USIM) and

low (VCC_CORE, VCC_SRAM, VCC_PLL) voltages, respectively.
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Figure 3-4.  Typical System Diagram
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The state diagram in Figure 3-5 shows typical steps taken by the power manager whileinitialy
powering up and while exiting from deep-sleep mode. Based on the wake-up events and states of
the nBATT_FAULT and nVDD_FAULT signals, the processor exits from deep-sleep mode and
enters the normal power mode. Refer to the Intel® PXA27x Processor Family EMTSfor timing
information on the initial power-on sequence and the deep-sleep exit sequence.
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Figure 3-5. Initial Power-On and Deep-Sleep Exit States

Q = Power manager powered by VCC_CORE

O = Power manager powered by VCC_BATT
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3.6.12 Summary of Power Modes

The power modes follow the entry and exit sequences shown in Table 3-12. The total latency of the
entry into each sequenceisthe sum of the latencies at each step. The remaining latency visible to

software depends on latency in the boot up or interrupt service routine.

Table 3-12.  Summary of Power and Clock Mode Sequences (Sheet 1 of 2)

In

— L>>"q‘n? o E‘ o o o
Description of Action = So s | 2181|849
= i - | S |®» |00
<= n
Write to CP14 PWRMODE register (software); interrupts gated off. CPU 1CPU X X X X
All current instructions, including incomplete fetches, completed. CPU ? CPU X X X X
All outstanding stores completed. CPU ? SB X X X X
Wait for synchronization. Halt CPU clock. CPM <20 CPU X X X X
Entry point for sleep/deep-sleep entry, XIDAE bits clear
Deny all bus requests (from LCD, USB-H, DMA, CPU, or memory CPM 1SB N N X
controller).
Complete all memory controller transactions (allow memory controller
requests). MEM ? SB X X X
Place SDRAM in self-refresh mode.
Switch GPIO output pins to sleep state in PGSR registers. CPM 1SB X X
Re-Entry point for sleep/deep-sleep entry, Fault pin asserted during exit sequenc
Clear all wake-up sources; set PWER, PRER, PFER to 0x0000 0003 if
entered from FAULT pin. CPM 158 x X
Synchronize clocks and power manager. <4 13M
. . CPM X X X
Switch clock sources if needed. <8 SB
Disable PLLs if appropriate (OPDE set, xPDIS set). CPM 2 13M X X X
S_thch clocks an_d power manager from 13M to 32k clock if OPDE set and CPM 332k X . N
disable 13M oscillator.
Assert reset to internal units if appropriate. X
CPM 132k
Assert NRESET_OUT.
Zrc]);ver off/standby selected units according to the mode’s retention units if CPM 2 32K X N N
Deassert PWR_EN. CPM 2 32k X
Deassert SYS_EN. CPM 2 32k X
Power/clock mode entry sequence completed; waiting for external wake-up event
Enable wake-up events/interrupts to CPU. CPM 132k X X X X
Wake-up/interrupt received in clocks and power manager. CPM — X X X X
External wake-up synchronized to clocks and power manager clock. CPM 2 32k X X
Assert SYS_EN. CPM 132k X
Wait for ramp time set by SYS_DEL. CPM ? 32k X
Assert PWR_EN. CPM 132k X X
Wait for ramp time set by PWR_DEL. CPM ? 32k X X
The 13-MHz processor oscillator stabilizes if OPDE is set. CPM 64k* 13M X X X
Switch CPM to 13-MHz clock if OPDE set. CPM 2* 13M X X X
Power on internal units. CPM ? 13M X X X
Enable PLLs if appropriate (xPDIS clear) and wait for PLL to lock. CPM 1290 * 13M X X X
. <2 13M
Synchronize clocks and power manager. CPM <4 SB X X X
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Table 3-12.  Summary of Power and Clock Mode Sequences (Sheet 2 of 2)

— 3’@ 3 o o o

Description of Action c o 2|1 2(1819%%8

> g8 |7 3% %9
Enable I/0, clocks to all units, set PLL divider. CPM 3SB X X X
Release bus for all transactions. CPM 1SB X X X
Wait for synchronization. CPM <20 CPU X X X
Enable clocks, interrupts to CPU and begin execution. CPM 2SB X X X X
Deassert internal reset, NRESET_OUT. CPM 1SB X X
NOTES:

X

?
13M
32k
CPM
CPU
MEM
SB

Step is followed in the corresponding power mode
Variable

13-MHz processor oscillator

32.768-kHz timekeeping oscillator

Clocks and power manager

CPU

Memory controller
System bus

3.7

3.7.1

Voltage Manager Operation

The voltage manager provides dynamic and static voltage management to the processor through
the use of an 12C module (PWR_I%C) dedicated to communication with the external regulator. The
voltage manager provides the following features:

¢ Static (halted) or dynamic (operational) voltage change
* Upto32 12C commands automatically sent to external PWR_| 2C module

* Programmable delay between commands

The voltage manager consists of two primary components:
* Dedicated power manager 12C module (PWR_12C)

* Command sequencer

Power Manager I°C and Restrictions

The dedicated 12C modul e used by the voltage manager is nearly identical to the 12C described in
Chapter 9, “I1°C Bus I nterface Unit”. The power manager 1°C (PWR_12C) is optimized for
connection to the external voltage regulator only. The power manager 12C is afull-featured 1°C
module that can connect to other units, although operation during a voltage-change operation may
be limited.

Refer to the Intel® PXA27x Processor Family EMTSfor voltage-change timing specifications.
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Programming Restrictions

Except for the ICCR fixed selections, power manager 1°C isafull-function 1°C capable of all
normal operations, including master and slave, receive and transmit operation. The power manager
1°C supports standard-speed operation of 40 kbits/sec and fast- speed operation of 160 kbits/sec.
When used with the voltage-change sequencer, the power manager | 2c operates at standard speed
When used apart from the voltage-change sequencer, the power manager | c supports al | c
specifications. The PI2C_EN bit in register PCFR (see Section 3.8.1.8) must be set to use the
power manager 12C, either with or without the voltage-change sequencer.

The following condition applies when the voltage-change sequencer is operating, indicated by
hardware setting the PV CR[V CSA] (see Section 3.8.1.13):
* The power manager 12C registers (PCMDx and PV CR) are not writable and reads return
unknown val ues.

Thus, software must check PV CR[V CSA] before reading or writing to the power manager 1°C
registers and must read the registers following a write to ensure that the write occurred.
The following restrictions apply to the voltage-change sequencer:

* The sequencer allows a maximum of 32 commands in the transmission of data to the external
regulator.

¢ The sequencer allows only master-transmitter operations to a single, predefined slave.
* The sequencer does not send interrupts to the CPU.
* Only the standard-speed operation at 40 kbits/sec is used.

Voltage-Change Sequencer

The voltage manager contains a voltage-change sequencer, which automatically sends commands
to the external regulator when triggered by the voltage-change mode. The sequencer can send up to
32 commands, which can be categorized as dynamic commands and static commands.

Dynamic commands are executed when the core is running. The power manager requests the
voltage manager for command execution. The sequencer starts sending out the commands as soon
astherequest isreceived. The voltage manager acknowledges the power manager after completing
all of the commands.

Static commands are executed after clocks to the processor are disabled. Static commands are
transmitted by the voltage manager when voltage change is coupled with a frequency change (see
Section 3.7.6.3) or a power-mode change (see Section 3.7.6.4).

Voltage-Change Sequencer Controls
Thefollowing control bitsin PCFR (see Section 3.8.1.8), PVCR (see Section 3.8.1.13), and PCMD
(see Section 3.8.1.17) affect execution of a voltage-change sequence:

* Frequency/voltage change bit (PCFR[FV C])—When set, a frequency-change sequence also
triggers a voltage-change sequence.

* Read Pointer in PVY CR—These bits point to the PCM D register location that contains the
command to be sent out. The command sequence can start from any PCMD register by
programming these bits accordingly. After acommand is sent out, the read pointer increments
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to point to the next PCMD register location. The read pointer is not incremented if the current
command is the last command, asindicated by PCMD[LC] set.

¢ Delay command execution bit (PCMD[DCE])—If DCE is set in the current PCMD, a counter
(set by the command delay bits in PVCR) waits for a programmable number of 13-MHz
processor-oscillator cycles before continuing execution of the command. Thisis useful if a
longer period between commandsis required (for example, to allow for stabilization).

¢ Multi-byte command bit (PCMD[MBC])—If set, the voltage-change sequencer continues
sending bytes to the slave with no delay or handshaking with the power manager until a
command with PCMD[MBC] clear is executed. PCMD[SQC] and PCMD[LC] must be the
same for all bytes of a multi-byte command except for the last byte, which has PCMD[MBC]
clear and PCMDI[LC] set.

¢ Last command bit (PCMD[LC])—When clear, the voltage-change sequencer expects the
PCMD register at the next higher address to contain an additional command. If PCMDI[LC] is
clear in PCM D31, the PVCR read pointer rolls over to PCMDO after executing the command
in PCMD31. When PCMD[LC] is set, the voltage-change sequencer considers the current
command the last one and finishes after execution completes. Each voltage-change command
sequence must be terminated by setting PCMD[LC] for the last command in the sequence. The
PV CR read pointer is not incremented if PCMD[LC] is set.

3.7.2.2 Static Voltage-Change Sequence Configurations

Execution of the voltage-change sequence is controlled by the following configurations set by the
SQC bitsin PCMDx:

* Continue configuration (PCMD[SQC] set to Continue)—Execution of this command is
automatic when the command is read from PCMDx.

* Pause configuration (PCMD[SQC] set to Pause)—When this command is read, the voltage
manager sends atrigger to the power manager after executing the command. The PVCR read
pointer isincremented, but execution of the next command pauses until the power manager
issues a new request to the voltage manager.

3.7.2.3 Prerequisites for Voltage-Change Sequence

Configure the following items before initiating an automatic voltage-change sequence:
1. Set PCFR[PI’C_EN].

2. If the voltage-change sequence is to be used in conjunction with a clock frequency change, set
PCFR[FVC].

3. Program the required delay between commandsinto PV CR[Command Delay].
4. Program the address for the external voltage regulator into PV CR[Slave Address].

5. Configure the external voltage regulator as a slave with the same address that is specified in
PVCR[Slave Address].

6. Set all units on the power manager 1°C bus to slave-receive mode. They must be prevented
from transmitting on the 12C bus duri ng the voltage-change sequence.

7. Load PCMDx with the commands to be sent.
8. Write the starting command location to PV CR[Read Pointer].

| Intel® PXA27x Processor Family Developer’s Manual 3-57



u
Clocks and Power Manager Int6|®

3.7.2.4

3.7.2.5

3-58

Sequence Initiation

The first command in the Power Manager 1°C Command register file (PCMDx) isinitiated
immediately when the power manager sends a request to the voltage manager, triggered by either
of the following events:

* 0bl iswritten to PWRMODE[VC])
* Obliswritten to CLKCFG[F] while PCFR[FVC] is set.

Once the voltage-change sequence is initiated, reads from and writes to the power manager 1%C
module are ignored until the voltage-change sequence is complete. All registers return unknown
valuesif read, writes are ignored, and interrupts from power manager 12C are directed to the
automatic voltage-change sequencer instead of to the interrupt controller. This state is indicated
when PVCR[VCSA]. is set.

Each command is executed from PCMDx in order of increasing addresses, starting with the address
in PVCR[Read Pointer]. The command is executed if al of the following events have occurred:

1. PWRMODE[VC] is set, or Obl iswritten to CLKCFG[F], while PCFR[FVC] is set.

2. All previous (lower-address) commands have completed execution but did not set their LC
configuration.

3. If the Pause configuration was set for the previous command, then a request has been received
from the power manager.

Onceinitiated, PVCR[VCSA] is set and remains set until the voltage-change sequence is complete.
While VCSA is set, the power manager 12C registersignore writes and return undefined values if
read.

Command Execution

Each command is set up as a master-mode transmission to the slave device (the slave addressis
stored in (PVCR[Slave Address]). Because all commands use the same transmission type and slave
address, automatic communication is limited to asingle device. The voltage-change sequence
occurs automaticaly, as follows.

1. If Pauseis set in the previously transmitted PCMDx command, wait for a request from the
power manager.

2. 1f PCMDx[DCE] is set in the current command, count the specified number of 13-MHz
processor oscillator cycles.

3. Writethe Slave address to the Power 1°C Data Buffer register, Pl DBR[7:1]. Clear PIDBR[O].
See Section 9.5.4, “1°C Data Buffer Register (IDBR, PIDBR)” on page 9-29 for PIDBR
register details.

4. In the 1%C Control register, set the transmit-empty interrupt-enable (ITEIE), 12C unit enable,
(IUE), SCL enable (SCLEA), transfer byte (TB), and start (START) hits. This sends one byte
in master-transmit mode to the power manager 1°C bus. See Section 9.5.1, “12C Control
Registers (ICR, PICR)” on page 9-23 for PICR register details.

5. Wait for the IDBR transmit-empty interrupt, which automatically triggers the next step.

6. Read the Power 12C Status register (PISR), looki ng for the IDBR transmit-empty (ITE) and
unit-busy (UB) bitsto be set. See Section 9.5.2, “1“C Status Registers (ISR, PISR)” on page 9-
26 for PISR register details.

7. Read PISR to clear PISR[ITEIE].
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8. Write the currently-pointed-to PCM Dx[Command Data] to PIDBR[7:0].

9. Set PICR[ITEIE], PICR[IUE], PICR[SCLEA], and PICR[TB]. If PCMDXx[SQC] is set to
Pause for this command (indicating a pause after the command transmission), or if
PCMDx[MBC] is clear and PCMDXx[LC] is set (indicating the last command of the sequence),
set PICR[STORP]. This sends the command byte in master-transmit mode to the power 12C bus
with a stop bit to terminate the communication.

10. Wait for the IDBR transmit-empty interrupt, which automatically triggers the next step.
11. Read PISR, looking for PISR[ITE] and PISR[UB] to be set.

12. If the current PCMDx[MBC] bit is set, repeat steps 7-11 until acommand is executed in which
PCMDx[MBC] isclear.

13. If the current PCMDx[LC] or PCMDx[Pausg] is set:
a. Trigger the power manager to begin modification or power-off of the power supplies.
b. Trigger the power manager to re-enable the clocks.
c¢. Exit the voltage-change sequence and clear PVCR[VCSA].

14. If the current PCMDX[LC] is clear (PCMDXx[LC] is set to Continue), increment PV CR[Read
Pointer] and execute the next command. (repeat steps 1-14).

3.7.3 External Voltage Regulator Requirements

The external voltage regulator must meet the requirements described in the Intel® PXA27x
Processor Family EMTS,

3.7.4 Sending Commands Using Voltage-Change Sequencer

The voltage-change sequencer sends single-byte, multi-byte, or sets of single- and multi-byte
commands to the external regulator. These sequences can be used individually or as part of
complex power-mode voltage changes.

