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About This Manual

Preface

Read This First

This document introduces the setup, components, and features of the
OMAP5912 multimedia processor and provides a high-level view of the device
architecture.

Notational Conventions

This document uses the following conventions.

(1 Hexadecimal numbers are shown with the suffix h. For example, the
following number is 40 hexadecimal (decimal 64): 40h.

Related Documentation From Texas Instruments

SPRU748A

The following documents describe the OMAP5910 device and related
peripherals. Copies of these documents are available on the Internet at
www.ti.com. Tip: Enter the literature number in the search box provided at
www.ti.com.

OMAP5912 Multimedia Processor Device Overview and Architecture
Reference Guide (literature number SPRU748) introduces the setup,
components, and features of the OMAP5912 multimedia processor and
provides a high-level view of the device architecture.

OMAP5912 Multimedia Processor OMAP 3.2 Subsystem Reference
Guide (literature number SPRU749) introduces and briefly defines the
main features of the OMAP3.2 subsystem of the OMAP5912 multimedia
processor.

OMAP5912 Multimedia Processor DSP Sybsystem Reference Guide (lit-
erature number SPRU750) describes the OMAP5912 multimedia proc-
essor DSP subsystem. The digital signal processor (DSP) subsystem is
built around a core processor and peripherals that interface with: 1) The
ARMO926EJS via the microprocessor unit interface (MPUI); 2) Various
standard memories via the external memory interface (EMIF); 3) Various
system peripherals via the Tl peripheral bus (TIPB) bridge.
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4 OMAP5912

OMAP5912 Multimedia Processor Clocks Reference Guide (literature

number SPRU751) describes the clocking mechanisms of the
OMAP5912 multimedia processor. In OMAP5912, various clocks are
created from special components such as the digital phase locked loop
(DPLL) and the analog phase-locked loop (APLL).

OMAP5912 Multimedia Processor Initialization Reference Guide (litera-

ture number SPRU752) describes the reset architecture, the configura-
tion, the initialization, and the boot ROM of the OMAP5912 multimedia
processor.

OMAP5912 Multimedia Processor Power Management Reference Guide

(literature number SPRU753) describes power management in the
OMAP5912 multimedia processor. The ultralow-power device (ULPD)
generates and manages clocks and reset signals to OMAP3.2 and to
some peripherals. It controls chip-level power-down modes and handles
chip-level wake-up events. In deep sleep mode, this module is still active
to monitor wake-up events.This book describes the ULPD module and
outline architecture.

OMAP5912 Multimedia Processor Security Features Reference Guide

(literature number SPRU754) describes the security features of teh
OMAP5912 multimedia processor. The OMAP5912 security scheme re-
lies on the OMAP3.2 secure mode. The distributed security on the
OMAP3.2 platform is a Texas Instruments solution to address m-com-
merce and security issues within a mobile phone environment. The
OMAP3.2 secure mode was developed to bring hardware robustness to
the overall OMAP5912 security scheme.

OMAP5912 Multimedia Processor Direct Memory Access (DMA) Support

Reference Guide (literature number SPRU755) describes the direct
memory access support of the OMAP5912 multimedia processor. The
OMAP5912 processor has three DMAs:

B The system DMA is embedded in OMAP3.2. It handles DMA
transfers associated with MPU and shared peripherals.

B The DSP DMA is embedded in OMAP3.2. It handles DMA
transfers associated with DSP peripherals.

W The generic distributed DMA (GDD) is an OMAP5912 resource
attached to the SSI peripheral. It handles only DMA transfers
associated with the SSI peripheral.
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OMAP5912 Multimedia Processor Memory Interfaces Reference Guide
(literature number SPRU756) describes the memory interfaces of the
OMAP5912 multimedia processor.

SDRAM (external memory interface fast, or EMIFF)
Asynchronous and synchronous burst memory (external
memory interface slow, or EMIFS)

NAND flash (hardware controller or software controller)
CompactFlash on EMIFS interface

Internal static RAM

OMAP5912 Multimedia Processor Interrupts Reference Guide (literature
number SPRU757) describes the interrupts of the OMAP5912 multime-
dia processor. Three level 2 interrupt controllers are used in
OMAP5912:

One MPU level 2 interrupt handler (also referred to as MPU
interrupt level 2) is implemented outside of OMAP3.2 and can
handle 128 interrupts.

One DSP level 2 interrupt handler (also referred to as DSP
interrupt level 2.1) is instantiated outside of OMAP3.2 and can
handle 64 interrupts.

One OMAP3.2 DSP level 2 interrupt handler (referenced as DSP
interrupt level 2.0) can handle 16 interrupts.

OMAP5912 Multimedia Processor Peripheral Interconnects Reference
Guide (literature number SPRU758) describes various periperal inter-
connects of the OMAP5912 multimedia processor.

OMAP5912 Multimedia Processor Timers Reference Guide (literature
number SPRU759) describes various timers of the OMAP5912 multime-
dia processor.

OMAP5912 Multimedia Processor Serial Interfaces Reference Guide (lit-
erature number SPRU760) describes the serial interfaces of the
OMAP5912 multimedia processor.

OMAP5912 Multimedia Processor Universal Serial Bus (USB) Reference
Guide (literature number SPRU761) describes the universal serial bus
(USB) host on the OMAP5912 multimedia processor. The OMAP5912
processor provides several varieties of USB functionality. Flexible multi-
plexing of signals from the OMAP5912 USB host controller, the
OMAP5912 USB function controller, and other OMAP5912 peripherals
allow a wide variety of system-level USB capabilities. Many of the
OMAP5912 pins can be used for USB-related signals or for signals from
other OMAP5912 peripherals. The OMAP5912 top-level pin multiplexing
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controls each pin individually to select one of several possible internal pin
signal interconnections. When these shared pins are programmed for
use as USB signals, the OMAP5912 USB signal multiplexing selects how
the signals associated with the three OMAP5912 USB host ports and the
OMAP5912 USB function controller can be brought out to OMAP5912
pins.

OMAP5912 Multimedia Processor Multi-channel Buffered Serial Ports
(McBSPs) Reference Guide (literature number SPRU762) describes
the three multi-channel buffered serial ports (McBSPs) available on the
OMAP5912 device. The OMAP5912 device provides multiple high-
speed multichannel buffered serial ports (McBSPs) that allow direct in-
terface to codecs and other devices in a system.

OMAP5912 Multimedia Processor Camera Interface Reference Guide (lit-
erature number SPRU763) describes two camera inerfaces implement-
ed in the OMAP5912 multimedia processor: compact serial camera port
and camera parallel interface.

OMAP5912 Multimedia Processor Display Interface Reference Guide (lit-
erature number SPRU764) describes the display interface of the
OMAP5912 multimedia processor.

B LCD module

B LCD data conversion module
B LED pulse generator

B Display interface

OMAP5912 Multimedia Processor Multimedia Card (MMC/SD/SDIO) (liter-
ature number SPRU765) describes the multimedia card (MMC) interface
of the OMAP5912 multimedia processor. The multimedia card/secure
data/secure digital IO (MMC/SD/SDIO) host controller provides an inter-
face between a local host, such as a microprocessor unit (MPU) or digital
signal processor (DSP), and either an MMC or SD memory card, plus up
to four serial flash cards. The host controller handles MMC/SD/SDIO or
serial port interface (SPI) transactions with minimal local host interven-
tion.

OMAP5912 Multimedia Processor Keyboard Interface Reference Guide
(literature number SPRU766) describes the keyboard interface of the
OMAP5912 multimedia processor. The MPUIO module enables direct
I/O communication between the MPU (through the public TIPB) and ex-
ternal devices. Two types of I/O can be used: specific I/Os dedicated for
8 x 8 keyboard connection, and general-purpose 1/Os.

OMAP5912 Multimedia Processor General-Purpose Interface Reference
Guide (literature number SPRU767) describes the general-purpose in-
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terface of the OMAP5912 multimedia processor. There are four GPIO
modules in the OMAP5912. Each GPIO peripheral controls 16 dedicated
pins configurable either as input or output for general purposes. Each pin
has an independent control direction set by a programmable register.
The two—-edge control registers configure events (rising edge, falling
edge, or both edges) on an input pin to trigger interrupts or wake—up re-
quests (depending on the system mode). In addition, an interrupt mask
register masks out specified pins. Finally, the GPIO peripherals provide
the set and clear capabilities on the data output registers and the inter-
rupt mask registers. After detection, all event sources are merged and
a single synchronous interrupt (per module) is generated in active mode,
whereas a unigue wake-up line is issued in idle mode. Eight data output
lines of the GPIO3 are ORed together to generate a global output line at
the OMAP5912 boundary. This global output line can be used in conjunc-
tion with the SSI to provide a CMT-APE interface to the OMAP5912.

OMAP5912 Multimedia Processor VLYNQ Serial Communications Inter-

face Reference Guide (literature number SPRU768) describes the
VLYNQ of the OMAP5912 multimedia processor.

VLYNQ is a serial communications interface that enables the extension
of an internal bus segment to one or more external physical devices. The
external devices are mapped into local, physical address space and ap-
pear as if they are on the internal bus of the OMAP 5912. The external
devices must also have a VLYNQ interface. The VLYNQ module serial-
izes bus transactions in one device, transfers the serialized data be-
tween devices via a VLYNQ port, and de-serializes the transaction in the
external device.

OMAP5912 includes one VLYNQ module connected on OCPT2 target
port and OCPI initiator port. These connections are configured via a stat-
ic switch, which selects either SSI or VLYNQ module. This switch, for-
bids the simultaneous use of GDD/SSI and VLYNQ. The switch is con-
trolled by the VLYNQ_EN bit in the OMAP5912 configuration control reg-
ister (CONF_5912 CTRL).

OMAP5912 Multimedia Processor Pinout Reference Guide (literature

number SPRU769) provides the pinout of the OMAP5912 multimedia
processor. After power-up reset, the user can change the configuration
of the default interfaces. If another interface is available on top of the de-
fault, it is possible to enable a new interface for each ball by setting the
corresponding 3-bit field of the associated FUNC_MUX_CTRL register.
It is also possible to configure on-chip pullup/pulldown. This document
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also describes the various power domains so that the user can apply the
different interfaces seamlessly with external components.

OMAP5912 Multimedia Processor Window Tracer (WT) Reference Guide
(literature number SPRU770) describes the window tracer module used
to capture the memory transactions from four interfaces: EMIFF, EMIFS,
OCP-T1, and OCP-T2. This module is located in the OMAP3.2 traffic
controller (TC).

OMAP5912 Multimedia Processor Real-Time Clock Reference Guide (lit-
erature number SPRUxxx) describes the real-time clock of the
OMAP5912 multimedia processor. The real-time clock (RTC) block is an
embedded real-time clock module directly accessible from the TIPB bus
interface.

Trademarks

OMAP and the OMAP symbol are trademarks of Texas Instruments.
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Overview

Introduction

This document introduces the setup, components, and features of the
OMAP5912 multimedia processor and provides a high-level view of the device
architecture.

OMAP5912 is the next generation of OMAP processors and succeeds the
Texas Instruments OMAP5910 processor. It is built with TI 130-nm process
technology and has dual input/output voltage (1.8 V-3.3 V) capability. Like its
predecessor, it is fully programmable to perform one or more of the following
personal communication system tasks:

Call manager

Mail/fax reader/composer

Internet access

Personal digital assistant (PDA)
Personal information management (PIM)
Multimedia engines

oo oo

This system is optimized for various multimedia codecs, such as:

1 MPEG4

a MP3

O JPEG

O H.263

Furthermore, it is capable of running advanced speech applications:

[J Textto speech
(1 Speech recognition

The OMAP5912 also supports secure operations.

Figure 1 shows OMAP5912 at the top level.
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Figure 1.

Top-Level OMAP5912
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The OMAP5912 includes the microprocessor unit (MPU) subsystem, the
digital signal processor (DSP) subsystem, the system direct memory access
(SDMA), and part of the L3 and L4 interconnects. All other components of
OMAP5912 are associated with the OMAP gigacell revision 3.2.
The OMAP5912 device provides a secure environment to run secure
applications. The security hardware components include:
[ OMAP3.2 gigacell security state machine
[ Dedicated secure RAM
[ Secure boot ROM
[0 Secure electrical fuse (eFuse) components
[0 Secure peripherals
Introduction
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Subsystems

Overview

The OMAP5912 chip subsystems have these characteristics:

a

The MPU subsystem is based on the ARM926EJ core, which performs
most operations on the chip.

The DSP subsystem is based on a TMS320C55x™ DSP core, which
performs intensive data computing tasks.

The internal memory subsystem (frame buffer) is a single-port SRAM .

The system DMA helps the MPU perform data memory transfer-specific
tasks, leaving a million more instructions available per second (MIPS) for
both processors.

The system components (ULPD, oscillators, etc.) are responsible for
managing system interactions, such as interrupt, clock control, and idle.

The memory interfaces define the system memory access organization of
OMAP5912.

The peripheral subsystem defines all of the components used to interface
OMAP5912 with specific external devices, such as compact camera port
(CCP), keyboard, and smart display.

The security modules include ROM, a single port SRAM, eFuse cells, and
secure peripherals, which enable the system to support secure
applications.

The universal serial bus (USB) and synchronous serial interconnect (SSl)
interface enable the platform to support a universal serial link and a
dedicated modem interface, which in turn enable a high data transfer rate
between the modem and the OMAP5912.

The device features two types of interconnectivity:

B The L3 interconnect is the memory interconnection among the MPU,
DSP, DMA, and an external host (through USB or SSl interface).

B The L4 interconnect provides all of the peripheral interconnections
among the MPU, DSP, and DMA.

Introduction 15
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1.2

1.3

1.4

15

16

SDRAM/DDRAM Memory Interface

The OMAP5912 external memory interface fast (EMIFF) is an synchronous
dynamic RAM (SDRAM) controller that manages all accesses by the various
initiators of an OMAP system. It can support one 16-bit device or two 8-bit
devices. The external interface data bus width is always 16 bits.

The following devices are supported:

[ Standard single-data-rate SDRAM

[ Low-power single-data-rate SDRAM (mobile SDRAM)
[ Standard double-data-rate SDRAM (DDRAM)

[0 Low-power double-data-rate SDRAM (mobile DDRAM)

In terms of capacity and organization of the memory components that can be
attached, the EMIFF can handle:

O 1G-bit, 512M-bit, 256M-bit, 128M-bit, 64M-bit, and 16M-bit devices
[ 2-bank or 4-bank devices for 16M-bit or 64M-bit devices

(1 4-bank devices only for any other capacity
4

x8 (two devices) or x16 (single device) data bus configuration, except for
the 1G-bit device. The EMIFF supports only two x8, 512M-bit devices and
a single x16, 1G-bit device (128 megabytes, maximum memory
configuration).

Synchronous/Asynchronous Burst Memory Interface

The synchronous/asynchronous external memory interface slow (EMIFS)
supports most common memory interface protocols through flexible
programming and timing signals control.

The EMIFS controls up to six devices without adding any external logic through
six independent chip-selects (CSs) and through dedicated memory interface
control signals. Two configurable options are supported:

CompactFlash

OMAP5912 supports CompactFlash with a dedicated compact flash
controller.

Other Memory Types

OMAP5912 includes multiple serial interfaces that can be used to connect
multiple types of memories, including:

[ Up to two multimedia cards through the multimedia memory card
interfaces (MMC/SDIO)

SPRU748A
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Serial Interfaces

OMAP5912 provides several serial interfaces:

a

a

U o

U U o o

A master/slave serial port interface (SPI), enabling serial data transfer
compatible with common SPI protocol

Three multichannel buffered serial port (McBSP) peripherals, enabling
emulation of the following serial protocols:

B Serial port interface

B An I2S-compatible interface

B A DSP serial input/output

BW Multichannel time division multiplexer

An 12C with multimaster and slave support
A multichannel and full duplex serial synchronous interface (SSI)

A universal serial bus (USB) interface client, host, and USB On-The-Go
configuration

A serial uWire interface
Two multichannel serial interfaces (MCSI)
Three universal asynchronous transceivers (UART1, UART2, UART3)

HDQ and 1-Wire interfaces

Camera and Display Interfaces

There are three video interfaces:

a

The compact camera port (CCP) interface is a unidirectional serial
interface that connects to a camera.

The camera IF is an 8-bit parallel interface with horizontal/vertical camera
input signal.

Two types of LCD display IFs:

B An 8-bit/16-bit configurable parallel bidirectional display interface that
enables a smart display connection using the MeSSI standard

B The OMAP internal LCD controller that enables simple LCD interfaces
and control

Introduction 17
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1.8 Emulation and Test Interfaces

OMAP5912 has these emulation and test interface features:

a
d

a

JTAG emulation capabilityfor non-realtime debug

You can use a window tracer (WT) module to capture the memory
transactions from four interfaces: EMIFF, EMIFS, OCP-T1, and OCP-T2.
The captured information is sent outto the serial tracer interface (STI) for
processing for debugging purposes. For more detail on this memory
transaction trace, see Appendix E, Window Tracer.

An embedded trace macrocell (ETM) to enable real-time trace of the MPU
subsystem operations

Concurrent DSP and MPU emulation

1.9 General-Purpose Interfaces

OMAP5912 includes dedicated modules to support specific modulation and
control of general-purpose inputs and outputs:

a

General-purpose input/output (GPIO) modules allow the monitoring and
control of OMAP5912 device input/output pins with event detection for
external interrupts support.

The pulse width tone (PWT) module provides OMAP5912 output pins with
waveform control for tone generation.

The pulse width light (PWL) module allows OMAP5912 output pins
waveform control for brightness light control.

Two light pulse generator (LPG) modules allow OMAP5912 output pins
waveform control for LED blinking control.

Three general-purpose timers enable OMAP5912 output pins waveform
control for pulse width modulation support and OMAP5912 input pins
events detection with timing stamp.

1.10 Interfaces Multiplexing

Because of the device I/O limitations, the interfaces are not accessible at the
same time, and some of them are multiplexed. For more detail on I/O
multiplexing and control, see Chapter 22, Pinout.

18 Introduction
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OMAP5912 Description

1.11 OMAP5912 Interface Usage Examples
This section contains three examples of OMAP5912 usage:

[ Audio interface
(] Bluetooth™ interface
[ Modem connection

1.11.1 Audio Interfaces

OMAP5912 supports a modem audio PCM codec interface, a modem voice
interface, and a Bluetooth™ voice interface simultaneously. These interfaces
can be provided through various OMAP5912 peripherals:

[0 MCcBSP, which is compliant with the I2C standard and can be connected
to an audio codec.

[J MCSI, which can be used as voice interface (see Section 1.11.2 and
Section 1.11.3)

1.11.2 Bluetooth Interface

The Bluetooth interface has the following data, voice, and power management
interfaces:

[ The data interface can be provided by UART1.
[ The voice interface can be provided by MCSI1.
[ The power interface is the clock request pins.

1.11.3 Modem Connection
Two examples propose ways to connect a modem to the OMAP5912 device:

[ Using a CMT-APE interface: the SSI exchanges data between the modem
and OMAP5912. The control uses GPIO pins.

(] Using data, control, voice, and power management interfaces:

Data interface can be the McBSP2.

Control interface can be the UART2.

Power management interface is the clock request pins.
Voice interface can be the MCSI2.

2 OMAP5912 Description
Figure 2 shows the OMAP5912 in detail.
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Figure 2. OMAP5912 Top-Level Detailed Diagram
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Table 1 through Table 8 describe the OMAP5912 top-level partitioning. For
more detail on the OMAP5912 core, see Chapter 2, OMAP3.2 Subsystem.

Table 1.  MPU Private Peripherals

Peripheral Name

General Description

MPU level 2 interrupt handler

32-kHz watchdog
Secure watchdog

ULPD

CompactFlash controller

RNG
DES/3DES
SHA-1/MD5

GDMA handler

OMAP5912 configuration

LCDCONV

There is one MPU interrupt handler outside the OMAP 3.2 gigacell. It
supports up to 128 interrupt lines. Both IRQ and FIQ are connected to MPU
interrupt handler level 1.

A general-purpose timer with watchdog functionality clocked at 32 kHz
Same watchdog module used for security and clocked differently

System clock and reset module. Manages the idle mode, generates main
reset to OMAP. Some peripherals clock through its APLL output to generate
the OMAP input system clock.

This module interfaces with the NOR flash memory to enable CompactFlash
card support.

Random number generator module
Data encryption standard and triple DES
Secure module that supports SHA-1 and MD5 secure hash algorithm

64 DMA requests are multiplexed to generate 31 DMA request lines to the
system DMA.

Controls the various configurations of the OMAP5912 functions (I/0
functions, debug functions, clock control, security control register)

Enables conversion of the OMAP LCD 16-bit data bits into 18-bit data bits

Table 2.  DSP Private Peripherals

Peripheral Name

General Description

DSP DMA handler

DSP level 2.1 interrupt
handler

DMA requests are multiplexed to generate 19 DMA request lines to the DSP
DMA.

There is one DSP interrupt handler outside the OMAP 3.2 gigacell. It
supports up to 64 interrupt lines. Only IRQ is connected to the DSP level 1
interrupt handler. The DSP interrupt handler module is derived from the MPU
interrupt handler module.

SPRU748A
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Table 3.  MPU Shared Peripherals

Peripheral Name

General Description

USB On-The-Go

RTC

uWire

HDQ/1-Wire

MPUIO

Memory stick interface
FAC

PWT

PWL

2 XLPG

OS timer

SoSSl

MMC/SDIO1

A combination of the USB client and USB host used in OMAP5910, including
an additional module (OTG module)

An embedded real-time clock module

A serial interface that connects external devices such as EEPROM or LCD
with uWire standard

Implements the hardware protocol of the master function of the Benchmark
HDQ and the Dallas Semiconductor 1-Wire protocol

Provides MPU GPIOs (general-purpose I/Os) and a keypad interface
Memory storage device

Frame adjustment counter

Pulse width time

Pulse width length

Two instances of a light pulse generation (LPG) module

32-kHz OS timer used in OMAP5910

A parallel display interface for smart displays. The output implements one
8-bit or 16-bit parallel bus between display driver and master. There are five
control pins and one tearing effect pin. The bus is bidirectional.

Multimedia card interface, compatible with secure digital memory card
interface version 1.0

Table 4. DSP Shared Peripherals

Peripheral Name

Description

McBSP1
McBSP3

2 X MCSI

Can be used to interface with 12S audio codec
Can be used as optical audio interface

Two instances of an MCSI module

22 Introduction

All of the DSP shared peripherals are also accessible by the MPU through the
OMAP 3.2 gigacell MPUI internal port.
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Table 5. MPU/DSP Statically Shared Peripherals

Peripheral Name

Description

MMC/SDIO2

12C multimaster/slave

SPI master/slave

8x dual-mode timers

McBSP2
UART1
UART2

UART3

Multimedia card interface, compatible with secure digital memory card
interface version 1.0

A generic serial link interface that controls several OMAP5912 external 12C
slave devices or slaves them to other OMAP5912 external 12C master
devices

A master/slave serial port interface, running up to 19.2M bits/s in master or
slave mode

All of these general-purpose timers can be configured to count either from
the 32-kHz clock or from the system clock. Three of them are also used to
provide two PWM signals at the OMAP5912 boundary.

Used as communication processor data interface or I12S emulator
A UART modem including autobaud. The maximum baud rate is 3.6M bits/s.
A UART modem with autobaud, as in UART1

A UART IrDA enabling slow, medium, and fast configurations

Each host peripheral access can be configured by software as the DSP or the
MPU for each peripheral.

Table 6. MPU/DSP Dynamically Shared Peripherals

Peripheral Name

Description

4x GPIOs

32-kHz synchronization
counter

There are four instances of 16-bit module general-purpose 1/0s. Each
module can generate its own interrupt. Several general-purpose 1/Os are
multiplexed with primary 1/0s, some of which are connected directly with
dedicated I/Os.

This is a simple upward counter clock used by the 32-kHz input clock to
enable synchronization between modem and application chips when
OMAP5912 is used in conjunction with a modem having the same clock
input. As soon as the power-up reset input is released, the counter starts
counting.

SPRU748A

Each host peripheral access can be either the DSP or the MPU; the arbitration
is performed in hardware.

Table 7 lists the dedicated modules available in OMAP5912, a general
description of each module, and their corresponding functional specifications
reference.
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Table 7. OMAP5912 Dedicated Modules

Module Name

Description

SSI

SSR

SST

GDD

OCP interconnect

Boot ROM

Secure RAM

Secure eFuse

Security layer

CCP
Camera interface

Frame Buffer

A synchronous serial interface that comprises the synchronous serial
transmitter (SST) and the synchronous serial receiver (SSR)

Receive part of the SSI
The OMAP5912 SSR can process up to 8 channels.

Transmit part of the SSI
The OMAP5912 SST can process up to 8 channels.

A generic distributed DMA attached to the SSI modules in OMAP5912. It
performs DMA transfer between the SSI and the various subsystems
(internal memory or external memory).

A synchronous interface enabling interconnection between the USB and the
GDD with the OCP-I port

A 64K-byte ROM accessible only by the MPU. Part of it can be accessed in
secure mode.

A 16K-byte SRAM accessible only in secure mode by the MPU

Includes two chains of 128-bit eFuse and 256-bit eFuse and the eFuse
controller

Prevents the secured access from appearing at the OMAP5912 boundary
via the flash interface

Synchronous serial camera interface without frame memory
Parallel interface that connects an external camera sensor

This 256K-byte SRAM is used to store video frame before emission by the
DMA LCD channel to the external or internal LCD controller

24 Introduction

Table 8 includes the test modules used in OMAP5912, a general description
of each module, and their corresponding functional specifications references.
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Table 8. OMAP5912 Test Modules

Module Name

Description

ETLM

SCM

JTAG

Die ID

Production ID

Global eFuse controller

BCM

Emulation-compatible support for multiple TAP controllers.

Scan chain linking. Enables the combination of several scan chains in parallel
or serially.

The OMAP5912 1149.1 TAP controller IEEE compliant used to program the
functional test modes

A 64-bit register composed of eFuse cells programmed during fabrication
process. Each die ID is unique, as it is created from the wafer, lot, and factory
numbers, plus the die x/y coordinates in the wafer.

An additional 64-bit register of eFuse cells used to include specific OMAP5912
needs. One R&D eFuse to distinguish the OMAP5912 production version from
the prototype version.

OMAP3.2 gigacell eFuse controller. This eFuse controller is closely coupled
with the gigacell. It is mainly used to control its internal dedicated eFuses for
memory repair and enables access to the die ID registers.

BIST combiner module. Manages OMAP5912 BIST controller from the MPU or
TAP controller

2.1 OMAP3.2 Gigacell

SPRU748A

The OMAP 3.2 gigacell used by OMAP5912 is called OMAP 3.2.
This gigacell features:

(1 ARMO926EJ core including:

B ARMO926EJS, supporting multiple operating systems (Symbian,
Linux, WIinCE, and others)

B MMU with translation lookaside buffer (TLB)
B L1 16K-byte, four-way set-associative instruction cache
B L1 8K-byte, four-way set-associative data cache with write buffer

MPU level 1 interrupt handler

Embedded trace macrocell module, ETM version 2.a in 13-bit mode
configuration or in 17-bit demultiplexed mode configuration
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TMS320C55x™ (C55x ™) DSP including:

B Embedded ICE emulator interface through JTAG port

W C55x™ DSPrev2.11

W L1 cache (24K bytes)

m  16K-byte, two-way set-associative instruction cache
m  2x 4K-byte RAM set for instruction

DARAM 64K-byte, zero wait state, 32-hit organization
SARAM 96K-byte, zero wait state, 32-bit organization
PDROM (32K bytes)

DMA controller: 6 physical channels, 5 ports

DSP trace module

Hardware accelerators motion estimation (ME), discrete/inverse
discrete cosine transform (DCT/IDCT) and pixel interpolation (PI)

W DSP level 1 interrupt handler in the C55x™ DSP core
DSP MMU

DSP level 2 interrupt handler, which enables connection to 16 additional
interrupt lines outside OMAP. The priority of each interrupt line is
controlled by software.

DSP interrupt interface, which enables connection to the interrupt lines
coming out of the level 2 interrupt handler and the interrupt lines requiring
more priority. The outcome interrupt of this module is then connected to
the C55x DSP to be processed. This module is mainly used to ensure that
all interrupts going to the DSP are level-sensitive.

DSP peripherals:
B 3x 16-bit DSP private timers
B 1x 16-bit DSP private watchdog

Mailboxes:
B Four mailboxes are implemented:
®  Two read/write accessible by MPU, read-only by the DSP
®  Two read/write accessible by the DSP, read-only by the MPU

Each mailbox is implemented with 2x 16-bit registers. When a write
is done into a register by one processor, it generates an interrupt,
released by the read access of the other processor.

SPRU748A
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MPU peripherals

B 3x 32-bit private timers; their clock is either the OMAP3.2 reference
input clock or the divided MPU clock.

B 1x 16-bit private watchdog; can be configured as a 16-bit
general-purpose timer by software. Its clock is the OMAP3.2
reference input clock divided by 14.

External LCD controller support in addition to the OMAP LCD controller
B LCD controller with its own tearing effect logic

Memory traffic controller

B External memory interface fast (EMIFF) is a memory interface that
enables 16-bit data SDRAM memory access.

B External memory interface slow (EMIFS); connects external device
memories (such as common flash and SRAM memories). This
interface is also used internally to connect the boot ROM, the secure
RAM, and the secure eFuse components that are partially accessible
in secure mode.

L3 OCP-T1 and L3 OCP-T2 ports are provided to enable memory access from
OMAP 3.2 gigacell on a standard basis protocol. Only the L3 OCP T1 is used
in OMAP5912 to access the frame buffer.

d
EI

Emulator interface through JTAG port

System DMA which consists of:

B Seventeen logical channels
B Seven physical ports + one for configuration
W Four physical channels

The ports are connected to the L3 OCP targets, the external memory, the
TIPB bridge, the MPUI, and one dedicated port connected to an LCD con-
troller. The system DMA controller can be controlled via the MPU private
TIPB or by an external host via the OCP-I port.

One DPLL for the following clock domains:
B MPU traffic controller clock domain
B DSP clock domain

Endianism conversion for DSP

B The DSP uses big-endian format, whereas the MPU uses little-endian
format. Also, as a rule, the OMAP5912 chip works in little endian.
Thus, the endianism conversion is useful for all memory or peripheral
accesses from on-chip peripherals or all shared memories to the C55x
DSP.

Introduction 27



OMAP5912 Description

Figure 3.  OMAP3.2 Gigacell

r--—-——Hm—r—H—"F"F+™—F"F"FT——T"TFT "  — T = .|
I DSP timer 1 DSPINT . I
(32) = ——p| Mailbox
| Endianism sTIO DSPéiEner 2 DSP WD A |
| conversion (32) timer |
| Dsp DSP timer 3 DSP |
| (32) INTH | osp
| 10 > Errlri)\l/gate)
| TIPB ports 16 i
» DsP
| 16 DSP TIPB TIPB
| MPUI port ﬁ | (shared)
| |
| — DPLL 1 ¢ | CLKIN
| 32 conversion |
: DSP bus I :
| |
| MPUI ctkm 1 > crout
ou
| Traffic ? ¢ l 'l
| controll_er_ | CLKM 2 ﬂ Clkout2
ROM | 16 32|'_ L 32| 32 |
sram |9 J S l¢— | CLKM 3 N Reset
Flash rSI | L], | MPUbus 32 - ri Clkout3
SBFlash ow o[« v
bus | | T
| w ¥ |
| : e ! Slow I/F DMA 32 SIO\tN MPUI-DMA I 2 | ey
— por P » TIPB
I 16 G — I B 'i (public)
SDRAM ﬁ+’l' A ! Fast IIF DMA 32 Fast |
Fast I S H ¥ port TIPB 32 32 MPU
| bus T | System port b » TiPB
I | I/ | 3 coEt’\r/Icﬁer ' I (private)
| | — | [ |
— 32
| e |L3/0CP-T1 DMA oCPT1 d I
tzjoce-t1 132 | I ™ port 9 MPUTIPB |
(target) ﬁ+’|'| c < | OCPT2 LCD  TiPB e |
i e | 32 port port IIF @ :
| v I 32 ¥
| — |
| : 3 :LS/OCP—TZ DMA 32 22 |
Liocp-12 |32 o | MPU 3 amer |
(target) r+’LI c i TIPB — 32) I
P MPU bus
R Y | ey |1
I | 32| | mpu [ [ MY @2 |l
: | | LCD controller INTH [ f timer MPU :
| timer 3
L3/OCP-I |'324 'II Lyjoce| | ARMO26EJS — @2 ||
(initiator) initiator ) 32 16
| | | plus IF logic < »| ET™ | 4 _ﬂl ETM
l S 'Ll'c():gxternal foLcb Test and |
| controller display configuration "_ﬂ JTAG
. AN A J

28 Introduction SPRU748A



OMAP5912 Description

2.2 OMAP5912 Module Descriptions

2.2.1 Clock and Reset Generation

32-kHz Oscillator

12-MHz Oscillator

The 32-kHz oscillator uses a 32-kHz external quartz. It can be used to
generate the 32-kHz clock on the chip. It can be disabled when the 32-kHz is
an external source provided by an external clock.

This oscillator is to be used with a 12-MHz or 13-MHz external quartz.

The 12- or 13-MHz oscillator allows the generation of the 48 MHz the USB
requires. The APLL located in the ULPD provides the x4 factor. The 12- or
13-MHz clock is used as the input clock of the ULPD. The 12- or 13-MHz
oscillator is on during awake and big sleep modes. It is off during deep sleep
mode. The wake-upsequence is handled from the power management
module.

Ultralow-Power Device (ULPD)

The ULPD generates and manages clocks and reset signals to OMAP and to
some peripherals. It controls chip-level power-down modes and handles
chip-level wake-up events.

The ULPD can handle the high-frequency oscillator on/off sequences, when
used, and provides the resets to OMAP. It also allows configuration of the clock
sources of the OMAP5912 device and management of the APLL interface.

OMAP5912 Clock and Reset Architecture

SPRU748A

The global clock distribution and the reset distribution scheme are described
in Chapter 5.
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2.2.2 Peripherals Subsystem

LDCONV

This module provides 16-bit to 18-bit LCD data conversion to the OMAP3.2
LCD interface. It supports two operating modes:

O The 16-bit LCD

O The 18-bit LCD

Figure 4. LDCONV Integration
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CompactFlash Controller

The CompactFlash controller interfaces a CompactFlash module and a
classical memory interface. Control signals from the memory interface are
processed through the CompactFlash controller to drive the CompactFlash
module, and control signals from CompactFlash are processed to perform a
data transfer to the memory interface. Some pins are shared with common
flash memory, such as address bus, data bus, and control pins. The
CompactFlash controller includes a bypass mode used when common flash
memory, rather than a CompactFlash card, is connected.

The CompactFlash is connected on the EMIFS port of the OMAP3.2 gigacell.

Figure 5.  CompactFlash Interface
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Note: The CompactFlash controller can only be used when the system clock frequency is 12 MHz.

Frame Adjustment Counter (FAC)

The FAC consists of a frame synchronization capture pin (intended to count
the number of rising edges of a frame synchronization signal from a
synchronous serial port) and a frame start capture pin (intended to count the
number of rising edges of a USB frame start signal). The respective count
values can then be used by system software to adjust the duration of the two
time domains with respect to each other in order to reduce the overflow and
underflow.

The FAC module is used to control the number of McBSP2 and USB frames.

Light Pulse Generator (LPG)

The LPG module is used to control the blinking period of an external LED.

SHA-1/MD5 Accelerator

SPRU748A

The SHA-1/MD5 security module provides hardware-accelerated hash
functions. It can run either the SHA-1 algorithm in compliance with FIPS 180-1
standard or the MD5 message-digest algorithm developed by Rivest.
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DES_3DES Accelerator

The DES_3DES module provides hardware-accelerated data
encryption/decryption functions. It can run either the single DES algorithm or
the triple DES algorithm in compliance with the FIPS 46-3 standard. It
supports the electronic codebook (ECB) and cipher block chaining (CBC)
modes of operation. It does not support the cipher feedback (CFB) or the
output feedback (OFB) modes of operation in hardware.

Random Number Generator

Camera Interface

Real-Time Counter

OS Timer

32

Introduction

The random number generator (RNG) module provides a true,
nondeterministic noise source to generate keys, initialization vectors (IVs) and
other random number requirements. It is designed for FIPS 140-1 compliance,
facilitating system certification to this security standard. An ANSI X9.17, annex
C postprocessor is available to meet the NIST requirements of FIPS 140-1.

The camera interface supports 8-bit parallel image data port and
horizontal/vertical signal ports separately (stand alone synchronization
method).

The real-time counter (RTC) block is an embedded real-time counter module,
directly accessible from the MPU.

Basic functionalities of the RTC block are:
[ Time information (seconds/minutes/hours) directly in BCD code

[ Calendar information (day/month/year/day of the week) directly in BCD
code, up to year 2099

[ Interrupt generation, periodically (1s/1m/1h/1d period) or at a precise time
of the day (alarm function)

(1 30-s time correction: oscillator frequency calibration using reference clock
input

[ Can be used in standalone when rest of the chip is powered down

A programmable interval timer is required to generate a periodic interrupt, also
called a system clock tick, to the OS. This is used to keep track of the current
time and to control the operation of device drivers.
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Pulse Width Time (PWT)

This module generates a modulated frequency signal for the external buzzer.
Frequency is programmable between 349 Hz and 5276 Hz with 12 half-tone
frequencies per octave. The volume is also programmable.