3.74.1 Single-Byte Command Voltage Change

Power manager 12C commands can be sent to the external regulator at any time. Sending asingle
command to the external regulator’s 1°C module is efficient, using direct software control of the
power manager 12C bus. This sequence is the basic building block for more complex change
sequences. To send a single command to the external regulator, use the following sequence, where:

n = number of the PCMD register containing the single-byte command (see Section 3.8.1.17)

1. Clear PCFR[FVC] (see Section 3.8.1.8) and PV CR[Command Delay] (see Section 3.8.1.13).
These functions are not required when sending a single command to the external regulator.

2. Program PV CR[Slave Address] with the external regulator’s 12C address. Because PCMD
register n contains the single-byte command, write n to PV CR[Read Pointer].

3. In PCMDn, clear the SQC, MBC and DCE bits. These functions are not required when
sending a single command to the external regulator.

4. Set PCMDn[LC], which indicates that this is the last command.
5. Program PCM Dn[Command Data] with the data to be sent to the external regulator.
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6.

Because PCMDn[LC] is set, the voltage-change sequencer ignores the remaining PCMD
registers.

Enable power manager 12C b}/ setting PCFR[PI2C_EN] before writing Ob1 to
PWRMODE[VC]. PCFR[PI . EN] must remain set as long as the power manager 1°C is
being used on the | 2C bus.

Execute the voltage-change sequence by setting PWRMODE[VC]. See Section 3.8.3.2 for
register details.

The voltage-change sequence begins as soon as PWRMODE[V C] is written with Obl. One byte
(PCMDn[Command Data)) is sent to the external regulator. When the sequence is complete,
PVCR[VCSA] iscleared.

Single, Multiple-Byte Command Voltage-Change

The voltage-change sequencer can send a multi-byte 1°C command to the external regulator at any
time. A multi-byte command is a single command that contains more than one byte of
PCMDx[Command Data]. These bytes are sent without delay or re-arbitration for the | 2C bus
between bytes, even if multiple masters are present on the bus. This sequence is abasic building
block for more complex sequences. To send a single, multi-byte command to the external regulator,
use the following sequence, where:

10.

n = number of the PCMD register containing the multi-byte command (see Section 3.8.1.17)
m = number of bytes to be sent

Clear PCFR[FV C] (see Section 3.8.1.8) and PV CR[Command Delay] (see Section 3.8.1.13).
These functions are not required when sending a single command to the external regulator.

Program PVCR[Slave Address] with the external regulator’s 12C address. Because PCMD
register n contains the multi-byte command, write n to PV CR[Read Pointer].

In registers PCM Dn through PCM Dn+m-1, clear the SQC and DCE bits. These functions are
not required when sending a single command to the external regulator.

In registers PCM Dn through PCM Dn+m-2, set the MBC bit. Setting MBC informs the
sequencer logic that the next highest PCMD register contains an additional byte of Command
Data to be sent as part of the command.

Clear PCMDn+m-1[MBC]. Clearing MBC informs the sequencer logic that the last byte of
Command Data for the command is in the current register.

In registers PCM Dn through PCM Dn+m-1, set LC. Thisindicates that the first command in
the PCMD is also the last (although the command contains several bytes).

In registers PCM Dn through PCM Dn+m-1, program Command Data with the data to be sent
to the external regulator.

Because PCMDn+m-1[LC] is set and PCMDn+m-1[MBC] is cleared, the voltage-change
sequencer ignores the remaining PCMD registers.

Enable power manager 1°C by 2/ setting PCFR[PI2C_EN] before writing Ob1 to
PWRMODE[VC]. PCFR[PI . EN] must remain set as long as the power manager 1°C is
being used on the | 2C bus.

Execute the voltage-change sequence by setting PWRMODE[V C]. See Section 3.8.3.2 for
register details.
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The voltage-change sequence begins as soon as PWRMODE[V C] iswritten with Obl. m bytes
(PCMDn through PCM Dn+m-1 Command Data) are sent to the external regulator. When the
sequence is complete, PVCR[VCSA] is cleared.

Multiple Single-Byte Command Voltage Change

The voltage-change sequencer can send up to 32 12C commands to the external regulator, with
programmabl e delays between commands. Such commands control the ramp rate of the external
regulator.

Regulators designed specifically for dynamic voltage control of the processor have built-in ramp
control that can be specified with a minimum number of 1°C commands. However, multiple I°C
commands might be required to control the ramp beyond the regulator’s built-in capability, or for
regulators without built-in ramp control.

Use the following sequence to send multiple single-byte commands to the external regulator,
where:

n = number of the PCMD register containing the first command (see Section 3.8.1.17)
m = number of commands to be sent

1. Clear PCFR[FVC] (see Section 3.8.1.8). This function is not required when sending multiple
commands to the external regulator.

2. Program PV CR[Command Delay] with the required delay between single-byte commands
(this delay can control the ramp rate). See Section 3.8.1.13 for register details.

3. Program PVCR[Slave Address] with the external regulator’s 12C address. Because PCMD
register n contains the first single-byte command, write n to PV CR[Read Pointer].

4. Inregisters PCMDn through PCMDn+m-1, clear the SQC and MBC bits. These functions are
not required when sending multiple single-byte commands to the external regulator.

5. Set PCMDn+m-1[LC]. Thisindicates that PCMDn+m-1 contains the last command.

6. Inregisters PCMDn through PCM Dn+m-1, program Command Data with the data to be sent
to the external regulator.

For each command that is to be delayed by PV CR[Command Delay], set PCMDx[DCE].
7. Because PCMDn+m-1[LC] is set, the sequencer logic ignores the remaining PCMD registers.

8. Enable power manager 1°C by setting PCFR(P! 2C_EN] before writing Ob1 to
PWRMODE[VC]. PCFR[PI“C_EN] must remain set as long as the power manager 1°Cis
being used on the 12C bus.

9. Execute the voltage-change sequence by setting PWRMODE[V C]. See Section 3.8.3.2 for
register details.

The voltage-change sequence begins as soon as PWRMODE[V C] iswritten with Obl. One byteis
sent to the external regulator for each PCMD register, for atotal of m bytes. Commands with
PCMD[DCE] set are delayed by PV CR[Command Delay] before being sent. When the sequenceis
complete, PVCR[VCSA] iscleared.
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Multiple Single- and Multi-Byte Command Voltage Change

Depending on the type of external regulator used, some commands may need to be single-byte
commands and others multiple-byte commands. Additionally, some commands may require adelay
between commands, while other commands may need to be sent immediately following the
previous command. Use the following sequence to send multiple, single, and multi-byte commands
to the externa regulator, where:

n = number of the PCMD register containing the first command (see Section 3.8.1.17)
m = number of commands to be sent
t = total number of command bytes to be sent

Clear PCFR[FVC] (see Section 3.8.1.8). Thisfunction is not required when sending multiple
commands to the external regulator.

Program PV CR[Command Delay] with the required delay between commands (this delay can
control the ramp rate). For register details, see Section 3.8.1.13.

3. Program PVCR[Slave Address] with the external regulator’s 1°C address.

4. Because PCMD register n contains the first command of the sequence, write n to PVCR[Read

Pointer].

For registers PCM Dn through PCMDn+t-1, clear the SQC hits, which are not required when
sending multiple commands to the external regulator.

For each multi-byte command of length m starting at location x:

a. Set MBC in registers PCM Dx through PCM Dx+m-2. MBC set indicates that the
following PCMD register contains an additional byte of command data.

b. Clear MBC in PCMDx+m. MBC clear indicates that the current PCMD register contains
the last byte of command data for the multi-byte command.

c. If adelay isrequired before executing the multi-byte command, set PCMDx[DCE].
For each single-byte command starting at PCM DX, clear PCMDx[MBC].

8. If thelast command of the sequence is a multi-byte command of m bytes,

10.
11

12.

a. For registers PCMDn+t—m-2 through PCMDn+t-1, set LC.
b. For registers PCM Dn+t—-m-2 through PCMDn+t-2, set MBC.

¢. Clear PCMDn+t-1[MBC]. MBC clear indicates that the last command is contained in
registers PCMDn+t—m-2 through PCMDn+1t-1.

For registers PCM Dn through PCM Dn+t-1, program command data with the datato be sent to
the external regulator for each command.

Because PCMDn+t-1[LC] is set, the sequencer logic ignores the remaining PCMD registers.

Enable power manager 1C l:%y setting PCFR[PI 2C_EN] before writing Obl to
PWRMODE[VC]. PCFR[PI“C_EN] must remain set as long as the power manager 1°Cis
being used on the 12C bus.

Execute the voltage-change sequence by setting PWRMODE[VC]. See Section 3.8.3.2 for
register details.

The voltage-change sequence begins as soon as PWRMODE[V C] is written with Ob1.
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For each single-byte command, one byte of command datais sent to the external regulator. For
each multi-byte command, multiple bytes are sent, as specified by the MBC bits. A total of t bytes
is sent. Commands with PCM D[DCE] set are delayed by PV CR[Command Delay] before being
sent.

PVCR[VCSA] is cleared when the sequence is complete.

Behavior During Power-Fault Assertion

If nBATT_FAULT or nVDD_FAULT is asserted while the voltage manager is transmitting a
command and the corresponding xIDAE bits (BIDAE, VIDAE) are clear in the Power Manager
Control register (PMCR), the command segquence is aborted with a STOP condition on the 12C bus
after completing the next command in the sequence. In this case, programmed delay between
commands, if any, isignored. Even if the command being transmitted is part of a multi-byte
command, the behavior is the same as above.

If thenBATT_FAULT or nVDD_FAULT occurs during the programmed delay between commands
while the corresponding PMCR[xIDAE] bits are clear, the sequence terminates after executing the
command following the delay.

If nBATT_FAULT or nVDD_FAULT is asserted while the corresponding PMCR[xIDAE] bits are
set, the command sequence is not terminated.

Using the Voltage Manager

The power manager 12C bus and vol tage-change sequencer are normally used to control the voltage
applied to the internal logic (supplied by VCC_CORE) based on frequency. The voltage can be
adjusted at any time relative to software execution, provided that the applied voltage meets the
requirements for the frequency in use at the time. However, the most efficient use of the voltage
manager is achieved when used in conjunction with the power-mode and frequency controls.

Voltage Change at Initialization

Voltage regulators for the PXA27x processor must power on with the correct default voltages. For
details, see the Intel® PXA27x Processor Family EMTS. During the boot sequence, the power
manager 12C can be used to adjust the regulator output voltages to meet the system requirements.
These adjustments can be made with direct software access to the power manager 12C, so that use
of the voltage-change sequencer is not necessary.

Coupling Voltage Change with Turbo Modes

Adjusting the processor frequency and voltage according to application requirements achieves
optimal system power consumption. The fastest way of adjusting the processor frequency is
through the use of turbo mode (see Section 3.5.7.4) or half-turbo mode (see Section 3.5.7.5), which
adjusts the frequencies of the CPU and the system bus without affecting operation of the peripheral
modules. Follow these steps to adjust the voltage accordingly:

Toraise the voltage and frequency:

1. At boot-up, set the turbo mode to run mode ratio (CCCR[2N]) to the required values. If
required, execute a frequency change.
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2. Program the PCMD and the PV CR registers to send the types of commands necessary to raise
the voltage. For example, for a controlled ramp, follow the procedure given in Section 3.7.4.3.

3. Initiate a voltage-change sequence by setting PWRMODE[VC].
4. Wait for PVCR[VCSA] to clear by periodically polling the register.
5. Enable turbo mode (or half-turbo mode) by writing to the appropriate bitsin the CLKCFG
register.
To lower the voltage and frequency:

1. At boot-up, set the turbo mode to run mode ratio (CCCR[2N]) to the required values. If
required, execute a core frequency change, turbo-maode change, or fast-bus mode change.

2. Program the PCMD and the PV CR registers to send the types of commands necessary to |ower
the voltage. For example, for a controlled ramp, follow the procedure given in Section 3.7.4.3.

3. Exit turbo mode (or half-turbo mode) by writing to the appropriate bitsin the CLKCFG
register.

4. Initiate avoltage-change sequence by setting PWRMODE[VC].
5. The voltage change is complete when PV CR[V CSA] is clear.

Coupling Voltage Change with Frequency Change

A frequency change (clock source change or core PLL frequency change) can be used to change
the frequency of the CPU, system bus, memory controller, and LCD controller to avalue not
available with turbo or fast-bus modes. This change can be coupled with a voltage changein a
similar way as turbo mode. The only additional requirement is that PCFR[FV C] be set. Similarly,
voltage change can be coupled with fast-bus mode. See sections Section 3.5.7.3 and Section 3.5.7.6
for details of these frequency changes.

In the case of acore PLL frequency change where the core PLL is aso the core clock source
(CCCR[CPDIS] = 0), thereis adelay while the PLL re-locks. Use the following sequence to
change the voltage and frequency to reduce the overall delay caused by the frequency change and
the voltage change as well as the software overhead required to do both:

1. Set the turbo-mode-to-run-mode ratio (CCCR[2N]) to the required val ues.

2. Program the PCMD registers with the required commands. For each command, set
PCMDx[SQC] to Continue. For the last command, set PCMDI[LC].

Thefirst command is executed as soon as the power manager asserts the request. After the last
command is executed, the voltage manager triggers the clocks manager to perform afregquency
change.

3. Set PCFR[FVC].

4. Initiate afrequency-change sequence by writing to CLKCFG[F] (or CLKCFG[B] if fast-bus
mode is to be used).

5. The frequency-change sequence exits at the new voltage and frequency.

Observe the appropriate frequency/voltage specification (refer to the Intel® PXA27x Processor
Family EMTSfor details) for the VCC_CORE power domain when initiating any frequency or
frequency-coupled voltage changes.
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3.7.6.4 Coupling Voltage Change with Power-Mode Changes

Low-power modes (deep idle, idle, standby, sleep, and deep sleep) can reduce power consumption
significantly by gating clocks, reducing leakage, or powering off large sections of the processor.
Before entering these modes, the voltage can be adjusted for optimum power consumption.

The voltage can be changed in anticipation of entry into one of these power modes in the same way
that frequency and voltage can be changed, requiring afrequency change and a voltage change
before the power mode is changed and again after the power-mode change is finished, potentially
increasing the latency of the power-mode change. Power-mode changes can be coupled more
efficiently with voltage change by using the following sequences.

To raisethe voltage during a power-mode change:
1. Set the turbo mode to run mode ratio (CCCR[2N]) to the required value.
2. Program the PCMD registers in the following order:

a. Thefirst set of commands consists of those that may be required by the external voltage
regulator but do not actually change the voltage. These commands all have the SQC bits
set to Continue. The first command is executed as soon as the power manager asserts a
reguest to the voltage manager.

b. The second set of commands consists of those that actually raise the voltage; it can be a
ramp or a single command. Because the voltage must be raised before the power modeis
entered, these commands al have the SQC bits set to Continue, except the last command
of this set, which has the SQC hits set to Pause. After execution of this command, the
voltage manager sends atrigger to the power manager to enter the power mode.

¢. Thethird set of commands consists of those that again lower the voltage after the power-
mode change is complete (these commands are executed after the power-mode wake-up
source is asserted and the PWR_EN and SYS_EN pins and associated timers have been
asserted). The last command in this set must have the PCMDXx[LC] set. After executing
the last command, the voltage manager again sends a trigger to the power manager,
signaling the end of the voltage-change sequence.