Pulse Width Length (PWL)

This module allows the control of the backlight of the LCD and the keypad by
employing a 4096-bit random sequence. This voltage level control technique
decreases the spectral power at the modulator harmonic frequencies. The
block uses a switchable 32-kHz clock.

HDQ/1-Wire Battery Monitoring Serial Interface

The HDQ/1-Wire battery monitoring serial interface module implements the
hardware protocol of the master function of Benchmark’s HDQ and Dallas
Semiconductor’s 1-Wire protocol.

Figure 6.  HDQ/1-Wire Overview
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MCSI1

The MCSI1 is a multichannel serial interface, half-duplex, master/slave.
MCSI1 can be used in OMAP5912 to interface the Bluetooth voice module.

In this case, the interface is an 8-kHz frame serial port, 8-bit data transfer. It
is a 4-wire interface with a bidirectional serial clock and frame synchronization.
If the Bluetooth baseband device is not synchronous with the modem network,
the Bluetooth voice interface receives the clock and frame synchronization
from OMAP5912 MCSIL1.

Figure 7.  MCSI1 Interface
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MCSI2

The MCSI2 is a multichannel serial interface, half-duplex, master/slave.
MCSI2 can be used in OMAP5912 to interface the modem voice module. In
this case, it is an 8-kHz frame serial port, 8-bit data transfer. Clock and frame
synchronization are bidirectional.

Figure 8.  MCSI2 Interface
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uWire

The uWire module is a serial interface to drive external devices like EEPROM

or LCD with uWire standard.

Figure 9.  uWire Interface
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The MPU has a 16-bit GPIO (MPUIO) with programmable debouncing circuit.
It can handle maskable interrupt generation on high-to-low or low-to-high
transition on pins configured as input.
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Keyboard

The keyboard interface is a 6 x 5 or 8 x 8 interface. Figure 10 shows the 6 x
5 interface.

The keyboard is connected to the chip using:
(1 KBR (7:0) input pins for row lines

(1 KBC (7:0) output pins for column lines

Figure 10. 6x5 Keyboard Connection
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UARTs

There are three identical UART modules in OMAP5912:

O UART1
O UART2
O UART3

UART1 and UART3 also support the IrDA mode if the proper set of module
inputs/outputs is configured.

UART Clocking Scheme

Figure 11 describes the clocking scheme used to enable the UARTs to
generate their requested baud rate.

Figure 11. UART Clock Scheme

Configuration
MPU TIPB i
) registers

— UART1

UART2

The clock sources for UART1/UARTS3 can be the APLL output.

UART3

System clock/
sleep clock

48-MHz request

ULPD/APLL

The clock source for UART2 can be:

(1 The system clock or the sleep clock

[ The APLL output

APLL output

Selection of the clock source is done statically from the OMAP5912
configuration register, which is accessible by software through a normal MPU
peripheral access.
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Available 1/0s per UART

Table 9.  Available I/Os per UART

Signal UART1 UART2 UART3
RX Yes Yes Yes
TX Yes Yes Yes
RTS Yes Yes By mux
CTS Yes Yes By mux
DSR By mux No By mux
DTR By mux No By mux
SD_IRDA No No By mux
BD_CLK No Yes No

For more detail on 1/Os, see Appendix B, Inputs/Outputs.

McBSP

The McBSP is a full-duplex serial interface. For example, it can be used to
emulate the 12S protocol for interface to an external codec audio device.
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McBSP1

McBSP1 is an instance of the McBSP module. The McBSP1 can be used in
OMAP5912 to interface with an audio codec compliant with the 12S protocol
(5-pin interface). The codec can provide the reference clock. The serial clock
and the frame synchronization can be either inputs or outputs. When outputs,
they are derived from the reference clock.

Figure 12. McBSP Interface With 12S-Compliant External Codec
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FSR_IN

=
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McBSP2

OMAP5912 Description

McBSP2 is also an instance of the McBSP module. It can be used either to
support SPI mode or to emulate an 12S serial link.

The McBSP2 interface differs slightly from the McBSP1 interface in that there
is no capability to connect an OMAP5912 external reference clock to it.

Figure 13. McBSP Interface With Communication Processor

Communication processor

OMAP5912
MCBSP2.CLKX -
MCBSP2.FSX -
MPU 4> MCBSP2.DX "
S5 McBSP2  MCBSP2.CLKR ” SPI
DMA [€¥ . MCBSP2.FSR
: MCBSP2.DR

Note:  To support I2S master and slave modes, McBSP2_CLKX, McBSP2_XSYNC, McBSP2_RSYNC, McBSP2_CLKR are
inputs/outputs. They are used unidirectionally for the communication processor connection.

McBSP3

SPRU748A

McBSP3 is a third instance of the McBSP module. There are two connection
modes for this McBSP:

[ The first connection mode is a 3-pin interface. The frame synchronization
is internally looped back (FSXO to FSRI), as is the clock. This is the default
reset configuration. In this case, the McBSP3 is half-duplex, master for
transmission, slave for reception. With the assistance of two GPIOs, this
McBSP mode (3 pins) can be configured to connect to an external optical
audio interface device, such as the Sanyo—-LC89051V.

[ In addition, the frame synchronization signal is multiplexed to allow a 4-pin
McBSP interface. The second connection mode is a 4-pin interface. The
frame synchronization is bidirectional, as is the clock. In this case, the
McBSP3 is half-duplex, master/slave for transmission, slave for reception,
enabling an additional 12S emulator.
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OMAP5912 Description

Figure 14. McBSP3 Interface Connected to Optical Device

McBSP3 OMAP5912 Optical audio
DSP peripheral interface device
CLKS l-¢——— programmable (LC89051V)
clock
S MCBSP3.FSX
I - > o —|— : :
Fox-OuT _LK * (multiplexed)
FSX_OE b — —|— — ——— —~a _:
FSX_IN | q_ TN J_
U o MCBSP3.CLKX .
CLKX_OUT I I Optical clock
CLKX_OE |- ——|—|— 7 | Configuration

reglster
CLKX_IN —l—l—('l—

MCBSP3.DX
DX_OuT —|—|_| 2 Optical data out

DX_OE _—‘
By

FSR_OUT
FSR_OE

FSR_IN _Lll:
CLKR_OUT |~
CLKR_OE —4,—
CLKR_IN
DR_IN <l| Optical data in
i i MCBSP3.DR
Configuration
OMAP5912 register
GPIOs < Optical DQSY (output)
p»| Optical XLAT (input)

Notes: 1) The solid lines show the reset connection configuration, whereas the dashed lines show the second connection
configuration.

2) Selection of the interface (3-pin or 4-pin) is done by the software through the CONF_MOD_CTRL_1 register.
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OMAP5912 Description

Serial Port Interface (SPI)

The serial port interface is a bidirectional, four-line interface dedicated to the
transfer of data to and from external devices offering a four-line serial interface.

Inter-Integrated Circuit (12C)

The multimaster 12C peripheral provides an interface between a local host (LH)
such as an MPU or DSP processor and any 12C-bus-compatible device that
connects via the I2C serial bus. External components attached to the 12C bus
can serially transmit/receive up to 8 bits of data to/from the LH device or a DMA
through the two-wire 12C interface.

This 12C peripheral supports any slave or master 12C-compatible device.
Figure 15 shows an example of a system with multiple 12C-compatible devices
in which the I12C serial ports are connected together for a two-way transfer from
one device to other devices.

Figure 15. 12C System Overview
o—© +VpD
Interrupt 12C_IRQ Pullup
handler resistors
2 Ro SR 12c 12c
* 12C P P compatible compatible
controller 12C I/E device device
Local host pads
(DSP,MPU) | |
4P 12C_SCL @ 4
4| 2C_SDA I—O ro
System
DMA 12C_DMA_RX 12c 12c
12C_DMA_TX compatible compatible
device device
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OMAP5912 Description

USB On-The-Go (OTG)

The OMAP 5912 OTG module provides a USB device controller, a three-port
USB host controller, and an OTG controller that is capable of providing USB
On-The-Go functionality using the USB device controller and one port o the
USB host controller.

The main features of USB On-The-Go are:
[ USB specification version 1.1 compatible with OTG enhanced features

[ USB host is Open HCI Rev 1.0 compatible.

Figure 16. USB OTG Integration at System Level
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OTG functionality requires a special transceiver external to OMAP5912. The communication between the transceiver
and the controller is done through an 12C communication channel.

In this case, the USB OTG module port 2 is connected to an external USB OTG
transceiver, port 1 is connected to a USB transceiver, and port O is connected
to the integrated USB transceiver.
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GPIO

OMAP5912 Description

There are four instances of the GPIO modules (GPIO1, GPIO2, GPIO3,
GPIO4) included in OMAP5912.

Each GPIO module supports:
(1 Data input/output register

[0 Event detection capability:
B To generate two synchronous interrupts in active mode

B To generate a wake-up request while the system is in idle mode

This peripheral allows connection of 16 dedicated pins configurable either as
input or output for general purposes.

Eight data output lines of the GPIO3 are ORed together to generate a global
output line at the OMAP5912 boundary. This global output line can be used in
conjunction with the SSI to provide a CMT-APE interface to the OMAP5912.

32-Bit Dual-Mode Timer

SPRU748A

There are eight instances of this timer. It contains a free-running upward
counter with autoreload capability on overflow. The timer counter can be read
and written on the fly (while counting). The timer module includes compare
logic to allow an interrupt event on a programmable counter matching value.
A dedicated output signal can be pulsed or toggled on overflow and match
event. This offers timing stamp trigger signal or PWM (pulse width modulation)
signal sources. A dedicated input signal can be used to trigger automatic timer
counter capture and interrupt event on programmable input signal transition

type.

All of the general-purpose timers have the capability to run either from the
system clock or from the sleep clock (32-kHz clock).
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OMAP5912 Description

Note:

Three of the eight dual-mode timer PWM outputs are connected at
OMAP5912 I/Os. Two of the eight dual-mode timer input capture are con-
nected at OMAP5912 I/Os. The system clock can come either from OMAP
or directly from the input clock. Actual implementation in OMAP5912 is
as follows:

O PWMO PWM output of GRTIMER1
PWM1  PWM output of GPTIMER2
PWM2 PWM output of GPTIMERS
EventO EVENT CAPTURE input of GPTIMER4

U o oo

Eventl  EVENT CAPTURE input of GPTIMERS

32-kHz Synchronization Counter

Watchdog

46
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This is a 32-bit counter, clocked by the falling edge of the 32-kHz clock. It is
reset while the power-up reset (PWRON_RESET) primary I/O is active (main
OMAP5912 reset). Then, on the rising edge of the power-up reset
(PWRON_RESET release), it starts to count forever. When the highest value
is reached, it wraps back to zero and starts running again.The MPU can read
it from a 32-bit peripheral access, whereas the DSP can access it only through
two consecutive 16-bit accesses.

In addition to the two OMAP3.2 watchdogs, there are two instances of the
watchdog module in OMAP5912. One is clocked at 32 kHz and the other by
a 192-MHz clock (secure watchdog). The secure watchdog is used in
conjunction with OMAP5912 security features.

The watchdog module is a 32-bit general-purpose counter (same
programming model as the 32-bit general-purpose timer) with watchdog
capability (generates a reset).

When the watchdog module is used as secure watchdog, it is accessible only
in secure mode.
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OMAP5912 Description

Compact Camera Port (CCP)

The CCP is a serial interface from a camera. The CCP block combines the
camera and the host through the VIA bus. The input data signal from the
camera is expanded to 32 bits, which is the width of the VIA bus. The inputs
are the serial input data (CCPDa) and a clock signal (CCPCIK).

Figure 17. CCP Internal Block Diagram
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. Status CCP L
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| host -4 r | SIPO
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| ' | I |

I g © Control and |

System r | o |
| DMA | synchronization | |
4
| | > ||
| L o
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OMAP5912 Description

Synchronous Serial Interconnect

The synchronous serial interconnect (SSI) peripheral enables OMAP5912 to
exchange information with an external modem. It enables a full duplex
interface, using a synchronous serial interconnect protocol (SSl). This

protocol consists of a transmitter and a receiver.

On the modem side, there is also a receiver and a transmitter.

Figure 18. CMT-APE Interchip Communication
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SSli

OMAP5912 Sal 33l CMT

Data
ag slave
slave| | 551001 | SSRO0L | | port
port Ready
From host —p — To host

To host ¢— . -¢— From host

Flag
SSR001 SST001

Ready _

The SSI module includes:

[ One instance of each SST and SSR module

[ To enable a CMT-APE interface, an additional output generates a wake-up
signal to the CMT chip on the SSl interface. This output is driven by an OR
gate between 8-bit GPIO3 (GPIO51 to GPIO58) output lines. The CMT
chip can also wake up the APE chip with a dedicated GPIO (via its

asynchronous interrupt detection).

Introduction
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OMAP5912 Description

SoSSI
The SoSSI peripheral supports the MeSSI display interface standard. This
module includes a VIA-bus interface converted into a TIPB interface
connected on the MPU shared peripheral bus and an interface with the system
DMA, which enables connection of an extended LCD display to the
OMAP5912 device.
The display interface is a parallel interface. It consists of a display data I/0 bus
(DispDataOut[15:0]), write enable (WRX), read enable (RDX), chip-select
(CS), and command/pixel data (AO) signals.

Figure 19. SoSSI Internal Block Diagram

i',\ﬁu_sgeﬁ______________________________ R _l_ __'i

L |

: 4 Init control Sossl | | :

| . > registers AO J_ ol AO o~

| 0 csH | Ccs

| Local n * * XRD I— 2 | RDX » LCD

| host < t ale ] VAP SWR | 11 WRX control

[ mpPyy [ (r) g VIA Reorder am I > unit

| | input register Out | el

: — elz > register —P (shadow) —P (r;gr:qs;’; : ' =DispDataOut

ystem

[| omA |edT 1*32 Bit 1*32 Bit Gz Ho } >

| | L4l

e = |

o -

MMC/SDIO
There are two instances of the MMC/SDIO module in OMAP5912. This
module is a superset of the MMC/SD module from OMAP5910, including 1/O
interfacing capability to support an SDIO card.
The MMC/SDIO1 replaces the MMC/SD from OMAP5910, whereas the
MMC/SDIO2 is an additional peripheral.
The MMC/SDIO host controller provides an interface between a local host,
such as the MPU/DSP and MMC/SD/SDIO memory cards plus up to four serial
flash cards, and handles MMC/SDIO or SPI transactions with minimum local
host intervention.

SPRU748A Introduction 49



OMAP5912 Description

The following combination of external devices is supported:

[ One or more MMC memory cards sharing the same bus and up to four
devices with 8-bit SPI protocol interface (serial flash memories, and so on)

(1 One single SD memory card or SDIO card and up to four devices with 8-bit
SPI protocol interface

Figure 20. MMC/SDIO Block Connection
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|
l SPI.CLK i > Pl
| | —— devices
I Chip SPI.RDY —<—=7
: SPI.C/CS3 |
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The main features of the MMC/SDIO module are:

(1 Full compliance with MMC command/response sets as defined in the
MMC standard specifications v.3.1

[0 Full compliance with SD command/response sets as defined in the SD
physical layer specifications v.1.0

(4 Full compliance with SDIO command/response sets as defined in the
SDIO card specification v1.0

OMAP5912 also supports control signals to external level shifters in case the
voltage for OMAP5912 1/O is set to 1.8 V. These signals are derived from the
direction control of the MMC_DATO and MMC_CMD 1/O pads (one direction
control per data bit line and one direction control for the command line).
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VLYNQ

OMAP5912 Description

Note:

(1 The MMC/SDIO2 clock is multiplexed between the 48-MHz clock (APLL
output) and the system clock (19.2 MHz or 12 MHz).

1 Atreset, the MMC/SDIO2 clock selection is the system clock.

[ Whereas the MMC/SDIO1 interface includes all of the MMC/SDIO pins
except the direction controls (data and control), the full MMC/SDIO2 is
routed at the OMAP5912 level. The OMAP5912 configuration selects
only the part of the interface that is required.

VLYNQ is a serial (that is, low pin count) communications interface that
enables the extension of an internal bus segment to one or more external
physical devices. The external devices are mapped into local, physical
address space and appear as if they are on the internal bus of the OMAP 5912.
The external devices must also have a VLYNQ interface. The VLYNQ module
serializes bus transactions in one device, transfers the serialized data
between devices via a VLYNQ port, and deserializes the transaction in the
external device.

2.2.3 Other Modules

JTAG TAP Controller

eFuse Modules

SPRU748A

OMAP5912 JTAG TAP controller handles standard IEEE JTAG interfaces.
Boundary scan chain is implemented in OMAP5912.

The generic electrical fuse implementation refers to the combination of
electrical fuse, control, and connectivity that enables the programming and
use of electrical fuses before the packaging. Electrical fuses are generally
used for:

(O Memory repair
] Die identification

[ Production identification (bits used in combination to qualify the
OMAP5912 device, either in the emulation, high security, or
general-purpose)

(1 Encryption key coding
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OMAP5912 Description

The electrical fuse cell contains an electrically programmable element whose
output can be permanently set to logic 1 instead of its natural unprogrammed
state, logic 0.

The MPU can access the die ID and the production ID through an MPU
peripheral access.

Boot Device Configuration

Boot ROM

Security Layer

Depending on the device_type signal, the MPU core can boot either from the
flash or from the boot ROM. The C55x DSP core can boot either from internal
memory or from external memory. The boot is accomplished with an
orderlycombination of hardware and software control sequences.

[ MPU boot ROM

Upon the deassertion of the reset input pin (cold reset exit) of OMAP 3.2,
ARMO926EJS traps to its reset vector, while the C55x DSP is held in reset.

(] DSP boot modes

System software controls the C55x DSP boot option by programming
registers via the MPUI interface when the DSP is being held in reset.

The OMAP5912 configuration is 16384 x 32 bits. For more detail, see Chapter
5, Initialization.

The OMAP 3.2 gigacell includes special-purpose security hardware that is
used to activate a secure mode. The secure mode can be viewed as a third
privilege level on the MPU. It is used to create an environment for protecting
sensitive information from access by untrusted software. The secure mode is
set with the assertion of a dedicated signal (secure bit) that propagates across
OMAP5912 and creates a boundary between resources that trusted software
might access and those available to any software.

Generic Distributed DMA (GDD)
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The GDD is a module that interfaces one OCP target device (the peripheral
target) to another OCP target device (the memory target) by providing a DMA
service to the peripheral target. The DMA service is configured through a
configuration port. GDD wraps a peripheral OCP host interface and presents
the system with one initiator and one target port.

The GDD is attached to the SSI peripheral. It provides the necessary
bandwidth between the SSI and the host without affecting the peripheral
subsystem bandwidth.
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3 OMAP5912 Wake-up Capabilities

Table 10 lists the peripherals able to wake up the system and their event
captures. Wake-up can occur either directly or by GPIO.

OMAP5912 Wake-up Capabilities

Table 10. Event Captures for Peripheral Wake-up Capability

Peripheral Event Capture Receive Capability in Deep Sleep Mode

UART2 Low transition on RX process by the Provided that the external transmitter
ULPD module or using GPIO uses the UART2 baud clock, the data is
configuration on the RTS interface received properly and captured.

GPIO1, GPIO2, Asynchronous interrupt detection; all NA

GPIO3, GPIO4 wake-up events per module are merged
into one asynchronous interrupt.

GPIO2 Asynchronous interrupt detection NA

GPIO3 Asynchronous interrupt detection NA

GPI04 Asynchronous interrupt detection NA

SPI Using GPIO configuration on the all SPI Not able to receive the first data in slave
input pins mode

12C Using GPIO configuration on the all 12C Not able to receive the first data in slave
interfaces mode

UART3 Using GPIO configuration on the all Not able to receive the data
UART3 input pins

McBSP1 Using GPIO configuration on the interface  Not able to receive the data

McBSP2 Using GPIO configuration on the all Not able to receive the data

STI (reserved)

GPTIMERL...8

OS Timer

32-kHz watchdog

McBSP2 input pins
Using GPIO configuration on the interface

Can wake up the system when the clock
is configured as 32-kHz through its own
interrupt per general-purpose timer

The timer can generate interrupt.

The 32-kHz watchdog can generate reset.

Not able to receive the data

NA

NA

NA

Notes:

1) When the wake-up is done through the GPIO, the programmer must ensure that the GPIO direction is set up as
input.

2) Depending on the OMAP5912 configuration before entering into power-down mode, the GPIO can wake either
the entire system or only a specific subsystem.

3) In addition to the wake-up capability mentioned in the above table, several peripherals are also able to generate
their own wake-up request. These requests are merged and sent to OMAP3.2 and the MPU level 2 interrupt
handler as a global wake-up request.

SPRU748A
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OMAP5912 Wake-up Capabilities

Table 10. Event Captures for Peripheral Wake-up Capability (Continued)

Peripheral Event Capture Receive Capability in Deep Sleep Mode

Emulation wake up ~ The emulation is also able to wake up the NA

ARMO926EJS. This wake up event is also
merged with the application wake up
event.

USB_OTG Asynchronous detection on USB device NA

MPUIO

controller to request the USB clock

Can wake up the system by sampling NA
data at low frequency and sending
interrupt to MCU

Notes:

3.1
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1) When the wake-up is done through the GPIO, the programmer must ensure that the GPIO direction is set up as
input.

2) Depending on the OMAP5912 configuration before entering into power-down mode, the GPIO can wake either
the entire system or only a specific subsystem.

3) In addition to the wake-up capability mentioned in the above table, several peripherals are also able to generate
their own wake-up request. These requests are merged and sent to OMAP3.2 and the MPU level 2 interrupt
handler as a global wake-up request.

OMAP5912 Pin Description

See Chapter 22, Pinout, for I/O pin description. It includes the pin description
(location on the ballout, reset state, buffer used, signal description, electrical
information, and buffer description).

The OMAP5912 boot configuration pins can select either:
[ Boot from internal boot ROM or from external memory

[0 The configuration of the external memory (either address/data
multiplexed or separate address and data)
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About This Manual

Preface

Read This First

This document introduces and briefly defines the main features of the
OMAP3.2 subsystem of the OMAP5912 multimedia processor.

Notational Conventions

This document uses the following conventions.

[0 Hexadecimal numbers are shown with the suffix h. For example, the
following number is 40 hexadecimal (decimal 64): 40h.

Related Documentation From Texas Instruments

SPRU749A

The following documents describe the OMAP5910 device and related
peripherals. Copies of these documents are available on the Internet at
www.ti.com. Tip: Enter the literature number in the search box provided at
www.ti.com.

OMAP5912 Multimedia Processor Device Overview and Architecture
Reference Guide (literature number SPRU748) introduces the setup,
components, and features of the OMAP5912 multimedia processor and
provides a high-level view of the device architecture.

OMAP5912 Multimedia Processor OMAP 3.2 Subsystem Reference
Guide (literature number SPRU749) introduces and briefly defines the
main features of the OMAP3.2 subsystem of the OMAP5912 multimedia
processor.

OMAP5912 Multimedia Processor DSP Sybsystem Reference Guide (lit-
erature number SPRU750) describes the OMAP5912 multimedia proc-
essor DSP subsystem. The digital signal processor (DSP) subsystem is
built around a core processor and peripherals that interface with: 1) The
ARMO926EJS via the microprocessor unit interface (MPUI); 2) Various
standard memories via the external memory interface (EMIF); 3) Various
system peripherals via the Tl peripheral bus (TIPB) bridge.
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OMAP5912 Multimedia Processor Clocks Reference Guide (literature

number SPRU751) describes the clocking mechanisms of the
OMAP5912 multimedia processor. In OMAP5912, various clocks are
created from special components such as the digital phase locked loop
(DPLL) and the analog phase-locked loop (APLL).

OMAP5912 Multimedia Processor Initialization Reference Guide (litera-

ture number SPRU752) describes the reset architecture, the configura-
tion, the initialization, and the boot ROM of the OMAP5912 multimedia
processor.

OMAP5912 Multimedia Processor Power Management Reference Guide

(literature number SPRU753) describes power management in the
OMAP5912 multimedia processor. The ultralow-power device (ULPD)
generates and manages clocks and reset signals to OMAP3.2 and to
some peripherals. It controls chip-level power-down modes and handles
chip-level wake-up events. In deep sleep mode, this module is still active
to monitor wake-up events.This book describes the ULPD module and
outline architecture.

OMAP5912 Multimedia Processor Security Features Reference Guide

(literature number SPRU754) describes the security features of teh
OMAP5912 multimedia processor. The OMAP5912 security scheme re-
lies on the OMAP3.2 secure mode. The distributed security on the
OMAP3.2 platform is a Texas Instruments solution to address m-com-
merce and security issues within a mobile phone environment. The
OMAP3.2 secure mode was developed to bring hardware robustness to
the overall OMAP5912 security scheme.

OMAP5912 Multimedia Processor Direct Memory Access (DMA) Support

Reference Guide (literature number SPRU755) describes the direct
memory access support of the OMAP5912 multimedia processor. The
OMAP5912 processor has three DMAs:

B The system DMA is embedded in OMAP3.2. It handles DMA
transfers associated with MPU and shared peripherals.

B The DSP DMA is embedded in OMAP3.2. It handles DMA
transfers associated with DSP peripherals.

W The generic distributed DMA (GDD) is an OMAP5912 resource
attached to the SSI peripheral. It handles only DMA transfers
associated with the SSI peripheral.
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OMAP5912 Multimedia Processor Memory Interfaces Reference Guide
(literature number SPRU756) describes the memory interfaces of the
OMAP5912 multimedia processor.

SDRAM (external memory interface fast, or EMIFF)
Asynchronous and synchronous burst memory (external
memory interface slow, or EMIFS)

NAND flash (hardware controller or software controller)
CompactFlash on EMIFS interface

Internal static RAM

OMAP5912 Multimedia Processor Interrupts Reference Guide (literature
number SPRU757) describes the interrupts of the OMAP5912 multime-
dia processor. Three level 2 interrupt controllers are used in
OMAP5912:

One MPU level 2 interrupt handler (also referred to as MPU
interrupt level 2) is implemented outside of OMAP3.2 and can
handle 128 interrupts.

One DSP level 2 interrupt handler (also referred to as DSP
interrupt level 2.1) is instantiated outside of OMAP3.2 and can
handle 64 interrupts.

One OMAP3.2 DSP level 2 interrupt handler (referenced as DSP
interrupt level 2.0) can handle 16 interrupts.

OMAP5912 Multimedia Processor Peripheral Interconnects Reference
Guide (literature number SPRU758) describes various periperal inter-
connects of the OMAP5912 multimedia processor.

OMAP5912 Multimedia Processor Timers Reference Guide (literature
number SPRU759) describes various timers of the OMAP5912 multime-
dia processor.

OMAP5912 Multimedia Processor Serial Interfaces Reference Guide (lit-
erature number SPRU760) describes the serial interfaces of the
OMAP5912 multimedia processor.

OMAP5912 Multimedia Processor Universal Serial Bus (USB) Reference
Guide (literature number SPRU761) describes the universal serial bus
(USB) host on the OMAP5912 multimedia processor. The OMAP5912
processor provides several varieties of USB functionality. Flexible multi-
plexing of signals from the OMAP5912 USB host controller, the
OMAP5912 USB function controller, and other OMAP5912 peripherals
allow a wide variety of system-level USB capabilities. Many of the
OMAP5912 pins can be used for USB-related signals or for signals from
other OMAP5912 peripherals. The OMAP5912 top-level pin multiplexing
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controls each pin individually to select one of several possible internal pin
signal interconnections. When these shared pins are programmed for
use as USB signals, the OMAP5912 USB signal multiplexing selects how
the signals associated with the three OMAP5912 USB host ports and the
OMAP5912 USB function controller can be brought out to OMAP5912
pins.

OMAP5912 Multimedia Processor Multi-channel Buffered Serial Ports
(McBSPs) Reference Guide (literature number SPRU762) describes
the three multi-channel buffered serial ports (McBSPs) available on the
OMAP5912 device. The OMAP5912 device provides multiple high-
speed multichannel buffered serial ports (McBSPs) that allow direct in-
terface to codecs and other devices in a system.

OMAP5912 Multimedia Processor Camera Interface Reference Guide (lit-
erature number SPRU763) describes two camera inerfaces implement-
ed in the OMAP5912 multimedia processor: compact serial camera port
and camera parallel interface.

OMAP5912 Multimedia Processor Display Interface Reference Guide (lit-
erature number SPRU764) describes the display interface of the
OMAP5912 multimedia processor.

B LCD module

B LCD data conversion module
B LED pulse generator

B Display interface

OMAP5912 Multimedia Processor Multimedia Card (MMC/SD/SDIO) (liter-
ature number SPRU765) describes the multimedia card (MMC) interface
of the OMAP5912 multimedia processor. The multimedia card/secure
data/secure digital IO (MMC/SD/SDIO) host controller provides an inter-
face between a local host, such as a microprocessor unit (MPU) or digital
signal processor (DSP), and either an MMC or SD memory card, plus up
to four serial flash cards. The host controller handles MMC/SD/SDIO or
serial port interface (SPI) transactions with minimal local host interven-
tion.

OMAP5912 Multimedia Processor Keyboard Interface Reference Guide
(literature number SPRU766) describes the keyboard interface of the
OMAP5912 multimedia processor. The MPUIO module enables direct
I/O communication between the MPU (through the public TIPB) and ex-
ternal devices. Two types of I/O can be used: specific I/Os dedicated for
8 x 8 keyboard connection, and general-purpose 1/Os.

OMAP5912 Multimedia Processor General-Purpose Interface Reference
Guide (literature number SPRU767) describes the general-purpose in-
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terface of the OMAP5912 multimedia processor. There are four GPIO
modules in the OMAP5912. Each GPIO peripheral controls 16 dedicated
pins configurable either as input or output for general purposes. Each pin
has an independent control direction set by a programmable register.
The two—-edge control registers configure events (rising edge, falling
edge, or both edges) on an input pin to trigger interrupts or wake—up re-
quests (depending on the system mode). In addition, an interrupt mask
register masks out specified pins. Finally, the GPIO peripherals provide
the set and clear capabilities on the data output registers and the inter-
rupt mask registers. After detection, all event sources are merged and
a single synchronous interrupt (per module) is generated in active mode,
whereas a unigue wake-up line is issued in idle mode. Eight data output
lines of the GPIO3 are ORed together to generate a global output line at
the OMAP5912 boundary. This global output line can be used in conjunc-
tion with the SSI to provide a CMT—-APE interface to the OMAP5912.

OMAP5912 Multimedia Processor VLYNQ Serial Communications Inter-

face Reference Guide (literature number SPRU768) describes the
VLYNQ of the OMAP5912 multimedia processor.

VLYNQ is a serial communications interface that enables the extension
of an internal bus segment to one or more external physical devices. The
external devices are mapped into local, physical address space and ap-
pear as if they are on the internal bus of the OMAP 5912. The external
devices must also have a VLYNQ interface. The VLYNQ module serial-
izes bus transactions in one device, transfers the serialized data be-
tween devices via a VLYNQ port, and de-serializes the transaction in the
external device.

OMAP5912 includes one VLYNQ module connected on OCPT2 target
port and OCPI initiator port. These connections are configured via a stat-
ic switch, which selects either SSI or VLYNQ module. This switch, for-
bids the simultaneous use of GDD/SSI and VLYNQ. The switch is con-
trolled by the VLYNQ_EN bit in the OMAP5912 configuration control reg-
ister (CONF_5912 CTRL).

OMAP5912 Multimedia Processor Pinout Reference Guide (literature

number SPRU769) provides the pinout of the OMAP5912 multimedia
processor. After power-up reset, the user can change the configuration
of the default interfaces. If another interface is available on top of the de-
fault, it is possible to enable a new interface for each ball by setting the
corresponding 3-bit field of the associated FUNC_MUX_CTRL register.
It is also possible to configure on-chip pullup/pulldown. This document
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also describes the various power domains so that the user can apply the
different interfaces seamlessly with external components.

OMAP5912 Multimedia Processor Window Tracer (WT) Reference Guide
(literature number SPRU770) describes the window tracer module used
to capture the memory transactions from four interfaces: EMIFF, EMIFS,
OCP-T1, and OCP-T2. This module is located in the OMAP3.2 traffic
controller (TC).

OMAP5912 Multimedia Processor Real-Time Clock Reference Guide (lit-
erature number SPRUxxx) describes the real-time clock of the
OMAP5912 multimedia processor. The real-time clock (RTC) block is an
embedded real-time clock module directly accessible from the TIPB bus
interface.

Trademarks

OMAP and the OMAP symbol are trademarks of Texas Instruments.
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OMAP3.2 Subsystem

This document introduces and briefly defines the main features of the
OMAP3.2 subsystem of the OMAP5912 multimedia processor.

1 Introduction
Figure 1 shows the OMAP5912 OMAP3.2 gigacell.
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Figure 1. OMAP3.2 Gigacell
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2 OMAP3.2 Features
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OMAP3.2 Features

The OMAP3.2 includes the following features:

(1 ARM926EJS megacell including:

ARM926EJS, running at a maximum frequency of 192 MHz
MMU with translation lookaside buffer (TLBX)
L1 16K-byte, four-way, set-associative instruction cache

L1 8K-byte, four-way, set-associative data cache with write buffer

1 MPU interrupt handler level 1

(0 Embedded trace macrocell module, ETM version 2.a in a 13-bit mode
configuration or in a 17-bit demultiplexed mode configuration

[ DSP megacell rev 2.0a+ including:

Embedded ICE emulator interface through JTAG port
TMS320C55x (C55x) DSP rev 2.1, running at a maximum of 192 MHz
L1 cache (24K bytes)

m  16K-byte, two-way, set-associative instruction cache (on the
OMAP5912 prototype, one wait state is introduced in case of
discontinuity)

m 2 X 4K-byte RAM set for instruction

DARAM 64K-byte, zero wait state, 32-bit organization
SARAM 96K-byte, zero wait state, 32-bit organization
PDROM (32K bytes)

DMA controller: six physical channels, five ports

DSP trace module

Hardware accelerators motion estimation (ME), discrete/inverse
discrete cosine transform (DCT/IDCT), and pixel interpolation (PI)

DSP interrupt handler level 1 in the C55x DSP core

0 DSP MMU

(1 DSP level 2 interrupt handler, which enables connection to 16 additional
interrupt lines outside OMAP. The priority of each interrupt line is
controlled by software.

[ DSP interrupt interface, which enables connection to the interrupt lines
coming out of the level 2 interrupt handler and the interrupt lines requiring
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more priority. The outcome interrupt of this module is then connected to
the DSP megacell to be processed by the DSP. This module mainly
ensures that all interrupts going to the DSP megacell are level-sensitive.

(1 DSP peripherals:

3 x 16-bit DSP private timers
1 x 16-bit DSP private watchdog

(] Mailboxes:

Four mailboxes are implemented:
®  Two read/write accessible by MPU, read-only by the DSP
®  Two read/write accessible by the DSP, read-only by the MPU

Each mailbox is implemented with 2 x 16-bit registers. When a write
is done into a register by one processor, it generates an interrupt, re-
leased by the read access of the other processor.

(1 MPU peripherals

3 x 32-bit private timers; their clock is either the OMAP3.2 reference
input clock or the divided MPU clock.

1 x 16-bit private watchdog; can be configured as a 16-bit general-
purpose timer by software. Its clock is the OMAP3.2 reference input
clock divided by 14.

(O External LCD controller support in addition to the OMAP LCD controller

LCD controller with its own tearing-effect logic

(1 Memory traffic controller

OMAP3.2 Subsystem

External Memory Interface Fast( EMIFF) is a memory interface that
enables 16-bit data SDRAM memory access at 96-MHz maximum
frequency. It supports connection to al28M-byte maximum of
SDRAM. The address width is 16 bits, and two bank selection bits are
also provided. The OMAP5912 chip requires interfacing with a
maximum of four banks of 64M x 16-bit SDRAM memory with DDR
capability.

External Memory Interface Slow (EMIFS) connects external device
memories (such as common flash and SRAM memories) at 80-MHz
maximum frequency. This interface is also used internally to connect
the boot ROM, the secure RAM, and their secure eFuse components
accessible in secure mode. This interface enables 16-bit data
accesses and provides four chip-selects. Each chip-select is able to
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support up to 64M bytes of address space through a 25-bit address
bus.

Note:

At the OMAP5912 level, two chip-selects can be split in half by configuration
to provide four chip-selects. This enables OMAP5912 to provide up to six
chip-selects supporting up to 32M bytes of address space on four
chip-selects and up to 64M bytes on two chip-selects.

L3 OCP-T1 and L3 OCP-T2 ports are provided to enable memory access
from the OMAP3.2 gigacell on a standard basis protocol. Only the L3
OCP-T1 is used in OMAP5912 to access the single SRAM memory.

(J Emulator interface through JTAG port

[ System DMA running at 96 MHz. It consists of:

B Seventeen logical channels
B Seven physical ports + one for configuration
W Four physical channels

The ports are connected to the L3 OCP targets, the external memory, the
TIPB bridge, the MPUI, and one dedicated port connected to an LCD con-
troller. The system DMA controller can be controlled via the MPU private
TIPB or by an external host via the OCP-I port.

The system DMA controller is designed for low-power operation. It is parti-
tioned into several clock domains where each clock domain is enabled
only when it is used. All clocks are disabled when no DMA transfers are
active (synchronous to the MPU TIPB, this feature is totally under
hardware control; no specific programming is needed).

Five different logical channels types are supported, each one representing
a specific feature set:

B LCh-2D for memory to memory transfers, 1D and 2D
LCh-P for peripheral transfers
LCh-PD for peripheral transfers on a dedicated channel

LCh-G for graphical transfers/operations

LCh-D for display transfers
The available features are:

B Support for up to four address modes:
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m  Constant

®  Post-increment

®  Single indexing

®  Double indexing

Different indexing for source-respective destination
Logical channel chaining

Software enabling

Hardware enabling

Logical channel interleaving

Logical channel preemption

Two choices of logical channel arbitration of physical resources,
round robin or fixed

Two levels of logical channel priority

Constant fill

Transparent copy

Rotation 0, 90, 180, and 270

Seven ports enabling:

m  Memory-to-memory transfers

®  Peripheral-to-memory transfers

®  Memory-to-peripheral transfers

m  Peripheral-to-peripheral transfers

Binary backward-compatible by default configuration

Up to four logical channels active in parallel

The logical channel dedicated to the display, LCh-D, has several addition-
al features:

OMAP3.2 Subsystem

Channel can be shared by two LCD controllers
Supports both single- and dual-block modes

Supports separate indexing and numbering for dual-block mode for
both elements and frames
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(1 Two DPLLs:
OMAP3.2 provides one DPPL per main clock domain:
B MPUl/traffic controller clock domain
B DSP clock domain
The OMAP3.2 gigacell enables the software to define either:

Bm Two coupled domains in scalable mode: only one DPLL is active. The
other clocks are a multiple of it.

B Mixed mode: only one domain is working in asynchronous mode. The
other domains are in scalable mode.

[ Endianism conversion for DSP

B The DSP uses big-endian format, whereas the MPU uses little-endian
format. Also, as a rule, the OMAP5912 chip works in little endian.
Thus, the endianism conversion is useful for all memory or peripheral
accesses from on-chip peripherals or all shared memories to the DSP
megacell.

OMAP 3.2 is considered a subchip of OMAP5912. To connect the OMAP
peripherals, six buses are provided:

MPU shared TIPB
MPU private TIPB
DSP shared TIPB
DSP private TIPB
OCP-T2

OCP-|

I Iy O

3 Traffic Controller

SPRU749A

The OMAP 3.2 traffic controller (TC) is the central interconnect that manages
all accesses between the following:

(1 OMAP internal initiators and target resources
(1 OMAP external initiators and target resources

The TC can have its own clock domain or be synchronous to the MPU clock
domain. See Chapter 4, Clocks, for more details on clock domains. Typically,
the TC clock runs at half of the MPU and DSP clocks.

System initiators are:

(1 MPU. The MPU is connected to the TC using the MPU bus. The MPU can
access memory devices or other type of targets connected to OCP-T1,
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OCP-T2, EMIFF, and EMIFS. Selection of the destination target is based
on address decoding within the TC.

DSP. The DSP is connected to the TC via the DSP bus. The DSP can
access memory devices or other types of targets connected to OCP-T1,
OCP-T2, EMIFF, and EMIFS. Selection of the destination target is based
on address decoding within the TC.

System DMA. The system DMA is connected to the TC with four dedicated
ports: one for OCP-T1, one for OCP-T2, one for EMIFF, and one for
EMIFS. It can access memory devices or other types of targets connected
to any of these interfaces. Selection of the destination port is based on
system DMA programming.

External initiator. An external initiator can be connected to the TC via the
OMAP OCP-I port. The external master can access memory devices or
other types of targets connected to OCP-T1, OCP-T2, EMIFF, and EMIFS.

System targets are:

[0 EMIFS memory interface. This memory controller supports most common

memory interface protocols through a flexible programming and timing
control that also allows support of any type of internal or external IC target
module.

W External memory devices like asynchronous ROM, RAM, flash, or
synchronous burst flash.

W Internal TI ACE ROM, RAM memories.

B Internal and external asynchronous target modules

EMIFF memory interface. This memory controller supports most common
SDRAM interface protocols through a flexible programming and timing
control.

W External synchronous standard single-data rate (SDR SDRAM) and
low-power SDR SDRAM.

W External synchronous standard double-data rate (DDR SDRAM) and
mobile DDR SDRAM.

OCP-T port interface. OMAP includes two ports on which OCP-compliant
slaves can be connected. These two target ports are called OCP-T1 and
OCP-T2. Attached target modules can be either internal or external
memory subsystems or any type of target peripheral.

Figure 2 shows the traffic controller functional block diagram:
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Figure 2.  Traffic Controller Functional Block Diagram
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3.1 OCP-T1/OCP-T2
The OMAP 3.2 hardware provides two identical general-purpose ports for the
connection of custom peripherals or memory subsystems. These ports can be
accessed by all the initiators mentioned in the previous sections.
Each port arbitrates between all initiator requests and allows atomic
transactions for the MPU, for the DSP, and for the external initiator to
implement semaphore-based synchronization schemes between software
tasks (running either on the same CPU or on two different CPUS).
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Once granted, the selected request is converted from an OMAP internal
protocol into an OCP-compliant transaction. As seen at the OMAP boundary,
the OCP-TX is an OCP master.

OCP-T1 and OCP-T2 have their own addressing spaces within the OMAP
memory map (256M bytes accessible by OCP-T1 and 1.2 gigabytes
accessible by OCP-T2) plus an additional common address range called the
multibank address space (256M bytes). The multibank address space is used
in some devices for connecting a dual-port OCP slave, such as a memory
controller, that can provide concurrent data flow to/from memory banks.

A request that targets the multibank address space is analyzed and can be
routed either to OCP-T1 or OCP-T2 by the traffic controller.This mechanism
is transparent to the programmer.

OCP-T1 and OCP-T2 both implement the arbitration schemes described in
Section 3.9, Priority Algorithms.

Bus error transactions that generate abort signals on the external OCP
interconnect can be tracked within the OCP-T1/T2 controllers.

Two types of errors can be detected:
[ Bus error returned by the OCP interface

(1 Time-out error. A request has been sent to the interface but has not been
completed in the time-out delay. The timer is programmable from 0 to 255
TC clock cycles.

The abort interrupt handler can read the error reporting registers, which
indicate the address that caused the error, the initiator at the origin of the
request, and the type of error (see abort address register and abort type
register, in Section 3.8).

3.2 EMIFS Programming

The synchronous/asynchronous external memory interface slow (EMIFS)
supports most common memory interface protocols through a flexible
programming and timing signals control.

(1 The EMIFS can control up to six devices without adding any external logic
through the four independent chip-selects (FLASH.CS0-3) (plus two
optional chip selects within CS1 and CS2) and through dedicated memory
interface control signals.

(1 The EMIFS supports common external memory control signals: OE, WE,
ADV, BE[0-1], BAA, Ready, Device CLK, RST, and WP.
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Each chip-select controls an address range of 64M bytes with dedicated
configuration registers to fulfill the protocol and the timing constraints
compliant with the external device associated with it. Each chip-select
configuration register supports dynamic configuration.

CS0 and CS3 address mapping can be swapped with the BM bit in the
EMIFS configuration (EMIFS_CONFIG) register.

The EMIFS can support 16-bit interface width only. Based on the CS
configuration, the interface adjusts the access size (splitting word32)
according to external device attached to the CS. User must refer to the
IC device documentation for the  external device width supported by
the IC (16-bit width only or 16-bit and 32-bit width).  8-bit device width
is not supported without adding external logic.

The EMIFS can control multiplexed address and data memory devices
without adding external logic based on CS configuration. The multiplexing
scheme is supported for synchronous and asynchronous access mode.
Both multiplexed and non-multiplexed devices can be supported with the
same IC on different chip-selects (embedded IC non-multiplexed
memories and external multiplexed devices).

The EMIFS behavior conforms to the little endian protocol.

The EMIFS supports 8-,16-, or 32-bit asynchronous and synchronous
read, 4- x 32-bit synchronous burst read and 8-, 16-, or 32-hit
asynchronous write.

The EMIFS boot configuration is controlled by dedicated pins that are
sampled at IC reset time. This provides flexible boot CS and configuration
selection.

The EMIFS is a multimaster memory interface. It supports flexible and
programmable arbitration protocol (LRU priority ordering or dynamic time
based priority ordering).

The EMIFS includes a programmable time-out timer to prevent system
hanging with nonresponding devices. Automatic access completion with
interrupt and status logging are issued on time out events.

The EMIFS supports dynamic local idle mode control. The EMIFS also
supports IC deep power-down mode request synchronization.

3.2.1 General Description

EMIFS Synchronous and Asynchronous Modes

a

SPRU749A

The operation mode of the EMIFS for a given chip-select region is selected
by the RDMODE bit field of the CS configuration registers. Operations
supported are:
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Mode 0. Asynchronous read. Used for any asynchronous memory,
including flash devices.

Mode 1-2-3. Asynchronous page mode read with control of 4
(model), 8 (mode 2), 16 (mode 3) words (device width) per page.
These modes are mainly used for page mode flash devices.

Mode 4-5. Synchronous burst read (with burst advance control for
mode 4). These modes are mainly used for synchronous burst flash
devices.

Mode 7. Synchronous pipelined burst read. This mode is mainly used
for Tl embedded IC ROM and RAM memories.

For all these modes write accesses are performed according to asynchro-
nous write protocol.

[ Single and burst access address alignment

OMAP master only issues Word16 and Word32 aligned access (word
address must be aligned on word size address boundary).

OMAP master only issues linear, incrementing, and fixed size
4xWord32 access bursts. Burst access is aligned on burst size
address boundary (starting burst LSB address A[0-3] is always equal
to [0000]). External devices like synchronous flash memory may
require a burst protocol programming to conform to the EMIFS burst
protocol.

EMIFS Memory Timing Control

a

30 OMAP3.2 Subsystem

In both asynchronous and synchronous modes, all EMIFS to memory
control signals are controlled with an EMIFS internal reference clock
(REF_CLK) which is the TC_CK divided down. Depending on the CS
configuration, this internal clock can be available outside through the
FLASH.CLK (ball N3) output pin.

The REF_CLK is divided from TC_CK (traffic controller clock, see
section 4.2.5) by a programmable value contained in FCLKDIV bit
field of the CS configuration register, Table 19. This accommodates
the timing constraints of slow devices, even with high system clock
rate.

In asynchronous mode 0-1-2-3, the FLASH.CLK (ball N3) is low.

In synchronous mode 4-5-7, REF_CLK is available through FLASH.CLK.
This is also the case during asynchronous write access. FLASH.CLK
clock is connected to the external synchronous device input clock
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(synchronous flash or ASIC). The frequency must be set to comply with
the attached device’s timing constraints in combination with the others
EMIFS timing controls.

(1 In synchronous mode 4-5, a retiming mode enables read data to be
latched by a delayed REF_CLK. This retiming mode must not be used with
asynchronous modes.

B The REF_CLK delay is obtained through the IC I/O feedback of
FLASH.CLK to offer optimum data and clock alignment. Pipelined
access offers relaxed timing constraints.

B The retiming mode is enabled through RT bit field in the CS
configuration register (See Table 19).

[ Memory control signal (CS, OE, WE, ADV, ADDRESS) setup and hold
timing can be controlled by programmable internal delay generation.

B OE valid/invalid timing from/to CS and address valid/invalid is
programmable through OESETUP, OEHOLD bit field in the advanced
CS configuration register.

W WE valid timing from CS, address, and data valid is programmable
through WRWST bit field in the CS configuration register. WE hold
time is fixed to one REF_CLK.

B ADV valid pulse time is programmable through ADVHOLD bit field in
the advance CS configuration register.

® In synchronous read mode, the ADV setup to REF_CLK rising
edge is controlled by the ADVHOLD bit field. The ADV hold time
from REF_CLK rising edge is fixed to one TC_CK.

B Address setup and hold time with ADV control:

® |n synchronous mode, the address setup time from REF_CLK
rising edge (ADV valid) is controlled by ADVHOLD bit field.

®  In multiplexed synchronous mode, the address hold time from
REF_CLK rising edge is fixed to one REF_CLK from ADV invalid
time.

®  |n asynchronous mode, the address setup time to ADV invalid is
controlled by ADVHOLD bit field.

®  |n asynchronous mode, address hold time from ADV invalid is
fixed to one REF_CLK.

[ Read and write access time is controlled by programmable internal wait
state generation (non-full-handshaking mode). An external Ready input
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a

pin (FLASH.RDY on ball V2) can also be used in combination with internal
wait state (full-handshaking mode).

B In non-full-handshaking mode, the RDWST and PGWST (mode
1-2-3 only) bit field in CS configuration register are used to control
internal read wait state generation.

B In non-full-handshaking, the WELEN bit field in CS configuration
register is used to control internal write wait state generation.

B In full-handshaking mode, FLASH.RDY is monitored by the EMIFS to
control read and write access time. The access is completed when
both the internal wait state has expired and FLASH.RDY is asserted
by the external device. The FLASH.RDY assertion/deassertion timing
constraint depends on synchronous or asynchronous access mode.

B Modes 0-4-5 are by default in full-handshaking mode.
Full-handshaking support on particular CS can be disabled for these
modes through the dynamic wait state register.

Modes 1-2-3-7 always follow the non-full-handshaking protocol and
FLASH.RDY is never monitored in these modes, even if the full-hand-
shaking bit field in the dynamic wait state register is cleared.

To prevent data bus contention when slow devices are attached to the IC,
the BTWST bit field in the CS configuration register is used to control
TC_CK cycle idle time between specific access sequences.

The BTMODE field in the advance CS configuration register extends the
previous mode. The BTWST bit field controls the CS negation time
between successive accesses to the same CS.

To prevent data bus floating when no access is requested at the interface
(idle sequence), the EMIFS keep the data bus driven with the previous
written data or read data (bus keeping feature). In case of read to idle
sequence, the delay time from read to write-back is at least one TC_CK
cycle or controlled by BTWST (TC_CK) cycles.

If dynamic Wait state mode is used, then one REF_clk cycle must be
added to all of the formulas describing CS and ADV width in this section.

3.2.2 EMIFS CS0 and CS3 Decoding Control

CS0 and CS3 address decoding (address in the TC memory mapping) can be

swapped through the BM bit field in the EMIFS global control register. When
the BM bit field is set, CS3 is activated in the 0000:0000-03FF:FFFF range

and CSO is activated in the 0C00:0000—-OFFF:FFFF range. The BM bit is

sampled at reset depending on two factors. If MPU_BOOT (ball J20) is 1 and
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the device type is emulation then BM resets to 1. Otherwise, BM resets to 0.
Thus, the boot is executed from CSO0 or from CS3 attached memories. During
normal execution, BM can be changed dynamically but obvious software
precautions are required to prevent system crash.

EMIFS Miscellaneous Memory Signal Control

Common flash memory supports the write protection, WP, input pin
(FLASH.WP on ball V4) to prevent erroneous write access sequence to
corrupt their content. EMIFS interface includes WP output pin and provides full
software control of it.

Common flash memory supports the RESET input pin to allow device state
machine to be properly reset on power up and also to minimize power
consumption in idle mode. The EMIFS interface includes a FLASH.RP (on ball
W1) output pin and provides software and hardware control of it.

EMIFS Configuration

EMIFS control and configuration can be done dynamically. EMIFS ensures
that a new CS configuration takes effect only when no access is requested (CS
idle). To prevent inconsistency and critical behavior, the EMIFS configuration
must be done by MPU software while other masters are inactive.

EMIFS Abort Control

In case of access restriction violation, and in case of access time-out errors,
the EMIFS can handle an interrupt line and abort status register to allow abort
events system monitoring.

EMIFS External Device Connections

Please refer to Chapter 9 for a detailed description of the EMIFS device
connections.

EMIFS Address Mapping and Data Control in Multiplexed Mode

[J In order to minimize the number of IC pins for external memory
connection, the EMIFS can support multiplexed address and data
memory devices without adding external logic.

[ Selection of the multiplexed mode is done through the MAD bit in the CS
configuration register. Multiplexed mode is only available in the following
modes:

B Mode 0 asynchronous read and write
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3.2.8

B Mode 4 & mode 5 synchronous burst read

Mode 0O—Asynchronous Read Operation

Basic Programming Model

The asynchronous read mode 0 is selected by setting RDMODE = 0 in the
corresponding EMIFS chip-select configuration register.

Figure 3 shows a typical timing diagram.

Figure 3.  Asynchronous 16-Bit Read Operation on a 16-Bit Width Device. RDWST=2
FCLKDIV=0 OESETUP = 0 OEHOLD = 0 ADVHOLD = 0. Data write-back on the bus after
read completion.

34

IITIAVAVAVAVAVAVAVAVAVAVAVAVAVAV AVAV,
REF_CLK/\_*\_/\_*\_/\_/\_/\_/;\_/-

FLASH.CLK 1 | |

\ 1 Low |
lﬁ } N cycles }H
FLASH.CSx N | | £
‘ﬂ— M cycles —p» 1
FLASH.ADV \ 1 |
| | |
FLASH.A(25:1) X Address valid
 — \ 1 :
FLASH.D(15:0) ) ‘ (___Valddatabo (Do
| \ \
FLASH.OE AN ‘ Y
| | |
FLASH.BE(1.0)) X 00 X
\ \ \
FLASH_DIR_O / \ \
\ \ \
FLASH.RDY \ \ |

[ The REF_CLK is divided from TC_CK (traffic controller root clock) by a
programmable value contained in FCLKDIV bit field of the CS
configuration register.

FCLKDIV REF_CLK
00 TC_CK:1
01 TC_CK:2
10 TC_CK:4
11 TC_CK:6
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The CS pulse width depends on RDWST bit field of the CS configuration
register. CS pulse width equals:

B (RDWST + 2) REF_CLK (N cycles in Figure 3)
B CS minimum pulse width is 2 REF_CLK.

The ADV pulse width depends on ADVHOLD bit field of the CS
configuration register. ADV pulse width equals:

B (ADVHOLD + 1) REF_CLK (M cycles in Figure 3)
B ADV minimum pulse width is 1 REF_CLK.
Address drive time follows CS activation (no setup time guaranty).

Address setup time to ADV rising edge is controlled by ADVHOLD.
Address hold time from ADV rising edge is controlled by CS pulse width.

Read data is latched on same TC_CK rising edge that deactivate OE
signal.

After a read completion, if no other access (RD, WR) is pending, the data
bus is driven with the previous read value. The bus turn-around time (OE
going high to direction going out) is a minimum of 1 TC_CK cycle and can
be extended through BTWST

In asynchronous mode, REF_CLK is not provided outside the EMIFS and
Flash_clk_o is kept low.
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Figure 4.  Asynchronous 16-Bit Read Operation on a 16-Bit Width Device. RDWST=4
FCLKDIV=1 OESETUP=0 OEHOLD=0 ADVHOLD=1. Data write-back on the bus after
read completion.

Tc ek \__/ /S \ h / Y/
\
REFCLK /7 N\_/ \_/ \_}/ __/ —/ \

FLASH.CLK 1
FLASH.CSx \ ‘/
FLASH.ADV 7/
FLASH.A(25:1) X VA ‘
FLASH.D(15:0) —< DO l r— DO
FLASH.OE \ } /
FLASH_DIR_O / \
FLASH.BE(1:0) X 00 )F
FLASH.RDY ;
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Figure 5.  Asynchronous 16-Bit Read Operation on a 16-Bit Width Device. RDWST=0
FCLKDIV=0 OESETUP=0 OEHOLD=0 ADVHOLD=0. Data write-back on the bus after

read completion.

TC_CLK

\
rRer clk /- /S / / /S ./ /N

\

|

N

FLASH.CLK Low
¢ N cycles H
FLASH.CSx  \ /
“ M cycles | \
I | e |
FLASH.ADV —\ / ‘
|

Valid address

FLASH.A(25:1) :L)(
-

|

FLASH.D(15:0) ) (—ValiddaaDo (D0
\ \ |
[&——— OESETUP cycles ——&

FLASH.OE \ /‘
FLASH_DIR_O __/ i \
FLASH.BE(1:0) )( 00 X

|
FLASH.RDY 1

Advanced OE Control

a

SPRU749A

OE activation delay time from CS and address valid is programmable
through OESETUP bit field in the advanced CS configuration register.
Activation delay timing is equal to:

B (OESETUP) REF_CLK (OESETUP cycles in Figure 6).

OE deactivation advance time to CS and address invalid is programmable
through OEHOLD bit field in the advanced CS configuration register.
Deactivation advance timing is equal to:

B (OEHOLD) REF_CLK (OEHOLD cycles in Figure 6).

Because CS minimum pulse width is 2 REF_CLK the OE delay and
advance timing value must be set so:

B (OESETUP + OEHOLD) is inferior or equal to RDWST. Noncompliant
programming ends up with bad access completion.
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Figure 6.  Asynchronous 16-Bit Read Operation on a 16-Bit Width Device. RDWST=4
FCLKDIV=1 OESETUP=3 OEHOLD=0 ADVHOLD=0. Data write-back on the bus after
read completion.

TC_CLK
ReFck/ \—/ —/ —/ / / \___4 \_
FLASH.CLK Low :
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FLASH.CSx  \ /
M cycles |
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FLASHADV N\ / I
|
FLASH.A(25:1) Valid address

FLASH.D(15:0) ) (ValiddaaDo (D0

Ih— OESETUP cycles 4’{

FLASH.OE \
FLASH DIR O/

FLASH.BE(1:0) _X 00

L

FLASH.RDY
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Figure 7. Asynchronous 16-Bit Read Operation on a 16-Bit Width Device. RDWST=4
FCLKDIV=1 OESETUP =2 OEHOLD = 1 ADVHOLD = 0. Data write-back on the bus after

read completion.
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REFCK / \_/ \/ \/ \/ \J

/ 0\

FLASH.CLK

Low

:€ N cycles

-

|
”1—’:— M cycles

FLASH.ADV \ /

I
|
I
|
FlAsHCsx  \ |
I
|
I
|

FLASH.A(25:1)
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I
DO
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FLASH_DIR_O / |

\N—

FLASH.BE(1.0) __X 00
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Read Access Size Adaptation and CS Pulse Width High Control

[ In read mode 0, the EMIFS splits the Word32 access into two Word16
accesses in case of 16-bit device width. 4xWord32 burst read are split into
eight successive Word16 accesses. The split process follows the little
endian protocol (Word32 LSB part at lower Word16 address).

(1 During split read accesses and during burst read accesses, the CS signal
is deactivated for at least one TC_CK between two successive accesses.
CS pulse-width high time can be extended by the BTWST field in the CS
configuration register (see also bus turn around and CS negation time
control).

W CS pulse width high = (BTWST +1) TC_CK

Figure 8.  Asynchronous 32-Bit Read Operation on a 16-Bit Width Device. RDWST=4
FCLKDIV=0 OESETUP = 0 OEHOLD = 0 ADVHOLD = 0 BTWST=0 BTMODE=0. Data
write-back on the bus after read completion.

Tc_CLKmMMWL
REF_CLKI\I\,\I\,\I\*\,\,\I\I\,\I\*\I\

FLASH.CLK | :
T Low T
l¢e— Ncycles % ¢ N cycles 4“
| ‘H—H— BTWST +1 | \
FLASH.CSx \ /\ /
F_’T_ M cycles | F—)“— M cycles |
| |
FLAsHADY \_/ T\ |
| |
FLASH.A(25:1) x Valid address 0 X Valid address 1
FLASH.D(15:0) T ) { vbo ) VD1 VD1
- \ \
FLASHOE \ 7\ /
| |
FLASH_DIR_O __/ | | \—
FLASH.BE(1:0 | ‘
1:0) _X — ‘)(
\ \
FLASH.RDY
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Figure 9.  Asynchronous 32-Bit Read Operation on a 16-Bit Width Device. RDWST=4
FCLKDIV=0 OESETUP = 1 OEHOLD =1 ADVHOLD =0 BTWST=0 BTMODE=0. Data
write-back on the bus after read completion.
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FLASH.D(15:0) ? VDO VD1 VD1
| OEHOLD—4—P | | OEHOLD
4—»- OESETUP \ | [&—»- DESETUP \
FLASH.OE \ / \ 4
| |
FLASH_DIR_O |
|

N—
oo X—

FLASH.RDY ‘ ‘

= L

FLASH.BE(1.0)

Full-Handshaking and Ready Pin Usage in Asynchronous Read Mode

[ In full-handshaking mode, the READY input pin (FLASH.RDY on ball V2)
is monitored by the EMIFS to control read access time. The access is
completed when internal wait state RDWST expires and FLASH.RDY is
asserted by the external device.

(1 ADV pulse width time and OE assertion time are not dependent on the
FLASH.RDY pin state.

] When FLASH.RDY is used to extend the access time, the access
completion is not controlled by internal delay generation. CS, OE, and
address are deactivated when FLASH.RDY is detected high. No
OEHOLD time can be control in this case and the bit field must be equal
to zero.

(1 Since FLASH.RDY is an asynchronous signal, a nonready device must
drive FLASH.RDY low enough time ahead of the minimum access time
completion. Depending on FLASH.RDY assertion low delay from CS
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active and depending on REF_CLK frequency, a minimum RDWST value
may be needed for the FLASH.RDY state to be correctly monitored by the
EMIFS.

B As an example, a minimum of RDWST = 2 is needed for a nonready
device that drives FLASH.RDY low with O time delay from CS low and
for a CS configuration FCLKDIV = 0.

B See the OMAP5912 Data Manual (SWPS012) for timing information
regarding FLASH.RDY assertion timing constraint.

Figure 10. Asynchronous 16-Bit Read Operation with Ready. RDWST=2 FCLKDIV=0
OESETUP = 0 OEHOLD = 0 ADVHOLD = 0. Data write-back on the bus after read
completion.
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\
__/
X
FLASH.D(15:0) ___ )
\
—
A
-\

FLASH.RDY

READY_SYNC2 \ /

Asynchronous Read With Multiplexed Address and Data Memory

[0 The EMIFS can support multiplexed address and data memory devices
without adding external logic. Multiplexed mode is enabled when the MAD
bit field in the EMIFS CS configuration register is set to 1 (see Table 19).

[ The following figure shows an asynchronous read operation with
multiplexed address/data bus.
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Figure 11. Asynchronous 16-Bit Read Operation With Multiplexed Address/Data Bus
Memory. RDWST=2 FCLKDIV=0 OESETUP=2 OEHOLD=0 ADVHOLD=0. Data write-back
on the bus after read completion.

TcCCek/l—\ [\ [/
/ /

|
REF_CLK M \_/"\ N/ \/ /S \/
FLASH.CLK 1 1 Low
le } Ncycles—h‘
FLASH.CSx “\ | V4
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FLASH.ADV '\ ,f \
‘ |

|
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FLASH.A(25:16) X_ Valid address __ =——————{__Valid <‘jata 00) = (DO)

|
\ \
Q—‘ OESETUP ——, }
FLASH.OE ‘ \ \ /
|
FLASH_DIR_O } / ! \
| \
FLASH.BE(1:0) X 00 X

| \
FLASH.RDY \ \

[ Address drive time follows CS activation (no setup time guaranty).
Address setup time to ADV rising edge is controlled by ADVHOLD.
Address hold from ADV rising edge is guaranteed to be minimum one
REF_CLK (delay for direction to change from out to in). FCLKDIV and
OESETUP must be properly programmed to prevent bus contention and
to ensure that address hold time device requirement is respected.

(1 During split read accesses and during burst read accesses, the CS signal
is deactivated for at least one TC_CK between two successive accesses.
CS pulse width high time can be extended by the BTWST field in the CS
configuration register (see also bus turn around and CS negation time
control).

B CS pulse width high = (BTWST +1) TC_CK
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Figure 12. Asynchronous 32-Bit Read Operation on a 16-Bit Multiplexed Address and
Data Memory. RDWST=2 FCLKDIV=0 OESETUP=2 OEHOLD =0 ADVHOLD =0
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[ The full-handshaking scheme is also valid in multiplexing mode. The

following diagram shows an asynchronous word16 read operation with a
16-bit multiplexed memory control by external ready pin.

44 OMAP3.2 Subsystem SPRU749A



Traffic Controller

Figure 13. Asynchronous 16-Bit Read Operation with Ready on 16-Bit Multiplexed
Address and Data Memory. RDWST=2 FCLKDIV=0 OESETUP=2 OEHOLD =0
ADVHOLD =0 BTWST =0, BTMODE =0

FLASH.CLK Low ‘
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3.2.9 Asynchronous Write Operation

Non-Multiplexed Asynchronous Write Operation

[ The asynchronous write is the only write protocol supported by the EMIFS.
The asynchronous write access protocol is used in all EMIFS modes,
whatever the CS configuration register RDMODE value is.
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Figure 14. Asynchronous 16-Bit Write Operation on a 16-Bit Width Device (WRWST=2,
WELEN=4 FCLKDIV=00 and ADVHOLD=1)
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FLASH_DIR_O Low }
FLASH.BE(1:0) X 00 X

FLASH.RDY

The REF_CLK is divided from TC_CK by a programmable value
contained in FCLKDIV bit field of the CS configuration register.

The CS and address setup time from WE low is controlled by
programmable WRWST bit field of the CS configuration register.

B (WRWST + 1) REF_CLK (N cycles in Figure 14)
B WRWST minimum pulse width is 1 REF_CLK.

The ADV pulse width depends on ADVHOLD bit field of the Advanced CS
configuration register (see Table 28). ADV pulse width equals:

B (ADVHOLD + 1) REF_CLK (M cycles in Figure 14)
B ADV minimum pulse width is 1 REF_CLK.

The WE pulse width depends on WELEN bit field of the CS configuration
register (see Table 19). WE pulse width equals:

B (WELEN + 1) REF_CLK (P cycles in Figure 14)
B WE minimum pulse width is 1 REF_CLK.
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(1 The CS address and data hold time setup from WE high is fixed to one
REF_CLK (Q cycle in Figure 14).

[ In asynchronous mode 0-1-2-3, REF_CLK is not provided outside the
EMIFS and FLASH.CLK is kept low. In synchronous mode 4-5, REF_CLK
is provided outside the EMIFS through the FLASH.CLK (see mode 4,5).
In synchronous mode 7, REF_CLK is inverted and provided outside the
EMIFS through FLASH.CLK (see mode 7).

Multiplexed Asynchronous Write Operation

Figure 15 shows a timing diagram with multiplexed address/data bus.

Figure 15. Asynchronous 16-Bit Write Operation on a Multiplexed Address/16-Bit Data
Bus (WRWST=1, WELEN=3 , FCLKDIV=00 and ADVHOLD=0)
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[ Multiplexed mode is enabled when MAD bit field in CS configuration
register is set (see Table 19).

[ Address drive time follows CS activation (no setup time guaranty).
Address setup time to ADV rising edge is controlled by ADVHOLD.
Address invalid from ADV rising edge is guaranteed to be minimum one
REF_CLK cycle.
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The CS and address setup time from WE low is controlled by
programmable WRWST bit field of the CS configuration register (see
Table 19).

B (WRWST + 1) REF_CLK (N cycles in Figure 15)
B WRWST minimum pulse width is 1 REF_CLK.

The ADV pulse width depends on ADVHOLD bit field of the advanced CS
configuration register (see Table 28). ADV pulse width equals:

B (ADVHOLD + 1) REF_CLK (Mcycles in Figure 15)

W ADV min pulse width is 1 REF_CLK.

The WE pulse width depends on WELEN bit field of the CS configuration
register (see Table 19). WE pulse width equals to:

B (WELEN + 1) REF_CLK (P cycles in Figure 15)

B WE minimum pulse width is 1 REF_CLK.

The CS and data hold time setup from WE high is fixed to one REF_CLK
(Q cycle in Figure 15).

In asynchronous mode 0-1-2-3, REF_CLK is not provided outside the
EMIFS and FLASH.CLK is kept low. In synchronous mode 4-5 REF_CLK
is provided outside the EMIFS through FLASH.CLK. In synchronous
mode 7 REF_CLK is inverted and provided outside the EMIFS through the
FLASH.CLK (see mode 7).
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Figure 16. Asynchronous 16-Bit Write Operation on a Multiplexed Address/16-Bit Data
Bus (WRWST = 1, WELEN = 3, FCLKDIV = 00 and ADVHOLD = 0)
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| ] | .
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_ — } : Low T
| | '
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SPRU749A OMAP3.2 Subsystem 49



Traffic Controller

Full-Handshaking and Ready Pin Usage in Asynchronous Write Mode

a

In full-handshaking mode, FLASH.RDY is monitored by the EMIFS to
control read access time. The access is completed when both internal wait
state WELEN expires and FLASH.RDY (ball V2) is asserted by the
external device. Full-handshaking is the default mode in both multiplexed
and non-multiplexed modes.

ADV pulse width time and WE assertion time are not dependent on the
FLASH.RDY state.

When FLASH.RDY is used to extend the access time, the access
completion is not controlled by internal delay generation. The CS and data
hold time setup from WE high is still fixed to one REF_CLK (Q cycle in
previous figures).

Because FLASH.RDY is an asynchronous signal, a nonready device must
drive FLASH.RDY low enough time ahead of the minimum access time
completion. Depending on FLASH.RDY assertion low delay from CS
active and depending on REF_CLK frequency, a minimum WRWST value
could be needed for the FLASH.RDY state to be correctly monitored by
the EMIFS.

B As an example, a minimum of WRWST=1 is needed for a nonready
device that drives ready low with O time delay from CS low, for a CS
configuration FCLKDIV=0.
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Figure 17. Asynchronous 16-Bit Write Operation on 16-Bit Multiplexed Address and Data
Memory With Ready (WELEN =2, WRWST = 0, FCLKDIV = 0)
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FLASH.CSx \
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\
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\

e

FLASH.BE(1.0) X 00 ) &

FLASH.RDY \ /

READY_SYNC2 \ /

Write Access Size Adaptation and CS Pulse Width High Control

[ During write access, the EMIFS splits the Word32 access into two Word16
accesses in case of 16-bit device width. 4xWord32 burst write are split into
8 successive Word16 accesses. The split process follows the little endian
protocol (Word32 LSB part at lower Word16 address).

(1 During split write accesses and during burst write accesses, the CS signal
is not deactivated unless BTMODE in the Advanced CS configuration
register is set (see Table 28). When BTMODE is set the CS pulse width
high time can be controlled by the BTWST field in the CS configuration
register, Table 19 (see also bus turn around and CS negation time control).

B CS pulse width high= (BTWST +1) TC_CK

(1 This applicable to both multiplexed and non-multiplexed access modes.
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Figure 18. Asynchronous 32-Bit Write Operation on 16-Bit Multiplexed Address and Data
Memory (WELEN = 2, WRWST =1, FCLKDIV =0, BTWST = 0, and BTMODE = 1)
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\

FLASHBE(1.0) _X 00 X
| |
FLASH.RDY | |

3.2.10 Mode 1-2-3- Asynchronous Page Mode Read Operation

[0 The asynchronous page mode read 1-2-3 is selected by setting the
RDMODE bit field in the corresponding EMIFS chip-select configuration
register.

B RDMODE =1 selects the 4 words per page mode
B RDMODE = 2 selects the 8 words per page mode
B RDMODE = 3 selects the 16 words per page mode

[ This mode provides single access or fast consecutive accesses in a page.
Optimized access time for 2xword16 read (word32 read in 16-bit width
device) and for burst read (4xword32 or 8xWord16 in case of 16-bit width
device). During consecutive accesses the EMIFS increments the address
after each word read completion.

[ The word length of the access is equal to the memory data bus width and
is defined by the BW field of the CS configuration register (see Table 19).

(1 The delay for the first word in the page is controlled by RDWST bit field in
the CS configuration register (initial wait state). Depending on the device
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page length and word size (device width), the EMIFS can control device
page crossing during a burst request (4xword32) and inserts initial wait
state delay on purpose.

(1 The delay between successive words in the page is controlled by the
PGWST bit field in the CS configuration register (in page wait state).

Figure 19. Asynchronous Page Mode 4x16-Bit Read Operation on 16-Bit Width Device
(RDWST=2, PGWST=0 and FCLKDIV =1, RDMODE=2). Data write-back on the bus after
read completion.

TC_CLK
REF_CLK ’_\J_\_/_\_/_\_/_\J_\J_\J_\_‘/_\_/_\_
\ \ \ \ \
FLASH.CLK | - Low — | |
1—} N cycles —b} } } }
FLASHCSX \ ‘ ‘ ‘ /S
\ \ \ \ \
FLASH.ADV \ | | | /
} P cycles ‘ 1 }
FLASH.A(25:1) X Add0 Add1 X Add2 X Add3 X
\ \ \ \
FLASH.D(15:0) - } { po )~ D1 )~ D2 D3 D3
\ \ \ \ \
FLASH.OE \ | | \ /
\ | \ \ \
FLASH_DIR_O / ‘ ‘ ‘ I\
\ \ \ \ \
FLASH.BE(L.0) X 00 ) &
\ \ \ \ \
FLASH.RDY \ 7

[ The REF_CLK is divided from TC_CK by a programmable value
contained in FCLKDIV bit field of the CS configuration register (Table 19).

[ The initial wait state depends on RDWST bit field of the CS configuration
register. Delay equals to:

B (RDWST + 2) REF_CLK (N cycles in Figure 19)

[ The in page wait state depends on:

B PGWST/WELEN[15:12] bit field if PGWSTEN=0 in CS configuration
register

B PGWST[30:27] bit field if PGWSTEN=1 in CS configuration register
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Bl Delay equals to (PGWST + 1) REF_CLK (P cycles in Figure 19).

[ ADV (FLASH.ADV on ball L4) is kept low for the entire access.

[

Address drive time follows CS activation (no setup time guaranty).

(1 Delay time (OESETUP) and advanced time (OEHOLD) are disabled
(OESETUP and OEHOLD bit fields don’t care).

[0 Address and data multiplexed scheme is not supported in mode 1-2-3.

(1 Read data are latched on the TC_CK rising edge corresponding to the wait
state delay completion (initial and in page walit state).