3. Initiate a voltage-change sequence and power-mode change concurrently by writing to
PWRMODE[VC] and PWRMODE[M] simultaneously.

This sequence raises the voltage, enters the power mode, exits the power mode according to its
normal exit mechanism, and then lowers the voltage.

To lower thevoltage during a power-mode change:
1. Set the turbo-mode-to-run-mode ratio (CCCR[2N] to the required value.
2. Program the PCMD registersin the following order:

a. Thefirst set of commands consists of those that may be required by the external voltage
regulator but do not actually change the voltage. These commands all have the SQC bits
set to Continue. The first command is executed as soon as power manager asserts a
request to the voltage manager.

b. The second set of commands consists of those that actually lower the voltage; it can be a
ramp or a single command. Since clocks were already stopped before the power manager
asserted the request, these commands have the SQC bits set to Continue, except the last
command of this set, which has the SQC bits set to Pause. After the execution of this
command, the voltage manager sends a trigger to the power manager to enter the power
mode.
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¢. Thethird set of commands consists of those that again raise the voltage after the power
mode is complete (these commands are executed after the power-mode wake-up sourceis
asserted and the PWR_EN and SYS_EN pins and associated timers have been asserted).
Thelast command in this set must have the LC bit set. After executing the last command,
the voltage manager sends atrigger to the power manager signaling the end of voltage-
change sequence.

3. Initiate a voltage-change sequence and power-mode change concurrently by writing to
PWRMODE[VC] and PWRMODE[M] at the sametime.

This sequence lowers the voltage, enters the power mode, exits the power mode according to its
normal exit mechanism, and then raises the voltage.

Alternate Method: Voltage, Frequency, and Power-Mode Changes

An dternative means of performing a voltage change coupled with a frequency change does not
require the use of the PWRMODE[VC] or PV CR[VCSA] functionality. The following sequences
illustrate this aternative method, which is as efficient as using the automatic power manager | 2c
coupling described in Section 3.7.6.3.

Toraisethe voltage and frequency (for example, enter turbo mode or increase the value of L):

1. Perform the voltage change by instructing the external power-management device to raise the
voltageto the fina level.

2. Optionally, the external regulator can generate an interrupt after the transfer is completed.

3. If necessary, add a delay to allow for the time required by the external device to change the
voltage.

4. Perform the frequency change.

Tolower the voltage and frequency (for example, exit turbo mode or decrease the value of L):
1. Perform the frequency change.

2. Perform the voltage change by instructing the external power-management deviceto lower the
voltageto the find level.

3. Optionaly, the external regulator can generate an interrupt after the transfer is completed.

To couple a voltage change with a power-mode change, use a sequence that is similar to the ones
shown above.

Register Descriptions

The following sections describe the registers used by the clocks and power manager:
Section 3.8.1 — Power Manager Registers
Section 3.8.2 — Clocks Manager Registers
Section 3.8.3 — Coprocessor 14: Clock and Power M anagement

Power Manager Registers

The power manager uses the following 32-bit registers:
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® Section 3.8.1.1 — Power Manager Control Register (PMCR) selects whether nVDD_FAULT
and nBATT_FAULT cause immediate entry into sleep mode or cause an imprecise data abort.
PMCR also indicates whether an imprecise data abort has occurred.

* Section 3.8.1.2 — Power Manager Sleep Status Register (PSSR) contains status bits that
indicate whether sleep or standby mode was invoked. PSSR also identifies the states of certain
1/0 pins after resets.

* Section 3.8.1.3 — Power Manager Scratch-Pad Register (PSPR) is a general-purpose register
that stores processor data during all power modes.

® Section 3.8.1.4 — Power Manager Wake-Up Enable Register (PWER), Section 3.8.1.5 —
Power Manager Rising-Edge Detect Enable Register (PRER), and Section 3.8.1.6 — Power
Manager Falling-Edge Detect Enable Register (PFER) program the sleep wake-up sources in
the system.

* Section 3.8.1.7 — Power Manager Edge-Detect Status Register (PEDR) indicates which GPIO
pin caused a wake-up from standby, sleep, or deep-sleep mode.

* Section 3.8.1.8 — Power Manager General Configuration Register (PCFR) controls various
configurable functions and the disable status of modules during power modes in the processor.

* Section 3.8.1.9 — Power Manager GPIO Sleep-State Registers (PGSRx) program the values
loaded onto GPIO outputs when the processor switches into sleep or deep-sleep mode.

® Section 3.8.1.10 — Reset Controller Status Register (RCSR) indi cates the source that caused a
reset.

* Section 3.8.1.11 — Power Manager Sleep Configuration Register (PSLR), and
Section 3.8.1.12 — Power Manager Standby Configuration Register (PSTR) control the power
features of sleep and standby modes.

* Section 3.8.1.13 — Power Manager Voltage Change Control Register (PVCR) holds
configuration data for the external voltage regulator.

* Section3.8.1.17 — Power M anager 12C Command Register File (PCM Dx) isabank of
registers that hold the | 2C commands and sequence information for use in a voltage-change
sequence.

* Section 3.8.1.15 — Power Manager Keyboard Wake-Up Enable Register (PKWR) and
Section 3.8.1.16 — Power Manager Keyboard Level-Detect Status Register (PKSR) detect
and manage keyboard wake-up events.

* Section9.5.1— I2C Control Registers (ICR, PICR),
Section 9.5.2 — | C Status Registers (ISR, PISR),
Section 9.5.3 — | C Slave Address Registers (ISAR, PISAR),
Section 9.5.4 — | C Data Buffer Register (IDBR, PIDBR), and
Section 9.5.5 — 12C Bus Monitor Registers (IBMR, PIBMR) control the power manager 1%Cc
interface.

| Intel® PXA27x Processor Family Developer’s Manual 3-67



u
Clocks and Power Manager Int6|®

3.8.1.1 Power Manager Control Register (PMCR)

PMCR, defined in Table 3-13, controls processor behavior when nVDD_FAULT or
NBATT_FAULT isasserted. There are two imprecise data-abort-enable bits (xI DAE), one for each
fault:

BIDAE—Battery fault ("\BATT_FAULT)
VIDAE—VCC fault ("VDD_FAULT)

If abattery or VCC fault occurs and the corresponding xIDAE bit is clear, the processor enters
deep-sleep mode. If abattery or VCC fault occurs and the corresponding XIDAE hit is set, the
processor enters or remainsin normal mode and sends an impreci se data abort or interrupt to the
core. If both faults are asserted and one of the xIDAE bitsis clear, the processor enters deep-sleep
mode.

Depending on PMCR[IAS], either an interrupt or an abort is sent to the core. The imprecise -data
abort handler or theinterrupt handler for this case can store critical data before entering deep-sleep
mode through software or before clearing xIDAE to let the processor enter deep-sleep mode.

If abattery or VCC fault occurs:

* |f thecorresponding xI DAE bit is clear, indicating immediate entry into deep-sleep mode,
the Pl power domain and SRAMs are powered off regardless of the PSLR register unit-
retention settings. |f voltage-manager commands are being sent on the power manager 1%C
(PWR_I 2C) bus, the processor stops sending the voltage-manager commands after completing
the next command, and therest of the sequence is terminated. In this case, PMCR[xIDAS] and
PMCR[INTRS] are not set.

* |f thecorresponding xI DAE bit is set and voltage-manager commands are being sent on the
PWR_IC bus, the processor completes all the sequences and then sends the abort or interrupt
to the processor core. The PMCR[xIDAS] bits contain the status of whichever fault was
asserted.

If PMCR[IAS] isclear, an imprecise data abort is reported to the core. If PMCR[IAS] isset, an
interrupt is sent to the interrupt controller unit. PMCR[INTRS] contains the status of the
interrupt.

Write Ob1 to clear the PMCR[XIDAS] or PMCR[INTRS] bits.

Note: UsexIDAE = 0b0 with caution because the processor enters deep-sleep mode without letting the
core or other on-chip peripherals compl ete their tasks.

Refer to the PSLR register (Section 3.8.1.11) for the definition of the IVF bit, which can allow
ignoring of the VCC fault during entry into sleep mode.

Power-on, hardware, watchdog, and GPIO resets return the PMCR bitsto their reset values, as
shown in Table 3-13.

Thisisaread/writeregister. Ignorereads from reserved bits. Write Ob0 to reserved bits.
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Table 3-13. PMCR Bit Definitions

Physical Address

0X40F0_0000 PMCR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 1312 11 10 9 8 7 6 5 4 3 2 1 O
APEEEE
reserved E <|5|alala
= >|>|mfm
Reset 2 ?2 2 2 2 2?2 2?2 2?2 2?2 2 2 2 2 2?2 2?2 2?2 2?2 2 2 2 2 2 2?2 2?2 2?2 2?2 0O0O0O0O0O0
Bits Access Name Description
31:6 — — reserved

Interrupt Status

The interrupt is sent from the PWR_I2C block to the interrupt controller,
5 rwct INTRS Whlch_ln turn s_ends it to the core if t“he appropriate mas"ks are enabled. For
more information, see Chapter 25, “Interrupt Controller”.

0 = No interrupt was reported to the interrupt controller.

1 = An interrupt was reported to the interrupt controller.

Interrupt/Abort Select

0 = Send an abort to the core on a fault with the corresponding xIDAE bit
4 R/W IAS set.

1 = Send an interrupt to the core on a fault with the corresponding xIDAE
bit set.

Imprecise-Data-Abort Status for nVDD_FAULT

0 = No data abort occurred since the last time VIDAS was cleared by

3 rR/WCT VIDAS software or reset_; or, the data abort was not due to assertion of
nVDD_FAULT with VIDAE set.

1 = The data abort was due to the assertion of nVDD_FAULT with VIDAE
set.

Imprecise-Data-Abort Enable for nVDD_FAULT

0 = Allow immediate entry into deep-sleep mode when nVDD_FAULT is

asserted.
2 RIW VIDAE 1 = Force an imprecise-data-abort signal to the CPU. This allows

software entry into deep-sleep when nVDD_FAULT is asserted.
NOTE: VIDAE and BIDAE must be identical.

Imprecise-Data Abort Status for nBATT_FAULT

0 = No data abort occurred since the last time IDAS was cleared by

1 rR/wcCT BIDAS software or reset;' or, the data abort was not due to assertion of
NBATT_FAULT with BIDAE set.

1 = The data abort was due to the assertion of nBATT_FAULT with
BIDAE set.

Imprecise-Data Abort Enable for nBATT_FAULT

0 = Allow immediate entry into deep-sleep when nBATT_FAULT is

asserted.
0 RIW BIDAE 1 = Force an imprecise-data-abort signal to the CPU. This allows

software entry into deep-sleep when nBATT_FAULT is asserted.
NOTE: BIDAE and VIDAE must be identical.

NOTE:
T Write Ob1 to this bit to clear it. Writing ObO has no effect.
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3.8.1.2 Power Manager Sleep Status Register (PSSR)

PSSR, defined in Table 3-15, contains the following status flags:

¢ Read Disable Hold (RDH) is set during any reset and during sleep and deep-sleep. RDH
indicates that all processor GPIO input paths are disabled. If RDH was set due to a power-on,
hardware, watchdog, GPIO reset, or a deep-sleep entry, then aresistive pullup or pulldown in
the pad is enabled and remains enabled until RDH is cleared. Software must clear this bit for
any GPIO input pin to be enabled. The following is a summary of RDH operation:

— Hardware, power-on, GPIO, and watchdog reset, or deep-sleep mode:
The RDH bit is set.

The receivers of all GPIO pins are disabled until RDH bit is cleared.
The pullups/pulldowns on the GPIO pins are enabled.

Any GPIOs that could be wake ups are not affected.

— Deep-sleep mode:
The RDH bit gets set.

- Thereceivers of all GPIO pins are disabled if PCFR[RQ] is clear. The receivers of al
GPIO pins are not disabled if PCFR[RO] is set.

The pullups/pulldowns on the GPIO pins are enabled.

- Any GPIOsthat could serve as wakeups are not affected.
— Sleep mode:
- The RDH bit is set.

- Thereceivers of all GPIO pins are disabled if PCFR[RQ] is clear. The receivers of all
GPIO pins are not disabled if PCFR[RO] is set.

- The pullups/pulldowns on the GPIO pins are not enabled.
- Any GPIOs that could be wakeups are not affected.

— Other power modes (standby, idle, and deep idle):
- The RDH bit is not set.
- Thereceivers of all GPIO pins are not disabled.
- The pullups/pulldowns on the GPIO pins are not enabled.
- Any GPIOsthat could be wakeups are not affected.

Table 3-14 shows the effect of RDH operation in low-power modes.
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Table 3-14. RDH Operation in Low-Power Modes

Mode

Effect of RDH with PCFR[RO] Bit Clear Effect of RDH with PCFR[RO] Bit Set

Idle Modes and
Standby Mode

No Effect No Effect

Hardware/
Power-On/
Watchdog/
GPIO Reset

* The RDH bit gets set.

* The receivers of all GPIO pins are disabled
until RDH bit is clear.

e The pullups/downs on the GPIO pins are
enabled.

* The RDH bit gets set.

* The receivers of all GPIO pins are disabled until
RDH bit is clear.

¢ The pullups/downs on the GPIO pins are enabled.

Deep-Sleep Mode

* The RDH bit gets set.
 The receivers of all GPIO pins are disabled * The RDH bit gets set.

until RDH bit is clear. * The receivers of all GPIO pins are enabled after
« The pullups/downs on the GPIO pins are exiting the mode even though the RDH bit is set
enabled. ¢ The pullups/downs on the GPIO pins are enabled.
* Any GPIOs that could be wakeups are not * Any GPIOs that could be wakeups are not affected.
affected.

Sleep Mode

* The RDH bit gets set.

* The receivers of all GPIO pins are disabled
until RDH bit is clear.

* The pullups/downs on the GPIO pins are not

* The RDH bit gets set.

e The receivers of all GPIO pins are enabled after
exiting the mode even though the RDH bit is set

¢ The pullups/downs on the GPIO pins are not

enabled.
enabled.
' aA;gCiZIOS that could be wakeups are not * Any GPIOs that could be wakeups are not affected.

Peripheral Control Hold (PH) is set upon entry into standby and sleep mode if PCFR[PQ] is
clear. It indicates that the GPIO pins are retaining their states. PH is clear during deep sleep. If
PCFR[PQ] is set, PH is cleared automatically after exiting the mode.

Standby-mode Status (STS) is set when standby mode is entered as aresult of setting the
standby mode configuration in the PWRMODE register (coprocessor 14, register C7—see
Section 3.8.3.2).

VCC Fault Status (VFS) is set when the assertion of nVDD_FAULT invokes deep sleep.
Battery Fault Status (BFS) is set when the assertion of nBATT_FAULT invokes deep sleep.

Software Sleep Status (SSS) is set when sleep mode is entered as a result of setting the sleep-
mode configuration in the PWRMODE register (coprocessor 14, register C7—see

Section 3.8.3.2). Bit PSSR[SSS] is not set for deep-sleep mode. If it is necessary to determine
if an exit from deep-sleep is being performed, then:

— If the reset handler is entered, the RCSR bits are clear, and PSSR[SSS] is clear, then an
exit from deep-sleep mode is being performed, or

— Software can use the power manager scratch-pad register to store an indication that a
deep-deep entry was performed.