(1 One TC_CK cycle after access completion (CS high), the data bus is
driven with the previous read value (see Figure 19 for direction activation
and data copy timing).

[ Inasynchronous mode, REF_CLK is not provided outside the EMIFS and
FLASH.CLK is kept low.

[0 Page mode always follows the non-full-handshaking protocol and the
FLASH.RDY pin is never monitored whatever the full-handshaking bit field
value in the dynamic wait state register is.

Figure 20. Asynchronous Page Mode 8x16-Bit Read With Page Crossing Operation on
16-Bit Width Device (RDWST=2, PGWST=0 FCLKDIV=1, RDMODE=1). Data write-back
on the bus after read completion.
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3.211 Mode 4 and Mode 5 Synchronous Burst Read Operation Mode

Synchronous Read in Non-Multiplexed Address and Data Memory

(1 The synchronous burst read mode 4 and 5 are selected by setting the

RDMODE bit field in the corresponding EMIFS chip-select configuration
register (see Table 19).

B RDMODE=4o0r5

(J This mode only supports synchronous read accesses (single or

consecutive). Flash devices usually require synchronous setup and
enable mode to be done after power up. RDMODE must be changed to
mode 4 or mode 5 only after flash device setup.

Figure 21. Mode 4 Synchronous Burst 4x16-Bit Read Operation on 16-Bit Width Device
(RDWST=3, FCLKDIV =0, ADVHOLD=0, RDMODE=4). Data write-back on the bus after

read completion.

TC_CLK
\ \ \ \ |
FLASH.CLK \ \ \ \ \
\ \ \ \ \
|¢——— Ncycles ———¥ \ \ \
FLASH.CSx \ \ \ \ I/
| | | | |
44— M cycles —b} \ \ \ \
FLASH.ADV \ / \ \ \ \
\ | | | |
FLASH.A(25:1) X Valid address
— | | | |
FLASH.D(15:0) - ) { po X b1 X D2 X D3 — D3
_ — | | | |
FLASH.OE \ | | | 4
FLASH_DIR O 7 i i i i \
FLASH.BE(1:0) * 0 | | X
| | | |
FLASH.RDY \‘ ‘ ‘ ‘ ‘ /
FLASH.BAA ; \1 1 1 / i
The REF_CLK is divided from TC _CK by a programmable value
contained in FCLKDIV bhit field of the CS configuration register (see
Table 19).
CS, ADV and address are driven one REF_CLK cycle before the first
FLASH.CLK rising edge is provided externally. This ensures CS, ADV, and
address valid setup time to device clock rising edge to be met.
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In case this one REF_CLK cycle advance is not enough to meet the setup
time requirement, the ADV pulse width can be extended by ADVHOLD.
The real access time start from CS & ADV & address setup time to device
clock rising edge valid.

The ADV pulse width depends on ADVHOLD bit field of the Advanced CS
configuration register (see Table 28). ADV pulse width equals:

B (ADVHOLD +1) REF CLK + 1 TC_CK (M cycles in Figure 21)

Modes 4-5 are by default in full-handshaking mode. FLASH.RDY is
monitored by the EMIFS to control read access time. FLASH.RDY must
be asserted synchronously to FLASH.CLK.

The first access is completed when both internal RDWST wait state
expired and when FLASH.RDY is asserted by the external device.

The internal initial wait state depends on RDWST bit field of the CS
configuration register. RWDST value must include the extra “non active”
output REF_CLK cycle used for CS & ADV & address setup time. Delay
equals:

B (RDWST +2) REF_CLK (N cycles in Figure 21)

Read data are latched on each TC_CK rising edge corresponding to a
REF_CLK rising edge when FLASH.RDY has been sampled high on the
previous REF_CLK rising edge.

The following in-burst access walit state only depends on the FLASH.RDY
state (RDWST expired).

In mode 4, BAA control signal is asserted low on the first date sampling
REF_CLK rising edge and is maintained low during the full burst access.
BAA is kept high in mode 5 (no burst advance control is this mode).

OE activation delay time from CS and address valid is programmable
through OESETUP bit field in the advanced CS configuration register.
Activation delay timing is equal to:

B (OESETUP) REF_CLK

Advanced time (OEHOLD) control is disabled (OEHOLD bit field doesn’t
care).

One TC_CK cycle after access completion (CS high) the data bus is driven
with the previous read value (see Figure 21for direction activation and
data copy timing).
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Figure 22. Mode 5 Synchronous Burst 8x16-Bit Read Operation on 16-Bit Width Device
(RDWST=3, FCLKDIV =0, ADVHOLD=0, RDMODE=5). Data write-back on the bus after
read completion.
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Figure 23.

Mode 5 Synchronous Burst 2x16-Bit Read Operation on 16-Bit Width Device

(RDWST=3, FCLKDIV =0, ADVHOLD=0, RDMODE-=5). Data write-back on the bus after
read completion
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i — | | —
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FLASH.BE(1:0) X 00 X
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Synchronous Read in Multiplexed Address and Data Memory

58

[0 Multiplexed mode is enabled when the MAD bit field in CS configuration

register is set to 1 (see Table 19).
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Figure 24. Mode 5 Synchronous Burst 8x16-Bit Read Operation on Multiplexed
Address/Data 16-Bit Width Device (RDWST=2, FCLKDIV =0, ADVHOLD=0, OESETUP =
3, RDMODE=5). Data write-back on the bus after read completion.
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\ \ \ \ \ \ \ \
FLASH.BE(1:0) X 00 X
FLASH.RDY

1 CsS, ADV, and address are driven one REF_CLK cycle before the first
FLASH.CLK rising edge is provided externally. This ensures CS, ADV, and
address valid setup time to device clock rising edge to be met.

[ In case this one REF_CLK cycle advance is not enough to meet the setup
time requirement, the ADV pulse width can be extended by ADVHOLD.
The real access time start from CS & ADV & address setup time to device
clock rising edge valid.

(1 Address hold time from ADV rising edge is guaranteed to be a minimum
of one REF_CLK (delay for direction to change from out to in).

[ FCLKDIV and OESETUP (REF_CLK) must be properly programmed to
prevent bus contention and to ensure that address hold time device
requirement is respected.

[ Delay time OEHOLD is disabled.

[ The ADV pulse width depends on ADVHOLD bit field of the Advanced CS
configuration register (see Table 28). ADV pulse width equals to:

B (ADVHOLD + 1) REF_CLK + 1 TC_CK (M cycles in Figure 24)
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(1 Modes 4-5 are by default in full-handshaking mode. FLASH.RDY is
monitored by the EMIFS to control read access time. FLASH.RDY must
be asserted synchronously to REF_CLK.

[ The first access is completed when both internal RDWST wait state
expired and when ready pin is asserted by the external device.

(1 The internal initial wait state depends on RDWST bit field of the CS
configuration register. RWDST value must include the extra nonactive
output REF_CLK cycle used for CS and ADV and address setup time.
Delay equals:

B (RDWST + 2) REF_CLK (N cycles in Figure 24)

(1 Read data is latched on each TC_CK rising edge corresponding to a
REF_CLK rising edge when FLASH.RDY has been sampled high on the
previous REF_CLK rising edge.

[0 The following in-burst access wait state only depends on the FLASH.RDY
pin state (RDWST expired).

[ One TC_CK cycle after access completion (CS high), the data bus is
driven with the previous read value (see Figure 24 direction activation and
data copy timing).

Figure 25. Mode 5 Synchronous Burst 4x16-Bit Read Operation on Multiplexed
Address/Data 16-Bit Width Device (RDWST=4, FCLKDIV =0, ADVHOLD=1, OESETUP =
4, RDMODE=5). Data write-back on the bus after read completion.
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Figure 26. Mode 5 Synchronous Burst 8x16-Bit Read Operation on Multiplexed
Address/Data 16-Bit Width Device (RDWST=3, FCLKDIV =0, ADVHOLD=0, OESETUP =
3, RDMODE=5). Data write-back on the bus after read completion.
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T T 1 T
FLASH.RDY |1 ‘1_"} } Tdy |||
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Write Access in Mode 4 and 5

[ Figure 27 shows FLASH.CLK activation details during a write access in
mode 5 (non-multiplexed). Same behavior for the multiplexed address
and data protocol.
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Figure 27. Asynchronous 16-Bit Write Operation on a 16-Bit Width Device (RDMODE =
5, WRWST=2, WELEN=4 FCLKDIV=00 and ADVHOLD=1)

BT L VY VY VY VY AN e W WY VY VY W
rReF_ck S\ S\ S\ S\ S\

FLASH.CLK Y N o O o W W W W o W

FLASH.CSx N\ } /‘(_
v ]
FLASH.ADV | } ;
FLASH.A(25:1) ‘ X Valid address ‘ ‘
FLASH.D(15:0) X Write data

T T
I N Pe—— P cycles H_Q_H

FLASH.WE \ *

FLASH_DIR_O Low }
|

FLASH.BE(1:0) X 00 X
|
FLASH.RDY |

3.2.12 Read Retimed Protocol

Warning

The RT bit in the EMIFS chip—select configuration register may be
set only in RDMODE 4,5 and 7 only. The system hangs if the
retiming bit is set in other modes (asynchronous modes because

the retiming logic depends on the returned flash clock. In
asynchronous mode, there is no flash clock and the system hangs.

[ Due to IC I/O and board delays, the theoretical external memory maximum
frequency may not be usable for REF_CLK value without retiming
function. In synchronous mode 4-5, the retiming mode allows read data
to be latched by a delayed Ret REF_CLK obtained through the IC 10
feedback of FLASH.CLK. This offers optimum data and sampling clock
alignment.

(1 Retiming mode enables a pipelined read access. Compared to
non-retimed access, the first access takes one extra REF_CLK cycle and
the following accesses in a burst take one REF_CLK cycle each.
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(1 The retiming mode is enabled through the RT bit field in the CS
configuration register. Retiming mode is only allowed in synchronous
modes 4-5-7 and has no effect on write accesses.

Figure 28. Mode 4 Synchronous Burst 4x16-Bit Read Operation on 16-Bit Width Device
With Retiming on (RDWST=2, FCLKDIV =0, ADVHOLD=0, RDMODE=4). Data write-back
on the bus after read completion.

TC_CLK ‘ | | |

\
REF_CLK A\ /‘L\‘ /‘L\‘ /‘L\‘ /‘L\‘

RETREF_CLK‘ /\/\/\/\***\*\f‘\
| |
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FLASH.D(15:0) ¢ DP X Pl ‘X‘DZ X‘ D3 ™ D3
Re“rgi?aglg%r; )‘( DO ‘X D1 ‘X D2 ‘X D3
FLASH DR O ____ [/ \ | | | n___
FLASH.BAA \ ‘ ‘ ‘ / }
FLASH.BE(1:0) X 00 )‘ﬁ
FLASH.RDY

[ As in non-retimed mode, CS, ADV, Address, BE, OE, and BAA are driven
with respect to REF_CLK.

(1 Modes 4 and 5 programming model and protocol behavior remain the
same as in non-retimed mode.

[ In retiming mode, the RDWST s still referenced to REF_CLK. The
retiming relaxed timing (extra delay for data valid) is included in the IC
timing parameters.

(1 FLASH.RDY is also retimed with the Ret_ REF_CLK. The retiming relaxed
timing (extra delay for ready valid) is included in the IC timing parameters.

SPRU749A OMAP3.2 Subsystem 63



Traffic Controller

Figure 29. Mode 4 Synchronous Burst 4x16-Bit Read Operation on 16-Bit Width Device
With Retiming on (RDWST=1, FCLKDIV =1, ADVHOLD=0, RDMODE=4)
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[ Retiming mode is also available in multiplexing address and data mode.
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Figure 30. Mode 4 Synchronous Burst 4x16-Bit Read Operation on Multiplexed
Address/Data 16-Bit Width Device With Retiming on (RDWST=3, FCLKDIV =0,
ADVHOLD=0, OESETUP = 3, RMODE=4). Data write-back on the bus after read
completion.
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3.2.13  Mode 7—Synchronous Burst Read Operation Mode

[ The synchronous burst read mode 7 is selected by setting the RDMODE
bit field in the corresponding EMIFS chip-select configuration register

B RDMODE=7

[ This mode only supports synchronous read accesses (single or
consecutive). This protocol is used when accessing boot ROM and secure
RAM.

The following diagrams show 16-bit external device widths. Similar accesses
occur when using the 32-bit width of the secure RAM and boot ROM.
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Figure 31.

Mode 7 Synchronous Burst 4x16-Bit Read Operation on 16-Bit Width Device

(RDMODE = 7, FCLKDIV =1). Data write-back on the bus after read completion.
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FLASH.CSx \ 1 1 1 1 /
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FLASH.D(15:0) __) ( D‘O X D‘l X D‘Z X |‘33 Y D3
. \ \ \ \
st ) S TN o s
RSO T\ e —
FLASH DIR. O ___/ i i i i N
FLASH.BE(1:0) X ‘ ojo ‘ ‘ X
FLASH.BAA ; ; ; ;
FLASH.RDY \ ‘ ‘ ‘ ‘ /
[0 The REF_CLK is divided from TC_CK by a programmable value
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contained in FCLKDIV bit field of the CS configuration register. REF_CLK
is inverted and provided externally as FLASH.CLK.

The retimed mode must be enabled in mode 7. After reset, the RT bit is
set for CSO and CS3 if mode 7 is selected during the reset boot
configuration process (see Table 18).

Mode 7 enables a pipelined read access. Within the burst the addresses
are provided one half FLASH.CLK cycle before the FLASH.CLK rising
edge. Use the FLASH.CLK rising edge to latch addresses into the
embedded ROM/RAM. The ROM/RAM must provide data with enough
setup so data can be latched by the EMIFS on the next FLASH.CLK rising
edge.

REF_CLK frequency must be set so the memory access time can be met
in less than one cycle. There is no internal or external wait state control
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during read access in mode 7. RDWST field is not active and FLASH.RDY
is not monitored in this mode (non-full-handshaking mode only).

[ CS, ADV, OE are driven low for the entire access. ADVHOLD, OESETUP,
OEHOLD time control are disabled in this mode.

[0 Address and data multiplexed protocol is not supported in mode 7 (MAD
bit field not considered).

[ One TC_CK cycle after access completion (CS high) the data bus is driven
with the previous read value.
Write Access in Mode 7

(1 Figure 32 shows FLASH.CLK activation details during a write access in
mode 7. Below example shows two successive write accesses with
minimum access time.

Figure 32. Mode 7 Asynchronous Two Successive 16-Bit Write Operations on a 16-Bit
Width Device (WRWST=0, WELEN=0 FCLKDIV=1 and ADVHOLD=0)

et S AN AN AV A A A AN A AN AN AV A A R WA R AN AT
REF_cLk [\ M\

FLASH.CLK [\
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|
\ \
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\ |
FLASH.D(15:0) X DO X D1
\ ‘ \ \
N - | N —
N P \ - P _“‘ _J
\ . | o
FLASH.WE \ /
FLASH_DIR_O
FLASH.BE(1:0) X 00 X

FLASH.RDY
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Figure 33. Mode 7 Asynchronous 16-Bit Burst Write Operations on a 16-Bit Width Device
(WRWST=0, WELEN=0 FCLKDIV=1 and ADVHOLD=0, BTMODE = 0)
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| | i
FLASH.D(15:0) )‘( DO X D1 X D2 X D3
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H N <4—>- N
H P } | | p |
| “ » Q | ‘ | Q
FLASH.WE A\ / __/ N \__/
FLASH_DIR_O Low
FLASH.BE(L.0) X 00 X

FLASH.RDY
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Figure 34. Mode 7 Asynchronous 16-Bit Burst Write Operations on a 16-Bit Width Device
(WRWST=0, WELEN=0 FCLKDIV=1 and ADVHOLD=0, BTMODE = 1 and BTWST = 0)
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} H—J—‘ - Q } - Q
FLASH.WE \__/ \  / \ / \ /‘
FLASH_DIR_O Low
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3.2.14  Bus Turn-Around and CS Negation Time Control

[ When slow devices are attached to the IC, it can be necessary to control
the next data bus activation time after a read access to this slow device.
This data bus activation time can be either an EMIFS write access or an
EMIFS read access to a device attached to a different CS. The minimum
idle time before next CS activation is two TC_CK cycles for independent
access (no split or burst accesses). It can be extended to more than two
TC_CK cycles by setting proper value in BTWST bit field of the CS
configuration register attached to the slow device.

B CS pulse width high = (BTWST +1) TC_CK.
B BTWST must be at least 2 to have more than two-TC_CK-cycle idle
time

[ In case of successive read accesses due to EMIFS access size
adaptation, or in case of burst read access in mode 0, the CS negation time
between the successive read accesses is at least one TC_CK cycle. It can
also be extended by the BTWST field.
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[0 After a read completion, if no other access (RD, WR) is pending, the data
bus is driven with the previous read value. The bus turn-around time (OE
going high to direction going out) is a minimum of 1 TC_CK cycle and can

be extended through BTWST.

[0 Table 1 shows the bus turn around cycles inserted for various transitions

with EMIFS when BTMODE=0.

Table 1.  Idle Time Between Different Bus Access Transitions (BTMODE = 0)

Access(n) Access(n+1) Chip-Select Idle Time Length(BTWST)
RD(csx) RD(csx) Same Inserted CSX
RD(csx) WR(csx) Same Inserted CSX
WR(csx) RD(csx) Same Not inserted -
WR(csx) WR(csx) Same Not inserted -
RD(csx) RD(csy) x I=y Different Inserted CSX
RD(csx) WR(csy) x I=y Different Inserted CSX
WR(csx) RD(csy)x =y Different Not inserted -
WR(csx) WR(csy)x =y Different Not inserted -
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Figure 35. Wait States During a Read to Read Operation (BTWST (CSX) = 2 and
BTWST (CSY) = 1, BTMODE=0)
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Figure 36. Wait States During a Read to Write Transition (BTWST(CSX)= 3 BTWST
(CSY) =2, BTMODE=0)
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[ The BTMODE field in the advance CS configuration register (see

Table 28) extends the previous mode. When BTMODE=1, BTWST bit field
controls CS negation time between any type of successive accesses to
the same CS.

In case of successive write accesses due to EMIFS access size
adaptation or in case of write burst read access, there is no CS negation
time between successive write accesses unless BTMODE is set. When
BTMODE is set, the CS negation time between the successive write
accesses is at least one TC_CK cycle and it can be extended by the
BTWST field in the CS configuration (see Table 19) register (BTMODE set
or clear)

B CS pulse width high= (BTWST +1) TC_CK

Table 2 shows the idle cycles inserted for various transitions with EMIFS
when BTMODE=1.
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Table 2.  Idle Time Between Different Bus Access Transitions (BTMODE = 1)

Access(n) Access(n+1) Chip-Select Idle Time Length(BTWST)
RD(csx) RD(csx) Same Inserted CsX
RD(csx) WR(csx) Same Inserted CsX
WR(csx) RD(csx) Same Inserted CSX
WR(csx) WR(csx) Same Inserted CsX
RD(csx) RD(csy) x =y Different Inserted CSX
RD(csx) WR(csy) x =y Different Inserted CsX
WR(csx) RD(csy)x =y Different Not inserted -
WR(csx) WR(csy)x =y Different Not inserted -

Figure 37. Wait States During a Write-to-Write and Write-to-Read Transition to Same
Chip-Select (BTWST CSX = 3 BTMODE =1)
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3.2.15 External Device Reset Control

1 EMIFS interface includes the FLASH.RP output signal. The FLASH.RP
output pin is activated during OMAP warm and cold reset. FLASH.RP is
also activated when the TC enters the idle state if the RESPWR_EN bit
field of the clock and reset ARM_EWUPCT configuration register is set
(See Table 66).
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3.2.16

3.2.17
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(1 The EXTPWR bit field in the ARM_EWUPCT register is used to specify the
minimum time between FLASH.RP deasserted and TC going out of idle
state (See section 4.3.4).

Dynamic Auto Idle and System Idle Synchronization

(1 EMIFS supports auto idle mode (clock gating) to dynamically reduce
power consumption when no requests are pending and no accesses are
on-going. The dynamic auto idle mode is enabled by setting to 1 the
PWD_EN bhit field of EMIFS configuration register.

[ Upon clock and reset idle request, the EMIFS can send the idle request
acknowledge when all on going transactions are completed. This allows
the clock and reset module to cut the EMIFS source clock properly. The
idle request acknowledge process is enabled by setting to 1 the PDE bit
field of EMIFS configuration register (see Table 18).

Abort Management
The EMIFS can issue an interrupt in two cases of abort scenario:
[ Restricted access mode violation on CS0O
B Access to CSO address space is limitted to the MPU

B When an access to CSO0 space is initiated by the DMA, the DSP, or the
OCP-I, the EMIFS completed the access giving back a 0 value as read
value or without writing the given value to the final destination.

B The EMIFS raises a TC abort interrupt (IRQ_ABORT) sets the abort
flag bit, sets the restricted access error status bit, and updates the host
ID bit field in the abort type register. The EMIFS updates the abort
address register with the requested address causing the access
violation.

B The abort flag bit is cleared when the abort type register is read.

[ Time-out issue during any access in case of full-handshaking mode

W This feature can be enabled with the TIMEOUT_EN bit field and with
an 8-bit TIMEOUT programmable value (expressed in REF_CLK
cycles) in the EMIFS abort time-out register (see Table 12).

Bl On beginning of an access, the time-out counter starts counting down.
If the counter reaches 0 before the device response, the EMIFS raises
an interrupt, sets the abort flag bit, sets the time out error status bit and
updates the host ID bit field in the abort type register. The EMIFS
updates the abort address register with the requested address
causing the access time out.
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B The abort flag bit is cleared when the abort type register is read.

B Atreset, TIMEOUT_EN is set to 1 and time-out value is set to 255

REF_CLK cycles.

EMIFS Boot Mode

There are a number of external mechanisms that affect the initial state of the
EMIFS during reset. The reset value of three bit fields in the EMIFS

configuration (Table 18) and chip-select configuration (CSO and CS3 only,

Table 19) registers changes depending on the state of these external
mechanisms. The three bits are BM (boot mode), BW (boot execution memory

width, either 16 or 32 bits), and MAD (multiplexed address and data protocol).
The reset value of these pins depends on the following:

BM reset value:

(1 BMis 0 when:
B MPU_BOOTIisO

OR
B The device type is not emulation.

] BMis 1 when:
H MPU_BOOT (ball J20) is 1

AND
B The device type is emulation.

BW reset value:

[ BWo s 0 (boot execution is from 16—bit wide memory, external boot):
B BMis 1.

[ BWa s 1 (boot execution is from 32—bit wide memory, internal boot):
B Device type is production type.
OR
B The device type is emulation type AND MPU_BOOT is 0.
MAD reset value:
(1 MAD is 0 (data and address non—multiplexed protocol):
B Device type is production
OR
B Device type is emulator AND either MPU_BOOT OR GPIO_1is 0.

(1 MAD is 1 (data and address multiplexed protocol):
B Device type is emulation AND MPU_BOOT is 1 AND GPIO_1is 1.
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Note that the internal boot ROM may change the values of the MAD bit
depending on the execution path.

When BW = 0, the following CS0 and CS3 configuration is selected.

RDMODE=0
FCLKDIV=3
RDWST=15
WELEN =15
WRWST=15
RT=0

When BW = 1, the following CS0 and CS3 configuration is selected.

RDMODE=7
FCLKDIV=0
PGWST=0
WRWST=0
RDWST=0
RT=1

The CS1 and CS2 reset configuration registers are independent of the boot
input pins state.

Table 3. CS1 and CS2 Configuration Register Reset Value
Bits 31 30|29|28|27 26|25|24|23 22 |21 ] 20|19 18|17|16
Field | PGWST PGWST BTWST MAD BW RDMODE
EN
Reset 0 o|o|o|o o|o|o|o 0 01oo|o|o
Bits 15|14|13|12 11|1o|9|8 7|6|5|4 3 |2 1|o
Field PGWST/WELEN WRWST RDWST RT | FCLKDIV
Reset1|1|1|l 1|1|1|1 1|1|1|1101|1
When BM is 0, CSO0 is activated in the 0000:0000-03FF:FFFF range and CS3
is activated in the 0C00:0000-OFFF:FFFF range. When BM is 1, CS3 is
activated in the 0000:0000-03FF:FFFF range and CSO is activated in the
0CO00:0000-0FFF:FFFF range.
3.3 EMIFF Programming
3.31 Main Features
The OMAP EMIFF is an SDRAM controller that manages all accesses by the
various initiators of an OMAP-based system.
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It can support one 16-bit device or two 8-bit devices. The external interface
data bus width is always 16 bits.

The following devices are supported:

D
D
D

Standard single-data-rate SDRAM
Low-power single-data-rate SDRAM

Mobile double-data-rate SDRAM

In terms of capacity and organization for the memory components that can be
attached, the EMIFF can handle:

D
D

D

1G-bit, 512M-bit, 256M-bit, 128M-bit, 64M-bit, and 16M-bit devices

2-bank16M-bit devices, 2-bank or 4-bank 64M-bit devices, and 4-bank
only for any other capacity

x8 (two devices) or x16 (single device) data bus configuration, except for
the 1G-hbit device. The EMIFF only supports x16 1G-bit device (a single
device). The maximum external SDRAM configuration is 128M bytes.

The SDRAM_type field of the EMIFF interface SDRAM configuration register
must be used to specify the physical configuration of the devices.

The SDRAM type selection is the first action required from the software driver,
using the SDRAM_Type field of the EMIFF SDRAM operation register. Types
supported are regular SDR SDRAM, low-power SDRAM, and mobile DDR
SDRAM.

The SDRAM controller supports:

.

.

The self-refresh mode (idle), auto refresh, and other operating modes
(HPHB, LPLB, and POMO modes).

MRS command and extended MRS command for DDR SDRAM and
low-power SDRAM, sent via the SDRAM request manager.

For SDR SDRAM, all burst sizes, between 1 and 32 consecutive accesses
For DDR SDRAM, only bursts of 8.

Two pipelined levels of request from the SDRAM request manager to
enable page interleave timing and reduce overhead cycles by the burst
interruption mechanism.
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3.3.2 Initialization Sequence

Before it can be accessed for writing or reading after power on, or when exiting
deep power-down mode, an SDRAM device must be initialized with various
protocol parameters (burst size, CAS idle time, write burst, etc.). This is known
in SDRAM literature as the initialization sequence.

Because SDR SDRAM and DDR SDRAM require different initialization
sequences, the sequence is manually software driven, using the EMIFF
SDRAM manual command register (writing a command opcode into that
register, generates that command on the SDRAM interface).

The SDRAM operations register should only be programmed after the “a
precharge all command” has been issued.

For SDR SDRAM devices, the initialization of the SDRAM bank is
accomplished via a preprogrammed series of writes to the command register
and the MRS register. There are two possibilities to generate the initialization
sequence:

[ Writing to the EMIFF SDRAM MRS register (legacy) in the SDRAM
controller sets up the device to interface with OMAP. The following
SDRAM command sequence is automatically generated:

1) Precharge all
2) Load mode register

3) Autorefresh

The EMIFF SDRAM MRS register (legacy) is provided for compatibility
with existing code and must not be used by new software drivers.

[ The new recommended procedure is:

1) Wait for 200 us after power up and memory clock is running and
stable. The software is responsible for this initial wait. During this wait,
NOP commands are the default commands automatically sent to the
memory.

2) Apply a PRECHARGE ALL command. This is accomplished by writing
to the command register.

3) Apply two AUTOREFRESH commands. This is accomplished by two
consecutive writes to the command register.

4) Apply an MRS LOAD command. This is accomplished by writing to the
EMIFF SDRAM MRS register (new) (uses the new address, not the
legacy address).
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This procedure is also suitable for the mobile DDR device, as this kind of
device does not include delay-locked loop technology (DLL).

Memory Mode Registers

The following restrictions apply to the MRS register programming:
[J Burst length must be programmed to full page for SDR devices.

(0 For mobile DDR devices, burst length must be programmed to 8 and the
CAS idle time must be set to 3.

All SDRAM internal mode registers are mirrored in the EMIFF controller.
Standard MRS is provided. EMRSO is provided for the DDR EMRS register.
EMRSL1 is provided for low-power SDRAM new features (such as partial array
self-refresh, or temperature compensated self-refresh). EMRS2 is provided
for future use.

For each register write access, a 12-bit data value is loaded in the memory
device to support future new option bits in the existing registers. Always write
0 in all reserved bits.

When reading to these registers, the data in the mirrored register is returned.

EMIFF SDRAM Configuration

The EMIFF SDRAM configuration register must then be programmed to define
the other parameters of the interface:

(1 Power-down strategy. When the PWD bit is set to 1, the power-down state
is automatically entered between memory accesses (see Table 31). When
there is no active transaction on the interface, CKE goes low. Any new
access request awakes the device before making the access.

1 SDRAM autorefresh control.

To optimize SDRAM bandwidth usage for data transfer, it is preferable to
generate a sequence of autorefresh requests rather than a single autorefresh
request. A sequence of four or eight successive autorefreshes can be
programmed.

The autorefresh burst request is generated when a 16-bit refresh timer (see
SDRAM configuration register, see Table 31) reaches the following user
defined values, according to selected SDRAM frequency (via SDRAM
configuration register):

(1 Memory size and configuration
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(1 Entering self-refresh (SLRF bit). The self-refresh mode is automatically
exited when the EMIFF receives an access request from OMAP initiators.

You can set the refresh counter value corresponding to system frequency. The
following formula can be used for refresh counter value (the counter value is
the number of TC_CK between refreshes).

Counter value = (64 ms (refresh rate) / Number of row / t;) — 50 cycles

50 cycles margin due to a possible transfer currently starting when the refresh
request occurs.

Where t; = 1/system frequency [ns] (system freq = TC_CK freq)

Example: 100-MHz system clock, 4096 rows and 8-burst refresh. t; = 10 ns.
Counter value = ((64.106 ns/4096)/10) — 50
Counter value = 1512 cycles (Ox5ES8)

If burst autorefresh is selected (4 or 8 consecutive autorefresh commands),
this refresh period value is automatically scaled by the hardware accordingly.

3.35 EMIFF Configuration Power—-Down Considerations

Self-refresh commands will not be issued and the SDRAM clock enable (CKE)
will not deactivate under the following conditions:

B EMIFF_CONFIG.pwd =1

B EMIFF_CONFIG.clk =0

B EMIFF_CONFIG2.sd_auto_clk =1

In addition, when in DPD (deep power down) mode, the SLRF bit must not be
set because the CKE cannot operate after DPD exit.
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3.3.6 Command Table
Table 4 lists the commands.

Table 4. Command List

Command CS | RAS |CAS | WE | CKE |ADDR

Command inhibit (NOP) H X X H X

No operation (NOP) L X H X

Active (select bank and L L H H H Bank/Row

row activate)

Read (select bank and L H L H H Bank/Col

column and start read

burst)

Write (select bank and L H L L H Bank/Col

column and start write

burst)

Burst stop (for SDR only) L H H L H X

Precharge (deactivate row L L H L H A10

in a bank or all banks) Low — Bank selected by BA1 and BAO

(for 4 bank) and BAO (for 2 bank)

Autoprecharge is not High — All banks to be precharged
supported

Autorefresh L L L H H X

Selfrefresh Entry L L L H H—-L|[X

Selfrefresh Exit X X X X L>H][X

MRS, EMRS0, EMRS1 L L L L H Op Code

(EMRS1 for M-SDR and [BA1:BAO] = 01: EMRSO

M-DDR only) [BA1:BAQ] = 10: EMRS1

Power down entry H X X X H—-L|[X

Power down exit H X X X L->H|[X

Deep power down entry L H H L H-L|[X

SPRU749A
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Table 4. Command List (Continued)

Command

CS | RAS |CAS | WE | CKE |ADDR

Deep power down exit

X X X L-H|[X

Deep power down

The difference between power down and deep power down mode is that in case
of power down mode whenever there is an access request to EMIFF, the memory
is brought out of power down by pulling CKE high, but in case of deep power down
mode even when there is an access request the memory is not brought out of deep
power down mode (CKE is still low). The I/O buffers of the memory are deactivated
and although further commands (after having entered deep power down mode) are
accepted by the memory, it does not send or receive any data.

After exit from deep power down mode NOP must be maintained for 200 ps. This
must be followed by PRECHARGE ALLPrecharge all command, followed by eight
autorefreshes, followed by MRS and EMRS commands.

X =Don't Care

3.3.7 SDRAM Interface ac Parameters

The 2-bit SDRAM frequency (SDF) field in the EMIFF configuration register
allows for selection of a set of ac timings parameters for the interface,
depending on the type and speed grade of the memory component used.
These parameters are commonly used in the SDRAM literature. As the
naming can change from one memory manufacturer to another, the next table
provides the functional description of each individual parameter, as named in
this specification document.

Table 5. ac Parameters Description

tRC Active to active command period

tRAS Active to precharge command period
tRP Precharge command period

tRCD Active to write/read delay

tRRD Active bank a to active bank b command

Four ac configurations are provided for standard SDR memory components,
and another set of four configurations is provided for the mobile DDR memory.
The selection between these two sets is done automatically, based on the
memory type programmed in the EMIFF operation register.

All parameters are individually specified in number of clock cycles, whereas
in the memory data sheets, absolute values are used for timing parameters.
For a given working frequency, any ac parameter of the selected configuration,
once converted into an absolute timing value, must be greater than the
equivalent parameter specified by the memory manufacturer.
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3.3.8 DLL Control for DDR SDRAM Support

The EMIF fast includes digitally controlled delay technology, for interfacing
high-speed double-data-rate memory components to meet the strict timing
requirements.

The DLL (delay locked loop) is a calibration module used to track voltage and
temperature variations dynamically, as well as to compensate the silicon
process dispersion (process voltage temperature (PVT) tracking). Two
separate DLL elements are used in the EMIFF—one to control the read timing
and one to control the write timing.

The DLLs controls several DCDL companion modules (digitally controlled
delay line). by providing an 8-bit value, continuously updated so that it encodes
a specific delay value (nominal 72 or 90 degrees) with respect to the memory
interface clock frequency, in all PVT conditions. The amount of delay added
by a DCDL element, controlled by this value under the same PVT conditions,
matches the DLL 72 or 90-degree nominal delay.

EMIFF uses two DLLs: one for read operations, the other for write operations.

The read DLL controls two DCDLs. Each DCDL shifts the upper byte
(respectively. lower byte) strobe coming from the DDR to ensure the data from
the DDR can be properly sampled (see Figure 38).

Figure 38. EMIFF DDR Data Reads (with respect to DLL)
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Notes: 1) T1: Fine tune delay control for shift of internal strobe (a manual adjustment). 64 steps of adjustment with a step
value of 26.3ps (6 bit signed value in EMIFF_DLL_WRD_CTRL.WO). Note that 26.3 ps is a value valid in a nominal
process at room temp and is subject to variation across process and temperature.

2) T2: The EMIFF_DLL_WRD_CTRL .DLLP control bit selects whether the internal strobe is 72 or 90 degrees (20%
or 25% delay) from the external strobe

SPRU749A

The write DLL controls one DCDL. This DCDL is used to shift the data lines
from OMAP5912 to the DDR (see Figure 39).
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Figure 39. EMIFF DDR Data Writes (with respect to DLL)
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Notes: 1) T1: Fine tune delay control for shifting the data (a manual adjustment). 64 steps of adjustment with a step value
of 26.3ps (6 bit signed value in EMIFF_DLL_WRD_CTRL.WO). Note that 26.3 ps is a value valid in a nominal pro-
cess at room temp and is subject to variation across process and temperature.

2) T2: The DLLPhase control bit selects between whether or not the data is shifted 72 or 90 degrees (20% or 25%
delay) from the strobe.

Figure 40 shows the controlled—delay block architecture. This block is
configured by the EMIFF DLL control register (bit fields from this register are
highlighted using bold characters).

Figure 40. Controlled Delay Subsystem Block Diagram
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Thus, there are four important register controls:

B ENADLL in the EMIFF_DLL_WRD_CTRL register (See Table 37)
enables or disables DLL.

B DLLPHASE inthe EMIFF_DLL_WRD_CTRL register (See Table 37)
allows a fine tuning of the delayed transaction to either 72 or 90
degrees out of phase with the internal strobe.

B Delay inthe EMIFF_DLL_WRD_CTRL register (See Table 37) is the
initial delay value of the strobe. The DLL then tries to lock in on the
correct delay. A good initial value is 0x80.

W Write offset in the EMIFF_DLL_WRD_CTRL register (See Table 37)
is a manually generated adjustment to the DLL delay. Generally, this
field should not be used as the DLL will lock automatically with the
correct delay.

The DLLPHASE control bit is used to setup the nominal delay tracked by the
DLL. This delay can be either 72 degrees (20% of the clock period) or 90
degrees (25% of the clock period). The DLL locking range is 75/133 MHz if
configured for 90 degrees, and 66/133 MHz if configured for 72 degrees.

The maximum working frequency for the DDR interface is device-dependant.
It is limited by the speed of the traffic controller, as well as by the I/O
buffer/receiver pair used for the interface (I/O voltage, LVCMOS technology
versus SSTL2). The discussion that follows is based on a C035 device, with
the traffic controller running at the maximum speed of 96 MHz.

For mobile DDR memories, there is no low-frequency limitation, as the DLL
has been removed. The EMIF fast operational range for this type of memory
is 0/100 MHz.

The DLL can be loaded with a programmable value. The load capability can
be used either to shorten the locking time, by setting an initial value near the
expected locked state value, or to assert a given value permanently. In the
latter case, the system is said to be working in unlock mode. The unlock mode
is useful when interfacing mobile DDR at frequencies below the DLL minimum
frequency, i.e. 66 MHz if 72 degrees, or 75 MHz if 90 degrees. Obviously, the
accuracy of the delay when locked is much better, but the performance of the
unlock mode is good enough below 66 MHz.