USB On-The-Go (OTG) Peripheral Control Hold (OTGPH) is set when slegp mode is entered
asaresult of setting the sleep mode configuration in the PWRM ODE register (coprocessor 14,
register C7). It indicates that the OTG pad isretaining its state. Upon exit from sleep mode,
and before clearing OTGPH, software must configure the USB OTG pad, UDC, and UHC to
the state they were in before entering sleep mode. The USB OTG pad pullup and pulldown
resistor settings must be restored before clearing OTGPH to avoid invalid changesin the USB
OTG D+ and D—signals (USBC D+ and D-) after exit from sleep mode. The OTGPH isaso
set when standby mode is entered and is cleared automatically when standby mode is exited.
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The status flags are cleared by writing Ob1 to them. Writing 0bO has no effect. Power-on, hardware,
watchdog, and GPIO resets return the PSSR bitsto their reset values, as shown in Table 3-15. RDH
is set as aresult of sleep or deep-sleep entry.

Thisisaread/writeregister. Ignorereads from reserved bits. Write ObO to reserved bits.

Table 3-15. PSSR Bit Definitions (Sheet 1 of 2)

Physical Address

O0X40F0_0004 PSSR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
&
reserved G| a T 21229
El 0> oo
(@)
Reset 2 2 2 2?2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 1 002 0% 0% 0?
Bits Access Name Description
317 — — reserved
OTG Peripheral Control Hold
6 RwC? OTGPH 0 = OTG pad is not holding its state.

1= OTG pad is holding its state.
Read Disable Hold

0 = GPIO pins are configured according to their GPIO configuration (see
Chapter 24, “General-Purpose 1/0O Controller”).

5 R/WC3 RDH 1 = The receivers of all GPIO pins are disabled. If RDH is set as a'result

of any reset except sleep, resistive pull-downs are enabled until RDH

is cleared. RDH must be cleared by software after the peripheral and

GPIO interfaces have been configured but before they are actually

used.

Peripheral Control Hold

0 = GPIO pins are configured according to their GPIO configuration.

4 R/WC3 PH 1= _GPIO pins are held in their sleep-mode states. PH is set upon entry
into sleep or standby mode. PH must be cleared by software after the
peripherals and GPIO interfaces have been configured but before
they are actually used. PH is clear during deep-sleep.

Standby Mode Status

0 = The processor has not been placed in standby mode by configuring

3 R/WC3 STS the PWRMODE register since STS was cleared by a reset or by
software.

1 = The processor was placed in standby mode by configuring the
PWRMODE register.

VCC Fault Status

0 = nVDD_FAULT has not been asserted since it was last cleared by a
reset or by software.

2 R/WC? VES 1 = nVDD_FAULT has been asserted and caused the processor to enter

deep-sleep mode.

NOTE: This bit is not set by the assertion of nVDD_FAULT while the
processor is in deep-sleep mode.
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Table 3-15. PSSR Bit Definitions (Sheet 2 of 2)

Physical Address

0X40F0_0004 PSSR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Az
reserved o|la| 21229
| n|>|loo|ln
(e}
Reset 2 2 2 2 2 2 2 2 2 2 2 2 2 2?2 2 2 2 2 2 2 2 2 2 2 2 0 1 0'0% 0% 0% 0?
Bits Access Name Description
Battery Fault Status
3 0 = nBATT_FAULT has not been asserted since it was last cleared by a
1 R/WC BFS reset or by software.
1 = nBATT_FAULT has been asserted and caused the processor to enter
deep-sleep mode.
Software Sleep Status
0 = The processor has not been placed in sleep mode by configuring the
0 R/WC3 sss PWRMODE register since SSS was last cleared by a reset or by the
software.
1 = The processor was placed in sleep mode by configuring the
PWRMODE register.
NOTES:

1. Exit from deep-sleep mode clears this bit.

2. Exit from sleep or deep-sleep mode does not clear or set this bit.
3. To clear this bit, write Ob1 to it.

3.8.1.3 Power Manager Scratch-Pad Register (PSPR)

PSPR saves processor configuration information in any preferred format. PSPR is a holding
register that is powered during sleep and deep-sleep modes and is cleared by power-on, hardware,
watchdog, and GPI O resets. Any value can be written to it while in normal mode. The value can be
read once sleep or deep-sleep mode is exited. Use the register value to retain processor
configuration prior to invoking sleep or deep-sleep modes. See Table 3-16 for details.

Table 3-16. PSPR Bit Definitions

Physical Address
O0X40F0_0008 PSPR Clocks and Power Manager

User
Settings

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10

©
0
~
o
o
IN
w
N
[oN
o

dlo|lo(ol~o|lv[g|ola|dlo|olo|~ojv|ls|{o|ld] Ao e o] ~]o|w]l | onlal ol o
glelalaa|a el aldalaa|aalalalala|alalala|ealajalajalaliala
IR R R R R R A R R R R R R R R R R B I R 2 I I el R el e

Reset 0T of of of of of o of of of of of of of of of of of of of of of of of of of of of of of of of

Bits Access Name Description
31:.0 R/W SP[n]T Scratch Pad Register bit n, where n = [31:0]
NOTES:

T Exit from sleep or deep-sleep mode does not clear or set this bit.
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3.8.14 Power Manager Wake-Up Enable Register (PWER)

PWER, defined in Table 3-17, selects whether the corresponding wake-up sources cause awake-up
from standby, sleep, or deep-sleep mode. Only GPIO<3, 1:0> can cause awake-up from deep-sleep
mode. Possible wake-up sources that can be programmed in PWER are RTC alarm, timer event,
USB host wake-up event, USB client wake-up event, MSL port, USIM card insertion detection and
GPI0O<35, 15:9, 4:3, 1:0> wake-ups. Also, one of GPIO<31, 113> and one of GPI0O<53, 40, 38,
36> can be programmed to cause a wake-up from standby or sleep.

Additional wake-up sources for standby and sleep are available through the PKWR register, see
Section 3.8.1.15.

For a GPIO to serve as a wake-up source from these modes:

* |t must be programmed as an input in the GPIO Pin-Direction registers (see Section 24.5.1 on
page 24-11).

* Either or both of the corresponding bitsin PRER and PFER must be set.
Refer to the Intel® PXA27x Processor Family EMTSfor GPIO timing specifications.

When nVDD_FAULT or nBATT_FAULT isasserted, PWER assumesitsreset val ue, enabling only
GPI0<1:0> as wake-up sources.

Note: If awake-up source is programmed as an output, the corresponding bit in PWER must be clear.

Otherwise, unpredictable behavior occurs; unknown values can be read from PFER and PRER
after waking up from the mode.

Thisisaread/writeregister. Ignorereads from reserved bits. Write Ob0 to reserved bits.

Table 3-17. PWER Bit Definitions (Sheet 1 of 3)

Physical Address

0X40F0_000C PWER Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AN |
E&E%{%mgmwz 2 2 Slaldlal Dl ol @ reserved || @ 2| L] @
ulgieso|2z%lal & | 2 = 2 22822
(3 Qoo =L g w w 222222 2
2zl =z = 2| @ = = 2
Reset 0f of 2 of of of of of of 2 2 of of of of of of of of of of of of 2 2 2 2 of of of 17 1f
Bits Access Name Description
Wake-up Enable for RTC Standby, Sleep, or Deep-Sleep Mode
31 RIW WERTC' 0 = Disable wake-up due to RTC alarm.
1 = Enable wake-up due to RTC alarm.
Wake-up Enable for PI Power Domain Standby or Sleep Mode
30 RIW WEP1' 0 = Disable wake-up due to timer wake-up event.
1 = Enable wake-up due to timer wake-up event.
29 — — reserved
Wake-up Enable for USB Host Port 2 Standby or Sleep Mode
28 RIW WEUSBH2" | 0 = Disable wake-up due to USB host port 2.
1 = Enable wake-up due to USB host port 2.
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Table 3-17. PWER Bit Definitions (Sheet 2 of 3)

Physical Address

0X40F0_000C PWER Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AN |
Flyl 2|88 2lalgldl 2 2 2 Dl ol 2l gl 2 2] reserved |UL|T| 2| d
I R EEHEHEE R EHEEEHEE =2 83|32
Slzlz|2 =2 | =2 2 J
Reset 0f of 2 of of of of of of 2 2 of of of ot of of of of of of of of 2 2 2 2 of of of 1t 1t
Bits Access Name Description

Wake-up Enable for USB Host Port 1 Standby or Sleep Mode

27 RIW WEUSBH1" | 0 = Disable wake-up due to USB host port 1.
1 = Enable wake-up due to USB host port 1.

Wake-up Enable for USB Client Port Standby or Sleep Mode

26 RIW WEUSBC" | 0= Disable wake-up due to USB client port.
1 = Enable wake-up due to USB client port.

Wake-up Enable for a Rising Edge from MSL (GP10<83>) for Standby or
Sleep Mode

25 R/W wBB' )
0 = Disable wake-up due to MSL port.
1 = Enable wake-up due to MSL port.
Wake-up Enable for Standby or Sleep Mode
24 RIW WE[35]" 0 = Disable wake-up due to GPI0<35> edge detect.
1 = Enable wake-up due to GPIO<35> edge detect.
Wake-up Enable for Rising or Falling Edge from UDET (GP10<116>) for
+ |Standby or Sleep Mode
23 Riw WEUSIM :
0 = Disable wake-up due to USIM card detect port.
1 = Enable wake-up due to USIM card detect port.
22:21 — — reserved

Wake-up Enable for GPIO<31> or GPIO<113> for Standby and Sleep
Modes

Both rising and falling edges are recognized as wake-ups.

00 = No wake-up enabled

20:19 RIW WEMUX3" |01 = Enable wake-up due to GPIO<31>

10 = Enable wake-up due to GP10<113 >

11 = Reserved

NOTE: Only one of these two GPIOs can be configured to cause the
processor to wake up at any given time.

Wake-up Enable for GPIO<36>, GP10<38>, GP10<40>, or GPIO<53> for
Standby and Sleep Modes

Both rising and falling edge is recognized as wake-up
000 = No wake-up enabled

001 = Enable Wake-up due to GPIO<38>

18:16 R/W WEMUX2" |010 = Enable Wake-up due to GPIO<53>

011 = Enable Wake-up due to GP10<40>

100 = Enable Wake-up due to GPI0O<36>

Other settings = Reserved

NOTE: Only one of these four GPIOs can be configured to cause the
processor to wake up at any given time.
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Table 3-17. PWER Bit Definitions (Sheet 3 of 3)

Physical Address

OX40F0_000C PWER Clocks and Power Manager
US@I’
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
13} ° % E' o] s| © ¥} o o]
SR E N g |3]3]3|3|3|3 g
Reset 0" of 2 of of of of of of 2 2 of of of of of of of of of of of of 2 2 2 2 of of of 1T
Bits Access Name Description
Wake-up Enable n for Standby or Sleep, n =9 to 15
15:9 RIW WEn]" 0 = Disable wake-up due to GPIO<n> edge detect.
1 = Enable wake-up due to GPIO<n> edge detect.
8:5 — — reserved
Wake-up Enable for Standby or Sleep Modes
4 RIW WE4 0 = Disable wake-up due to GPIO<4> edge detect.
1 = Enable wake-up due to GPIO<4> edge detect.
Wake-up Enable for Standby, Sleep, or Deep-sleep Modes
3 RIW WE3 0 = Disable wake-up due to GPIO<3> edge detect.
1 = Enable wake-up due to GPIO<3> edge detect.
2 — — reserved
Wake-up Enable n for Standby, Sleep, or Deep-sleep Modes, n =0to 1
1.0 RIW WE[n] 0 = Disable wake-up due to GPIO<n> edge detect.
1 = Enable wake-up due to GPIO<n> edge detect.
NOTES:
t Exit from sleep or deep-sleep mode does not clear or set this bit.
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3.8.15 Power Manager Rising-Edge Detect Enable Register (PRER)

PRER, defined in Table 3-18, selects whether the GPIO pin enabled in PWER causes a wakeup
when arising edge is detected on that pin. When nVDD_FAULT or nBATT_FAULT is asserted,
PRER assumesits reset value, enabling rising edges on GPIO<1:0> to act as wake-up sources.

Note: Refer to the Intel® PXA27x Processor Family EMTS, “GPIO AC Timing Specifications’ for the
minimum pulse duration to guarantee edge detection.

Thisisaread/writeregister. Ignore reads from reserved bits. Write ObO to reserved bits.

Table 3-18. PRER Bit Definitions

Physical Address

O0X40F0_0010 PRER Clocks and Power Manager
Setings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[Zo] (T M| N | O 8
reserved i reserved ol Sl gl ol @] 8| reserved || @] 2| W3
o ol el el ® r|xle xx
Reset 2 2 2 2 2 2 2 0" 2 2 2 2 2 2 2 2 o' of of o o 0f O0f 2 2 2 2 of of 2 1t 1f
Bits Access Name Description
31:25 — — reserved
Standby or Sleep-mode Rising-Edge Wake-Up Enable
24 RIW RE35" 0 = Disable wake-up due to GP10<35> rising-edge detect.
1 = Enable wake-up due to GPIO<35> rising-edge detect.
23:16 — — reserved
Standby or Sleep Mode Rising-Edge Wake-Up Enable n, where n = 15:9
15:9 RIW RE[]" 0 = Disable wake-up due to GPIO<n> rising-edge detect.
1 = Enable wake-up due to GPIO<n> rising-edge detect.
8:5 — — reserved
Standby or Sleep Mode Rising-Edge Wake-Up Enable
4 RIW RE[4]" 0 = Disable wake-up due to GPIO<4> rising-edge detect.
1 = Enable wake-up due to GPIO<4> rising-edge detect.
Standby, Sleep, or Deep-sleep Rising-Edge Wake-Up Enable
3 RIW RE[3]" 0 = Disable wake-up due to GPIO<3> rising-edge detect.
1 = Enable wake-up due to GPIO<3> rising-edge detect.
2 — — reserved
Standby, Sleep, or Deep-Sleep Rising-Edge Wake-Up Enable, n=0to 1
1:0 RIW RE[n] 0 = Disable wake-up due to GPIO<n> rising-edge detect.
1 = Enable wake-up due to GPIO<n> rising-edge detect.
NOTES:
T Exit from sleep or deep-sleep mode does not clear or set this bit.
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3.8.