The unlock mode is simply setup by asserting the LOADDLL bit of the DLL
control register continuously, with the delay field set to the expected value.
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When loading a value into the DLL, the DLL must be enabled (ENADLL set to
1) for the load to be effective, for at least two clock cycles.To setup the
controlled delay block for unlock mode:

(1 Write into the DLL control register, with ENADLL set, LOADDLL set, delay
field set to the expected value.

[ Write into the DLL control register, with ENADLL reset, to save power.
To setup the controlled delay block for lock mode (normal mode):

[0 Write into the DLL control register, with ENADLL set, LOADDLL set, Delay
field set to 128 (half range to minimize locking time).

[ Write into the DLL control register, with LOADDLL reset, to launch the
tracking process.

[ Wait for at least 336 TC clock cycles to be sure the DLL is locked, before
accessing the memory.

Once locked, the DLL can be periodically disabled under software control,
assuming this period is short compared with the voltage and temperature
variations. When disabled, the DLL counter is frozen to its current value. When
enabled again, the tracking resumes from that DLL counter value.

The delay can be fine tuned using the programmable offsets. These offsets are
6-bit signed quantities, resulting in a +31/-32 adjustment range.

Step value: 26.3 ps +/- 10 ns. This value is valid in all PVT conditions
(industrial temperature range —40 to 125 degrees, voltage range 1.35V to 1.65
V, weak or strong process).

Table 6 provides the typical programming required for an OMAP3.2-based
device, C035 process, with a 1.8 V-3 V I/O voltage range.

Table 6. EMIF Fast Controlled-Delay Block Programming

Memory Type DDR 1 Mobile DDR

Frequency range 83-100 MHz 0-66 MHz 66-100 MHz
DLLPhase (RD DLL/WR 90/72° X 90/72°

DLL)

Unlock mode No Yes No

Forced delay value X 104 X

Read offset 8 0

Write offset -1 -18 -1
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The DLL behavior can be monitored by the software using the EMIFF DLL
status registers (URD status and WRD status registers). For each DLL, the
current counter value is available (DLLCount field), as well as two status bits:
overflow and underflow. Overflow is set when the DLL counter value is 255
during at least one TC clock cycle, and underflow is set when the DLL counter
is 0 during at least one TC clock cycle.

These two status bits are both reset if the DLL is disabled (ENADLL is set to
0 in the DLL control register).

3.3.9 Page-Closing Strategy

The SDRAM operation register that selects between SDR and DDR also
allows selection of a page-closing strategy. Three variants are available:
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(1 High-power/high-bandwidth mode (HPHB)

In this mode of operation, the active page is always left open at the end of
access. The EMIFF controller keeps track of the open pages. It then deter-
mines if the current access is to an opened page (access proceeds without
latency) or to a closed page (the currently active page within that internal
bank is closed, the necessary page is activated, and the access proceeds
after a necessary latency). This mode of operation is useful in situations
where the power consumption is not critical, but the bandwidth achieved
is.

Low-power/low-bandwidth mode (LPLB)

In this mode of operation, the page being accessed is always closed at the
end of the current access (the controller adds a precharge command after
any read or write to close the row). For every access, the page being ac-
cessed must be activated at the beginning of the access, which causes
extra cycles of latency and lowers the memory bandwidth. Though this
may not be an efficient or optimal operating mode, this scheme is very use-
ful in situations where minimizing power consumption is of primary con-
cern. The power consumption is minimized because only the currently ac-
cessed page is open and all pages are closed during idle cycles.

Programmable operating mode (POMO)

In this mode of operation, a time-out register is associated with each open
page (see Table 42, SDRAM operation register). Because the maximum
number of simultaneous open pages is four (one per bank), four time-out
registers are provided. Upon an access to an open page, the time-out reg-
ister is set to the user-programmed value and starts to count down. If the
counter reaches zero, the controller then closes the inactive page. This
mode of operation has better bandwidth performance than the low-power/
low-bandwidth operating mode and does not consume power as heavily
as the high-bandwidth/high-power mode.

The effective time-out value (in SDRAM clock cycles) with respect to the
7-bit programmed value is programmed value x 4 + 3. The minimum value
that can be programmed is 4; consequently, the minimum number of
cycles before a row is automatically closed is 19.

As mentioned previously, the command register is used during the initialization
sequence, but also controls the deep power mode (enter/exit commands) if
supported by the memory device.

Arbitration in EMIFF is performed according to the priority algorithms
described in Section 3.9, Priority Algorithms.
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3.4 OCP-I Programming

The OMAP 3.2 OCP external initiator port is an interface intended to connect
an external master device to the OMAP 3.2 platform. The OMAP 3.2 core
appears as a slave, and its entire memory map, including TIPB peripherals,
is accessible. The interconnect bus is compliant with the OCP specification.

The OCP initiator is capable of single transfers in 8, 16, and 32 bits and burst
mode transfers in 32 bits.

OCP-I provides access to the following OMAP targets:
EMIFS (external slow memories)
EMIFF (external fast memories)

OCPT1

EI

U

EI

(O OCPT2
(1 Multibank OCPT1/2

(1 MPUI (not part of the TC; see section 5, MPUI)

(O MPU private TIPB bridge (not part of the TC; see section 7, TIPB Bridge)
(1 MPU public TIPB bridge (not part of the TC; see section 7, TIPB Bridge)

Figure 41 shows the OCP-I block diagram.
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Figure 41.
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Though OCP-I has visibility to all OMAP resources, a protection register allows
validation of the access permission on a per target basis. Any access to an
unauthorized resource generates an abort.

The MPU controls the OCP-I port through its private TIPB; if permission is
given to the external initiator to access the private TIPB, the external master
also accesses the OCP-I configuration registers.
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If OS protection is needed, it is recommended that any device integrating the
OMAP 3.2 core provide an MMU or a translation table controlled by the OMAP
MPU. Then it is the responsibility of the system software to ensure that
undefined or unauthorized locations are not accessed.

An internal address checker continuously compares the OCP address bus and
the OMAP 3.2 memory map. An abort signal is provided if the transaction is
not correct.

OCPI contains other status and control registers listed in Table 7, OCP-I
Registers.

Address and Command Fault Registers

When a non-OMAP-defined address is detected or a bus error occurs from the
subtargets on a write access, an abort is sent to the initiator to indicate that the
current access can not be completed. The access to the OMAP subtarget is
terminated and the address and command buses are stored in the fault
registers.

Abort Type Register

The type of the abort event is reported in a status register.

The interrupt handler can clear this register and the interrupt request by
reading any value to this register.

Protection Register

This register provides access protection to the following targets:
EMIF-slow and EMIF-fast

OCPT1 and OCPT2

Multibank OCPT1/2

MPUI

MPU private TIPB bridge and MPU public TIPB bridge

U0 udoo

The reset value of the protection register bits is determined by the value of the
static_reset_protect_mode pin.

Traffic Controller Registers

TC registers are distributed into the traffic controller submodules:
1 OCP-T1/OCP-T2 registers

EMIFS registers

EMIFF registers

I I

OCPI registers
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Table 7 lists the 32-bit OCP-T1 and OCP-T2 registers. Table 7 through
Table 15 describe the register bits.

Table 7. OCP-T1/OCP-T2 Registers

Base Address = FFFE CCO00

Name Description R/W Offset
OCPT1_PRIOR OCP-T1 LRU priority register R/W 0x00
OCPT1_PTORL1 OCP-T1 dynamic priority time-out 1 R/W 0xA0
OCPT1_PTOR2 OCP-T1 dynamic priority time-out 2 R/W 0xA4
OCPT1_PTORS3 OCP-T1 dynamic priority time-out 3 R/W 0xA8
OCPT1_ATOR OCP-T1 abort time-out R/W OxAC
OCPT1_AADDR OCP-T1 abort address R 0xBO
OCPT1_ATYPER OCP-T1 abort type R 0xB4
OCPT_CONFIG_REG OCP target configuration register R/W 0xB8
OCPT2_PRIOR OCP-T2 LRU priority register R/W 0xDO
OCPT2_PTOR1 OCP-T2 dynamic priority time-out 1 R/W 0xD4
OCPT2_PTOR2 OCP-T2 dynamic priority time-out 2 R/W 0xD8
OCPT2_PTOR3 OCP-T2 dynamic priority time-out 3 R/W 0xDC
OCPT2_ATOR OCP-T2 abort time-out R/W OxEO
OCPT2_AADDR OCP-T2 abort address R OxE4
OCPT2_ATYPER OCP-T2 abort type R OxES8

Table 8.  OCP Priority Registers 1 and 2(OCPT1_PRIOR and OCPT2_PRIOR)

Base Address = OxFFFE CCO00, Offsets = 0x00 and 0xDO

Bit Name Function R/W Reset
31:16 RESERVED Reserved. To ensure software compatibility, reserved  R/W  0x0000
bit should be written to 0 and read value should be
considered undefined.
15:12 OCP_PRIORITY Number of consecutive accesses allowed for OCP-I R/W 0000
11:8 DMA_PRIORITY Number of consecutive accesses allowed for DMA R/W 0000
7 Reserved
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Table 8.  OCP Priority Registers 1 and 2(OCPT1_PRIOR and OCPT2_PRIOR)

(Continued)
Base Address = OxFFFE CCO00, Offsets = 0x00 and 0xDO
Bit Name Function R/W Reset
6:4 DSP_PRIORITY Number of consecutive accesses allowed for DSP R/W 000
3 Reserved
2:0 ARM_PRIORITY Number of consecutive accesses allowed for MPU R/W 000

The OCP target priority registers (OCPTx_PRIOR) allow the target to give
consecutive accesses to a host when the host is granted the OCP target.

The MPU and DSP can have from 1 to 8 consecutive accesses. The DMA and
the OCP initiator can have 1 to 16 consecutive accesses, depending on the
content of corresponding bits in their priority registers.

Table 9. OCP-T1 and OCP-T2 Priority Time-Out Registers 1 (OCPT1_PTOR1 and
OCPT2_PTOR1)

Base Address = OxFFFE CCO00, Offsets = 0xAO and 0xD4

Bits Field Description R/W Reset

31:8 RESERVED Reserved. To ensure software compatibility, R/W 0x000000
reserved bit should be written to 0.

7:0 DMA Number of TC_CK cycles that DMA must wait in R/W 0x00
low-priority queue before going to high-priority queue

Table 10. OCP-T1 and OCP-T2 Priority Time-Out Registers 2 (OCPT1_PTOR2 and
OCPT2_PTOR2)

Base Address = OxFFFE CCO00, Offsets = 0xA4 and 0xD8
Bits Field Description R/W Reset

31:24 RESERVED Reserved. To ensure software compatibility, reserved R/W 0x00
bit should be written to 0.

23:16 DSP Number of TC_CK cycles that DSP must wait in R/W 0x00
low-priority queue before going to high-priority queue

SPRU749A OMAP3.2 Subsystem 93



Traffic Controller

Table 10. OCP-T1 and OCP-T2 Priority Time-Out Registers 2 (OCPT1_PTOR2 and
OCPT2_PTOR2) (Continued)

Bits Field Description R/W Reset

15:8 RESERVED Reserved. To ensure software compatibility, reserved R/W 0x00
bit should be written to 0 and read value should be
considered undefined.

7:0 LCD Number of TC_CK cycles that LCD must wait in R/W 0x00
low-priority queue before going to high-priority queue

Table 11. OCP-T1 and OCP-T2 Priority Time-Out Registers 3 (OCPT1_PTOR3 and
OCPT2_PTOR3)

Base Address = OXFFFE CCO00, Offsets = 0xA8 and 0xDC
Bits Field Description R/W Reset

31:8 RESERVED Reserved. To ensure software compatibility, reserved R/W 0x000000
bit should be written to 0 and read value should be
considered undefined.

7:0 OCP-I Number of TC_CK cycles that OCP-I must wait in R/W 0x00
low-priority queue before going to high-priority queue.

The priority time-out registers (OCPTx_PTORYy) are used to store the number
of TC_CK clock cycles before DSP, DMA, LCD, or OCPI requests are made
high priority in the dynamic priority scheme for the OCP target.

Table 12. OCP-T1 and OCP-T2 Abort Time-Out Registers (OCPT1_ATOR and
OCPT2_ATOR)

Base Address = OxFFFE CCO00, Offsets = OXAC and OxEO
Bits Field Description R/W Reset

31:9 RESERVED Reserved. To ensure software compatibility, reserved R/W 0x000000
bit should be written to 0 and read value should be
considered undefined.

8 TIMEOUT_EN Enable time-out bit. R/W 1
0: Disable
1: Enable

7:0 TIMEOUT Number of counted-down clock cycles before R/W OxFF
sending out abort signal if there is no response from
the slave.
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The abort time-out register (ATOR) is used to store the number of clock cycles
the OCP target counts down before activating the abort signal because the
peripheral did not return a SRESP signal.

Table 13. OCP-T1 and OCP-T2 Abort Address Registers—Access Address
(OCPT1_AADDR and OCPT2_AADDR)

Base Address = OxFFFE CCO00, Offsets = 0xB0O and OxE4
Bits Field Description R/W Reset

31:0 Address Address of access that caused abort. R 0x0000 0000

Table 14. OCP-T1 and OCP-T2 Abort Type Registers—Access Address
(OCPT1_ATYPER and OCPT2_ATYPER)

Base Address = OxFFFE CCO00, Offsets = 0xB4 and OxE8
Bits Field Description R/W Reset

315 RESERVED Reserved. To ensure software compatibility, reserved R/W 0
bit should be written to 0 and read value should be
considered undefined.

4 TIMEOUT_ERR Abort generated by time-out register. R 0
0: No abort
1: Abort

3 BUS_ERR Abort generated by error coming from external R 0
peripherals

0: No abort
1: Abort

SPRU749A OMAP3.2 Subsystem 95



Traffic Controller

Table 14. OCP-T1 and OCP-T2 Abort Type Registers—Access Address
(OCPT1_ATYPER and OCPT2_ATYPER) (Continued)

Base Address = OxFFFE CCO00, Offsets = 0xB4 and OxES8

Bits Field Description R/W Reset

2:1 HOST_ID Host ID of request that caused memory fault R 00

00: MPU
01: DSP
10: DMA
11: OCPI

0 ABORT_FLAG 0: No abort R 0
1: Abort

Table 15. OCP Target Configuration Register (OCPT_CONFIG_REG)

Base Address = OxFFFE CCO00, Offset = 0xB8

Bits Field Description R/W Reset
31:2 Reserved Reserved, must be all Os R/W 0
1 PIPELN_RD_EN 0: Pipeline read operation disabled R/W 1

1: Pipeline read operation enabled

0 AUTO_GATED_CLK  0: Autogating clock disabled R/W 0
1: Autogating clock feature enabled to save power

This register contains the PIPELN_RD_EN bit to enable or disable the pipeline
read operation in OCP Target. When enabled, the OCP target will start the
next read command when the accept for the previous read command arrives.

3.6 EMIFS Registers

Table 16 lists the 32-bit EMIFS registers. Table 17 through Table 28 describe
the register bits.

Table 16. EMIFS Registers

Base Address = FFFE CCO00

Name Description R/W Offset
EMIFS_PRIOR EMIFS LRU priority register R/W 0x04
EMIFS_CONFIG EMIFS configuration register R/W 0x0C

Note:  The EMIFS chip-select configuration register reset values depend on the input boot pin state at IC reset release time.
For more details, see Section 3.2.18, EMIFS Boot Mode.
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Base Address = FFFE CCO00

Name Description R/W Offset
EMIFS_CCSO0 EMIFS chip-select configuration CS0O R/W 0x10
EMIFS_CCS1 EMIFS chip-select configuration CS1 R/W 0x14
EMIFS_CCS2 EMIFS chip-select configuration CS2 R/W 0x18
EMIFS_CCS3 EMIFS chip-select configuration CS3 R/W 0x1C
EMIFS_PTOR1 EMIFS dynamic priority time-out 1 R/W 0x28
EMIFS_PTOR2 EMIFS dynamic priority time-out 2 R/W 0x2C
EMIFS_PTOR3 EMIFS dynamic priority time-out 3 R/W 0x30
EMIFS_DWS EMIFS dynamic wait states R/W 0x40
EMIFS_AADDR EMIFS abort address R 0x44
EMIFS_ATYPER EMIFS abort type R 0x48
EMIFS_ATOR EMIFS abort time-out R/W 0x4C
EMIFS_ACSO Advanced EMIFS chip-select configuration nCSO R/W 0x50
EMIFS_ACS1 Advanced EMIFS chip-select configuration nCS1 R/W 0x54
EMIFS_ACS2 Advanced EMIFS chip-select configuration nCS2 R/W 0x58
EMIFS_ACS3 Advanced EMIFS chip-select configuration nCS3 R/W 0x5C

Note:  The EMIFS chip-select configuration register reset values depend on the input boot pin state at IC reset release time.
For more details, see Section 3.2.18, EMIFS Boot Mode.

Table 17. EMIFS Priority Register (EMIFS_PRIOR)

Base Address = OXFFFE CCO00, Offset = 0x04

Bits Field Description R/W Reset
31:16 RESERVED Reserved. To ensure software compatibility, reserved R/W 0x0000
bit should be written to 0 and read value should be
considered undefined.
15:12 OCPI OCPI consecutive access R/W 0x0
11:8 DMA DMA consecutive access R/W 0x0
7 RESERVED Reserved R/W 0
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Table 17. EMIFS Priority Register (EMIFS_PRIOR) (Continued)
Base Address = OxFFFE CCO00, Offset = 0x04
Bits Field Description R/W Reset
6:4 DSP DSP consecutive access R/W 0
3 RESERVED Reserved R/W 0
2:0 MPU MPU consecutive access R/W 000

The EMIFS priority register allows the EMIFS to give consecutive accesses to
a master when EMIFS is configured for least recently used (LRU) priority
arbitration. The MPU and the DSP can have 0 to 7 consecutive accesses,
whereas the DMA and the OCP-I can have 0 to 15 consecutive accesses,
according to the content of the corresponding bits. For burst accesses, a four

32-bit burst access is considered as one access.

Table 18. EMIFS Configuration Register (EMIFS_CONFIG)

Base Address = OXFFFE CCO00, Offset = 0x0C

Bit

Field Description

R/W

Reset

315

RESERVED Reserved. To ensure software compatibility, reserved bit
should be written to 0 and read value should be considered
undefined.

FR Ready signal. This bit is a copy of the Ready input pin
sample by TC_CK (2 TC_CK cycles delay from input pin to
register update).

0: Ready pin is low
1: Ready pin is high

PDE System power-down acknowledge
0: Acknowledge disabled
1: Acknowledge enabled

PWD_EN Dynamic auto idle
0: Disable
1: Enable

R/W

R/W

R/W

0x0000000

ND
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Table 18. EMIFS Configuration Register (EMIFS_CONFIG)

Base Address = OxFFFE CCO00, Offset = Ox0C

Bit Field Description R/W Reset

1 BM Boot mode. Enables CS0 and CS3 address decoding R/W See note
swapping (See section 3.2.18 for BM reset value.)
0: CSO0 [0000:0000 - 03FF:FFFF]
CS3 [0C00:0000 - OFFF:FFFF]
1: CS0 [0C00:0000 - OFFF:FFFF]
CS3[0000:0000 - 03FF:FFFF]

0 WP Write protect output pin control R/W 0
0: WP output pin is set low.
1: WP output pin is set high.

Note:  Reset value depends on external pins (see section 3.2.18).

Table 19. EMIFS Chip-Select Configuration Registers
(EMIFS_CCSO0, EMIFS_CCS1,....EMIFS_CCS3)

Base Address = OxFFFE CCO00, Offsets = 0x10, 0x14, 0x18, 0x1C

Bit Field Description R/W Reset
31 PGWSTEN  0: PGWST is specified by 15:12. R/W 0
1: PGWST is specified by 30:27.
30:27 PGWST When PGWSTEN is 1, this bit controls the wait states cycle R/W 0000
number between accesses in a page for asynchronous
page mode.
26:23 BTWST Controls the IDLE cycle number for bus turn-around and R/W 0000

CS high-pulse-width timing.

22 MAD Enables EMIFS multiplexed address and data bus protocol R/W See note
(See section 3.2.18 for MAD reset value).
0: Non-multiplexed protocol
1: Multiplexed protocol

21 RESERVED Must be written to 0. R/W 0
20 BW Controls the data bus width used for this CS (See section R/W See note
3.2.18 for BW reset value for CS0 and CS3). orl

0: Data bus is 16 bits wide.
1: Data bus is 32 bits wide.

19 RESERVED Reserved for RDMODE expansion. Read value should be R ND
considered undefined.

Note:  The EMIFS chip-select configuration register reset values forCS0 and CS3 depend on a number of factors at reset
release time. For more details, see Section 3.2.18, EMIFS Boot Mode.
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Table 19. EMIFS Chip-Select Configuration Registers
(EMIFS_CCSO0, EMIFS_CCS1,...,EMIFS_CCS3) (Continued)(Continued)

Base Address = OxFFFE CCO00, Offsets = 0x10, 0x14, 0x18, 0x1C

Bit Field Description R/W Reset
18:16 RDMODE Read mode select (see table below and section 3.2.1). See R/W See note
section 3.2.18 for RDMODE reset value for CS0 and CS3. or 000
15:12 PGWST/WE Controls the wait states cycle number between accesses in R/W See note
LEN a page for asynchronous page mode. Controls the WE or 1111

pulse length during a write access.

When PGWSTEN is 0, this bit specifies both
PGWST/WELEN
When PGWSTEN is 1, this bit specifies only WELEN

11:8 WRWST Controls the wait states cycle number for write operation. R/W See note
or 1111

74 RDWST Controls the wait states cycle number for asynchronous R/W See note
read operation and the initial idle time for asynchronous or 1111

read page mode and synchronous read mode.

3 RESERVED Reserved. Writing to this bit has no effect. Reading it R/W 1
returns undefined value.

2 RT Enable the read retimed protocol. This bit may be 1 only R/W See note
in RDMODE 4,5 and 7 only. The system will hang if the orl

retiming bit is set in other modes. See section 3.2.18 for
RT reset value for CSO and CS3.

0: Non retimed protocol.

1: retimed protocol.

1.0 FCLKDIV Controls the TC_CK divider. REF_CLK. R/W See note
00: REF_CLK =TC_CK divide by 1. or 11
01: REF_CLK =TC_CK divide by 2.
10: REF_CLK =TC_CK divide by 4.
11: REF_CLK = TC_CK divide by 6.

See section 3.2.18 for RT reset value for CS0 and CS3.

Note:  The EMIFS chip-select configuration register reset values forCS0 and CS3 depend on a number of factors at reset
release time. For more details, see Section 3.2.18, EMIFS Boot Mode.
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Table 20. EMIFS Chip-Select Configuration Register RDMODE Field Definition

RDMODE Memory

000 Mode 0: Asynchronous read

001 Mode 1: Page mode ROM read—4 words per page
010 Mode 2: Page mode ROM read—8 words per page
011 Mode 3: Page mode ROM read—16 words per page
100 Mode 4: Synchronous burst read mode

101 Mode 5: Synchronous burst read mode

110 Reserved for future extension

111 Mode 7: Synchronous burst read mode

Table 21. EMIFS Time-Out Register 1 (EMIFS_PTOR1)

Base Address = OxFFFE CCO00, Offset = 0x28

Bit Field Description R/W Reset
31:8 RESERVED Reserved R/W 0
7:0 DMA Number of TC_CK cycles R/W 0

Table 22. EMIFS Time-Out Register 2 (EMIFS_PTOR2)

Base Address = OxFFFE CCO00, Offset = 0x2C

Bit Field Description R/W Reset
31:8 RESERVED Reserved R/W 0
7:0 DSP Number of TC_CK cycles R/W 0

Table 23. EMIFS Time-Out Register 3 (EMIFS_PTOR3)

Base Address = OxFFFE CCO00, Offset = 0x30

Bit Field Description R/W Reset
31:8 RESERVED Reserved R/W 0
7:0 OCPI Number of TC_CK cycles R/W 0

Time-out registers 1-3 are used to control the number of TC clock cycles
before DSP, DMA, or OCP requests are made high priority in the dynamic
priority scheme used inside TC.
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Table 24. EMIFS Dynamic Wait States Control Register (EMIFS_DWS)

Base Address = OxFFFE CCO00, Offset = 0x40

Bit Field Description R/W Reset
31:8 Reserved Reserved R/W 0x000000
7 Full handshake enable Enables Full-/non-full-handshaking mode for R/W 0
for CS3 CS3

0: Full-handshaking
1: Non-full-handshaking

6 Full handshake enable Enables Full-/non-full-handshaking mode for R/W 0
for CS2 Cs2
0: Full-handshaking
1: Non-full-handshaking

5 Full handshake enable Enables Full-/non-full-handshaking mode for R/W 0
for CS1 Cs1
0: Full-handshaking
1: Non-full-handshaking

4 Full handshake enable Enables Full-/non-full-handshaking mode for R/W 0
for CSO CSO0
0: Full-handshaking
1: Non-full-handshaking

3 Dynamic wait states Enables dynamic wait states mode for CS3 R/W 0
enable for CS3 0: Dynamic wait states mode disabled
1: Dynamic wait states mode enabled

2 Dynamic wait states Enables dynamic wait states mode for CS2 R/W 0
enable for CS2 0: Dynamic wait states mode disabled
1: Dynamic wait states mode enabled

1 Dynamic wait states Enables dynamic wait states mode for CS1 R/W 0
enable for CS1 0: Dynamic wait states mode disabled
1: Dynamic wait states mode enabled

0 Dynamic wait states Enables dynamic wait states mode for CSO R/W 0
enable for CSO 0: Dynamic wait states mode disabled
1: Dynamic wait states mode enabled

This register controls if EMIFS has dynamic wait states by using the ready
signal.
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Table 25. EMIFS Abort Address Register (EMIFS_AADDR)

Base Address = OxFFFE CCO00, Offset = 0x44
Bit Field Description R/W Reset

31:0 AA Abort address R 0x00000000

This register holds the address involved in the aborted transaction.

Table 26. EMIFS Abort Type Register (EMIFS_ATYPER)

Base Address = OxFFFE CCO00, Offset = 0x48
Bit Field Description R/W Reset

315 Reserved Reserved. To ensure software compatibility, reserved bit R/W 0x0000000
should be write to 0 and read value should be
considered undefined.

4 TOE Time out error. Time out status bit set to 1 if abort was R 0
caused by a time-out error.

3 RAE Restricted access error. Restricted access status bit is R 0
set to 1 if abort was caused by a restricted access error.

2:1 HID Host ID. Specify the source of the aborted transaction: R 00
00: MPU
01: DSP
10: DMA
11: OCP-I

0 ABORT_FLAG Abort status bit. Reading the abort type register reset R 0
the abort status bit.
0: No abort
1: Abort

This register reports the type of the transaction that has been aborted.
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Table 27. EMIFS Abort Time-Out Register (EMIFS_ATOR)

Base Address = OxFFFE CCO00, Offset = 0x4C
Bit Field Description R/W Reset

31:9 Reserved Reserved. To ensure software compatibility, reserved R/W 0x0000000
bit should be write to 0 and read value should be
considered undefined.

8 TIMEOUT_EN Enable the time-out timer. R/W 1
0: Timer is disable
1: Timer is enabled

7:0 TIMEOUT Time out counter value in REF_CLK clock cycles. R/W OxFF

Table 28. Advanced EMIFS Chip-Select Configuration Registers
(EMIFS_ACSO0, EMIFS_ACS1,...,.EMIFS_ACS3)

Base Address = OxFFFE CCO00, Offset = 0x50, 0x54, 0x58, 0x5C

Bit Field Description R/W Reset
31:10 Reserved Reserved. To ensure software compatibility, reserved bit R/W 0x000000
should be write to 0 and read value should be considered
undefined.
9 BTMODE Enables extended BTWST usage R/W 0

0: Bus turn around control and RD to RD/WR same CS
pulse width high control

1: Bus turn around control and RD/WR to RD/WR same CS
pulse width high control

8 ADVHOLD Controls the ADV pulse width low R/W 0
74 OEHOLD Controls the number of cycles from OE high to CS high R/W 0x0

3:0 OESETUP Controls the number of cycles inserted from CS low to OE R/W 0x0 or 0x2
low. When the MAD reset value is 1, the reset value of
OESETUP is 0x2 (See section 3.2.18 for MAD reset).

3.7 EMIFF Registers

Table 29 lists the 32-bit EMIFF registers. Table 30 through Table 53 describe
the register bits.
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Traffic Controller

Base Address = OxFFFE CC00

Name Description R/W Offset
EMIFF_PRIOR EMIFF priority register R/W 0x08
EMIFF_CONFIG EMIFF configuration register R/W 0x20
EMIFF_MRS * EMIFF SDRAM MRS register (legacy) R/W 0x24
EMIFF_CONFIG2 EMIFF configuration register 2 R/W 0x3C
EMIFF_DLL_WRD_CTRL DLL WRD control register (write byte) R/W 0x64
EMIFF_DLL WRD_STAT DLL WRD status register R 0x68
EMIFF_MRS_NEW * EMIFF SDRAM MRS register (new) RIW 0x70
EMIFF_EMRSO EMIFF SDRAM EMRSO register R/W Ox74
EMIFF_EMRS1 EMIFF SDRAM EMRS1 register R/W 0x78
EMIFF_OP EMIFF SDRAM operation register R/W 0x80
EMIFF_CMD EMIFF SDRAM manual command register R/W 0x84
EMIFF_PTOR1 EMIFF dynamic arbitration priority time-outl R/W 0x8C
EMIFF_PTOR2 EMIFF dynamic arbitration priority time-out2 R/W 0x90
EMIFF_PTOR3 EMIFF dynamic arbitration priority time-out3 R/W 0x94
EMIFF_AADDR EMIFF abort address register R 0x98
EMIFF_ATYPER EMIFF abort type register R 0x9C
EMIFF_DLL_LRD_STAT DLL LRD status register R 0xBC
EMIFF_DLL_URD_CTRL DLL URD control register (read lower byte) R/W 0xCO
EMIFF_DLL_URD_STAT DLL URD status register (read upper byte) R 0xC4

Note: EMIFF_MRS is a legacy register. Old software can use this register at offset 0x24. However, new software should use
the EMIFF_MRS_NEW register at 0x70.
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Table 29. EMIFF Registers (Continued)

Base Address = OxFFFE CC00

Name Description R/W Offset
EMIFF_EMRS2 EMIFF SDRAM EMRS2 register R/W 0xC8
EMIFF_DLL LRD_CTRL DLL LRD control register R/W 0xCC

Note: EMIFF_MRS is a legacy register. Old software can use this register at offset 0x24. However, new software should use

the EMIFF_MRS_NEW register at 0x70.

Table 30. EMIFF Priority Register (EMIFF_PRIOR)

Base Address = OxFFFE CCO00, Offset = 0x08

Bit Name Function R/W Reset
31:16 RESERVED Reserved R 0x0000
15:12 L3_OCP L3 OCP consecutive access R/W 0000

11:8 DMA DMA consecutive access R/W 0000

7 RESERVED Reserved R 0
6:4 DSP DSP consecutive access R/W 000
3 RESERVED Reserved R 0
2:0 MPU MPU consecutive access R/W 000

The EMIFF priority register allows the EMIFF to give consecutive accesses to
a master when the master has been granted the EMIFF interface. The MPU
and DSP can have 0 to 7 consecutive accesses and the DMA and the Level3
OCP initiator can have 0 to 15 consecutive accesses, according to the content

of the corresponding bits.

Table 31. EMIFF SDRAM Configuration Register (EMIFF_CONFIG)

Base Address = OXFFFE CCO00, Offset = 0x20

Bit Field Description R/W Reset
31:30 Reserved Must be 00 R 00
29:28 LG SDRAM  Used to define the larger SDRAM memories (256MB). See R/W 00

Type Table 32.
27 CLK Disable SDRAM clock. R/W 0
0: Enable the clock to the external SDRAM bank
1: Disable the clock to the external SDRAM bank
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Table 31. EMIFF SDRAM Configuration Register (EMIFF_CONFIG)

Traffic Controller

Base Address = OxFFFE CCO00, Offset = 0x20

Bit Field

Description

R/W

Reset

26 PWD

25:24 SDRAM
frequency

23:8 ARCV

74 SDRAM
type

3:2 ARE

1 Reserved

0 Slrf

Power down enable. Puts the SDRAM device into power
down mode. The CKE signal to the device is held high only
for an active transaction. This bit must be enabled if the
autoclock gating is used (see SD_AUTO_CLK in the
SDRAM configuration 2 register, Table 52).

SDRAM frequency range. To control the idle time of SDRAM
regarding to the clock organization:

00: SDFO (reset value)
01: SDF1
10: SDF2
11: SDF3

Autorefresh counter register value.
This value is calculated using the formula:
Value = (Refresh Interval/clock period/number of rows) — 50

Set the SDRAM internal organization.

Autorefresh enable. When autorefresh enable is set, the
EMIFF generates a REFR request, depending on the
autorefresh counter and the burst refresh counter. If refresh
enable is not set, the refresh must be done as a RAS_only
refresh under CPU control.

00: Autorefresh disable

01: Autorefresh enable (one command every 14.7 us)
10: Autorefresh by burst of 4 commands

11: Autorefresh by burst of 8 commands

Must be 1

Self-refresh, when set, puts the SDRAM in self-refresh
mode if an access is made to the SDRAM after the SDRAM
automatically comes out of self-refresh.

R/W

R/W

R/W

R/W

R/W

R/W

00

0x6188

0x0

00
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Table 32. EMIFF SDRAM Register Memory/Data Bus Size

SDRAM Type Number | EMIFF config Memo
SDRAM address multiplexing with respect to system 32-bit address Size/O /Bypk of register ry
1zeIO1g./Bank | yevices | [20:28][7:4]  SPAc€ SiZ€
[31]30[29] 28] 27] 26] 25[ 24] 23] 22[ 21] 20[ 29[ 18] 17] 16] 15[ 14] 18] 12] 11 ]10] 9 [8 [ 7 [ 6 [ 5[ 4 [3[2[ 1] 0]
| 16Mx8x2b 2 000000 4 Mbytes
1w0[o]s][7]6]s][a[a]2]1]o]8 7 6 5 4 3 2 1 0
[31]30]29] 28] 27[ 26[ 25[24] 23] 22] 21] 20[ 29[ 28[ 17[ 16 15[ 14 13121220 9 [8 [ 7 [ 6 [ 5[4 3] 2[ 1 [ 0]
I 16M x 16 x 2b 1 000010 2 Mbytes
1wf[o]s][7]e]s[4]s]2]1]o]7 6 5 4 3 210
31[30[29] 28] 27[26[ 25] 24] 23] 22] 21] 20] 19[ 18] 17] 16[ 15[ 14] 13[ 12] 1110 o [8 [ 7 [ 6 [ 5[ 4] 3 [ 2[ 1 [ 0]
| 64M x 8 x 2b 2 000100 16 Mbytes
12[11]10[ o[8[ 7[6[5[4[3]2]1]o]8 76 5 4 3 2 1 0
[31]30]29] 28] 27[ 26[ 25[24] 23] 22] 21] 20[ 29[ 18] 17[ 16 15[ 14] 13[12[ 1120 9 [8 [ 7 [ 6 [ 5 [4[ 3] 2[ 1 [ 0]
| 64M x 16 x 2b 1 000110 8 Mbytes
12[ufio] o8] 7[6[5]4]3]2]1]o]7 6 5743 2 10
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]
I 64M x 8 x 4b 2 000101 16 Mbytes
nufwofofel7]e[s[4]3]2]1]o]8 776 5 43 2 10
[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]
| 64M x 16 x 4b 1 000111 8 Mbytes
1f10[o]8[7]6][s[4]3]2]1]0o]7 6 5 4 3 2 1 0
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]
I 128M x 8 x 4b 2 001001 32 Mbytes
ufwofo|s[7[6[s[4[s]2]1]o]9]8][7[6][5]4]3]2]1]0
31[30[29] 28] 27[ 26[ 25] 24] 23] 22] 21] 20] 19[ 18] 17] 16] 15[ 14] 13] 12] 1110 9 8 [ 7] 6] 5[ 4] 3] 2 [ 1 [ 0]
| 128M x 16 x 4b 1 001011 16 Mbytes
1fwoofel7]e[s[4]3]2]1]o]8 76 5 4 3 2 10
31[30[29] 28] 27[26] 25] 24] 23] 22] 21] 20] 19[ 18[ 17 6] 15[ 14] 13[ 12[ 11 [10[ o 8 [ 7 [ 6] 5[ 4] 3] 2[ 1 [ 0]
| 256M x 8 x 4b 2 001101 64 Mbytes
12|ufwo]o[s[7[6]5]4]3]2]1]ofo[8]7]6]5]4]3]2]1]0
31[30[29] 28] 27[ 26] 25] 24] 23] 22] 21] 20] 19[ 18] 17] 16] 15[ 14] 13[ 12[ 1110 9 8 [ 7] 6] 5[ 4] 3 [ 2[ 1 [ 0]
| 256M x 16 x 4b 1 001111 32 Mbytes
12[11]10[ o8] 7]6[5[a]a]2]1]o]8 76 5 4 3 2 10
31]30[29] 28[27[ 26] 25] 24] 23] 22] 21] 20] 19[ 18] 17] 6] 15[ 14] 13[ 12[ 1110 9 [8[ 7 [ 6] 5[ 4] 3] 2[ 1 [ 0]
| 512Mx8x4b 2 010000 128 Mbytes
12fufiofofs]7]6]s[a]s]2]1]ofu]e]8]7]6]s]4]3]2]1]0
31]30]20[28[27]26] 25] 24] 23] 22[ 21 20] 19] 18] 17] 6] 15[ 14] 13[12[ 11 [10] 9 [8 [ 7 [6 [ 5[4 [ 3] 2] 1 ] 0]
| 512Mx 16 x 4b 1 001101 64 Mbytes
121110 9|87 ]6[5[4]3][2]1]ofo]8][7]6]5[4]3]2]1]0
31[30[29] 28] 27[ 26] 25] 24] 23] 22] 21] 20] 19[ 18] 17] 6] 15] 14] 13[ 12[ 1110 9 8 [ 7] 6] 5[ 4] 3 [ 2 1 [ 0]
| 1G x 16 x 4b 1 100000 128 Mbytes
13[12[11]10[ o[8[ 7[6[5[4[3]2]1]o[9 8 76 5 4 3 2 10
= Column Address
= Row Address
= Bank Address
= Byte enable
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Table 33. Frequency Range (SDRAM)

ac Parameters SDFO SDF1 SDF2 SDF3
(Cycles) (Cycles) (Cycles) (Cycles)

tRC 9 5 3 2

tRAS 6 3 3 2

tRP 3 2 2 2

tRCD 3 2 2 2

tRRD 2 2 2 2

Table 34. Frequency Range (Mobile DDR)

SPRU749A

ac Parameters SDFO SDF1 SDF2 SDF3
(Cycles) (Cycles) (Cycles) (Cycles)

tRC 12 7 3 2

tRAS 8 5 3 2

tRP 5 4 2 2

tRCD 4 2 2 2

tRRD 3 2 2 2

Depending on the value programmed into the SDRAM_TYPE field of the
EMIFF SDRAM operation register, either the ac parameters for SDRAM or the
ac parameters for mobile DDR are supported; that is, the SDRAM frequency
field is decoded into the values in either Table 33 or Table 34, not both. See
section 3.3.7 for more information.
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Table 35. EMIFF SDRAM MRS Register (legacy for OMAP3.1)

Base Address = OXxFFFE CCO00, Offset = 0x24

Bit Field Description R/W Reset
31:10 Reserved Must be all 0 R 0x000000
9 WBST Write burst must be 0 (burst write same as burst read). R/W 0
8:7 Reserved Must be 00. R 00
6:4 CASL CAS idle time must be set to 3 for a mobile DDR device: R/W 011

001: Reserved
011: CAS idle time = 3 (default)

3 S/ Serial = 0/ Interleave = 1 (must be serial) R/W 0

2.0 PGBL Page burst length. Must be set to full page burst (111) for R/W 111
SDRAM and burst of 8 (011) for DDR SDRAM.

Note:  After the memory exits self-refresh mode, the first thing the software should do is write to the EMIFF_MRS (legacy or
new) register so that the SDRAM’s mode register is set properly.

Table 36. EMIFF SDRAM Configuration Register 2 (EMIFF_SDRAM_
CONFIG_2_REGQG)

Base Address = OxFFFE CCO00, Offset = 0x3C

Bit Field Description R/W Reset
31:3 Reserved Must be all 0. R 0x0000000
2 sd_auto_clk Allow controller to suspend its internal clocks when R/W 0

idle. The clocks are automatically reenabled when
there is an autorefresh or host request.

0: Disable (Reset)

1: Enable

This bit must be set in conjunction with the CLK bit in
the SDRAM configuration register in order to turn off
the clock to the external SDRAM device. Also, the
PWD bhit in the configuration register must be setto 1
for autogating to be effective.

1 Rfrsh_reset Place the SDRAM into self_refresh when in reset R/W 1
(active high).

0 Rfrsh_stdby Place the SDRAM into self_refresh when in standby R/W 1
mode (active high).
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Table 37. DLL WRD Control Register (EMIFF_DLL WRD_CTRL)

Traffic Controller

Base Address = OXxFFFE CCO00, Offset = 0x64

Bit Field

Description

R/W

Reset

31:26 Reserved

2520 WO

19:16 Reserved

15:8 DLY

74 Reserved

3 LDLL

2 DLLP

1 ENADLL

0 RESERVED

Must be all 0.

Write offset. 6-bit delay fine adjustment, signed,
range —32...+31.

One step represents a 26.3 ps+£10.5 ps delay
adjustment. Effective in both DLL enabled and DLL
disabled mode. Used for delaying the write clock
signal

Must be all 0.

Delay. 8-bit delay to adjust the digitally controlled
delay, to be used when the DLL is disabled.
Range 0...225

One step represents a 26.3 ps+£10.5 ps delay
adjustment.

Must be all Os.

Load DLL. Allows loading the delay field value into
the DLL module, as the initial value for the tracking
counter, or to force a given delay.

0: No action

1: The DLL is loaded with the delay value, if ENADLL
is 1. The DLL tracking engine is stalled.

DLLPhase. Nominal digitally controlled delay
selection. This bit has no effect if DLL is disabled
0: 72 degrees (20% of the clock period)

1: 90 degrees (25% of the clock period)

0: DLL is disabled
1: DLL is enabled.

Must be 0

R/W

R/W

R/W

R/W

R/W

0x00

0x00

0000

0x00

0000

SPRU749A
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Table 38. DLL WRD Status Register (EMIFF_DLL_WRD_STAT)

Base Address = OxFFFE CCO00, Offset = 0x68

Bit Field Description R/W Reset
31:16 Reserved Must be all 0. R 0x0000
15:8 CNT DLL Count. Current DLL counter value for R 0x00

monitoring/debug (assumes control bit ENADLL is 1
in DLL Control register.

7:3 Reserved Must be all 0. R 0x00

Py}
o

2 LOCK DLL lock status (future, not in the current design)
0: DLL is not locked.
1: DLL is properly locked.

1 UDF Underflow status R 0
0: DLL is OK.
1: DLL counter underflow

0 OVF Overflow status R 0
0: DLL is OK.

1: DLL counter overflow

Table 39. EMIFF SDRAM MRS_NEW Register (EMIFF_MRS_NEW)

Base Address = OxFFFE CCO00, Offset = 0x70

Bit Field Description R/W Reset
31:10 Reserved Must be all 0 R 0x000000
9 WBST Write burst musts be 0 (burst write same as burst R/W 0
read)
8 ResetDLL This bit resets the memory device DLL when setto 1. R/W 0
7 Reserved Must be 0 R 0
6:4 CASL CAS idle time: R/W 011

001: Reserved

010: CAS idle time =2

011: CAS idle time = 3 (default)
Must be set to 2 for DDR

3 S/l Serial = O/Interleave=1 (must be serial) R/W 0

2:0 PGBL Page burst length. Must be set to full page burst (111) R/W 111
for SDRAM and burst of 8 (011) for DDR SDRAM.

Note:  After the memory exits self-refresh mode, the first thing the software should do is write to the EMIFF_MRS (legacy or
new) register so that the SDRAM’'s mode register is set properly.
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Note that there is only one physical MRS register. Using that address, no
automatic initialization sequence is generated; only a LOAD MODE register
command is issued.

A CPU write to this register generates a LOAD MODE register command, with
BA1,BA0 =0,0.

Table 40. EMIFF DDR SDRAM Register (EMIFF_EMRSO0)

Base Address = OxFFFE CCO00, Offset = 0x74

Bit Field Description R/W Reset
31:10 Reserved Must be all 0. R 0x0000000
9:3 Unused No special function, but these bits are passed to the R/W 0x00
memory.
2 QFC QFC enable bit. R/W 0
0: Disabled
1: Enabled
1 DS DS driver strength bit. R/W 0
0: Normal
1: Reduced
0 DLL DLL enable bit. R/W 0
00: Enabled
1: Disabled
This register is used for DDR SDRAM memory only. It provides access to
extended configuration fields. The description is given here with reference to
standard devices, but must be checked with the specification of the device
actually used in a given application.
A CPU write to this register generates a LOAD MODE register command, with
BA1=0 and BAO = 1. Twelve bits can be loaded.
Table 41. EMIFF Low Power SDRAM Register (EMIFF_EMRS1)
Base Address = OxFFFE CCO0, Offset = 0x78
Bit Field Description R/W Reset
31:10 Reserved Must be all 0. R 0x000000
9:5 Unused No special function, but these bits are passed to the R/W 0000
memory.
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Table

41. EMIFF Low Power SDRAM Register (EMIFF_EMRS1) (Continued)

Base Address = OxFFFE CCO00, Offset = 0x78

Bit

Field

Description R/W Reset

4:3

2:0

TCSR

PASR

Temperature-compensated self-refresh R/W 00
00: 70°C maximum temperature
01: 45°C maximum temperature
10: 15°C maximum temperature
11: 85°C maximum temperature

Partial-array self-refresh RIW 000
000: All banks

001: 1/2 array (BA1=0)

010: 1/4 array (BA1=BA0=0)

011: Reserved

100: Reserved

101: 1/8 array (BA1=BA0=0, RA11=0)

110: 1/16 array (BA1=BA0=0, RA11=RA10=0)

111: Reserved

Note:

Bit designation is given for a 128M-bit device.

This register is used for SDRAM memories dedicated for low power wireless
applications. The description is given here with reference to standard devices,
but must be checked with the specification of the device actually used in a
given application.

A CPU write to this register generates a LOAD MODE register command, with
BA1=1 and BAO = 0. Twelve bits can be loaded.

Table 42. EMIFF SDRAM Operation Register (EMIFF_OP)

Base Address = OxFFFE CCO00, Offset = 0x80

Bit Field Description R/W Reset
31:25 Time-out_B3 Time-out value for Bank3, in TC clock cycles. R/W 0x00
24:18  Time-out_B2 Time-out value for Bank2. R/W 0x00
17:11  Time-out_B1 Time-out value for Bank1. R/W 0x00
10:4  Time-out_BO Time-out value for BankO. R/W 0x00
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Table 42. EMIFF SDRAM Operation Register (EMIFF_OP) (Continued)

Base Address = OxFFFE CCO00, Offset = 0x80
Bit Field Description R/W Reset

3:2 Operation mode 00: Low-power/low-bandwidth mode (LPLB mode). R/W 01
01: High-power/high-bandwidth mode (HPHB mode).
10: Programmable operating mode 0 (POMO mode).
11: Reserved. Must not be used.

1:0 SDRAM type The type of SDRAM: R/W 00
00: Regular SDR SDRAM
01: Regular DDR SDRAM
10: Low-power SDR SDRAM
11: Mobile DDR SDRAM

Table 43. EMIFF SDRAM Manual Command Register (EMIFF_CMD)

Base Address = OxFFFE CCO00, Offset = 0x84

Bit Field Description R/W Reset
31:4 Reserved Must be 0000:000. R 0x0000000
3:0 SDRAM Manual command R/W 0x0

0000: NOP command

0001: Precharge command

0010: Autorefresh command
0011: Enter deep sleep command
0100: Exit deep sleep command
0111: Set CKE signal high

1000: Set CKE signal low

1xxx: Reserved. Not for use.

Table 44. EMIFF Dynamic Arbitration Priority Time-Out Register 1
(EMIFF_PTORL1)

Base Address = OxFFFE CCO00, Offset = 0x8C

Bit Field Description R/W Reset
31:7 Reserved Must be all 0. R 0x000000
7:0 DMA Number of clock cycles before DMA requests are made high R/W 0x00
priority in the dynamic priority scheme for the EMIFF SDRAM
interface.
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Table 45. EMIFF Dynamic Arbitration Priority Time-Out Register 2
(EMIFF_PTOR2)

Base Address = OxFFFE CCO00, Offset = 0x90

Bit Field Description R/W Reset
31:7 Reserved Mustbe all 0. R 0x000000
23:16 DSP Number of clock cycles before DSP requests are made high priority R/W 0x00

in the dynamic priority scheme for the EMIFF SDRAM interface.
15:8 Reserved Reserved R 0x00
7.0 LCD Number of clock cycles before LCD requests are made high priority R/W 0x00

in the dynamic priority scheme for the EMIFF SDRAM interface.

Table 46. EMIFF Dynamic Arbitration Priority Time-Out Register 3
(EMIFF_PTOR3)

Base Address = OxFFFE CCO00, Offset = 0x94

Bit Field Description R/W Reset
31:7 Reserved Must be all 0. R 0x000000
7:0 L3 Number of clock cycles before L3 OCP initiator R/W 0x00

requests are made high priority in the dynamic
priority scheme for the EMIFF SDRAM interface.

Time-out registers 1-3 are used to store the number of clock cycles before
DSP, DMA, or Level 3 OCP initiator requests are made high priority in the
dynamic priority scheme for the EMIFF SDRAM interface.5rrP@?2a0mill
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Traffic Controller

Base Address = OxFFFE CCO00, Offset = 0x98

Bit Field Description R/W Reset
31:0 Abort Address Address of the transaction aborted R 0x00000000
Table 48. EMIFF Abort Type Register (EMIFF_ATYPER)
Base Address = OxFFFE CCO00, Offset = 0x9C
Bit Field Description R/W Reset
31:3 Reserved Must be all Os R 0x0000000
2:1 HOSTID ID of the host whose transaction was aborted R 00
00: MPU
01: DSP
10: DMA
11: OCP-I
0 ABORT_FLAG Set when an abort occurs, reset when this register is R 0
read.
Table 49. DLL LRD Status Register (EMIFF_DLL_LRD_STAT)
Base Address = OXFFFE CCO00, Offset = OxBC
Bit Field Description R/W Reset
31:.0 Reserved Must be all Os. R 0x00000000
Table 50. DLL URD Control Register (EMIFF_DLL_URD_CTRL)
Base Address = OxFFFE CCO00, Offset = 0xCO
Bit Field Description R/W Reset
31:26  Reserved Must be all Os R 0x00
25:20 Read offset 6-bit QDS delay fine adjustment, signed, range R/W 0x00
—32...+31. Effective in both DLL enabled and DLL
disabled mode. Used for delaying the read dgs for
the upper byte.
One step represents a 26.3 ps+10.5 ps delay
adjustment.
19:16 Reserved Must be all Os R 0x0
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Table 50. DLL URD Control Register (EMIFF_DLL_URD_CTRL)(Continued)

Base Address = OxFFFE CCO00, Offset = 0xCO

Bit Field Description R/W Reset
15:8 Delay 8-bit delay to adjust the digitally controlled delay, to R/W 0x00
be used when the DLL is disabled.
Range 0...225
One step represents a 26.3 ps+10.5 ps delay
adjustment
74 Reserved Must be all Os R 0x0
3 LOADDLL Allows loading the delay field value into the DLL RIW 0

module, as the initial value for the tracking counter, or
to force a given delay.

0: No action.
1: The DLL is loaded with the delay value, if ENADLL
is 1. The DLL tracking engine is stalled.

2 DLLPHASE Nominal digitally controlled delay selection. This bit R/W 0
has no effect if DLL is disabled

0: 72 degrees (20% of the clock period)
1: 90 degrees (25% of the clock period)

1 ENADLL 0: DLL is disabled. R/W 0
1: DLL is enabled.

0 Reserved Must be 0. R 0

This register controls the DLL for the upper read byte.

Table 51. DLL URD Status Register (EMIFF_DLL_URD_STAT)

Base Address = OXxFFFE CCO00, Offset = OxC4

Bit Field Description R/W Reset
31:16 Reserved Must be all 0. R 0x0000
15:8 DLLCOUNT Current DLL counter value for monitoring/debug R 0x00
(assumes control bit ENADLL is 1 in DLL control
register.
7:3 Reserved Must be all 0. R 0x0
2 Lock DLL lock status (future, not in the current design) R 0

0: DLL is not locked.
1: DLL is properly locked.
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Table 51. DLL URD Status Register (EMIFF_DLL_URD_STAT) (Continued)

Base Address = OxFFFE CCO00, Offset = OxC4

Bit Field Description R/W Reset

1 UDF Underflow status R 0
0: DLL is OK.
1: DLL counter underflow

0 OVF Overflow status R 0
0: DLL is OK.

1: DLL counter overflow

This register controls the DLL for the lower read byte.

Table 52. EMIFF SDRAM Register (EMIFF_EMRS?2)

Base Address = OxFFFE CCO00, Offset = 0xC8
Bit Field Description R/W Reset

31:0 Reserved Must be all 0.

This register is provided to anticipate its use in future designs by memory
manufacturers and must not be used by current applications.

A CPU write to this register generates a LOAD MODE register command, with
BA1, BAO = 1,1. Twelve bits can be loaded.

Table 53. DLL LRD Control Register (EMIFF_DLL_LRD_CTRL)

Base Address = OXFFFE CCO00, Offset = OxCC

Bit Field Description R/W Reset
31:26  Reserved Must be all Os R/W 0x00
25:20 Read offset 6-bit QDS delay fine adjustment, signed, range R/W 0x00

—32...+31. Effective in both DLL enabled and DLL
disable modes. Used for delaying the read dgs for
the lower byte.

One step represents a 26.3 ps+10.5 ps delay

adjustment.
19:0 Reserved Must be all Os R/W 0x00000
3.8 OCPI Registers

Table 54 lists the OCP registers. Table 55 through Table 60 describe the
register bits.
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Table 54. OCP Registers

Base Address = OXFFFE C320

Name Register Description R/W Offset
OCPI_AFR OCP address fault R 0x00
OCPI_MCFR OCP master command fault R 0x04
OCPI_ATYPER OCP type of abort RIW 0x0C
OCPI_PR OCP protection R/W 0x14
OCPI_SMR OCP-I secure mode. See note. R/W 0x18

Note:  The reset value of the OCP protection register is all ones, such that all buses are protected on reset.

Table 55. OCPI Address Fault Register (OCPI_AFR)

Base Address = OXFFFE C320, Offset = 0x00
Bit Name Function R/W Reset

31:0  Address Address accessed by the master that causes an R 0
abort or error.

Table 56. OCPI Master Command Fault Register (OCPI_MCFR)

Base Address = OxFFFE C320, Offset = 0x04

Bit Name Function R/W Reset
31:3 Reserved Reserved. Must be 0. R 0
2:0 MCMD Command that caused an abort or error. R 0

Table 57 lists tThe supported commands.

Table 57. Master Command Register Supported Commands

MCmd Transaction Type

000 Idle

001 Write

010 Read

011 ReadEX

OTHER Not supported/not interpreted

For non-supported Mcmd encoding, OCPI translates it to IDLE.

The READEX command is for atomic transfer: Read-modify-write. This
command is internally decoded to generate a lock signal for the OMAP3 traffic
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controller and is replaced by a simple read with a lock signal to the subtargets.
The READEX command must be followed by a write that matches the address
of the READEX as specified in Sonic’'s OCP specification. A READEX
command followed by a read results in unpredictable behavior.

Table 58. OCPI Type of Abort Register (OCPI_ATYPER)

Base Address = OxFFFE C320, Offset = 0x0C

Bit Name Function R/W Reset
314 Reserved Reserved. Must be 0. R 0

3 Burst Error Burst access to the MPUI or TIPB was requested. R/C 0

2 PROTECT Address hit a protected area. R/C 0

1 TRGABORT Abort coming from the accessed target R/C 0

0 ADDDEC Address decoding error (initiator sent unknown address) R/C 0

Note:  R/C is clear after read.

The abort type register is cleared after being read(R/C). In other words,
reading the register once returns whatever bits correspond to the abort type.
On the next read, the register returns all 0s. Also a write to this register has no
effect.

Table 59. OCPI Protection Register (OCPI_PR)

Base Address = OXFFFE C320, Offset = 0x14

Bit Name Function R/W Reset
31:8 Reserved Reserved. Must be 0. R/W 0
7 API Access to MPUI is prohibited. R/W 1
6 RHEA_PUB Access to MPU public TIPB is prohibited. R/W 1
5 RHEA_PRIV Access to MPU private TIPB is prohibited. R/W 1
4 OCPMULT Access to OCPT multibank is prohibited. R/W 1
3 OCPT2 Access to OCPT2 is prohibited. R/W 1
2 OCPT1 Access to OCPT1 is prohibited. R/W 1
1 EMIFF Access to EMIFF is prohibited. R/W 1
0 EMIFS Access to EMIFS is prohibited. R/W 1
When a bit in the OCPI_PR register is 1, access to the corresponding bit field
from the OCPI bus is protected (prohibited).
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Table 60. Secure Mode Register (OCPI_SMR)

Base Address = OxFFFE C320, Offset = 0x18

Bit Name Function R/W Reset
31:7 Reserved Reserved. Must be 0. R/W 0
6 API In secure mode R/W 1

0: Access is allowed.

1: Access to APl is prohibited from initiator.

5 RHEA_ PRIV In secure mode R/W 1
0: Access is allowed.

1: Access to MPU TIPB public is prohibited from
initiator. TIPB private bus is not accessible regardless
of the setting of this bit.

4 OCPMult In secure mode R/W 1
0: Access is allowed.

1: Access to OCP multibank is prohibited from initiator.

3 OCPT2 In secure mode R/W 1
0: Access is allowed.
1: Access to OCPT2 is prohibited from initiator.

2 OCPT1 In secure mode R/W 1
0: Access is allowed.

1: Access to OCPTL is prohibited from initiator.

1 EMIFF In secure mode R/W 1
0: Access is allowed.

1: Access to EMIFF is prohibited from initiator.

0 EMIFS In secure mode R/W 1
0: Access is allowed to CS1-CS3.

1: Access to EMIFS CS1-CS3 is prohibited from
initiator; CS0 is not accessible regardless of the setting
of this bit.

When not in secure mode, these secure mode register values are ignored.
When in secure mode, EMIFS CSO0 and TIPB private access is not allowed,
regardless of the register values. Every other target secure mode is
determined by the register value.
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Priority Algorithms

The traffic controller provides a choice of two priority algorithms for
simultaneous requests. Arbitration is performed in each TC target port
(OCP-T1, OCP-T2, EMIFF, and EMIFS).

Selection of the arbitration scheme is common to all TC ports. Depending on
the OMAP device, it can be either hardwired to one of the two algorithms or
programmable (outside of OMAP).

1 Enhanced round robin with LRU

In accordance with the standard round-robin scheme, the requestor hav-
ing the highest priority becomes the lowest-priority requestor after it has
been granted access.

The first enhancement is that when it gets the highest priority, a requestor
can keep it for a programmable number of consecutive accesses.

The number of consecutive accesses is individually programmable for the
MPU, DSP, the system DMA, and OCP-l. See OCPT1_PRIORITY,
OCPT2_PRIORITY, EMIF_SLOW_PRIORITY, and EMIF_FAST_PRIOR-
ITY registers.

In parallel with the round-robin scheme, the second enhancement is that
the least recently granted requestor always has the highest priority. That
means if a requestor has missed its slot because it had no request pending
at that time, it keeps the highest priority for the subsequent arbitration
cycles.

(1 Dynamic priority order

Most of the time, the priority order is fixed: highest priority is MPU, then
DSP, OCP-I, and lowest priority is DMA. A programmable time-out is
attached to any host except the MPU to ensure that it is not blocked indefi-
nitely by higher priority hosts.

When a low-priority requestor gains the arbitration (i.e. DSP, OCP-I,
DMA), the associated time-out counter is loaded with the programmed
value and starts decrementing.

If a counter reaches 0, the associated requestor gets the highest priority
for its next request (that may be already pending). If several requestors are
in this situation, the priority order is: DMA LCD, DSP, OCP-I, DMA other
than LCD.
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Clock Generation and Reset Management

Overview

The clock generation and system reset module is part of the MPU subsystem
in the OMAP 3.2 platform. This module manages the clock generation modes
for the microprocessor unit (MPU), the digital signal processor (DSP), and
various other subsystems (memory interface, system DMA controller, MPU
port interface (MPUI), etc.). These clocks can be controlled by software from
registers described in Section 4.5. It also monitors the system reset and
initiates the reset sequences for each clock domain. Finally, it controls the
power-saving modes and generates wake-up controls to the processors and
peripherals.

Clock generation modes include:

a

a

a

4

Programmable clocking mode (synchronous, synchronous scalable, and
mix modes)

Programmable clock for different clock domains (MPU, DSP, and traffic
controller (TC) clock domains)

Programmable clock for different peripherals (internal liquid crystal
display (LCD) controller and external MPU and DSP TIPB peripherals)

Programmable low-frequency clocks (derived from input reference clock)
to supply the internal MPU and DSP timers

Fixed low-frequency clocks to supply watchdog timers for the DSP and
MPU

Direct memory access (DMA) clock request mechanism (provides DMA
clock during data transfer only)

External visibility on internally generated clocks on POCLKOUT pins

System reset includes:

J
J
J

Global software reset
Reset control for the MPU, DSP, and external TIPB peripherals

System and reset status monitoring

Power-saving modes and wake-up control includes:

a

Programmable power-saving mode and idle mode controls for the MPU,
the DSP, the traffic controller, and their respective subdomains
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(1 Power control for external device reset/power on (flash memory)

[ Wake-up functions initiated by interrupts (MPU and DSP) and DMA
requests (traffic controller and TIPB) in the idle mode

[ [Initiation of the wake-up sequence by external devices during the idle
mode

OMAP3.2 Clock Generation

The clock domains in the OMAP 3.2 hardware engine platform are
synthesized by the digital phase-locked loops (DPLL). The DPLL input clock
source (CK_REF) is supplied from the ULPD.

The DPLL1 output frequencies are programmable and can be further divided
down to provide clocks to the MPU, the DSP, and the TC domains. The MPU
domain, the DSP domain, and the TC domain are clocked from DPLL1.

This implementation offers the clock rate selection flexibility to adjust the clock
frequency of each clock domain and allows the OMAP 3.2 hardware engine
to adjust each clock domain to its optimal frequency. In addition, each domain
is further subdivided into subdomains so that each subdomain can be
independently activated/deactivated while the remaining part of the clock
network is in an idle state.

The OMAP clock system is organized around three main clock domains: MPU,
DSP, and TC clock domains.

[ The MPU clock domain contains: MPU, MPU external peripheral clocks,
MPU watchdog timer, MPU internal timers, and MPU interrupt handler.

[ The DSP clock domain contains: DSP, DSP MMU, DSP external
peripheral clocks, DSP watchdog timer, DSP internal timers, and DSP
interrupt handler.

(1 The TC clock domain contains: TC, L3 OCP-I, MPUI port interface, system
DMA controller, MPU TIPB bridges, and LCD controller, and OCP-T1 and
OCP-T2.

Figure 42 shows the clock generator module.
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Figure 42. Clock Generator Module
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421 Clock Generation Modes

Table 61. OMAP 3.2 Hardware Engine Clocking Modes

The clock generation and system reset module of the OMAP 3.2 hardware
engine supports four kinds of clocking modes:

(1 Fully synchronous

[0 Synchronous scalable

(1 Bypass mode

(1 Mix modes (#3 and #4)

These clocking modes provide the system with the maximum flexibility for
performance and power-saving capabilities. They are programmable by the
CLOCK_SELECT field of the (ARM_SYSST) register, and the power-up
default mode is the full synchronous mode.

Table 61 details the hardware engine different clocking modes.

Clock Clocking Operating Mode MPU Clock DSP Clock TC Clock Remarks

Select Source Source Source

000 Fully synchronous DPLL1/N DPLL1/N DPLL1/N See Fully
Synchronous
Mode

001 Reserved

010 Synchronous scalable DPLL1/M DPLL1/N DPLL1/O See
Synchronous
Scalable Mode

011 Reserved
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Table 61. OMAP 3.2 Hardware Engine Clocking Modes (Continued)

Clock Clocking Operating Mode MPU Clock DSP Clock TC Clock Remarks

Select Source Source Source

100 Reserved

101 Bypass mode CK_REF CK_REF CK_REF Input reference
clock

110 Mix mode #3: MPU DPLL1/N DPLL1/M DPLL1/N See Mix Modes

synchronous to TC, DSP
synchronous scalable to TC

and MPU

111 Mix mode #4: DSP DPLL1/M DPLL1/N DPLL1/N See Mix Modes
synchronous to TC, MPU
synchronous scalable to TC

and DSP

Fully Synchronous Mode

In fully synchronous mode, the MPU, DSP, and TC domains run at the same
clock frequency derived from DPLL1. This is the power-up default mode. The
fully synchronous mode is a special case of synchronous scalable mode,
where the clock divider bits for all domains are equal. However, there is
separate clock select encoding for fully synchronous mode. It is the
programmer’s responsibility to ensure that all the clock divider select bits are
set to the same value.

When the fully synchronous mode is selected, you must program the
divide-down bits of the ARM_CKCTL register so that ARMDIV, DSPMMUDIV,
DSPDIV, and TCDIV are equal.

Synchronous Scalable Mode

SPRU749A

In synchronous scalable mode, the MPU, DSP, and TC domains are
synchronous and run at different clock speeds. The clock feeding mechanism
is similar to that of the fully synchronous mode, except that the clocks are
multiples of one another.

In synchronous scalable mode, the divide-down bits ARMDIV, DSPDIV, and
TCDIV of the ARM_CKCTL register define the prescaler value from the
frequency of DPLL.

When the synchronous scalable mode is selected, you must program the
divide-down bits of the ARM_CKCTL register so that DSPMMUDIV = DSPDIV
or DSPDIV*2.
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Mix Modes

Bypass Mode

4.2.2

128

DPLL

The TC clock frequency must be the same speed or slower than the MPU,
DSP, and the DSP MMU clocks.

Clock generation supports two mix modes.

O Mix mode #3

The MPU and TC clock domains are synchronous (same clock frequen-
cy), and the DSP is scaled synchronous (synchronous but with a frequen-
cy that is a multiple of the MPU/TC clock frequency). In this mode, the TC,
MPU, and DSP receive clocks from the DPLL1 output.

When mix mode #3 is selected, you must program the divide-down bits of
the ARM_CKCTL register so that ARMDIV = TCDIV.

The TC clock frequency must be the same speed or slower than the DSP
and the DSP MMU clock frequencies.

Mix mode #4

The DSP and TC clock domains are synchronous (same clock frequency),
while MPU is scaled synchronous (synchronous but with a frequency that
is a multiple of the DSP/TC clock frequency). In this mode, the TC, MPU,
and DSP receive clocks from the DPLL1 output.

When mix mode #4 is selected, you must program the divide-down bits of
the ARM_CKCTL register so that DSPDIV = DSPMMUDIV = TCDIV. Be-
cause ARM_CK supplies the host processor and TC_CK supplies differ-
ent memory interfaces, the restriction on the speed of TC_CK ensures that
the rate of instruction/data fetch is never more than the rate at which data
can be processed.

The TC clock frequency must be the same speed or slower than the MPU
clock frequency.

In bypass mode (CLOCK_SELECT = 101), the DPLL is bypassed and the
input reference clock is directly fed to the MPU, DSP, and TC clock domains.

The DPLL block synthesizes a frequency clock from the fixed reference input
clock signal CK_REF using the digital phase locked loop mechanism. Only the
MPU can access the DPLL control register.

OMAP3.2 Subsystem SPRU749A



DPLL Modes

Clock Generation and Reset Management

The DPLL can operate either in bypass mode or in lock mode.

(] Bypass mode

In bypass mode (PLL_ENABLE bit of the DPLL1_CTL_REG register set to
0), the DPLL output clock can be CK_REF (input reference clock),
CK_REF/2, or CK_REF/4, depending on the BYPASS_DIV bit-field value
of the DPLL1_CTL_REG register.

] Lock mode

In lock mode (PLL_ENABLE bit of DPLL1_CTL_REG register set to 1), the
output frequency is an integer multiple or fractional multiple (m/n respec-
tively, in the PLL_MULT and PLL_DIV bit fields of DPLL1_CTL_REG reg-
ister) of the input reference clock CK_REF. With1<m<3land1<n<4,
the frequency output ranges from CK_REF/4 to 31xCK_REF.

Synthesizing a Clock

SPRU749A

At reset, the DPLL is in bypass mode and the BYPASS_DIV bit field of the
DPLL1 CTL_REG register is set to 0b00 (DPLL output clock = CK_REF).

The procedure to synthesize a clock at a desired frequency is as follows:

1) Set the PLL_MULT and PLL_DIV bit fields of the DPLL1_CTL_REG
register to the correct value in order to get the desired multiplication factor.

2) Setthe PLL_ENABLE bit to 1 to enter the lock mode.

3) When the DPLL has reached the desired synthesized clock frequency, the
bit LOCK bit of DPLL1_CTL_REG register goes to 1 and the output clock
gets the synthesized clock.

The bit fields PLL_MULT and PLL_DIV can be modified on-the-fly even when
the DPLL is in lock mode.

Polling can be done on the LOCK bit to determine when the DPLL locks on the
desired synthesized frequency. The DPLL output clock is switched smoothly
between the bypass and the locked frequency because it is not mandatory to
wait for the DPLL entering lock mode before proceeding the DPLL output
clock.

When idle mode of the DPLL is exited, the DPLL is set in bypass mode and
the output signal is valid (locked) after a maximum of 10 input reference clock
cycles. The output is valid after a maximum of 12 input reference clock cycles
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in bypass mode and switches to locked clock in an other 32 maximum
reference clock cycles. If the DPLL was synthesizing a frequency prior to the
idle state, the DPLL switches from bypass mode to synthesizer frequency
when the lock state is reacquired.

423 MPU Clock Domain

The DPLL1 output frequency defines the speed of the MPU and the MPU
external peripherals. The clock from DPLL1 output is supplied to the OMAP
boundary. It has a software gating in the ARM_IDLECT1
(IDL_CLKOUT_ARM) and in ARM_IDLECT2 (EN_CKOUT_ARM).

At reset, DPLL1 is in bypass mode (CK_GEN1 = CK_REF).

The MPU clock domain is subdivided into five subdomains.

O MPU (ARM_CK)
You can program the divide-down ARMDIV bits of the ARM_CKCTL
register to have the DPLL1 output clock (CK_GENL1) further divided by 1,

2, 4, or 8 to supply the clock signal driving the MPU. At reset, the highest
frequency (divided by 1) is selected: ARM_CK = CK_GEN1 = CK_REF.

[0 MPU external peripheral (ARMPER_CK or ARMXOR_CK)

You can program the divide-down PERDIV bits of the ARM_CKCTL regis-
ter to have CK_GEN1 further divided by 1, 2, 4, or 8 to supply the MPU
external peripheral clock ARMPER_CK signal at the OMAP boundary. At
reset, the highest frequency (divided by 1) is selected and ARMPER_CK
is active. ARMXOR_CK, a gated version of CK_REF, can also be used to
supply the external peripherals. At reset, this clock is inactive.

[ OMAP3.2 MPU internal OS timers (ARMTIM_CK)

The ARM_TIMXO bhit of the ARM_CKCTL register selects either
CK_GENL1 divided by 1 or the input reference clock (CK_REF) to supply
the internal MPU timers. At reset, CK_GENL1 is selected but the timer clock
is inactive.

(1 MPU Level 1 and 2 interrupt handlers (ARM_INTH_CK)

The MPU interrupt handlers are supplied by a programmable clock, and
the user can choose between the MPU clock or the divided-by-2 MPU
clock using the ARM_INTHCK_SEL bit of the ARM_CKCTL register. The
MPU clock is supplied as the default clock.

1 32-bit MPU watchdog timer (ARMWDI_CK)

The 32-bit MPU watchdog timer is supplied with a low-frequency clock
(CK_REF/14). This clock is active at reset.
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Even when the MPU is not in idle mode, you have the option of individually
disabling the clock to the MPU subdomains via the ARM_IDLECT2 register.
This allows power saving when a module is not used.

DSP Clock Domain

Depending on the OMAP clocking mode, the DPLL1 output frequency defines
the speed of the DSP domain. The clock output from DPLL1 (CK_GEN2) can
be further divided in order to supply the clock of the DSP and its subsystems.
At reset, DPLL1 is in bypass mode (CK_GEN1 = CK_GEN2 = CK_REF).

The DSP clock domain is divided into six subdomains:

] DSP (DSP_CK)

The clock signal driving the DSP can be further divided by 2, 4, or 8 by pro-
gramming the divide-down bits DSPDIV of ARM_CKCTL register. At
reset, the highest frequency (divided by 1) is selected and DSP_CK =
CK_GEN2 = CK_REF.

1 DSP MMU (DSPMMU_CK)

The clock signal driving the DSP MMU (DSPMMU _CK) can be further di-
vided by 2, 4, or 8 by programming the divide-down bits DSPMMUDIV of
the ARM_CKCTL register. At reset, the highest frequency (divided by 1) is
selected but the DSP MMU clock is inactive.

Note:

You must program DSPDIV and DSPMMUDIV so that the DSPMMU_CK
clock frequency is either one or one half times the DSP_CK clock frequency.

[ DSP external peripheral clock (DSPPER_CK)

The DSP external peripheral clock can be further divided by 2, 4, or 8 by
programming the divide-down bits PERDIV of the DSP_CKCTL register.

DSPXOR_CK, a gated version of the CK_REF, can also be used to supply
the external peripherals. This clock is inactive at reset.

(1 DSP watchdog timer (DSPWDT_CK)

DSP watchdog timer is supplied with a low-frequency clock (CK_REF/14).
This clock is active at reset.

] DSP internal timers (DSPTIM_CK)

The TIMXO bit of the DSP_CKCTL register selects either CK_GEN2 divid-
ed by 2, or the input reference clock (CK_REF) to supply the internal DSP
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timers. At reset, the clock issued from the DPLL is selected but the timer
clocks are inactive.

(1 DSP Level 1 and 2.0 interrupt handlers (DSP_INTH_CK)
DSP interrupt handlers are supplied with CK_GEN2 divided by 2.