User

Settings

Bit

®
1.6 Power Manager Falling-Edge Detect Enable Register (PFER)
PFER, defined in Table 3-19, selects whether the GPIO pin enabled in PWER causes a wakeup
when afalling edge is detected on that pin. When nVDD_FAULT or nBATT_FAULT is asserted,
PFER assumesits reset value, enabling falling edges on GPIO<1:0> to act as wake-up sources.
Refer to the Intel® PXA27x Processor Family EMTSfor GPIO timing specifications.
Thisisaread/writeregister. Ignorereads from reserved bits. Write Ob0 to reserved bits.
Table 3-19. PFER Bit Definitions
Physical Address
OX40F0_0014 PEER Clocks and Power Manager
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 12 11 10 9 8 7 6 5 4 3 2 1 O
3
LN I M(N| H| O
reserved i reserved Slallal gl ol @ reserved |Di| @ E Wl @
[i4 rlor|loel el el E|xle xx
Reset 2 2 2 2 2 2 200 2 2 2 2 2 2 2 2 o of of of Oof 0f o 2 2 2 2 of of 2 1t 1f
Bits Access Name Description
31:25 — — reserved
Standby or Sleep Mode Falling-Edge Wake-Up Enable
24 RIW RE35T 0 = Disable wake-up due to GPI0<35> falling-edge detect.
1 = Enable wake-up due to GPIO<35> falling-edge detect.
23:16 — — reserved
Standby or Sleep Mode Falling-Edge Wake-Up Enable n, where n = 15:9
15:9 RIW FEM]' 0 = Disable wake-up due to GP1O<n> falling-edge detect.
1 = Enable wake-up due to GPIO<n> falling-edge detect.
8:5 — — reserved
Standby or Sleep Falling-Edge Wake-Up Enable, n =4
4 RIW FE[n]" 0 = Disable wake-up due to GP1O<n> falling-edge detect.
1 = Enable wake-up due to GPIO<n> falling-edge detect.
Standby or Sleep Falling-Edge Wake-Up Enable, n =3
3 RIW FE[n]" 0 = Disable wake-up due to GPlO<n> falling-edge detect.
1 = Enable wake-up due to GPIO<n> falling-edge detect.
2 — — reserved
Standby or Sleep Falling-Edge Wake-Up Enable, n=0to 1
1.0 RIW FE[n]" 0 = Disable wake-up due to GPlO<n> falling-edge detect.
1 = Enable wake-up due to GPIO<n> falling-edge detect.
NOTES:
t Exit from sleep or deep-sleep mode does not clear or set this bit.
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3.8.1.7 Power Manager Edge-Detect Status Register (PEDR)

PEDR, defined in Table 3-20, indicates which GPIO pin (enabled through the PWER, PRER and
PFER registers) caused awakeup from standby, sleep or deep-sleep mode. These bits can be set
only by arising edge, falling edge, or either on the given GPIO pin, depending on the settingsin the
PRER and PFER registers. These bits are cleared by writing 0b1 to them. Writing Ob0 to any status

bit has no effect. Refer to the Intel® PXA27x Processor Family EMTSfor GPIO timing
specifications.

Thisisaread/writeregister. Ignore reads from reserved bits. Write ObO to reserved bits.

Table 3-20. PEDR Bit Definitions (Sheet 1 of 2)

Physical Address

0x40F0_0018 PEDR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AN | -
Ol 4| B| 2| Z| 28| @] w 2l 8 |R[3 0| <|mlwlalo k5
m| m
E%%ww%ggreservedégggaggaaaoreserved 38588
Qo 22|30 w|w 3l @ |Alo|o|o|w| o o o W Wl @fwfw
L ol QA o ] () w () (]
2ol o 2 2 2
Reset 0 of 2 of of of o' of 2 2 2 of 2 2 of 2 of of of of 0" 0f 0 2 2 2 2 of of 2 of of
Bits Access Name Description
Standby, Sleep, or Deep-Sleep Wake-Up from RTC
31 RIW EDRTC 0 = Wake-up due to RTC source not detected.
1 = Wake-up due to RTC source is detected.
Standby or Sleep Wake-Up from Pl Power Domain
30 RIW EDP1 0 = Wake-up due to PI source not detected.
1 = Wake-up due to PI source is detected
29 — — reserved
Standby or Sleep Wake-Up from USB Host Port 2
28 RIW EDUSBH2 | 0= Wake-up due to USB host port 2 not detected.
1 = Wake-up due to USB host port 2 is detected.
Standby or Sleep Wake-Up from USB Host Port 1
27 RIW EDUSBH1 | 0= Wake-up due to USB host port 1 not detected.
1 = Wake-up due to USB host port 1 is detected.
Standby or Sleep Wake-Up from USB Client:
26 RIW EDUSBC 0 = Wake-up due to USB client not detected.
1 = Wake-up due to USB client is detected.
Standby or Sleep Wake-Up from MSL
25 R/IW EDBB 0 = Wake-up due to MSL not detected.
1 = Wake-up due to MSL is detected.
GPI0O<35> Standby or Sleep Edge Detect Status
24 RIW ED35 0 = Wake-up due to edge on GPI0<35> not detected.
1 = Wake-up due to edge on GPIO<35> is detected.
23:21 — — reserved
Standby or Sleep Edge Detect Status, where n = the value programmed in
PWER[WEMUX3]
20 R/W EDMUX3
0 = Wake-up due to edge on GPIO<n> not detected.
1 = Wake-up due to edge on GPIO<n> is detected.
19:18 — — reserved
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®
Table 3-20. PEDR Bit Definitions (Sheet 2 of 2)
Physical Address
O0x40F0_0018 PEDR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AN |
OHEIIgmm Qgggmvmm‘—co 8
m| m
E%gmwgggreservedggggaa‘a‘a‘aaoreserved 3l8lzlala
Qlul 2|23 a|w|w al o |8l o|w|w|m|w|w|m wiwp q|wfw
ol A w | () o () (O]
2ol o 2 2 2
Reset 0f of 2 of of of of of 2 2 2 of 2 2 of 2 of of of of of 0of of 2 2 2 2 of of 2 of of
Bits Access Name Description
Standby or Sleep Edge Detect Status, where n = the value programmed in
PWER[WEMUX2]
17 R/W EDMUX2
0 = Wake-up due to edge on GPIO<n> not detected.
1 = Wake-up due to edge on GPIO<n> is detected.
16 — — reserved
Standby or Sleep Edge Detect Status, n =9 to 15
15:9 RIW ED[n] 0 = Wake-up due to edge on GPIO<n> not detected.
1 = Wake-up due to edge on GPIO<n> is detected.
8:5 — — reserved
Standby or Sleep Edge Detect Status
4 RIW ED4 0 = Wake-up due to edge on GP10<4> not detected.
1 = Wake-up due to edge on GPIO<4> is detected.
Standby, Sleep, or Deep-Sleep Edge Detect Status
3 RIW ED3 0 = Wake-up due to edge on GPIO<3> not detected.
1 = Wake-up due to edge on GPIO<3> is detected.
2 — — reserved
Standby, Sleep, or Deep-Sleep Edge Detect Status, n = 0 through 1
1.0 RIW ED[n] 0 = Wake-up due to edge on GPIO<n> not detected.
1 = Wake-up due to edge on GPIO<n> is detected.
NOTES:
t Exit from sleep or deep-sleep mode does not clear or set this bit.

3.8.1.8

3-80

Power Manager General Configuration Register (PCFR)

PCFR, defined in Table 3-21, contains the following bits to configure various functions within the
processor:

RDH Override (RO)—In sleep and deep-sleep modes, the receivers of all GPIO pins are
disabled if RO isclear. The receivers of all GPIO pins are not disabled if the RO bit is set.

PH Override (PO)—PSSR[PH] is set upon entry into standby and sleep modeif PO isclear. It
indicates that the GPIO pins are retaining their states. If the PO bit is set, the PH bit is cleared
automatically after exiting the low-power mode.

GPIO Reset Disable (GPROD) enables/disables assertion of nNRESET_OUT during GPIO
reset.

Sleep-Mode Sleep/Deep-Sleep Linear Regulator Enable (L1 _EN) enablesthe sleep/deep-sleep
linear regulator during sleep mode if other conditions are al'so met (see Section 3.6.2.3).
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* Frequency/Voltage Change (FVC) controlsinitiation of the voltage-change sequence during a
frequency change.

¢ Sleep/Deep-Sleep Dc-DC Converter Enable (DC_EN) controls use of the sleep/deep-sleep
linear regulator and the PWR_CAP pins during sleep mode if other conditions are also met
(see Section 3.6.2.3).

* Power Manager I2C Enable (PIC_EN) controls usage of the power manager 1°C interface.

* nRESET_GPIO Pin Enable (GRP_EN) controls usage of the pin, either as GPIO or asaGPIO
reset input.

* Float PC Card (FP) and Float Status (FS) control the state of the PC Card control pins and the
static-memory control pins during sleep mode.

* Oscillator Power-Down Enable (OPDE) selects whether the 13-MHz processor oscillator is
powered off in standby or sleep mode.

Thisisaread/writeregister. Ignore reads from reserved bits. Write ObO to reserved bits.

Table 3-21. PCFR Bit Definitions (Sheet 1 of 2)

Physical Address

0X40F0_001C PCFR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 1312 11 10 9 8 7 6 5 4 3 2 1 O
© ) el Z|l | 2|1 T
9] z 9] ZI gl ol | @ w
reserved olol 2148l 2 [Y 2l 2lwlale
Xla| 9 a|ldl o () ol olx]ofL|Lfa
(7] = (7] al~|alal o o)
20 g a|l elo|?
Reset 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 2 0 ofof 2 2 of of 2 of 2 of of of
Bits Access Name Description
31:16 — — reserved
RDH Override
15 RIW RO Overrides the default value of PSSR[RDH] in sleep and deep-sleep modes.

0 = The receivers of all GPIO pins are disabled.
1 = The receivers of all GPIO pins are enabled.

PH Override
Overrides the default value of PSSR[PH].

0 = PSSR[PH] is set upon entry into standby and sleep mode, which
indicates that the GPIO pins are retaining their states.
1 = PSSR[PH] is automatically cleared after exiting the low-power mode.

13 — — reserved
GPIO nRESET_OUT Disable

0 = nRESET_OUT is asserted during GPIO reset.
12 RIW GPROD 1 = nRESET_OUT is not asserted during GPIO reset.

NOTE: GPIO reset does not clear this bit.

14 R/W PO

Sleep Mode Sleep/Deep-Sleep Linear Regulator Enable

0 = The sleep/deep-sleep linear regulator is not used.
11 R/W L1_EN 1 = The sleep/deep-sleep linear regulator is used if all enable conditions
are met.

NOTE: Do not set both L1_EN and DC_EN simultaneously.
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Table 3-21. PCFR Bit Definitions (Sheet 2 of 2)

Physical Address
0x40F0_001C

PCER Clocks and Power Manager

User
Settings

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14

=
w
=
N
=
=
=
o
©
©
~
N
=
o

reserved

RO
PO
reserved
GPROD
L1_EN
FVC
reserved
reserved | 9
GPR_EN| &
reserved | ®
FS
FP
OPDE

Reset ? 2?2 2?2 ?

?

? ?2 7?2 2?2 2?2 2?2 2?2 2 2?2 2?2 ?2 00

N
o
—

of of 2 2 of of

N
o
—
N
o
—
o
—
o
—

Bits

Access Name

Description

10

R/W

FvC

Frequency/Voltage Change
0 = The voltage-change sequencer is not initiated during a frequency
change.

1 = The voltage-change sequencer is initiated during a frequency change
if power manager I12C is enabled.

9:8

reserved

R/W

DC_EN

Sleep/Deep-Sleep DC-DC Converter Enable

0 = The DC-DC converter is not used.

1 = The DC-DC converter is used if all enable conditions are met.
NOTE: Do not set both L1_EN and DC_EN simultaneously.

R/W

PI’C_EN

Power Manager I2C Enable

0 = Power manager I2C is not used; the PWR_SDA and PWR_SCL pins
can be used as GPIO.

1= The PWR_SDA and PWR_SCL pins are driven by power manager
12C, regardless of the GPIO configuration.

reserved

R/W

GPR_EN

NRESET_GPIO Pin Enable

0 = nRESET_GPIO is not used; the pin can be used as GPIO.
1 = The nRESET_GPIO pin is use as a GPIO reset input, regardless of
the GPIO configuration.

reserved

R/W

FS

Float Static Chip Selects (nCS<5:1>) During Sleep Mode

0 = The static chip select pins are driven by the appropriate PGSRXx bits.
1 = The static chip select pins are floated in sleep or deep-sleep mode.

Float Static Chip Selects (nCS<0>) During Sleep Mode

0 = The static chip select pin is at the pre-sleep defined value.
1 = The static chip select pins are floated in sleep or deep-sleep mode.

R/W

FP

Float PC Card Pins During Sleep or Deep-Sleep Mode

0 = The PC Card pins are driven by the appropriate PGSRx bits.
1 = The nPOE, nPWE, nPIOW, nPIOR, nPCE<2:1>, PSKTSEL, and
nPREG pins are floated during sleep or deep-sleep mode.

R/W

OPDE

13-MHz Processor Oscillator Power-Down Enable

0 = Do not stop the oscillator during standby, sleep, or deep-sleep mode.
1 = Stop the oscillator during standby, sleep, or deep-sleep mode if bit

OOK in the Oscillator Configuration register is set.

NOTES:

t Exit from sleep or deep-sleep mode does not clear or set this bit.
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3.8.1.9

®

Clocks and Power Manager

Power Manager GPIO Sleep-State Registers (PGSRXx)

PGSR0, PGSR1, PGSR2, and PGSRS3, defined in Table 3-22, allow for selecting the output state
(the driven value) of each GPIO pin when the processor enters and whileit isin sleep mode, or
when it enters deep-sleep mode (until the power supplies are removed). The values programmed in
PGSRx are not driven out during standby mode.

When atransition to sleep or deep-sleep mode is required (either through software or through the
assertion of the nBATT_FAULT or nVDD_FAULT pins), the contents of the PGSRx registers are
loaded into the GPIO Output Dataregisters, which are normally controlled by software through the
GPSR (set) and GPCR (clear) registers. Only the pins aready configured as outputs refl ect the new
state; however, all bits of the output registers are loaded. After the processor re-enters normal mode
from sleep or deep-sleep mode, these GPIO pins retain their programmed sleep state until software
clears PSSR[PH]. If PSSR[PH] is clear and a pin direction switches from input to an output, the pin
is floated.

These registers are reset upon sleep or deep-sleep exit, so the configuration of the GPIO pins must
be read from external memory. However, the GPIO state itself is not changed until software resets
PSSR[PH].

In deep-sleep mode, GPI0<120:11> float if the external high-voltage power domains are removed.
(GPI0<120:119> are available on the PXA271, PXA272 processors only.)

If these supplies remain enabled, the GPIOs default to the pullup, pulldown reset state. Refer to the
Intel® PXA27x Processor Family EMTS Pin Usage section for reset states and the “GPIO Statesin
Deep-Sleep Mode” section for timing details.