Even when the DSP is not in idle mode, you have the option of individually
disabling these subdomains using the DSP_IDLECT2 register. This allows
significant power saving when a module is not in use.

425 Traffic Controller Clock Domain

The DPLL output frequency, which drives the traffic controller, generates the
traffic controller clock (TC_CK). This TC_CK feeds the traffic controller, the
OCP initiator port (OCP-I), the OCP Targetl (OCP-T1) and OCP Target2
(OCP-T2) ports, the system DMA controller, the LCD controller, the MPUI port
interface, and the MPU TIPB bridge. TC1_CK and TC2_CK are then
broadcast outside the OMAP platform; they are identical to TC_CK and can
be powered down independently in power saving options.

The TC clock domain is divided into two subdomains:

[ Traffic controller, OCP-I port, OCP-T1 and OCP-T2 ports, MPUI port
interface, system DMA controller, and MPU TIPB bridges.

The clock signal driving these modules is basically the same as the
TC_CK, except that it can be gated independently of TC_CK.

You can program the divide-down TCDIV bits of the ARM_CKCTL register
to have the CK_GENS3 further divided by 2, 4, or 8 to generate the TC_CK.
At reset, the highest frequency (divided by 1) is selected and TC_CK =
CK_REF.

At reset, the MPUI port interface clock and the system DMA controller
clock are inactive, while the OCP-I, OCP-T1, and OCP-T2 port clocks, TC
clocks, and MPU TIPB bridge are active.

[ LCD controller

You can program the divide-down LCDDIV bits of the ARM_CKCTL regis-
ter to have CK_GENS further divided by 2, 4, or 8 to generate the LCD con-
troller clock. At reset, the highest frequency (divided by 1) is selected but
the LCD controller clock is inactive.

These traffic controller subdomain clocks can be disabled even if the MPU,
DSP, or TC are not in idle mode using the ARM_IDLECT?2 register.

The DMA needs a free-running clock supplied to the external LCD controller
(SoSSI) even when the DMA clock is turned off so that the LCD controller can
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generate proper interrupts. This free-running clock for external LCD controller
can only be cut off when the external LCD controller is in idle state.

Power-Saving Modes and Wake-Up Control

This section describes the following power-saving features:

MPU idle control

DSP idle control

Traffic controller idle control
System DMA idle control

MPU TIPB bridge idle control
External device power control
DPLL idle control

Chip idle mode/deep sleep mode
Wake-up control

(EN NNy NN

MPU Idle Control

The OMAP 3.2 hardware engine can operate in several power-saving modes
that can reduce the operating current by stopping the clock signals of unused
(inactive) domains without losing any data on operational context. When the
idle state is entered, the MPU domain clocks are turned off according to the
orderly sequenced events. The clock gating cell design ensures that clocks
are properly stopped and restarted without parasitic pulses.

Activating the wait-for-interrupt MPU instruction initiates the MPU idle mode.
It stops the MPU internal clocks, and then the STANDBYWFI signal from MPU
megacell is asserted high, indicating that the MPU internal idle state is entered.

Before the idle mode is entered, you can stop the MPU internal timer clock, the
LCD clock, the external peripheral clock, and the timer/watchdog clock by
setting to O the corresponding bits of the ARM_IDLECT2 register, or you can
set the corresponding bits of ARM_IDLECT1 register so that these peripherals
automatically go to idle when the MPU goes to idle (except for the LCD).

When the timer/watchdog timer is configured as a watchdog, its clock
(CK_REF/14) is never shut down, regardless of the value of the
IDLWDT_ARM bit in the ARM_IDLECT1 register, or the EN_WDTCK bit in the
ARM_IDLECT?2 register.

The idle command is forwarded to the MPU interrupt handler and the MPU
clock is stopped when the interrupt handler acknowledges this request
(nopending interrupts).

When the MPU internal clocks are stopped, the MPU domain clocks are
stopped if they were not already disabled using ARM_IDLECT2 before MPU
went to idle.
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B The ARM_CK is stopped in a low static state after some
synchronization cycles.

W If the IDLCLKOUT_ARM bit field of ARM_IDLECTL1 is set to 1, then the
DPLL output clock also goes to idle after some synchronization
cycles.

W If the IDLPER_ARM bit field of ARM_IDLECTL1 is set to 1, then the
ARMPER_CK also goes to idle if the ARMPER_IDLE_REQ request is
acknowledged.

W If the IDLXOR_ARM bhit field of ARM_IDLECT1 is set to 1, then the
ARMXOR_CK also goes to idle after some synchronization cycles.

B If the IDLWDT_ARM bit field of ARM_IDLECT1 is set to 1, then the
ARMWDT _CK also goes to idle after some synchronization cycles, if
the MPU watchdog module is not set.

W If the IDLTIM_ARM bit field of ARM_IDLECTL1 is set to 1, then the
ARMTIM_CK also goes to idle after some synchronization cycles.

B If the IDLAPI_ARM bit field of ARM_IDLECT1 is set to 1, then the
MPUI clock also goes to idle whenever the MPUI is not required.

W If the IDLDPLL_ARM bit field of ARM_IDLECTL1 is set to 1, then the
DPLL macro goes to idle when all the clock domains are in idle.

Even when the MPU is not in idle mode, the user has the option of individually
disabling the MPU subdomain clocks by setting the corresponding bit in the
ARM_IDLECT2.

A wake-up sequence is initiated in the MPU domain only upon:

Bl A system reset

or

B An unmasked MPU interrupt request, assuming that the
WKUP_MODE bit of ARM_IDLECT1 is set to 1 or the chip is not in idle.
In case of chip idle and WKUP_MODE set to 0, the external wake-up
control feature is enabled and a CHIP_nWKUP low along with the
interrupt is needed to wake-up the MPU.

On wake-up, all the subdomains put in idle mode using ARM_IDLECT1 are
restarted if the corresponding enable bits of ARM_IDLECT?2 are set.

4.3.2 DSP lIdle Control

The DSP idle instruction must be executed in host-only mode (HOM) to initiate
the DSP idle mode. Depending on the settings of the DSP idle control registers
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(DSP_IDLECT1 and DSP_IDLECT?), different parts of the DSP subsystem go
to idle mode when the IDLE instruction is executed.

The following procedure describes how the DSP enters idle mode:

1)

2)

3)

4)

5)
6)
7)

8)

9)

Disable the watchdog timer.

When the timer/watchdog timer is configured as a watchdog, its clock
(CK_REF/14) is never shut down.

Disable the following DSP peripheral clocks by setting the corresponding
bits in DSP_IDLECT2 register to 0s.

B DSP external peripheral clock
B External reference peripheral clock

This disables the clocks immediately, regardless of whether the DSP clock
is enabled or not. Or set the DSP_IDLECT1 corresponding bits to 1s,
which disables the DSP peripheral clocks only when the DSP clock is
disabled.

Switch the DSP TIPB and MPUI to shared access mode (SAM).

Program the DSP idle control register to put all the DSP subsystem
domains in idle mode.

Switch the DSP TIPB and MPUI to host-only mode.
Execute the IDLE instruction.
When IDLE_DSP = 1 in ARM_SYSST register, the DSP_CK stops.

A signal is sent to the OMAP DSP interrupt handler to disable the interrupts
to the DSP while the DSP clock is being disabled.

The DSP interrupt handler clock also stops after the synchronization
cycles end.

10) The DSP clock subdomain goes to idle mode when both the DSP and the

MPU clocks are disabled and the corresponding DSP_IDLECT1 bits are
setto 1.

Even when the DSP or MPU is not in idle mode, you have the option of
individually disabling the DSP domain clocks by setting the corresponding
DSP_IDLECT2 enable bits to 0s.
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A wake-

events:
|
or
u

or

up sequence is initiated in DSP domain only upon one of the following

A system reset

A DSP reset

An unmasked DSP interrupt request. The interrupt request restarts
the DSP clock if the WKUP_MODE bit of ARM_IDLECT1 is setto 1 or
if the chip is not in idle. In case of chip idle and WKUP_MODE set to 0,
the external wake-up control feature is enabled and a CHIP_nWKUP
low in conjunction with the interrupt required to wake up the DSP
clock.

On wake up, all the DSP subdomains put in idle mode using DSP_IDLECT1
are restarted following the sequence described below if corresponding enable
bits of ARM_IDLECT?2 are set.

Service and clear the interrupt event.
Switch the DSP TIPB and MPUI to SAM mode.

Write 0 in the DSP ICR idle mode configuration register bits for each
subdomain to be restarted.

Execute an idle instruction to force the reread of the DSP ICR idle
mode configuration register and restart the subdomain clocks
affected.

4.3.3 Traffic Controller, System DMA Controller, and MPU TIPB Bridges Idle

Control

Specific conditions must be met for the traffic controller, the system DMA
controller, and the MPU TIPB bridges to enter the idle mode.

Traffic Controller Idle Control

To enter idle mode, the traffic controller must meet the following conditions:

[ MPU and DSP must be set to global idle mode.

(1 L3 OCP-l is in idle mode. This can be done either by clearing the
EN_OCPI_CK bit of the ARM_IDLECT3 register to 0, or by setting the
IDLOCPI_ARM bit in the same register to 1 (which allows disabling of the
OCPI clock in conjunction with the MPU clock). The OCP initiator bus
enable signal (L3_OCPI_EN) must always be 0 before the OCPI clock
stops.
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(1 OCP-T1/T2 modules are in idle mode. This can be done by setting
ARM_IDLECT3 (IDLTC1_CK) =1 and ARM_IDLECT3 (IDLTC2_CK) =1,
which disables the TC1_CK and TC2_CK clocks when there is no activity
and the idle request is acknowledged by the target. These modules can
also be placed in idle mode by disabling TC1_CK and TC2_CK completely
by setting EN_TC1_CK and EN_TC2_CK to 0.

(1 The idle interface (IDLIF_ARM) bit of the ARM_IDLECT1 register is set to
logical 1.

(1 The MPUI clock is idle.
[ There are no system DMA pending transfers.

[ Allthe TC subdomains are stopped by setting the appropriate bits in the
ARM_IDLECT2 and ARM_IDLECTS registers.

(1 There are no MPU or DSP interrupt requests.

(1 Power-down enable bits PDE and PWD_EN of the EMIFS configuration
register EMIFS_CONFIG are set to logical 1.

(] Disable the SDRAM clock and set the power-down enable bit to 1 with the
EMIFF configuration register. TC idle mode entry is affected by the
RFRSH_STBY bit of the EMIFF_SDRAM_CONFIG_2REG TC register.
When set to 1, the SDRAM must be put into self refresh state before going
idle (SLRF bit of EMIFF_CONFIG register). Every time the SDRAM wakes
up, the self-refresh state is cleared, so returning to idle requires that the
SLRF bit of EMIFF_CONFIG_REG is set to 1 again.

It is important to note that ceratin bits in the ARM_IDLECT1,2,3 registers can
prevent the chip from entering the idle state.

W |If the ARM_IDLECT2.EN_APICK bit is 1, you need either the
ARM_EWUPCT.REPWR_EN bit to be 0 or you need the
ARM_IDLECT3.IDLOCPI_ARM bit to be 1 to go to idle.

B |f ARM_IDLECT2.EN_APICK is 0, ARM_EWUPCT.REPWR_EN and
ARM_IDLECTS3.IDLOCPI_ARM are don’t care and will not prevent
you from going to idle.

W Ifthe EN_API_CK bit field of ARM_IDLECT2 is 1, then IDLAPI_ARM
bit field of ARM_IDLECT1 needs to be 1 to go to idle

Then the traffic controller completes its current operations and pulls the
TCIDLE_ACK signal to a high level to indicate that TC_CK can now be safely
stopped. In addition, the shut-down of the TC_CK clock indicates to the chip
idle control logic to initiate the DPLL idle.
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The TC_CK restarts upon:
B An MPU or DSP interrupt request
B A DMA request
B L3 _OCPI_EN pin set to logic 1 (enables restarting of the clock to L3

OCP initiator bus)
System DMA Idle Control

The system DMA employs a built-in power-saving mechanism. The clock is
only requested to the clock generator when DMA transfers are occurring.

The DMA clock can enter idle mode if one of the following conditions is true:
(0 DMACK_ REQ =1 and there are no DMA requests.
(1 DMACK_REQ =0, the MPU clock is in idle, IDLIF_ARM =1, there are no
DMA requests, and the DMAIDLE_ACK signal is high.
MPU TIPB Bridges Idle Control

The TIPB bridges can enter idle mode only when all of the following conditions
are true:

[0 MPU is setinidle mode.

(1 The idle interface bit IDLIF_ARM of ARM_IDLECT1 register is set to
logical 1.

(1 There are no system DMA requests to the TIPB.

[ There is no posted write (that is, posted write buffers are empty).

434 External Device Power Control

The FLASH.RP signal is an output pin that allows the reset/power-on control
sequences of external devices such as flash memory.

Whenever the traffic controller enters the idle mode, the FLASH.RP pin
switches from a high to a low level, allowing external components to be turned
off. When a wake-up condition is detected, the pin is switched back to a high
level and restores power to external devices.

Setting the bit REPWR_EN of ARM_EWUPCT to logical 0 enables this
capability. At reset, this is disabled.

To allow the external device/component voltage to stabilize (ramp-up) when
the power-down mode is released, the external power control is implemented
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with a programmable counter that delays the restart of all clocks from
FLASH.RP signal going high. The EXTPWR bit field of the ARM_EWUPCT
register permits the delay to be defined as follows:

WT wake-up time) = (EXTPWRfield value) £ 1) X CK_REF (period)

DPLL Idle Control

The DPLL can be set to idle mode if only the input reference clock (CK_REF)
is needed.

The DPLL idle mode is entered when the IDLDPLL_ARM bit of the
ARM_IDLECT1 register is set to logical 1 and all of the domains that use the
DPLL clock are stopped. This means that the only domains running (domains
that use CK_REF rather than the DPLL clock) are:

(1 MPU and DSP watchdog timers (CK_REF/14)

1 Internal MPU timers when ARM_TIMXO bit of the ARM_CKCTL register
is set to logical 0

[ Internal DSP timers when TIMXO bit of the DSP_CKCTL register is set to
logical 0

The DPLL idle mode entry/exit time can be significant. The input reference
clock must be active for at least 24 input clock cycles from the idle request (idle
rising edge) before the idle setup is complete. Once the idle mode is exited,
the DPLL is set in bypass mode and the output signal is valid after a maximum
of 10 input reference clock cycles. The total DPLL idle entry-to-exit sequence
takes no less than 34 reference clock cycles. Therefore, it may be preferable
not to shutdown the DPLL when MPU or DSP have to be stopped for a short
period of time or when critical operations are likely to occur (that is, DMA
transfer, interrupt handling).

Chip Idle Mode, Deep Sleep Mode, and Wake-up Control

The OMAP 3.2 hardware engine is considered to be in chip idle mode when
the MPU, DSP, peripherals, DPLL, and peripherals using CK_REF as their
source are stopped.

Once the procedures for MPU idle, DSP idle, traffic controller idle, and DPLL
idle have been followed, the chip idle state is reached. The following ordering
is recommended to ensure that all of the clock domains can be made idle:

B The first domain to idle is the DSP clock domain. Ensure that the MPUI
interface has been correctly initialized, and that the API_SIZE value is
zero. Then follow the sequence for DSP idle already described
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(sending a command from the MPU to DSP via the mailbox is one way
to start this sequence). If the DSP has not been enabled after reset, it
is only necessary to clear the ARM_CKCTL(EN_DSPCK) register bit
to 0 in order to reach the idle state for this domain.

B The MPU must wait until the DSP has reached the idle state.
Disable the MPU watchdog timer.

B Set the ARM_IDLECT1, ARM_IDLECT2, and ARM_IDLECT3
register bits in preparation for going to idle (MPU, DSP, TC, and DPLL
idle entries are all affected by these registers).

W Configure the EMIFS and EMIFF modules as described in the traffic
controller idle control section. If SDRAM contents must be maintained
during the idle state, then the SDRAM self-refresh mode must be
enabled before going to chip idle (set the SLFR bit of the
EMIFF_SDRAM_CONFIG register to 1, and the RFRSH_STDBY bit
of the EMIFF_SDRAM_CONFIG2 register to 1). The self-refresh bit is
cleared every time OMAP leaves chip idle.

B Prepare for wake up by enabling and unmasking MPU interrupts.

W Ensure that all interrupts and DMA status bits have been cleared. If all
of the other idle conditions and controls have been met (as per the
MPU, DSP, TC and DPLL descriptions), then activating the
wait-for-interrupt instruction at this point leads to the full chip idle state,
allowing the reference clock to be stopped.

In chip idle mode, the MPU, the DSP, the DPLL and peripherals that use
CK_REF as their source are stopped, while the external clock source remains
the only active clock signal.

In deep sleep mode, all internal system clocks (MPU, DSP, DPLL, peripherals,
and timers) and the external reference clock source are stopped, leaving the
OMAP3 in a static state in which it consumes the lowest possible power. In this
mode, it is recommended that the WKUP_MODE bit of the ARM_IDLECT1
register be set to 0 before going into IDLE. A complete handshake between
the OMAP and external module turns off the OMAP input clock. This
handshake ensures that OMAP wakes up properly.

Any unmasked interrupt request, either to the MPU or the DSP, any DMA clock
request, or setting the L3_OCPI_EN signal to high exits the idle mode.

When the WKUP_MODE bit of ARM_IDLECT1 is set to logical 0, the wake-up
procedure can be controlled by the ULPD.

When the WKUP_MODE bit value is set to logic 1, a single wake-up condition
initiates a chip wake-up procedure. The wake-up condition can be caused by:
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(1 An interrupt request from MPU interrupt handler. The MPU interrupt
handler sets the nIRQ_SET signal to logic low and initiates the restarting
of the ARM_CK, ARM_INTH_CK, Rhea CK, DMA_CK, and TC_CK
clocks. Depending on the setting of the ARM_IDLECT1/2 registers,
peripherals clocks can also restart. This is a valid wake-up condition for
MPU, TC, and DPLL.

[ An interrupt request from the DSP level2 interrupt handler. This initiates
the restarting of the DSP_CK, DSP_INTH_CK, and TC_CK clocks.
Depending on the setting of the ARM_IDLECT1/2 registers, peripheral
clocks can also restart. This signal must remain active until the DSP
asserts the DSP_IDLE signal low. This is a valid wake-up condition for
DSP, TC, and DPLL.

(1 L3_OCPI_EN pin: When the L3_OCPI_EN pin is pulled high, the TC_CK,
TC1 CK, and TC2_CK, and the L3_OCPI_CK restart and the TC_CK,
L3 OCPI_CK, TC1_CK, and TC2_CK keep running as long as the pin
remains asserted high. This is a valid wake-up condition for TC and DPLL
only.

[ TCLB_DMAREQ: When the system DMA controller receives an
asynchronous request from the traffic controller, this signal is set high to
enable the DMA_CK/TC_CK and DMA_CK/TC_CK to keep running as
long as the DMA operates. This is a valid wake-up condition for TC and
DPLL only.

(1 Rhea DMAREQ: When the system DMA controller receives a request
from the TIPB-bridge, this signal is asserted high to enable the
TC_CK/Rhea_CK/DMA_CK and the TC_CK/Rhea_CK/DMA_CK to keep
running as long as the DMA operates. This is a valid wake-up condition
for TC and DPLL only.

4.4 Registers
All registers are 32-bit registers. MPU clock generation and system reset

control registers are accessed by the MPU only. DSP control registers are
accessed by the DSP and the MPU through the MPU interface.

44.1 MPU Registers

The MPU registers are listed in Table 62. Table 63 through Table 72 provide
register bit descriptions.
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Table 62. MPU Registers

Base Address = OXFFFE CEOO

Name Description R/W Offset
ARM_CKCTL MPU clock control prescaler selection R/W 0x00
ARM_IDLECT1 MPU idle enable control 1 R/W 0x04
ARM_IDLECT2 MPU idle enable control 2 R/W 0x08
ARM_EWUPCT MPU restore power delay R/W 0x0C
ARM_RSTCT1 Master software reset R/W 0x10
ARM_RSTCT2 Peripherals reset R/W 0x14
ARM_SYSST MPU clock reset status R/W 0x18
ARM_CKOUT1 MPU clock out definition R/W 0x1C
ARM_CKOUT2 MPU reserved R/W 0x20
ARM_IDLECT3 MPU idle enable control 3 R/W 0x24
Table 63. MPU Clock Control Prescaler Selection Register (ARM_CKCTL)
Base Address = OxFFFE CEOQO, Offset = 0x00
Bit Name Function R/W Reset
31:15 RESERVED See note. R/W  0x0000
14 ARM_INTHCK_SEL This bit controls which clock is used for the R/W 0
ARM_INTH_CK
0: ARM_INTH_CK clock is same as ARM_CK (default).
1: ARM_INTH_CK is half frequency of ARM_CK.
13 EN_DSPCK Turns on DSP_CK while the DSP is still in reset state. R/W 1
0: Disables DSP_CK activation during the reset state.
1: Enables DSP_CK activation during the reset state.
12 ARM_TIMXO Selects a subfrequency issued either from CK_GENL1 or R/W 1
from input reference clock (CK_REF) to supply internal
MPU timers.
0: ARMTIM_CK clock frequency is the input reference
clock (CK_REF).
1: ARMTIM_CK clock frequency is issued from CK_GENL1.
Note:  For reserved bits, reading gives undefined values. Writing to has no effect.
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Table 63. MPU Clock Control Prescaler Selection Register (ARM_CKCTL)
(Continued)

Base Address = OxFFFE CEQ0, Offset = 0x00
Bit Name Function R/W Reset

11:10 DSPMMUDIV Define prescaler value from the frequency of CK_GEN2to R/W 00
DSPMMU clock domain.

00: CK_GEN2
01: CK_GEN2/2
10: CK_GEN2/4
11: CK_GEN2/8

9:8 TCDIV Define prescaler value from the frequency of CK_GEN3to R/W 00
TC clock domain.

00: CK_GEN3

01: CK_GEN3/2
10: CK_GEN3/4
11: CK_GEN3/8

7.6  DSPDIV Define the prescaler value from the frequency of R/W 00
CK_GEN2 to DSP clock domain.

00: CK_GEN2
01: CK_GEN2/2
10: CK_GEN2/4
11: CK_GEN2/8

5:4  ARMDIV Define the prescaler from the frequency of CK_GEN1 to R/W 00
MPU clock domain.

00: CK_GEN1
01: CK_GEN1/2
10: CK_GEN1/4
11: CK_GEN1/8

Note:  For reserved bits, reading gives undefined values. Writing to has no effect.
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Table 63. MPU Clock Control Prescaler Selection Register (ARM_CKCTL)

(Continued)
Base Address = OxFFFE CEO00, Offset = 0x00
Bit Name Function R/W Reset
3:2 LCDDIV Define prescaler value from the frequency of CK_GEN3to R/W 00
LCD controller clock signal
00: CK_GEN3

01: CK_GEN3/2
10: CK_GEN3/4
11: CK_GEN3/8

1:0 ARM_PERDIV Define the prescaler value from the frequency of R/W 00
CK_GEN1 to MPU external peripheral clock domain.

00: CK_GEN1
01: CK_GEN1/2
10: CK_GEN1/4
11: CK_GEN1/8

Note:  For reserved bits, reading gives undefined values. Writing to has no effect.

Table 64. MPU Idle Enable Control Register 1 (ARM_IDLECT1)

Base Address = OxFFFE CEOQ0, Offset = 0x04

Bit Name Function R/W  Reset
31:13 RESERVED See note. R/W  0x0000
12 IDL_CLKOUT_ARM This read-write bit selects the idle entry mode for the R/W 0

external DPLL output clock.

0: The clock supplied to the external DPLL output clock
remains active when the MPU enters the idle mode
(ARM_CK stopped).

1: The clock supplied to the external DPLL O/P clock is
stopped in conjunction with the MPU clock when the MPU
enters the idle mode (ARM_CK stopped).

11 RESERVED See note. R/W 0

Note:  For reserved bits, reading gives undefined values. Writing to has no effect.
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Table 64. MPU Idle Enable Control Register 1 (ARM_IDLECT1) (Continued)

Base Address = OxFFFE CEQ0, Offset = 0x04
Bit Name Function R/W  Reset

10 WKUP_MODE Controls how the MPU can exit the CHIP_IDLE state R/W 1

0: After the interrupt has been asserted, the MPU idle mode
is exited upon a low level at the external CHIP_nWKUP pin.
Also, any of the wake-up conditions only wake up the
OMAP out of CHIP_IDLE if CHIP_nWKUP is low.

1: Idle mode is exited upon an MPU interrupt (regardless
the CHIP_nWKUP pin). Also, any wake-up condition wakes
up the OMAP out of CHIP_IDLE regardless of the value on
the CHIP_nWKUP pin.

9 IDLTIM_ARM Selects the idle entry mode for internal MPU timer clock. R/W 0

0: The clock supplied to the timers remains active when the
MPU enters the idle mode.

1: The timer clock is stopped in conjunction with the MPU
clock when the idle mode is entered.

8 IDLAPI_ARM Selects the idle entry mode for MPUI clock. R/W 0

0: The clock supplied to the MPUI is fully controlled by
EN_APICK bit

1: The clock supplied to MPUI is on whenever it is required
for any functionality; else it goes to IDLE

This bit must be set to 1 active to go to chip idle mode. The
EN_APICK bit must not be deactivated to go to chip idle as
that may cause wake-up problems for certain sources.

7 IDLDPLL_ARM Enables the DPLL macro to enter idle mode when DSP is R/W 0
set to global_idle mode, MPU is in idle mode, no active
DMA transaction or TCLB_EN pin is asserted low, no TIPB
posted write is queued, and the peripheral clocks are
stopped.

0: DPLL remains active when the above conditions occur.
1: DPLL enters idle mode when above conditions are met.

Note:  For reserved bits, reading gives undefined values. Writing to has no effect.
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Table 64. MPU Idle Enable Control Register 1 (ARM_IDLECT1) (Continued)

Base Address = OxFFFE CEOQ0, Offset = 0x04

Bit

Name

Function R/W

Reset

5:3

6

2

1

0

IDLIF_ARM

RESERVED

IDLPER_ARM

IDLXORP_ARM

IDLWDT_ARM

Enables the TIPB bridge, the system DMA controller, and R/W
the TC to enter idle mode when the MPU processor
executes the wait-for-interrupt instruction.

0: The clocks remain active when the MPU enters the idle
mode.

1: The clocks are stopped in conjunction with the MPU
clock when idle mode is entered and the DSP is also in idle.

See note. R/W

Selects idle entry mode for external peripheral clock. R/W
(ARMPER_CK)

0: The peripheral clock remains active when the MPU and
TC enter the idle mode.

1: The peripheral clock is stopped in conjunction with the
MPU and TC clocks when the idle mode is entered.

ARMPER_CK is no longer dependent only on ARM_IDLE
conditions. As long as TC or MPU is active, ARMPER_CK
clock is on. When both are inactive, ARMPER_CK is shutoff
based on ARMPER IDLE/ACK.

Selects idle entry mode for external reference peripheral R/W
clock ARMXOR_CK.

0: The external peripheral clock ARMXOR_CK remains
active when the MPU enters the idle mode.

1: The external peripheral clock is stopped in conjunction
with the MPU clock when the idle mode is entered.

Selects the idle entry mode for internal timer/watchdog R/W
connected to MPU TIPB. When the timer/watchdog is

configured as watchdog timer, the clock is never shutdown
regardless of the IDLWDT_ARM bit.

0: The clock supplied to the timer/watchdog remains active
when the MPU enters idle mode.

1: The timer/watchdog clock is stopped in conjunction with
the MPU clock when the idle mode is entered.

000

Note:
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Table 65. MPU lIdle Enable Control Register 2 (ARM_IDLECT?2)

Base Address = OxFFFE CEOQO, Offset = 0x08

Bit Name

Function

R/W

Reset

31:12 RESERVED

11  EN_CKOUT_ARM

10:9 RESERVED

8 DMACK_REQ

7 EN_TIMCK

6 EN_APICK

5:4 RESERVED

3 EN_LCDCK

See note.
This read-write bit enables the free running clock
from DPLL1 output

0: The clock generated from DPLL1 output is
stopped. This bit must be set to logic 1 to resume
clock activity

1: The clock generated from DPLL1 output is active
See note.

Disables the permanently-supplied-clock to the
system DMA controller to function on a clock request
basis.

0: The DMA clock is shutdown when the idle mode is
entered if IDLIF_ARM bit of ARM_IDLECTLL1 is set.

1: The DMA clock is stopped by default and is
reactivated upon DMA request only.

Enables the MPU internal timer clock connected to
the MPU TIPB.

0: The MPU timer clock is stopped.

1: The MPU timer clock is active and can be stopped
depending of the IDLTIM_ARM bit of
ARM_IDLECTLA1.

Enables the clock of the MPUI.

0: The MPUI clock is stopped. This bit must be set to
logic 1 to enable clock activity

1: The MPUI clock is active. The clock ON/OFF is
now controlled as per IDLAPI_ARM bit.

Reading these bits gives undefined values. Writing to
them has no effect.

Enables the clock of the LCD controller connected to
MPU TIPB.

0: The LCD clock is stopped.
1: The LCD clock is active.

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

0000

00

00

Note:  For reserved hits, reading gives undefined values. Writing to has no effect.
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Table 65. MPU Idle Enable Control Register 2 (ARM_IDLECTZ2) (Continued)

Base Address = OxFFFE CEO00, Offset = 0x08

Bit

Name

Function

R/W

Reset

EN_PERCK

EN_XORPCK

EN_WDTCK

Enables the external peripheral clock.

0: The external peripheral clock ARMPER_CK is
stopped.

1: The external peripheral clock ARMPER_CK is
active and can be stopped depending on the
IDLLPER_ARM bit.

Enables the clock of the OS timer connected to MPU
TIPB and the external reference peripheral clock.

0: The OS timer clock and the external peripheral
clock are stopped.

1: The OS timer clock and the external peripheral
clock are active and can be stopped depending on
the IDLXORP_ARM bit of ARM_IDLECTLL1.

Enables the clock of the timer/watchdog connected to
MPU TIPB.

(When the timer/watchdog is configured as watchdog
timer, the clock is never shutdown regardless the
value of IDLWDT_ARM and EN_WDTCK).

0: The timer/watchdog clock is stopped.

1: The clock supplied to timer/watchdog clock is
active and can be stopped depending on the
IDLWDT_ARM bit of ARM_IDLECTL1.

R/W

R/W

R/W

Note:
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Table 66. MPU Restore Power Delay Register (ARM_EWUPCT)

Base Address = OxFFFE CEO00, Offset = 0x0C

Bit Name

Function

R/W

Reset

31:6 RESERVED

5 REPWR_EN

4:0 EXTPWR

Reading these bits gives undefined values. Writing to
them has no effect.

Enables the external power control feature.

0: The FLASH.RP pin is set to logic low when TC is
in idle mode.

1: The FLASH.RP pin stays high when the TC idle
mode is entered.

Define the delay from FLASH.RP pin going high to
the clocks restarting. Reference clock is the EMIFS
CK_REF.

R/W

R/W

R/W

0x000

11111

Table 67. Master Software Reset Register (ARM_RSTCT1)

Base Address = OxFFFE CEOQO, Offset = 0x10

Bit Name

Function

R/W

Reset

31:4 RESERVED

3  SW_RST

2 DSP_RST

Reading these bits gives undefined values. Writing to
them has no effect.

Global system reset. Resets both the DSP and the
MPU and peripherals. This bit is always read O.

0: The DSP, the MPU, and the peripheral clock
domains are enabled.

1: Resets the OMAP 3.2 hardware engine. Once set
to logic 1 by the MPU processor, this bit returns to
logic 0 on the next cycles.

Resets the priority registers (TIPB module), the EMIF
configuration registers, and the MPUI control logic in
the DSP. This bit is set by the external reset pins and
is released by writing a logic 1.

0: The priority registers, the EMIF configuration
registers, and the MPUI are reset.

1: The priority registers and the EMIF configuration
registers can be programmed.

R/W

R/W

R/W

0x000

Note:  Writing the DSP_EN bit to 0 and ARM_RST bit to 1 together initiates a global software reset.
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Table 67.

Master Software Reset Register (ARM_RSTCT1) (Continued)

Base Address = OxFFFE CEO00, Offset = 0x10

Bit

Name

Function R/W

Reset

1

0

DSP_EN

ARM_RST

Resets the DSP. R/W

0: Resets the DSP, excluding the configuration
setting. The reset state is maintained as long as this
bit is asserted low.

1: The DSP is enabled. After a global reset, this bit

must be set to 1 in order to enable the DSP megacell.
Resets the MPU. This bit is always read 0 R/W
0: The MPU clock domain is enabled.

1: Reset the MPU. Once set to 1 by the MPU, this bit
returns to 0 on the next cycles

Note:

Writing the DSP_EN bit to 0 and ARM_RST bit to 1 together initiates a global software reset.

Table 68. Peripherals Reset Register (ARM_RSTCT2)

Base Address = OxFFFE CEOQO, Offset = 0x14

Bit

Name Function

R/W

Reset

311

0

RESERVED Reading these bits gives undefined values. Writing to them R/W
has no effect.

PER_EN MPU Peripheral reset. Resets and/or enables the external R/W
peripherals connected to MPU TIPB (controls 3.2
ARMPER_NRST).

0: Resets MPU peripherals
1: Enables MPU peripherals

0x0000
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Table 69. MPU Clock Reset Status Register (ARM_SYSST)

Base Address = OXxFFFE CEOQO0, Offset = 0x18

Bit Name

Function

R/W

Reset

31:14 RESERVED

13:11  CLOCK_SELECT

10:7 RESERVED

6 IDLE_DSP

5 POR

4 EXT_RST

Reading these bits gives undefined values. Writing to
them has no effect.

Reading these bits indicates the clock_select pins and
indicates the current clocking mode selection. Writing

to these bits enables switching the OMAP3.2 clocking
scheme.

These bits are at logic O after reset:

000: Fully synchronous

001: Reserved

010: Synchronous scalable

011: Reserved

100: Reserved

101: Bypass

110: Mix mode #3, MPU synchronous to TC, DSP
MMU synchronous scalar to MPU and TC

111: Mix mode #4, DSP MMU synchronous to TC,
MPU synchronous scalar to DSP MMU and TC

These read only bits are undefined.

Indicates the DSP state.

0: The DSP is active.
1: The DSP is in global-idle state.

Indicates (in conjunction with EXT_RST bit) whether or
not a power-on reset (cold start) has occurred. Writing
it to logic O clears this bit. This bit cannot be written to
logic 1 from the TIPB interface.

0: No power-on-reset has been detected.
1: A power-on-reset has occurred.

Indicates that external reset has been asserted. Writing
it to logic O clears this bit. This bit cannot be written to
logic 1 from the TIPB interface.

0: No external reset has been detected.
1: An external reset has occurred.

R/W

R/W

R/C

R/IC

00

000

SPRU749A
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Table 69. MPU Clock Reset Status Register (ARM_SYSST) (Continued)

Base Address = OxFFFE CEOQ0, Offset = 0x18

Bit

Name

Function R/W

Reset

3

2

1

0

ARM_MCRST

ARM_WDRST

GLOB_SWRST

DSP_WDRST

Indicates whether or not an MPU reset has occurred. R/C
This bit is cleared to 0 upon an external reset pulse

asserting at the CHIP_nRESET pin, or by writing to it a

logic 0. This bit cannot be written to logic 1 from the

TIPB interface.

0: The MPU processor has not been reset.
1: The MPU processor has been reset.

Indicates whether or not the reset has been asserted R/C
due to an MPU timer/watchdog underflow. This bit is

cleared to 0 upon an external reset pulse asserting at

the CHIP_nRESET pin, or by writing to it a logic 0. This

bit cannot be written to logic 1 from the TIPB interface.

0: An MPU timer/watchdog underflow has not
occurred.

1: An MPU timer/watchdog underflow has generated
the reset.

Indicates whether or not the reset has been asserted R/C
due to global software reset (DSP_EN set to 0 and
ARM_RST set to 1). This bit is cleared to 0 upon an

external reset pulse asserting at the CHIP_nRESET

pin, or by writing to it a logic 0. This bit cannot be

written to logic 1 from the TIPB interface.

0: Global software reset has not been requested.
1: Global software reset has been requested.

Indicates whether or not the reset has been asserted R/IC
due to DSP timer/watchdog underflow. This bit cannot
be written to logic 1 from the TIPB interface.

0: A DSP timer/watchdog underflow has not occurred.
1: A DSP timer/watchdog underflow has generated the
reset.
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Table 70. MPU Clock Out Definition Register (ARM_CKOUT1)

Base Address = OxFFFE CEO0O0, Offset = 0x1C

Bit Name Function R/W Reset
31:6 RESERVED Reading these bits gives undefined values. Writingto  R/W  0x0000
them has no effect.
5:4 TCLKOUT The POCLKOUTS3 pin functions are: R/W 01
00: Reserved
01: POCLKOUTS3 pin is an output and reflects
CK_GENS3 clocking signal.
10: POCLKOUTS3 pin is an output and reflects the
TC_CK clock.
11: Reserved
POCLKOUT3 is not a target clock; it is a free-running
clock to select CK_GEN3 or TC_CK frequency.
3:2 DCLKOUT The POCLKOUT?2 pin functions are: R/W 01
00: POCLKOUT?2 pin is an output and reflects the
DSPMMU_CK clock.
01: POCLKOUT?2 pin is an output and reflects the
CK_GEN2 clocking signal.
10: POCLKOUT2 pin is an output and reflects the
DSP_CK clock.
11: POCLKOUT?2 pin is an output and reflects low-
frequency clock that supplies internal watchdog
timers (CK_REF/14).
POCLKOUT?2 is not a target clock; it is a free-running
clock to select DSPMMU_CK, CK_GEN2, or
DSP_CK frequency.
1.0 ACLKOUT The POCLKOUT1 pin functions are: R/W 01
00: Reserved
01: POCLKOUT1 output pin reflects CK_GEN1
10: POCLKOUT1 output pin reflects ARM_CK
11: POCLKOUT1 output pin reflects the
low-frequency clock that supplies the internal timers
(CK_REF/14).
POCLKOUT1 is not a target clock; it is a free-running
clock to select CK_GEN1, ARM_CK, or CK_REF/14
clock frequency.
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Table 71.