These areread/writeregisters. Ignore reads from reserved bits. Write Ob0 to reserved bits.
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Table 3-22. PGSRO0/1/2/3 Bit Definitions

User
Settings

Bit

PGSR0

PGSR1

PGSR2

PGSR3

Reset

3.8.1.10

3-84

Physical Address

0x40F0_0020 PGSR0
0x40F0_0024 PGSR1 Clocks and Power Manager
0x40F0_0028 PGSR2
0x40F0_002C PGSR3
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 1312 11 10 9 8 7 6 5 4 3 2 1 O
dlo|lo|lol~rololg(o|ld|dlo|lo|lol~N ol 0N o ol~|lo|lwlad|m|lala]lo
MM N[ N[N N NN N[N NNA A A A A A A A A A
nlonlolonlolo onlololnlolol ol ol ololololvola|ln|R]RB]2QADID0O OO0
R AR IR R R R R A R R R A R R R R R R R R R R R R R R R R N R R R
MN|[Hd|[ O[] 0| NN O WOIIT[VIN|[A[ O] D] V| N O[TV N|[ A O] D| Q0| NN O| WO I M| N
Qoo VLILVLILILILILILIL LIS S| I IT]T] ST OO| O] M
NNAAA DD NDDADA]DADD]|D DD D]|ND|D][R|D]A|D|A|D|A| DD N
NN A|D|N|n|n]|o|n]|r|ln]|d|n|d|n|ld|ln|d|rn|lr|oln]lnln|lrn|lrn|d|n|n
VDIIF[(V[(IN|[Hd]| O] D OISO IF[V N HA| OO NO(WO[TFT(MV|N| A OO V|| OWOf
D[V O] O] O] O 0O[0[ O[O Q| Q| N NN NOIO|OO O ©
DDA DAD DD DDA DADAAADDD]| B nnlnlunlrnlnln|laln|ln|lr|an
IR R R R R R R R R R R R R R R R R R A R R R R R R R R R A R R R R
= |
SRR ENME R EE R EEE R EE R EE R RN
reserved Nig|d|d|d|d|d|d|d| A F|d|d|d|d| A A A ]SS F| BB B
Glalalalalalalalolololololululalulnlnl o o 3333
Blalojalalala|a0|0|d|o|o|o|n|a|la|lnlonlnln
o' o of of o of of 0" 0" 0 0 0 0 0 0 0 0 0O O O OO OOOOU OO OO OOO0 O
Bits Access Name Description
Sleep State of GPIO<n>

0 = If programmed as an output, the pin is driven and held low during the

transition to and while in sleep mode or is driven and held low during
31.0 RIW SS[n] the transition to deep-sleep mode.

1 = If programmed as an output, the pin is driven and held high during the
transition to and while in sleep mode or is driven and held high during
the transition to deep-sleep mode.

NOTES:

t Reset values of reserved bits are undefined.
t1 Supported on the PXA271, PXA272 processors only.

Reset Controller Status Register (RCSR)

RCSR, defined in Table 3-23, indicates the last causes of areset. Table 3-2 details the behavior of
different processor modules during each of the reset sources: power on, hardware, watchdog, sleep
or deep sleep, and GPIO.

Each RCSR status bit is set by its specific source of reset. To clear a bit, write Obl to it.

Thisisaread/writeregister. Ignorereads from reserved bits. Write Ob0 to reserved bits.
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Table 3-23. RCSR Bit Definitions

Physical Address

Clocks and Power Manager

0X40F0_0030 RCSR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
r|lx|lx
reserved & sSiQo| =
Olwn|2|T
Reset ? 2 2 2 2 2 2 2 2 2 2 2 2 2?2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0o ool
Bits Access Name Description
31:4 — — reserved
GPIO Reset
) 0 = GPIO reset has not occurred since the last time software or power-on
3 R/WC GPR reset cleared this bit.
1 = GPIO reset has occurred since the last time software or power-on
reset cleared this bit.
Sleep-Exit Reset from Sleep or Deep-Sleep Mode
) 0 = Sleep-exit reset has not occurred since the last time software or
2 R/WC SMR power-on reset cleared this bit.
1 = Sleep-exit reset has occurred since the last time software or power-
on reset cleared this bit.
Watchdog Reset
) 0 = Watchdog reset has not occurred since the last time software or
1 R/WC WDR power-on reset cleared this bit.
1 = Watchdog reset has occurred since the last time software or power-
on reset cleared this bit.
Hardware/Power-On Reset
5 0 = Hardware or power-on reset has not occurred since the last time
0 R/WC HWR software or power-on reset cleared this bit.
1 = hardware or power-on reset has occurred since the last time software
or power-on reset cleared this bit.
NOTES:
1. Power-on reset clears this bit.
2. To clear this bit, write Ob1 to it.

3.8.1.11 Power Manager Sleep Configuration Register (PSLR)

PSLR, defined in Table 3-24, provides the following functions that control the processor behavior
in both sleep and deep-sleep modes:

¢ System Power-Supply Ramp Delay (SYS_DEL) adjusts the power-on time (in 32.768-kHz
timekeeping oscillator cycles) from the assertion of SYS_EN to the assertion of PWR_EN.

¢ Power-Supply Ramp Delay (PWR_DEL) adjusts the power-on time (in 32.768-kHz
timekeeping oscillator cycles) from the assertion of PWR_EN to the continuation of the sleep-

exit sequence.

Sleep-Mode Shorten Wake-up Delay Disable (PSSD) shortens the sleep-mode wake-up delay

when all power supplies have powered on.

or deep-sleep state.

IgnorenVDD_FAULT in Sleep Mode (IVF) preventsnVDD_FAULT from affecting the sleep
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* Sleep-Mode nRESET_OUT Disable (SL_ROD) preventsthe nRESET_OUT pin from
asserting upon entry into from sleep or deep-sleep.

¢ Sleep-Mode Unit Retention bits (SL_Rn) select which unitsretain their statesin sleep. All
units except the RTC and power manager are reset; state retention affects only memories and

the Pl power

domain.

See Table 3-11 for more details about the possible states of each unit in sleep mode.

Thisisaread/writeregister. Ignorereads from reserved bits. Write ObO to reserved bits.

Table 3-24. PSLR Bit Definitions (Sheet 1 of 2)

User
Settings

Bit

Reset

Physical Address

0x

40F0_0034

PSLR Clocks and Power Manager

31 30 29 28

27 26 25 24

23 22

N
[y
N
o

19 18 17 16 15 14 13 12 11 10

©
2]

7 6 5 4 3 2 10

SYS_DEL

PWR_DEL

PSSD

SL_ROD

reserved

SL_R2

SL_R1
SL_RO

|| reserved |[SL_PI

SL_R3

reserved

O (o)

13T g ot

IVF
™ |reserved

o
-

o
™

ol

2 2 2 2 2 2 2 20000002 2 2 200 2 2

Bits

Access

P
o
3
®

Description

31:28

R/W

SYS_DEL

External High-Voltage Power Domains Ramp Delay

Sets the number of 32.768-kHz timekeeping oscillator cycles between
assertion of SYS_EN (system power supplies enabled) and assertion of
PWR_EN to 2" (reset value = 0b1100 for 125 ms delay).

0b0000-0b1100: n=SYS_DEL
0b1101-0b1111: n =12

27:24

R/W

PWR_DEL

External Low-Voltage Power Domains Ramp Delay

Sets the number of 32.768-kHz timekeeping oscillator cycles between
assertion of PWR_EN and the sleep or deep-sleep recovery sequence to 2"
(reset value = 0b1100 for 125 ms delay).

0b0000-0b1100: n = PWR_DEL
0b1101-0b1111: n =12

23

R/W

PSSD

Sleep-Mode Shorten Wake-up Delay Disable

0 = Do not shorten the wake-up delay (SYS_DEL or PWR_DEL) if all the
corresponding power supplies are detected to have powered on.

1 = Shorten the wake-up delay (SYS_DEL or PWR_DEL) if all the
corresponding power supplies are detected to have powered on.

22

R/W

IVF

Ignore nVDD_FAULT in Sleep Mode and Deep-Sleep Mode

0 = nVDD_FAULT is not gated off in sleep and deep-sleep mode.

1 = No action taken when nVDD_FAULT occurs in sleep or deep-sleep
mode. The nVCC_FAULT is gated off when IVF is set and PWR_EN
is deasserted.

21

reserved

20

R/W

SL_ROD

Sleep-Mode/Deep-Sleep Mode nRESET_OUT Disable

0 = nRESET_OUT is asserted upon entry into sleep or deep-sleep mode.
1= nRESET_OUT is not asserted upon entry into sleep or deep-sleep
mode, but the CPU and on-chip peripherals are reset.

19:12

reserved
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Table 3-24. PSLR Bit Definitions (Sheet 2 of 2)

Physical Address

O0X40F0_0034 PSLR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
k=l e} o
) [2Ne) MmN d| © D
SYS_DEL | PWRDEL |2|L|2|@ reserved el = Sl reserved |SL_PI| 2
700 = B S I [ 3
o 3|z n|lnln|n 4
Reset 1t 1 ot o! 1t 1t o' ot 0t ot 2 0t 2 2 2 2 2 2 2 2 otototol 2?2 2 2 2 0toO! 2 2
Bits Access Name Description
Sleep Mode Unit Retention—Internal SRAM Bank 3
11 RIW SL_R3? 0 = SRAM bank 3 is powered off in sleep mode.
1 = SRAM banka retains state (memory array only) in sleep mode.
Sleep Mode Unit Retention—Internal SRAM Bank 2
10 RIW SL_R2? 0 = SRAM bank 2 is powered off in sleep mode.
1 = SRAM bank 2 retains state (memory array only) in sleep mode.
Sleep Mode Unit Retention—Internal SRAM Bank 1
9 RIW SL_R1? 0 = SRAM bank 1 is powered off in sleep mode.
1 = SRAM bank 1 retains state (memory array only) in sleep mode.
Sleep Mode Unit Retention—Internal SRAM Bank 0
8 RIW SL_R0? 0 = SRAM bank 0 is powered off in sleep mode.
1 = SRAM bank 0 retains state (memory array only) in sleep mode.
74 — — reserved
Sleep or Deep-sleep Mode Unit Retention—P| Power Domain
00 = The PI power domain is powered off in sleep and deep-sleep mode.
01 = The PI power domain retains state in sleep and deep-sleep mode
3:2 RIW SL_PI 10 = The PI power domain is active with clocks running during sleep
mode.
Do not use this setting for deep-sleep mode.
11 = reserved
1:0 — — reserved
NOTES:
1. Exit from sleep or deep-sleep mode does not clear or set this bit.
2. If this bit is set, then the PMCR[xIDAE] bits must also be set. Do not set this bit when entering deep-sleep mode.
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3.8.1.12 Power Manager Standby Configuration Register (PSTR)

PSTR, defined in Table 3-25, contains the standby-mode unit-retention bits. These bits select
which units retain state and operation in standby mode. Registers of disabled units take their reset
values at standby exit. The CPU and most peripherals retain state in standby mode.

See Table 3-11 for more details about the possible states of each unit in standby mode.

Thisisaread/writeregister. Ignorereads from reserved bits. Write Ob0 to reserved bits.

Table 3-25. PSTR Bit Definitions

Physical Address

Clocks and Power Manager

0x40F0_0038 PSTR
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 1312 11 10 9 8 7 6 5 4 3 2 1 O
M N[ | O 8
reserved n:| n:| n:| n:| reserved |ST_PI E
ol Wl Bl W o o
nln|ln|ln 3
Reset 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 20 0oofof 2 2 2 2 0 of 2 2
Bits Access Name Description
31:12 — — reserved
Standby-Mode Retain State —Internal SRAM Bank 3
11 RIW ST_R3 0 = SRAM bank 3 is powered off in standby mode.
1 = SRAM bank 3 retains state in standby mode.
Standby-Mode Retain State—Internal SRAM Bank 2
10 RIW ST_R2 0 = SRAM bank 2 is powered off in standby mode.
1 = SRAM bank 2 retains state in standby mode.
Standby-Mode Retain State—Internal SRAM Bank 1
9 RIW ST_R1 0 = SRAM bank 1 is powered off in standby mode.
1 = SRAM bank 1 retains state in standby mode.
Standby-Mode Retain State—Internal SRAM Bank 0
8 RIW ST_RO 0 = SRAM bank 0 is powered off in standby mode.
1 = SRAM bank 0 retains state in standby mode.
74 — — reserved
Standby-Mode Retain State—P| Power Domain
00 = The PI power domain is powered off in standby mode.
3:2 R/W ST _PI 01 = The Pl power domain retains state in standby mode.
10 = The PI power domain is active with clocks running in standby mode.
11 =reserved
1:0 — — reserved
NOTES:
t Exit from sleep or deep-sleep mode does not clear or set this bit.
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3.8.1.13

Clocks and Power Manager

Power Manager Voltage Change Control Register (PVCR)

PV CR contains configuration bits that control the automatic voltage-change sequence, as described
in Table 3-26).

Thisisaread/writeregister. Ignorereads from reserved bits. Write ObO to reserved bits.

Table 3-26. PVCR Bit Definitions

Physical Address

Clocks and Power Manager

0x40F0_0040 PVCR
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
e
. <2
reserved Read Pointer reserved 8 5 Command Delay Slave Address
> 8
Reset 2 2 2 2 2 2 2 ol ofofofof 2 2 2 2 2 of 2 2 of of of of of of of of of of of of
Bits Access Name Description
31:25 — — reserved
A programmed value of N indicates that the voltage-change sequencer is
pointing to register PCMDI[N].
. . When written, N points to the PCMDx register that contains the first
24:20 RIW Read Pointer command of the sequence.
When read, N points to the PCMDx register that is to be or is being
transmitted.
19:15 — — reserved
Voltage-Change Sequencer Active
0 = No voltage-change sequence is in progress.

14 R VCSA 1 = The voltage-change sequencer is actively communicating with the
power manager |°C bus and the external regulator. Software cannot
read from or write to the power manager 12C registers.

13:12 — — reserved
Command Delay
When DCE is set in a PCMD register, the command waits M number of
13-MHz processor oscillator cycles before execution, allowing delay
. Command |between 12C commands.
11:7 R/W Dela
Y M = 2N, where N is the value programmed as Command delay for
0b00000 < N < 0b11001
M = 224for N > 0b11001
Slave Address

6:0 RIW Slave . ,

Address | The seven-bit address of the external regulator’s 1°C module.
NOTES:
Tt Exit from sleep or deep-sleep mode does not clear or set this bit if the Pl power domain is not powered off.
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3.8.1.14 Power Manager USIM Card Control/Status Register (PUCR)

PUCR, defined in Table 3-27, contains bits for automatic detection of the USIM card. When the
EN_UDET hit is set, the processor automatically detectsinsertion or removal of the USIM card if a
rising or falling edge is seen on the UDET (GPIO<11>] aternate function) pin. Depending on the
USIM114 or USIM 115 bits, the UEN card-control signal is asserted or de-asserted.

The USIM card auto-detect mechanism is available in al power modes except deep-sleep mode.

See Section 3.8.1.4 regarding wake-up from sleep and standby mode in response to afalling or
rising edge on UDET.

¢ USIM Detect Status (UDETS)—If arising or falling edge is detected on UDET, then the
previous status is toggled. Software can also forcefully set or reset the status of the card. If
UDETS s set, the processor asserts the UEN signal, depending on the USIM115 or USIM 114
bits.

e USIM115 dlows UEN functionality for GPIO<115>.
* USIM114 dlows UEN functionality for GPIO<114>.

¢ Enable USIM Card Detect (EN_UDET) enables automatic detection of the USIM card based
on the UDET signal’srising or falling edge.

Thisisaread/writeregister. |gnore reads from reserved bits. Write ObO to reserved bits.

Table 3-27. PUCR Bit Definitions (Sheet 1 of 2)

Physical Address

O0X40F0_004C PUCR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 1312 11 10 9 8 7 6 5 4 3 2 1 O
TS| | B =
2lelgigl gl a
reserved wlg|=|=| oD
Sl gla|al gl
|2 D ex ]
Reset 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 2 0of of 2 of
Bits Access Name Description
31:6 — — reserved

USIM Detect Status

If a rising or falling edge is detected on UDET, then the previous status is
toggled. Software can also forcefully set or reset the status of the card.

S RIW UDETS 0 = USIM card is not detected, deassert the nUVS1/UEN and UVSO/nUEN
signals
1= USIM card is detected, assert the nUVS1/UEN and UVSO/nUEN
signals depending on the USIM115 and USIM114 bits.
4 — — reserved
Allow UVS or UEN Functionality for GPIO<115>
0= The pad is a GPIO
3 R/W USIM115

1= The pad is used for UEN functionality regardless of the corresponding
alternate function configuration in GAFR3_U[AF115]. The
GPDR[PD115] bit must be set.
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Table 3-27. PUCR Bit Definitions (Sheet 2 of 2)

Physical Address

0X40F0_004C PUCR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
AEIEIRR
|l 2d| 4] =21 QO
reserved wl g|ls|=S| oD
S(g|a|lal 3=
| DD x ]
Reset 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 20 20 0 2 of
Bits Access Name Description
Allow UVS or UEN Functionality for GPIO<114>
0= The padis a GPIO
2 RIW USIM114 |1 = The pad is used for UEN functionality regardless of the corresponding
alternate function configuration in GAFR3_U[AF114]. The
GPDR[PD114] bit must be set.
1 — — reserved
Enable USIM Card Detect
0 = Disable USIM card detect.
0 RIW EN_UDET | 1= Enable USIM card detect. The GPIO<116> pad is used for UDET
regardless of the alternate function configuration in
GAFR3_U[AF116]. The GPDR3[PD116] bit must be cleared.
NOTES:
Tt Sleep and deep-sleep mode do not clear or set these bits.
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3.8.1.15 Power Manager Keyboard Wake-Up Enable Register (PKWR)

PKWR, defined in Table 3-28, selects whether or not the corresponding keypad-related GPIO pin
causes a wake-up from standby or sleep mode. To serve in this manner, the GPIO must be
programmed as an input in the GPDR (see Section 24.5.1, “GPIO Pin-Direction Registers
(GPDR)” on page 24-11). Refer to the Intel® PXA27x Processor Family EMTSfor GPIO timing
specifications. When nVDD_FAULT or nBATT_FAULT is asserted, PKWR assumes its reset
value, enabling only GPIO<1:0> as wake-up sources and disabling al bitsin PKWR.

Additiona wake-up sources for standby and sleep are available through the PWER register (see
Section 3.8.1.4).

Thisisaread/writeregister. Ignorereads from reserved bits. Write ObO to reserved bits.

Table 3-28. PKWR Bit Definitions

Physical Address

0X40F0_0050 PKWR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
S EEIE R R R EE R R R R
reserved Ol Yoy W oW W oW ww w w ww w
LE|Elzl2l2222]2] 222 2| 2| 3| 2| 3| 3| 2
Reset 2 2 2 2 2 2 2 2 2 2 2 2 o' of of of of of of of of o' of of ot of of of of of of of
Bits Access Name Description
25:16 — — reserved
Standby or Sleep-Mode Wake-Up Enable n
19:0 RIW WEI[n] 0 = Disable wake-up due to high level on GPIO<n>.
1 = Enable wake-up due to high level on GPIO<n>.
NOTES:
t Exit from sleep mode does not clear or set this bit.
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3.8.1.16

Clocks and Power Manager

Power Manager Keyboard Level-Detect Status Register (PKSR)

PK SR, defined in Table 3-29, indicates which GPIO pin caused a wake-up from standby or sleep
mode. The GPIO pin must be enabled in PKWR (see Section 3.8.1.15).

These bits are set only by ahigh level on the GPIO pin. The pin must be configured as an input (see
Section 24.5.1, “GPIO Pin-Direction Registers (GPDR)” on page 24-11) and as a keyboard input
(see Section 24.5.4, “GPIO Alternate Function Register (GAFR)” on page 24-23).

Thisisaread/writeregister. Ignore reads from reserved bits. Write ObO to reserved bits.

Table 3-29. PKSR Bit Definitions

Physical Address

0X40F0_0054 PKSR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 1312 11 10 9 8 7 6 5 4 3 2 1 O
N S| 8|lo|xw|~|o|lw|x|w|dlo|lo|xlr~|o|s|~]|o|®
d gl alS|lo|lo|o|o|o|o|o|a|D| 0|00 (0|0 |||
MESENE alalalalalalalalalalalalalalalalalolala
Ololo|Ww|w|w|w|o|w|w| o oo oW {w{w{w|w]|w
Reset 2 2 2 2 2 2 2 2 2 2 2 2 o' of of of of of of of of of of of of of of of ot o of of
Bits Access Name Description
31:20 — — reserved
Standby or Sleep Mode Level Detect Status n
19:0 R/WCTT LD[n] 0 = Do not detect wake-up due to high level on GPIO<n>.
1 = Detect wake-up due to high level on GPIO<n>.
NOTES:

t Exit from sleep or deep-sleep mode does not clear or set this bit.
t1 To clear this bit, write Ob1 to it.
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3.8.1.17 Power Manager I°C Command Register File (PCMDx)

The Power Manager 1°C Command Register Fileisaset of 32 identical registers (PCM D0-31) that
indicate the type of transaction to be completed on the power manager 12C bus duri ng avoltage-
change sequence. Each register represents a single command. Commands are executed starting
with the PCMD register indicated by the read pointer field in PV CR. Each register contains a 13-bit
field that holds five configuration bits and eight data bits. See Table 3-30 for bit definitions.

Thisisaread/writeregister. Ignorereads from reserved bits. Write ObO to reserved bits.

Table 3-30. PCMDO0-31 Bit Definitions

Physical Address

0x40F0_0080 PCMDO
through through Clocks and Power Manager
0x40F0_O0FC PCMD31

User
Settings

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15141312 11 10 9 8 7 6 5 4 3 2 1 0

]
-

reserved Command Data

MBC
DCE
sQc

Reset 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0o of of of of of of of of of of of of

Bits Access Name Description

31:13 — — reserved

Multi-Byte Command

0 = The corresponding data is sent either as a single-byte command or as

12 R/IW MBC the last byte of a multi—byte command. _

1 = The corresponding data is part of a multi-byte command (except the
last byte). The next byte (in the next higher order address PCMD) is
sent without delay or handshaking with the power manager.

Delay Command Execution
0 = Execute the corresponding command without waiting for the delay
1 R/IW DCE counter to time out.

1 = Execute the corresponding command only after the delay counter has
timed out.

Last Command

10 RIW LC 0 = There are additional valid commands after this one.
1 = The command in this register is the last one.

Sequence Configuration
0b00 = Continue; the next command is automatically read.

08 RIW sQc 0b01 = Pause; the next command is not executed until the power
manager asserts a request.

0b10 = reserved
0b1l = reserved

Command

7:0 R/W Data

Power Manager I2C Command Data to be Sent to External Regulator

NOTES:
t Exit from sleep or deep-sleep mode does not clear or set this bit if the PI power domain is not powered off.
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3.8.2 Clocks Manager Registers

The clocks manager uses the following registers:
* Section 3.8.2.1 — Core Clock Configuration Register (CCCR)
* Section 3.8.2.2 — Clock Enable Register (CKEN)
* Section 3.8.2.3 — Oscillator Configuration Register (OSCC)
* Section 3.8.2.4 — Core Clock Status Register (CCSR)
* Section 3.8.3.1 — Clock Configuration Register (CLKCFG), coprocessor 14

Table 3-39 summarizes the registers associated with the clocks manager and the physical addresses
to access them.

3.8.2.1 Core Clock Configuration Register (CCCR)

The core clock is the base clock from which the CPU, memory-controller, LCD-controller, and
system-bus frequencies are derived. CCCR, defined in Table 3-31, controls these frequencies with
the following bits:

* Run-Mode-to-Oscillator Ratio (L) creates the nominal run-mode frequency by multiplying the
13-MHz processor oscillator by L.

* Turbo-Mode-to-Run-Mode Ratio (N) creates the nominal turbo-mode frequency by
multiplying the run-mode frequency by N.

Note: CCCR[2N] must be programmed with twice the value of N.

* Peripheral PLL Disable (PPDIS) turns off the peripheral PLL when not needed. If disabled, the
peripheral PLL is not selected as the clock source and renders many periphera units
nonfunctiona. If the peripheral PLL isdisabled, all peripherals use the 13-MHz clock source.

¢ CorePLL Disable (CPDIS) turns off the core PLL when not needed. If disabled, the core PLL
is not selected as the clock source, and the 13-MHz clock is used.

* LCD Clock Frequency (LCD_26) selects between 13 and 26 MHz.

* Enable PLLsEarly (PLL_EARLY_EN)—In 13M mode, enables the core and peripheral PLLs
early, while remaining fully operational at 13 MHz. This feature can save time while waiting
for the PLLsto lock.

These configurations are not loaded instantaneously; afreguency change isrequired to enact any
changes. When these changes are enacted, they can beignored if inconsistent (see Section 3.5.7.3.1
for restrictions on CPDIS and PPDIS). The actual value configured in the processor isreflected in
the Core Clock Status register (see Section 3.8.2.4). When enabled, the critica frequencies are:

Turbo-mode frequency (T) = 13-MHz processor-oscillator frequency * L * N
Run-mode frequency (R) = 13-MHz processor-oscillator frequency * L

System-bus frequency = 13-MHz processor-oscillator frequency * L / B,
where B = 1 (when in fast-bus mode) or B = 2 (when not in fast-bus mode)

For CCCR[A] = 0 (see Table 3-7):

Memory-controller frequency = 13-MHz processor-oscillator frequency * L / M,
where M = 1 (L = 2-10), M = 2 (L = 11-20), or M = 4 (L = 21-31)

LCD frequency = 13-MHz processor-oscillator frequency * L / K,
where K = 1 (L = 2-7), K =2 (L = 8-16), or K =4 (L = 17-31)

For CLKCFG[B] = 0 and CCCR[A] = 1 (see Table 3-7):
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LCD frequency

INlal.

Memory-controller frequency = 13-MHz processor-oscillator frequency * L / 2

13-MHz processor-oscillator frequency * L / K,

where K = 1 (L = 2-7), K=2 (L = 8-16), or K =4 (L = 17-31)

For CLKCFG[B] = 1 and CCCR[A] = 1 (see Table 3-7):

LCD frequency

where K = 1 (L = 2

Memory-controller frequency = 13-MHz processor-oscillator frequency * L

13-MHz processor-oscillator frequency * L / K,
-7), K =2 (L = 8-16), or K = 4 (L = 17-31)

Thisisaread/writeregister. Ignorereads from reserved bits. Write Ob0O to reserved bits.

Table 3-31. CCCR Bit Definitions (Sheet 1 of 2)

User
Settings

Bit

Reset

3-96

Physical Address

0x4130_0000 CCCR Clocks and Power Manager
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
z
4
wlnl B |&X 3
o|a =N z| < reserved 2N 2 L
o|a % 8 L qu}
= | =
-
—
a
ofof 2 2 00" ol 2 2 2 2 2 2 2 2 2 2 2 2 2 2 00 of 2T 0" 2 2 of of 27 2T 17
Bits Access Name Description
Core PLL Output Disable
31 RIW CPDIS 0= Core PLL _is e_nabled after frequency change._
1= Core PLL is disabled after frequency change if not selected as a clock
source.
Peripheral PLL Output Disable
30 RIW PPDIS 0= Per!pheral PLL _is e_nabled after frequency change._
1 = Peripheral PLL is disabled after frequency change if not selected as a
clock source.
29:28 — — reserved
LCD Clock Frequency in Deep-Idle or 13M Mode
27 RIW LCD_26 0 = LCD clock frequency is 13 MHz.
1 = LCD clock frequency is 26 MHz.

Early PLL Enable

In 13M mode, allows software to enable the PLLs ahead of time, while

remaining fully operational in 13M mode. When the core and peripheral

PLLs have locked (CCSR[CPLK] and CCSR[PPLK] set), software can

perform the frequency change. This bit is automatically cleared after a

2 RIW PLL_EARLY_ |frequency change exiting from 13M mode.
EN 0 = Do not enable the core and peripheral PLLs early.
1 = Enable the core and peripheral PLLs early (all units and the core
remain operational at 13 MHz).

NOTE: Write to this bit only when the processor is in 13M mode and the
core PLL has been disabled by setting CPDIS. In normal run mode,
writing to this bit causes unpredictable results.
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Table 3-31. CCCR Bit Definitions (Sheet 2 of 2)

Physical Address

0x4130_0000 CCCR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
z
4
olol 8 (&2 3
alal 5 o %< reserved 2N - L
olal 9 Of u 2
2 I =
-
—
o
Reset 0f of 2 2 of of0of 2 2 2 2 2 2 2 2 2 2 2 2 2 2 of of 17 of 2 2 of of 2 1t 1f
Bits Access Name Description
Alternate Setting for Memory Controller Clock
0 = Memory controller clock (CLK_MEM) clock frequency is as specified
in Table 3-7.
25 R/W A 1 = Memory controller clock (CLK_MEM) clock frequency is the same as
the system bus frequency.
Note: Refer to section 6.5.1.4 for changing CLK_MEM while SDCLK <1> or
<2>isat 104 MHZ
24:11 — — reserved
Turbo-Mode-to-Run-Mode Ratio, N
(Reset value 0b010 for N = 1)
10:7 RIW N 0b000-0b010 = ratfo (N=1
0b011-0b110 = ratio (N) = (2N / 2)
Oblll = reserved
NOTE: Program this field with twice the value of N.
6:5 — — reserved
Run-Mode-to-Oscillator Ratio
(Reset value 0b00111 for L=7)
4:0 R/W L 0b00000—0b00010 = ratio = 2
0b00011-0b11110 = ratio =L
0b11111 = reserved
NOTES:
T GPIO, sleep, and deep-sleep resets do not clear or set this bit.
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3.8.2.2 Clock Enable Register (CKEN)

CKEN enables or disablesthe clock to most of the peripheral units. For lowest power consumption,
any unit that is not being used must have its clock disabled by clearing the appropriate bit. See

In

Table 3-32 for register details and Table 3-33 for clock-enable-to-CKEN bit mappings.

Thisisaread/writeregister. Ignore reads from reserved bits. Write ObO to reserved bits.

Table 3-32. CKEN Bit Definitions

Physical Address

0x4130_0004 CKEN Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
— | M N[ A OO0 N|lOI WO I[M[N] H| O
Bl ewes |S1S12(EIS121 2RI 212 2(2|2|5| 2| 812121 2| 2|21 212l 2| 8
i || w|w|w|w|w|wWw|w|w|w|w|w|w|o|L] L] w) Ly w ) w
v Miv| ||| x| x| XYY x|[x|x][x|X]| X XXX XXX X X
@) O|o|o|o|o|o|O|O|U|O|0|0|0|0|0|C|O|O|O|0|0|0]0]0|0
Reset 1T 2 2 2 2 2 2 a1f aF 1t 17 1t 2t 2% 2t af 2F 27 27 27 27 27 27 27 27 27 2t 2t 2T 27 27 qf
Bits Access Name Description
AC ‘97 Controller Configuration
31 RIW CKEN[31] |This bit works in conjunction with CKEN[2], as described in Table 13-7,
“AC ‘97 Configuration” on page 13-13.
30:25 — — reserved
Clock Enable
. 0 = Clock to the unit is disabled.
24.0 RIW CKEN[n] 1 = Clock to the unit is enabled.
See Table 3-33 for module mapping.
NOTES:
T GPIO, sleep, and deep-sleep resets do not clear or set this bit.
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Table 3-33. Clock Enable Mappings for CKEN Bits

Clocks and Power Manager

Name Description Name Description
CKEN[25] |TPM Unit Clock Enable USB Client Unit Clock Enable
48-MHz Clock Enable
CKEN[11] Note: Al bles the 48-
CKEN[24] | Quick Capture Interface Clock Enable o ME@ %ﬂ,ack%% ©
alternate functions
GPIO<11:112>
CKENJ[23] | SSP1 Unit Clock Enable CKEN[10] |USB Host Unit Clock Enable
CKEN[22] |Memory Controller CKEN[9] OS Timer Unit Clock Enable
CKEN[21] |Memory Stick Host Controller CKEN[8] 12S Unit Clock Enable
CKEN[20] [ Internal Memory Clock Enable CKEN[7] BTUART Unit Clock Enable
CKEN[19] |Keypad Interface Clock Enable CKEN[6] FFUART Unit Clock Enable
CKEN[18] |USIM Unit Clock Enable CKEN[5] STUART Unit Clock Enable
CKEN[17] |MSL Interface Unit Clock Enable CKEN[4] SSP3 Unit Clock Enable
CKENJ[16] |LCD Controller Clock Enable CKENI3] SSP2 Unit Clock Enable
2 .

CKEN[15] | Power Manager I°C Unit Clock CKEN[2] |AC 97 Controller Clock Enable
CKEN[14] |I?C Unit Clock Enable 0b00 = All PWMs disabled!

. 0b01 = All PWMs enabled
CKEN[13] | Infrared Port Clock Enable CKEN[1:0] 0b10 = All PWMs enabled
CKEN[12] | MMC Controller Clock Enable 0Ob11 = All PWMs enabled
NOTE:
T Individual PWMs can be independently disabled for lower power consumption within the PWM

controller using PWMDCRX[FD] (see Section 23.5.2, “PWM Duty Cycle Registers (PWMDCRX)” on
page 23-8.

3.8.2.3

Oscillator Configuration Register (OSCC)

OSCC, defined in Table 3-34, controls the 13-MHz processor and 32.768-kHz timekeeping
oscillator configurations as follows:

* Processor (13-MHz) Oscillator Stabilization Delay (OSD) defines the programmable delay to
let the 13-MHz processor oscillator to stabilize. Refer to the | ntel® PXA27x Processor Family
EMTSfor more details on recommended settings. The delay times associated with the OSD are
approximate.

* Clock Request Input (CRI) status—External processor oscillator:

— If CRI isclear, the clock is supplied on the PXTAL_IN and PXTAL_OUT. Observe the
following requirements:

CLK_PIO s configurable asa GPIO or buffered output of PXTAL _IN.
PXTAL_IN isused as the processor-oscillator input.

PXTAL_IN must be connected to a crystal or clock source.
PXTAL_OUT must be connected to a crystal or clock source or floated.

CLK_REQisaninput.

OON and TOUT_EN iscleared out of power-on or hardware reset.
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— If CRI is set, the clock is supplied externally. Observe the following requirements:
CLK_PIO is used as the processor-oscillator input.

PXTAL_IN must be grounded.

PXTAL_OUT must be floated.

CLK_REQ is an output.

A crystal or clock source must be connected to TXTAL_IN.

OON and TOUT_EN isset out of power-on or hardware reset.

Processor-Oscillator Output Enable (PIO_EN) and Timekeeping-Oscillator Output Enable
(TOUT_EN)—When set, enables the respective oscillator-derived clocks as outputs on the
corresponding pin. When clear, the GPIO function is active.

32.768-kHz Timekeeping Oscillator On (OON) enables the timekeeping oscillator. OON can
be set only by software and cleared only by power-on or hardware reset.

32.768-kHz Timekeeping Oscillator OK (OOK) sets 2-3 seconds after OON is set; switches
the clock source to the RTC and power manager from the 13-MHz processor oscillator divided
by 400 to the timekeeping oscillator. OOK can be set only by the stabilization timer and
cleared only by power-on or hardware reset.

Thisisaread/writeregister. Ignorereads from reserved bits. Write Ob0 to reserved bits.

Table 3-34. OSCC Bit Definitions (Sheet 1 of 2)

Physical Address

0x4130_0008 osce Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
pd
z
) — || Yzl x
reserved N xl l=10o|l0
o |©|¢Q 32| °
=
Reset 2 2 2 ?2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 280221920971
Bits Access Name Description
317 — — reserved
Processor (13-MHz) Oscillator Stabilization Delay
00 = Approximately 5 ms
6:5 R/W OSsD 01 = Approximately 3 ms
10 = Approximately 375 US
11 = Approximately 1 LS
Clock Request Input (External Processor Oscillator) Status
0 = The processor oscillator must be supplied using PXTAL_IN and
PXTAL_OUT (the CLK_REQ pin was driven low during hardware or
4 R CRI watchdog reset).

1 = The processor oscillator is supplied externally (the CLK_REQ pin was
floated during hardware or watchdog reset).

NOTE: See the requirements for each of these conditions (listed in
Section 3.8.2.3).
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Table 3-34. OSCC Bit Definitions (Sheet 2 of 2)

User
Settings

Bit

Reset

3.8.2.

Intel® PXA27x Processor Family Developer’s Manual

Physical Address

Clocks and Power Manager

0x4130_0008 oscc
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
pd
pd
) _|a| Y =z x
reserved %) i ll=l0o|l0o
o |©|¢Q 3/°|°
& E
2 2 2 2 2 2 2 2 2 2 2 ?2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 2?1022l 9191
Bits Access Name Description
13-MHz Processor Oscillator Output Enable

0 = CLK_PIO is not used; pin can be used as GPIO.

3 RIW PIO_EN 1 = CLK_PIO is driven at the same frequency as the processor oscillator,
regardless of the GPIO configuration. This configuration is ignored if
CRI is set.

Timekeeping (32.768 kHz) Oscillator Output Enable

0 = CLK_TOUT is not used; pin can be used as GPIO.

2 R/W TOUT EN 1= CLI_(_TOUT is driven at the same freqqency_ as the tim(_ekeeping

- oscillator, regardless of the GPIO configuration. If CRI is set,
TOUT_EN is set out of power-on or hardware reset but can be set or
cleared at any time.
Timekeeping (32.768 kHz) Oscillator On (Write once only)
3 0 = The timekeeping oscillator is disabled.

1 R/IW OON 1 = The timekeeping oscillator is enabled. Once written, OON cannot be
cleared except by power-on or hardware reset. If CRI is set, OON is
set out of power-on or hardware reset and cannot be cleared.

Timekeeping (32.768 kHz) Oscillator OK

0 = The timekeeping oscillator is disabled or not stable, and clocks

0 R4 00K (divided by 112) the RTC and power manager.

1 = The timekeeping oscillator has been enabled (OON = 1) and
stabilized,; it clocks the RTC and power manager. If CRI is set, OOK is
set out of power-on or hardware reset.

NOTES:
1. This bit is set or cleared at power-on or hardware reset, based on the state of the CLK_REQ pin during these resets. It
is unaffected by watchdog, GPIO, or sleep and deep-sleep resets.
2. This bit is unaffected by watchdog, GPIO, or sleep and deep-sleep resets.
3. This bit can be set only by software and cleared only by power-on or hardware reset.
4. This bit can be set only by the stabilization timer and cleared only by power-on or hardware reset.
4 Core Clock Status Register (CCSR)

CCSR, defined in Table 3-35, provides the current status of the core clock system. This read-only
register isloaded whenever the following occur: frequency change, exit from standby, or exit from
dleep or deep-sleep. The bits map functionally to the corresponding bitsin the Core Clock
Configuration register (CCCR), with the addition of two bits, CPLCK and PPLCK:

* CorePLL Lock (CPLCK) indicates whether the core PLL is ready to use
* Peripheral PLL Lock (PPLCK) indicates whether the peripheral PLL isready to use

Thisisaread-only register. Ignorereads from reserved bits.
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Table 3-35. CCSR Bit Definitions

Physical Address

0x4130_000C CCSR Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ol o] 3| 3 g 0
Q19 I 2
E E 2 = reserved % & )
o|lalf|® 0
Reset 0f of 1T 1T 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 o 1t of 2 2 of of 17 1T 17
Bits Access Name Description
Core PLL Output Disable (CPDIS) Status
31 R CPDIS_S |Updated from CCCR at frequency change and standby, sleep, or deep-
sleep exit.
Peripheral PLL Output Disable (PPDIS) Status
30 R PPDIS_S |Updated from CCCR at frequency change and standby, sleep, or deep-
sleep exit.
Core PLL Lock
29 R CPLCK 0 = Core PLL is not Iocked._ Using _it asa clock source incurs a time
penalty to make the switch while it locks.
1= Core PLL is locked and ready to use.
Peripheral PLL Lock
28 R PPLCK 0 = Peripheral PLL is not chked. L_Jsing it as a clock source incurs a time
penalty to make the switch while it locks.
1 = Peripheral PLL is locked and ready to use.
27:10 — — reserved
Turbo-Mode-to-Run-Mode Ratio (N) Status
9:7 R ON S Updated from CCCR at frequency change and standby, sleep, or deep-
' - sleep exit. (Reset value = 0b010 for N = 1)
NOTE: The value in this field reflects twice the value of N.
6:5 — — reserved
Run-Mode to 13-MHz Processor Oscillator Ratio (L) Status
4:0 R LS Updated from CCCR at frequency change and standby, sleep, or deep-
sleep exit. (Reset value = 0b0_0111 for L = 7)
NOTES:

t GPIO, sleep, and deep-sleep resets do not set this bit.
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3.8.3

Note:

3.8.3.1

Note:

Clocks and Power Manager

Coprocessor 14: Clock and Power Management
Coprocessor 14 contains two registers that control the power modes and power sequencesin the
PXA27x processor:

* CP14 register 6—CLKCFG register

* CP14 register —PWRMODE register

CP14 registers can be accessed only in supervisor mode. Power-on, hardware, watchdog, GPIO,
sleep, and deep-sleep resets clear these registers.

Clock Configuration Register (CLKCFG)

The CLKCFG register, defined in Table 3-36, controls the following modes and sequences:
* Turbo mode (See Section 3.5.7.4)
* Freguency-change sequence (See Section 3.5.7.3)
* Fast-bus mode (See Section 3.5.7.6)
* 13M mode (See Section 3.5.7.7)
¢ Half-Turbo mode (See Section 3.5.7.5)

Any two writes to CLKCFG or PWRMODE registers must be separated by six 13-MHz cycles.
This requirement is achieved by performing the write to the CLKCFG or POWERMODE register,
performing aread of CCCR, and then comparing the value in the CLKCFG or POWERMODE
register to the written value until it matches.

Thisisaread/writeregister. Ignore reads from reserved bits. Write Ob0 to reserved bits.

Table 3-36. CLKCFG Bit Definitions (Sheet 1 of 2)

Coprocessor 14

Register CR6 CLKCEG Clocks and Power Manager
User
Settings
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved BIE|F|T
Reset 2 ?2 2 2 2 2?2 2?2 2?2 2?2 2 2 2 2 ?2 2?2 2?2 2?2 2 2 2 2 2 2?2 2?2 2?2 2?2 2 2 0000
Bits Access Name Description
31:4 — — reserved
Fast-Bus Mode
3 RIW B 0 = System bus frequency is half of the run-mode frequency.
1 = System bus frequency is equal to the run-mode frequency.
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Table 3-36. CLKCFG Bit Definitions (Sheet 2 of 2)

Coprocessor 14

Register CR6

CLKCFG Clocks and Power Manager

User
Settings

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reserved BIE|F|T
Reset ? 2?2 ?2 2?2 2?2 2 2?2 2?2 2 2?2 2 2?2 2 ?2 2 2?2 %2 2?2 %2 2?2 2?2 2 2?2 2 2?2 2 7?2 2 00 0O
Bits Access Name Description
Half-Turbo Mode
0 = The core frequency is equal to run or turbo clock, depending on the
value of T bit.
RIW HT 1 = The core frequency is turbo clock divided by 2.
Half-turbo mode can only be invoked when the CCSR reflects the 2*N
values of 6 or 8.
Frequency Change
RIW = A change sequence is initiated when F is set.
0 = No frequency change is performed.
1 = Frequency-change sequence begins when written.
Turbo Mode
R/W T 0 = Run mode
1 = Turbo mode

3.8.3.2

Note:

3-104

Power Mode Register (PWRMODE)

Writing to PWRMODE, defined in Table 3-37, initiates entry into the following power modes:
* |dle mode (see Section 3.6.6)
¢ Deep-idle mode (seeSection 3.6.7)
¢ Standby mode (see Section 3.6.8)
¢ Sleep mode (see Section 3.6.9)
* Deep-deep mode (see Section 3.6.10)

* \oltage-change mode (see Section 3.7)

The reset mode is normal power mode, in which the CPU isfully active.

Any two writesto CLKCFG or PWRMODE must be separated by six 13-MHz cycles. This
requirement is achieved by performing the write to the CLKCFG or POWERMODE register,
performing aread of CCCR, and then comparing the value in the CLKCFG or POWERMODE
register to the preferred value until it matches.

Thisisaread/writeregister. Ignorereads from reserved bits. Write Ob0 to reserved bits.
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Table 3-37. PWRMODE Bit Definitions

Coprocessor 14

Register CR7

PWRMODE Clocks and Power Manager

User
Settings

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 1312 11 10 9 8 7 6 5 4 3 2 1 O

reserved Q M

Reset ? 2?2 2?2 ?2 2?2 2?2 2?2 2?2 2 2?2 ?

??2 2?2 °?2 2 2?2 2?2 2 2?2 °?2 2?2 2 2?2 2?2 2?2 2?2 ?2 00 00

Bits

Access

Name

Description

31:4

reserved

R/IW

VvC

Voltage Change

0 = No voltage change is performed.
1 = Voltage-change sequence begins when written.

This bit is cleared upon completion of the voltage-change mode. It can be
written in conjunction with any of the modes specified by M.

2:0

R/IW

Mode
0b000 = Normal mode
0b001 = Idle mode
0b001 = Deep-idle mode’
0b010 = Standby mode
0b011 = Sleep mode
0b100 = reserved
0b110 = reserved
0Ob111 = Deep-sleep mode

These bits are cleared (return to normal 