MPU Reserved Register (ARM_CKOUT?2)

Base Address = OxFFFE CEO00, Offset = 0x20

Bit

Name

Function

R/W

Reset

31:0

RESERVED

Reading these bits gives undefined values. Writing
to them has no effect.

R/W

0x0000

Table 72. MPU Idle Enable Control Register 3 (ARM_IDLECT3)

Base Address = OxFFFE CEO0O, Offset = 0x24

Bit

Name

Function

R/W

Reset

31:6

RESERVED

IDLTC2_ARM

EN_TC2_CK

IDLTC1_ARM

Reading these bits gives undefined values. Writing to
them has no effect.

Selects the idle entry mode for TC2 clock.

0: The TC2 clock remains active when the MPU
enters the idle mode (ARM_CK stopped).

1: The TC2 clock is stopped in conjunction with the
MPU clock when the idle mode is entered. Cutting off
is based on IDLE/ACK protocol between CLKRST
and peripherals outside OMAP.

Enables the TC2 clock. This is a generic clock
supplied to peripherals outside OMAP boundary and
is at the same frequency as the TC clock.

0: The TC2_CK clock is stopped. Ensure that all
peripherals connected to TC2_CK are inactive before
setting 0 on EN_TC2_CK.

1: The TC2_CK clock is active.

Selects the idle entry mode for TC1 clock.

0: The TC1 clock remains active when the MPU
enters the idle mode (ARM_CK stopped).

1: The TC1 clock is stopped in conjunction with the
MPU clock when the idle mode is entered. Cutting off
is based on IDLE/ACK protocol between CLKRST
and peripherals outside OMAP.

R/W

R/W

R/W

R/W

0x000
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Table 72. MPU Idle Enable Control Register 3 (ARM_IDLECT3) (Continued)

Base Address = OxFFFE CEQ0, Offset = 0x24

Bit Name

Function

R/W Reset

2 EN_TC1_CK

Enables the TC1 clock. This is a generic clock
supplied to peripherals outside OMAP boundary and
is at the same frequency as the TC clock.

0: The TC1_CK clock is stopped. Ensure that all
peripherals connected to TC1_CK are inactive before
setting 0 on EN_TC1_CK.

1: The TC1_CK clock is active.

1 IDLOCPI_ARM Selects the idle entry mode for the L3 OCP initiator.

0: The L3 OCP-I clock remains active when the MPU
enters the idle mode.

1: The L3 OCP-I clock is stopped in conjunction with
the MPU clock when the idle mode is entered.

0 EN_OCPI_CK Enables the L3 OCPI clock.

0: The L3 OCPI clock is stopped.
1: The L3 OCPI clock is active.

R/W

R/W

R/W

4.4.2 DSP Registers
These registers are accessible by the DSP or the MPU. The DSP control

Table 73. DSP Re

registers are 16-bit accessed. The offsets are given for byte addressing.

Table 73 lists the DSP registers. Table 74 through Table 82 provide register bit

descriptions.

gisters

Base Address = 0xE100 8000 or 0x008000

Name Description R/W Offset
DSP_CKCTL DSP clock control prescaler selection R/W 0x00
DSP_IDLECT1 DSP idle enable control 1 R/W 0x04
DSP_IDLECT2 DSP idle enable control 2 R/W 0x08
DSP_EWUPCT DSP reserved register 1 R/W 0x0C
DSP_RSTCT1 DSP reserved register 1 R/W 0x10
DSP_RSTCT2 DSP peripherals reset R/W 0x14
DSP_SYSST DSP clock reset status R/W 0x18
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Table 73. DSP Registers (Continued)

Base Address = OxE100 8000 or 0x008000

Name Description R/W Offset
DSP_CKOUT1 DSP reserved register 3 R/W 0x1C
DSP_CKOUT2 DSP reserved register 4 R/W 0x20

Table 74. DSP Clock Control Prescaler Selection Register (DSP_CKCTL)

Base Address = 0xE100 8000 or 0x00 8000, Offset = 0x00
Bit Name Function R/W Reset

15:9 RESERVED Reading these bits gives undefined values. Writingto  R/W 0x00
them has no effect.

8 TIMXO Selects either a CK_GEN2 frequency clock or the R/W 1
input reference clock (CLK_REFIN) to supply timers.

0: The DSPTIM_CK clock frequency is the input
reference clock.

1: The DSPTIM_CK clock frequency is issued from
CK_GEN2 divided by 2.

7 RESERVED This bit must be set to 1. R/W 1
6:5 RESERVED These bits must be set to 00. R/W 00
4 RESERVED This bit must be set to 1. R/W 1
3:2 RESERVED These bits must be set to 00. R/W 00
1:0 DSP_PERDIV Defines the prescaler value from CK_GEN2 to the R/W 00
DSP external peripheral clock.
00: CK_GEN2

01: CK_GEN2/2
10: CK_GEN2/4
11: CK_GEN2/8
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Table 75. DSP Idle Enable Control Register 1 (DSP_IDLECT1)

Base Address = 0XE100 8000 or 0x008000, Offset = 0x04

Bit Name Function R/W Reset
15:9 RESERVED Reading these bits gives undefined values. Writingto ~ R/W 0x00

them has no effect.

8 IDLTIM_DSP Selects the idle entry mode for the internal DSP timer  R/W 0
clock.
0: The DSPTIM_CK clock remains active when DSP
enters the idle mode.
1: The DSPTIM_CK clock is stopped in conjunction
with DSP clock when the idle mode is set.

7 RESERVED This bit must be set to 0. R/W 0

6 WKUP_MODE This bit has no effect in the OMAP 3.2 hardware R/W 1
engine.

5 IDLDPLL_DSP This bit has no effect in the OMAP 3.2 hardware R/W 0
engine.

4 IDLIF_DSP This bit has no effect in the OMAP 3.2 hardware R/W 0
engine

3 RESERVED This bit must be set to 0. R/W 0

2 IDLPER_DSP Selects idle entry mode for external peripheral clock. R/W 0
0: The DSPPER_CK clock remains active when DSP
enters the idle mode.
1: The DSPPER_CK is stopped in conjunction with
DSP clock when the idle mode is set.
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Table 75. DSP Idle Enable Control Register 1 (DSP_IDLECT1) (Continued)

Base Address = 0xE100 8000 or 0x008000, Offset = 0x04

Bit

Name

Function R/W

Reset

1

0

IDLXORP_DSP

IDLWDT_DSP

Selects idle entry mode for external reference R/W
peripheral clock.

0: The DSPXOR_CK clock remains active when DSP
enter the idle mode.

1: The DSPXOR_CK clock is stopped in conjunction
with DSP clock when the idle mode is set.

Selects the idle entry mode for the internal R/W
timer/watchdog connected to DSP TIPB.

0: The clock supplied to timer/watchdog remains
active when DSP enters the idle mode.

1: The timer/watchdog clock is stopped in conjunction
with DSP clock when the idle mode is set.

When the timer/watchdog is configured as watchdog
timer, the clock is never shutdown regardless of the
value of the IDLWDT_DSP bit.

Table 76. DSP Idle Enable Control Register 2 (DSP_IDLECT?2)

Base Address = 0xE100 8000 or 0x008000, Offset = 0x08

Bit

Name

Function R/W

Reset

15:6

RESERVED

EN_TIMCK

RESERVED
RESERVED

EN_PERCK

Reading these bits gives undefined values. Writingto ~ R/W
them has no effect.

Enables the internal DSP timer clock (DSPTIM_CK). R/W
0: DSPTIM_CK clock is stopped.

1: DSPTIM_CK clock is active and can be stopped
depending on the IDLTIM_DSP bit of DSP_IDLECT1.

This bit must be set to 0. R/W
This bit must be set to 0. R/W

Enables external peripheral clock (DSPPER_CK). R/W
0: DSPPER_CK clock is stopped.

1: DSPPER_CK clock is active and can be stopped
depending on the IDLPER_DSP bit of
DSP_IDLECT1.

0x00
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Table 76. DSP Idle Enable Control Register 2 (DSP_IDLECT?2) (Continued)

Base Address = 0xE100 8000 or 0x008000, Offset = 0x08

Bit Name Function R/W Reset
1 EN_XORPCK Enables the external reference clock (DSPXOR_CK). R/W 0
0: DSPXOR_CK clock is stopped.
1: DSPXOR_CK clock is active and can be stopped
depending on the IDLXORP_DSP bit of
DSP_IDLECT1.
0 EN_WDTCK Enables the internal timer/watchdog clock R/W 0
(DSPWDG_CK).
0: DSPWDG_CK clock is stopped.
1: DSPWDG_CK clock is active and can be stopped
depending on the IDLWDT_DSP bit of
DSP_IDLECT1.
Table 77. DSP Reserved Register 1 (DSP_EWUPCT)
Base Address = OxE100 8000 or 0x008000, Offset = 0x0C

Bit Name Function R/W Reset

15:0 RESERVED Reading these bits gives undefined values. Writingto ~ R/W 0x0
them has no effect.

Table 78. DSP Reserved Register 2 (DSP_RSTCT1)
Base Address = 0xE100 8000 or 0x008000, Offset = 0x10

Bit Name Function R/W Reset

15:0 RESERVED Reading these bits gives undefined values. Writingto  R/W 0x0
them has no effect.
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Table 79. DSP Peripherals Reset Register (DSP_RSTCT2)

Base Address = 0xE100 8000 or 0x008000, Offset = 0x14

Bit Name Function R/W Reset
15:2 RESERVED Reading these bits gives undefined values. Writingto ~ R/W 0x0000
them has no effect.
1 WD_PER_EN Controls the WD_DSPPER_nRST output, which can R/W 0
be used to reset the external peripherals connected
to DSP. This WD_DSPPER_nRST pin is also reset
by an event on the DSP watchdog timer.
0: Sets WD_DSPPER_nRST pin to a low-level output
voltage.
1: Sets WD_DSPPER_nRST pin to a high-level
output voltage.
0 PER_EN Controls the DSPPER_NRST output, which can be R/W 0
used to reset the external peripherals connected to
DSP TIPB.
0: Sets DSPPER_NRST pin to a low-level output
voltage.
1: Sets DSPPER_nRST pin to a high-level output
voltage.
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Table 80. DSP Clock Reset Status Register (DSP_SYSST)

Base Address = 0XE100 8000 or 0x008000, Offset = 0x18

Bit Name

Function

R/W

Reset

15:14 RESERVED

13:11  CLOCK_SELECT

10:7 RESERVED

6 IDLE_ARM

5 POR

4 EXT_RST

Reading these bits gives undefined values. Writing to
them has no effect.

These read-only bits reflect the CLOCK_SELECT
pins and indicate the current clocking mode selection.
000: Fully synchronous

001: Reserved

010: Synchronous scalable.

011: Reserved

100: Reserved

101: Bypass

110: Mix mode #3, MPU synchronous to TC, DSP
MMU synchronous scalar to MPU and TC

111: Mix mode #4, DSP MMU synchronous to TC,
MPU synchronous scalar to DSP MMU and TC

Reserved bits

Indicates the MPU state

0: The MPU is active.

1: The MPU is in idle state.

Indicates (in conjunction with EXT_RST bit) whether
or not a power-on reset (cold start) has occurred.

Writing it to logic O clears this bit. This bit cannot be
written to logic 1 from the TIPB interface.

0: No power-on reset has been detected.
1: A power-on reset has occurred.
Indicates whether or not an external reset has been

asserted. Writing it to logic O clears this bit. This bit
cannot be written to logic 1 from the TIPB interface.

0: No external reset detected.

1: An external reset has been asserted.

R/W

R/C

R/IC

00

000

0000

SPRU749A
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Table 80. DSP Clock Reset Status Register (DSP_SYSST) (Continued)

Base Address = 0xE100 8000 or 0x008000, Offset = 0x18

Bit

Name

Function R/W

Reset

3

2

1

0

DSP_ARM_RST

ARM_WDRST

GLOB_SWRST

DSP_WDRST

Used by the DSP to hold the MPU in reset. This is for R/W
test and debug purposes only. Not for users.

0: The MPU is enabled.

1: Reset the MPU.

Indicates whether or not the reset has been asserted R/C
due to a MPU timer/watchdog underflow.

This bit cannot be written to logic 1 from the TIPB
interface.

0: An MPU timer/watchdog underflow has not
occurred.

1: An MPU timer/watchdog underflow has generated
the reset.

Indicates whether or not the reset has been asserted R/C
due to global software reset. This bit cannot be
written to logic 1 from the TIPB interface.

0: A global software reset has not been requested.

1: A global software reset has been requested.

Indicates whether or not the reset has been asserted R/C
due to DSP timer/watchdog underflow. This bit cannot
be written to logic 1 from the TIPB interface.

0: A DSP timer/watchdog underflow has not occurred.

1: A DSP timer/watchdog underflow has generated
the reset.
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Table 81. DSP Reserved Register 3 (DSP_CKOUT1)

Base Address = OxE100 8000 or 0x008000, Offset = 0x1C
Bit Name Function R/W Reset

15:0 RESERVED Reading these bits gives undefined values. Writingto  R/W ~ 0x0000
them has no effect.

Table 82. DSP Reserved Register 4 (DSP_CKOUT?2)

Base Address = OXE100 8000 or 0x008000, Offset = 0x20
Bit Name Function R/W Reset

15:0 RESERVED Reading these bits gives undefined values. Writingto  R/W ~ 0x0000
them has no effect.

4.4.3 DPLL Registers

Table 83 lists the 16-bit DPLL registers Table 84 and Table 85 describe the
register bits.
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Table 83. DPLL Registers

Base Address = OXxFFFE CF00

Name Description R/W Offset
DPLL1_CTL_REG DPLL1 control R/W 0x00
DPLL2_CTL_REG DPLL2 control (all reserved) R 0x100
Table 84. DPLL1 Control Register (DPLL1_CTL_REG)
Base Address = OXFFFE CF00, Offset = 0x00
Bit Name Function R/W Reset
15 LS_DISABLE Controls the level shifter power-down pin R/W 0
0: Level shifter is in transparent mode; all signals
between the wrapper and the DPLL core are
connected
1: Level shifter is in isolated mode; the wrapper and
the DPLL core are disconnected, so the DPLL core
power supply (VDD_DPLL) can be turned off. There
is no leakage current between VDD and VDD_DPLL.
14 1Al Initialize after idle. R/W 0
Value of this bit must not be changed. Must be set
to 0.
13 I0B Initialize on break. R/W 1
When high, DPLL switches to bypass mode and
starts a new locking sequence, even if the DPLL core
indicates that it has lost the lock.
When low, DPLL continues to output the synthesized
clock, even if the core indicates it has lost the lock but
the BREAKLN is active low.
12 TESTT Controls the test output clock on the R/W 0

DPLL_TCLKOUT pin as given below:

0: DPLL_TCLKOUT = DPLL1 output clock when in
test mode.

1: DPLL_TCLKOUT = DPLL1 output clock divided by
32 when in test mode.

X: DPLL_TCLKOUT = 0 when not in test mode.

t POCLKOUTI1, 2, 3] is a nongated output from clock domain[1, 2, 3]. Using the [A/D/T] CLKOUT bits, select between different
clocks used in the respective domains.
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Table 84. DPLL1 Control Register (DPLL1_CTL_REG) (Continued)

Base Address = OxFFFE CF00, Offset = 0x00

Bit Name Function R/W Reset

11:7  PLL_MULT DPLL multiply value. R/W 00000

The maximum clock out frequency is 31 * CK_REF.

6:5 PLL_DIV DPLL divide value. R/W 00

The minimum DPLL1 clock out frequency is
CK_REF/4.

00: CLKOUTDPLL1 output clock = CK_REF

01: DPLL1 output clock CLKOUT = CK_REF/2
10: DPLL1 output clock CLKOUT = CK_REF/3
11: DPLL1 output clock CLKOUT = CK_REF/4

4 PLL_ENABLE Requests the DPLL to enter the lock mode. R/W 0

DPLL enters the lock mode only after it has
synthesized the desired frequency.

0: DPLL enters the bypass mode.
1: DPLL enters the lock mode.

3:2 BYPASS_DIV Determines the clock out frequency when in bypass R/W 00
mode.

00: DPLL1 output clock CLKOUT = CK_REF
01: DPLL1 output clock CLKOUT = CK_REF/2
1X: DPLL1 output clock CLKOUT = CK_REF/4

1 BREAKLN Indicates whether DPLL has broken lock for some R 0
unknown reason.

0: DPLL has broken lock for some unknown reason.

1: Lock condition is restored or a write to a control
register occurs.

0 LOCK Indicates if DPLL is in lock mode and the clock out R 0
has the desired synthesized frequency.

0: DPLL is in bypass mode.
1: DPLL is in lock mode.

t POCLKOUTIZ, 2, 3] is a nongated output from clock domain[1, 2, 3]. Using the [A/D/T] CLKOUT bits, select between different
clocks used in the respective domains.
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Table 85. DPLL2 Control Register (DPLL2_CTL_REG)

Base Address = OxFFFE D000, Offset = 0x00

Reset
Bit Name Function R/W Value
15:0 RESERVED Reserved. Do not write to these bits. R 0x00002000

5 MPU and MPUI Port

The MPU, system DMA, and OCP initiator (OCP-I) can access the DSP
memories and peripherals via two interfaces: the MPUI and the MPUI port. The
MPUI and the MPUI port have distinct features and functions:

(1 The MPUI is a module in the MPU subsystem that connects to the MPUI
port.

[ The MPUI port is a module contained in the DSP subsystem.

Figure 8-1 shows the MPU- and DSP-relevant modules and connections. In
this figurechapter, DMA represents the system DMA.
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Figure 43.
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The MPUI module connects the MPU, system DMA, and OCP-I to the MPUI
port. The MPUI allows sharing of the DSP internal memories and peripherals
with the MPU/system DMA/OCP-I.

The MPUI module supports two access modes: host-only mode (HOM) and
shared access mode (SAM).

In HOM, the MPUI can access the SARAM and DSP peripherals. An MPUI port
RAM configuration register can set the range of the SARAM (host-only RAM)
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to which the MPUI has exclusive access. The DSP is denied access to the
host-only RAM portion; however, both the MPUI and the DSP can access the
other part of the SARAM (shared-access RAM). All access available to the
MPUI in HOM remains available even if the DSP is in idle mode. The MPUI
does not have access to the DARAM in HOM. The DSP TIPB peripherals are
accessible only by MPUI in HOM.

In SAM, the entire MPUI port RAM and DSP peripherals are accessible by the
MPUI and DSP. If both the DSP and the MPUI are accessing the same memory
or peripheral at the same time, priority is given to the DSP. The access is
synchronized to the internal DSP clock. Note that SARAM and the DSP TIPB
peripherals can be accessed by the MPUI both in HOM and SAM. The DARAM
and the EMIF, however, can be accessed by the MPUI only in SAM.

HOM is more efficient than the SAM because no synchronization is involved.
However, the HOM depends on the host operating frequency, which is
normally slower than the internal DSP clock. The system software can switch
between HOM and SAM, or vice versa, if desired., and it is up to the software
to manage the system resources.

Section 5.1.1 through Section 5.1.7 describe the MPUI functions.

51.1 Access Request

If the MPU, OCP-l, and system DMA request access to the DSP
memory/peripherals at the same time, the MPUI gives priority to one of the
three, based on the ACCESS_PRIORITY bits of (MPUI_CONTROL). The
programmable priority scheme must be configured during the system boot
process. When the MPUI initiates an MPUI port access, it must wait until the
access is completed before starting a new one. Pipelining is not supported by
the MPUI.

The MPUI supports 8-, 16-, or 32-bit access requests, even though the
interface from the MPUI to the MPUI port is a 16-bit interface. The MPUI, on
receiving the 32-bit access request from the MPU, OCP-I, or system DMA,
initiates two 16-bit MPUI accesses, one after the other, one with address X and
other with address X + 2. On a 32-bit read access, The MPUI packs the data
from the two transactions and sends a signal to the MPU/OCP-I/system DMA
once the second 16-bit read is completed.

5.1.2 Endian Conversion

Because the MPUI uses little endian ordering and the MPUI port uses big
endian ordering, there is an endianism conversion block between the MPUI
and the MPUI port. This endianism block converts data between the little and
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big endian formats. The swapping logic is controlled by software to have
maximum flexibility to handle different types of data, based on the
BYTE_SWAP_CTL and WORD_SWAP_CTL bits of (MPUI_CONTROL) from
the MPUI.

The ability to turn the endianism on or off makes it more convenient for
peripheral (control) register read/writes. The DSP memory read/write
transactions require conversion of the data, but it is more convenient for the
MPU, OCP-I, and system DMA controller to read and write to registers without
conversion.

The endianism conversion logic only performs byte (8-bit) or 2-byte (16-bit)
swap from big endian to little endian and vice versa without address
manipulation. The swapping mode can be programmed differently according
to information type, information source, and information direction, such as
32-bit or 16-bit data, DSP access, or DSP DMA access and read or write.

Since the MPUI port does not allow accessing with 32-bit data, the MPUI port
logic converts two 16-bit data accesses sequentially when the MPUI accesses
it with 32-bit data. The 2-byte swap is performed during sequential access
conversion.

Table 86 and Table 87 show examples of endian conversion.

Table 86. Data Swap for 32-Bit Access for MPUI Port

32-Bit Accesses BYTE_SWAP_CTL WORD_SWAP_CTL
INPUT DATA AA BB CC DD AA BB CC DD
OUTPUT DATA DD CC BB AA CC DD AA BB

Table 87. Data Swap for 16-Bit Access for MPUI Port

5.13

SPRU749A

16-Bit Accesses BYTE_SWAP_CTL WORD_SWAP_CTL
INPUT DATA 00 11 00 11
OUTPUT DATA 11 00 00 11

MPUI Strobe and Access Factor

The MPUI output strobe is an internal signal used to enable bus transactions
between the MPUI and the MPUI port. The strobe active (low) pulse defines
the beginning and end of a transaction. Because the MPUI may be required
to communicate (through the MPUI port) with peripherals of varying speeds,
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a means to adjust the MPUI output strobe timing is available (in between the
MPUI and the MPUI port. The strobe active (low) pulse defines the beginning
and end of a transaction. Because the MPUI may be required to communicate
(through the MPUI port) with peripherals of varying speeds, the beginning and
end of a transaction. Because the MPUI may be required to communicate
(through the MPUI port) with peripherals of varying speeds, a means to adjust
the MPUI output strobe timing is available (in HOM).

To allow slow peripherals to answer, it is possible to stretch an access over
2*n MPUI clock cycles using the ACCESS FACTOR bits in
(MPUI_CONTROL). The peripheral then has n clock cycles to answer
(n cycles the strobe is high; n cycles the strobe is low). Note that the MPUI
clock referenced here is the input clock reference to the MPUI module
generated from the clock and reset management module. The clock rate for
the MPUI is fixed to the same value as that of the OMAP 3.2 traffic controller
module. For more detail, see Section 4, Clock Generation and Reset
Management.

514 MPUI Port RAM Access

In HOM, only the MPU, system DMA or OCP-I can access the SARAM through
the MPUI. Although the entire SARAM is accessible, the MPU must first set
the accessible size of the SARAM. The API_SIZE bit field in the register
(DSP_MPUI_CONFIG) sets the size using the formula, (integer value of
API_SIZE * 8K bytes), starting from the first SARAM block. For detail on
available SARAM memory space and SARAM start addresses, see the
memory map in chapter 10. For detail on the translation of DSP internal
(logical) addresses into OMAP (physical) addresses, see OMAP5912
Multimedia Processor DSP Sybsystem Reference Guide (literature number
SPRU750).

The host can not access the SARAM before releasing the MPU reset. After
releasing the MPU reset and before releasing the DSP reset, the DSP is in
HOM and all the SARAM is accessible only by the host as the default
API_SIZE value is OxFFFF. Then the (DSP_MPUI_CONFIG) can be
programmed to give the host exclusive access to a portion or to all the SARAM.
After the DSP reset is released, the DSP is automatically changed to SAM;
consequently, whatever the value of the (DSP_MPUI_CONFIG) , all the
SARAM is shared between the DSP and the host. DSP_MPUI_CONFIG must
be set when the ARM_RSTCT1.DSP_RST register bit is 0, and when MPU
reset is deasserted. If DSP_MPUI_CONFIG changes while the
ARM_RSTCT1.DSP_RST bit is 1, then ARM_RSTCT1.DSP_RST must be
cleared to 0 again before the new DSP_MPUI_CONFIG value can take effect.”
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InHOM, the SARAM memory requests are completely asynchronous relative
to the DSP clock. Therefore, memory accesses can be performed without
resynchronization, allowing faster communication between MPU/system
DMA/OCP-1 and SARAM. Any access to DARAM or EMIF causes a bus error.

In SAM, both DSP and MPU/system DMA/OCP-I can access the entire
SARAM, DARAM, and EMIF (if API_SIZE in DSP_MPUI_CONFIG register
equals OxFFFF, the DSP can not access the SARAM). The DARAM is located
at the byte address range from 0x000000 to OXOOFFFF in DSP memory space.
In this mode, the asynchronous host accesses from the MPUI are
resynchronized on the DSP clock internally in the MPUI port logic. In case of
conflict between MPUI and DSP accesses (MPUI and DSP attempt to access
same memory block), the DSP has the priority and the MPUI access is not
acknowledged and is delayed by one or several cycles. Nevertheless, if an
MPUI cycle begins before a DSP request, the cycle is finished before
recognizing the DSP.

5.1.5 Peripheral Access

In HOM, only the MPU/system DMA/OCP-I can access the DSP shared
peripherals. To determine the addresses of the peripherals. Peripherals
requests are completely asynchronous relative to DSP clocks. Therefore,
peripherals accesses can be performed without any wait states, allowing
faster communication between the MPU and peripherals. In the HOM, the
MPUI port is a simple bridge between MPU and DSP TIPB bridge for the
address, data, and control signals. The ACCESS FACTOR bits of
(MPUI_CONTROL) control the access clock that synchronizes the transfer
between the MPUI and the MPUI port.

In SAM, both the DSP and the MPU/system DMA/OCP-I can access the DSP
peripherals. However, MPU/system DMA/OCP-I can access only the DSP
shared peripherals, and any MPUI access to DSP private peripherals causes
a time-out error.

In SAM, the asynchronous host accesses from the MPU/system DMA/OCP-I
are resynchronized internally in the DSP logic. In case of conflict between
MPUI and DSP accesses (MPUI and DSP attempt to access same peripheral),
the DSP has the priority and the MPUI waits one or several cycles.
Nevertheless, if a MPUI transfer begins before a DSP request, the access is
completed before recognizing the DSP.

5.1.6 MPUI and DSP TIPB Bridge Time-Out

When operating in HOM, an MPUI access time-out limits the maximum time
a peripheral can stall the processor. When starting an access on the DSP
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TIPB, the time-out counter is loaded with the value programmed in the
TIMEOUT bits of (MPUI_CONTROL). If the current cycle is not finished when
the counter reaches 0, the MPUI terminates the access and an abort exception
is generated to the MPU/system DMA/OCP-I. The maximum value for time-out
is 256 MPUI clock cycles. Therefore, if the MPUI clock is 50 MHz (equal to the
traffic controller clock frequency setting), maximum timeout is 256 x 20 ns, or
5.12 ps. The time-out can be disabled with the value of 0 for debug and test
purposes.

In SAM, MPUI time-out is disabled automatically to avoid time-out conflict with
DSP TIPB bridge time-out. In SAM, the DSP TIPB bridge can time-out a
peripheral access if a predetermined period has elapsed and no response has
been received from the peripheral. The DSP TIPB bridge generates a time-out
error to MPUI through the MPUI port.

5.1.7 Debug

Three registers are provided for debug capability: (DEBUG_ADDRESS),
(DEBUG_DATA), and (DEBUG_FLAG).

(1 (DEBUG_ADDRESS) indicates the location of a malfunction. If an access
is aborted or has a size mismatch, the address of the access is saved in
(DEBUG_ADDRESS).

(1 (DEBUG_DATA) stores the data of the malfunction. If a read access has
a size mismatch, the read value is saved into (DEBUG_DATA). However,
the value in this register is irrelevant when the read access is aborted.
When a write access is aborted or has a size mismatch, the write value is
saved in (DEBUG_DATA).

[ The cause of a malfunction is always reported to (DEBUG_FLAG). This
register also shows which host (MPU/system DMA/or OCP-I) is
responsible for the abort.

5.2 MPUI Port

The MPUI port is an interface between DSP resources and the MPUI. The
MPUI port accesses the MPUI port RAM via the DSP DMA, and it accesses
the DSP shared peripherals via the DSP TIPB bridge.

Section 5.2.1 through Section 5.2.8 describe the MPUI port functions.

521 Access Modes

The MPUI port offers HOM and SAM based on the DSP resource. The modes
are as follows:
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HOM_M (host only for SARAM access)

HOM_R (host only for DSP TIPB access)

SAM_M (shared access for SARAM, DARAM, EMIF access)
SAM_R (shared access for DSP TIPB access)

Only the DSP can select HOM or SAM. This is controlled by the SMOD bits of
(APIRS). Note that the MPU cannot write these bits, but it can read these bits.

Since SMOD has two bits, the following four mode combinations are available:

[ SAM for DSP memory and TIPB. The host and the DSP can access the
SARAM, DARAM, EMIF, and DSP TIPB peripherals.

(1 SAM for DSP memory and HOM for DSP TIPB. Only by the host can
access the DSP TIPB peripherals via the DSP TIPB bus. The DSP is
denied access to all the peripherals. SARAM, DARAM, and EMIF are
accessible by the host and the DSP.

(1 HOM for DSP memory and SAM for DSP TIPB. The host can configure the
SARAM for its exclusive access. The DSP can only access the
nonexclusive part of SARAM. The DSP TIPB peripherals are accessible
by the host and the DSP.

(1 HOM for DSP memory and TIPB. The host can configure the SARAM for
its exclusive access. The DSP can only access the nonexclusive part of
SARAM. Only the host can access the DSP TIPB peripherals.

When the DSP reset is activated, HOM_M and HOM_R are automatically
selected. Thus, only the host can access the SARAM and DSP TIPB
peripherals at DSP reset. This allows programs or data to be downloaded to
SARAM to configure peripherals even during reset. When the DSP reset is
released, SAM_M and SAM_R are automatically selected. Thus, the host and
the DSP can access the SARAM, DARAM, EMIF, and DSP TIPB peripherals.

Memory Accesses in HOM

In HOM_M mode, only the MPU/system DMA/OCP-I can exclusively access
the specified portion of SARAM with its range controlled by the API_SIZE bits
of (DSP_MPUI_CONFIG). Memory requests are completely asynchronous
relative to the DSP clock. Therefore, memory accesses can be performed
without any wait states, allowing faster communication between MPUI and
SARAM. In HOM, the MPUI port is a simple bridge between MPU/system
DMA/OCP-I and SARAM memory bank for the address, data, and control
signals.
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5.2.3 Memory Accesses in SAM

When the MPUI port is in SAM_M mode, both the DSP and the MPU/system
DMA/OCP-I can access the SARAM, DARAM, and EMIF. In this mode, the
asynchronous host accesses from the MPU/system DMA/OCP-lI are
resynchronized on the DSP clock internally in the MPUI port logic. In case of
conflict between the MPU/system DMA/OCP-I and the DSP accesses (i.e., the
MPU/system DMA/OCP-I and the DSP attempt to access same memory
block), the DSP has the priority and the MPU/system DMA/OCP-I access is
not acknowledged and is delayed by one or more cycles.

However, if an MPU/system DMA/OCP-I transfer has started before the DSP
request is received, the MPU/system DMA/OCP-| transfer is completed before
the DSP access is initiated.

524 Peripheral Accesses in HOM

In HOM_R mode, only the MPU/system DMA/OCP-I can access the DSP
shared peripherals and peripheral requests are completely asynchronous to
DSP clock. Therefore, peripheral accesses can be performed without any
resynchronization, allowing for faster communication between the
MPU/system DMA/OCP-I and the peripherals. In this mode, the MPUI port is
a simple bridge between the MPU/system DMA/OCP-I and the DSP TIPB
bridge for the address, data, and control signals.

[0 Any DSP access to the shared peripherals generates a bus error from the
DSP TIPB bridge.

(1 An MPUI access to a DSP private peripheral causes a time-out error.

5.2.5 Peripheral Accesses in SAM

When the MPUI port is in SAM_R mode, both the DSP and the MPU/system
DMA/OCP-I can access the peripherals. In this mode, the asynchronous host
accesses from the MPU/system DMA/OCP-| are resynchronized internally in
the MPUI port logic. In case of conflict between the MPU/system DMA/OCP-I
and the DSP accesses (i.e. the MPU/system DMA/OCP-I and the DSP attempt
to access the same peripheral at the same time), the DSP has the priority and
the MPU/system DMA/OCP-I waits one or more cycles.

However, if an MPU/system DMA/OCP-I transfer has begun before a DSP
request is received, the MPU/system DMA/OCP-I transfer is completed before
the DSP access is initiated. The goal is to ensure a smooth transition, with no
spurious reads or writes and no lost reads or writes.

5.2.6 Posted Write Mode

System performances can be enhanced by enabling the posted write mode
when the MPUI port RAM and DSP TIPB are in SAM. The MPU/system
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DMA/OCP-I write accesses are released before the write completion on the
peripheral side. The MPU/system DMA/OCP-I is then free to carry on with the
next access and the posted writes run as slots become available. This
functionality can be turned off to aid in debugging, because when write posting
is enabled it becomes difficult to attribute a bus error to a particular access.
Only the MPU has full control over the posted write enable bits
(ENA_WPOST_APIRAM and ENA_WPOST_TIPB in (APIRS)). At reset,
posted write is inactive (0), but, when active, the posted write mode is selected
for memory and peripheral accesses. Posted writes do not slow down the host;
this is useful because in SAM, the DSP has the priority. When the transition
from SAM to HOM is issued, it occurs after any outstanding posted writes are
completed.

There are two sources of bus error for the MPUI port: the MPUI port itself and
the DSP TIPB bridge. (DEBUG_FLAG) stores these bus errors.

The DSP TIPB bridge limits the time allowed for any peripheral bus
transaction. The DSP TIPB bridge can terminate a peripheral bus transaction
if a predetermined period of time has elapsed and no response has been
received from the peripheral. In this case the DSP TIPB bridge issues an abort
to the MPU via the MPUI port.

The DSP TIPB bridge can also issue an abort to MPU when the MPU/system
DMA/OCP-I addresses a peripheral in the wrong mode (performing an 8-bit
access to a 16-bit peripheral or vice versa).

The MPUI port issues an abort to the MPU upon detecting an incorrect bus
transaction, such as two chip-selects being active at the same time. A second
source of bus error in the MPUI port occurs when a write-only register, such
as the interrupt register, is read. The same is true if a read-only register is
written.

The DSP can send one interrupt to the MPU. This is done by setting the
corresponding bit in (ST3) (bit 12 of status register 3 of TMS320C55x
DSP—see TMS320C55x functional specification) to active-low.

Similarly, the MPU can interrupt the DSP, and eight DSP interrupt request lines
are mapped. An interrupt is generated when the MPU writes a 0 to any of the
MCU_IRQ[7:0] bits of (APIRI). These bits are written only by the MPU or
OCP-I.
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5.3 MPUI Port and MPUI Registers

This section provides information about the MPUI port and MPUI registers.
Table 88 lists the 16-bit MPUI port registers. Table 89 and Table 90 describe
the register bits.

Table 88. MPUI Port Registers

Base Address = 0xE102 0000

Name Description R/W Offset
APIRI MPUI port interrupt R/W 0x00
APIRS MPUI port control/status R/W 0x02

Table 89. MPUI Port Interrupt Register (APIRI)

Base Address = 0xE102 0000, Offset = 0x00
Bit Name Function R/W Reset

15:8 Reserved

7.0 MPU_IRQ [7:0] Interrupt flag register for interrupts from the MPU/OCP-I W by OxFF
to the DSP. Active low. MPU/system
DMA/OCP-I

Only the host can set these bits. A DSP interrupt is
generated when the MPU writes a zero to the MPU_IRQ No access
bits. MPU_IRQ is automatically reset by MPUI port by DSP
internal logic.

Table 90. MPUI Port Control/Status Register (APIRS)

Base Address = 0xE102 0000, Offset = 0x02
Bit Name Function R/W Reset

15:4 Reserved

3 ENA_WPOST_ Enables posted write for writes to the MPUI port R/W by 0
APIRAM RAM. Available in SAMs only. I\D/I,\j%éyét;rln
0: Posted write disabled. i
. ; No access
1: Posted write enabled. by DSP
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Base Address = 0xE102 0000, Offset = 0x02

Bit Name Function Reset
2:1 SMOD [1:0] HOM or SAM setting for MPUI port RAM and DSP R by 11
TIPB peripherals. MPU/system
00: SAM for MPUI port RAM and DSP TIPB. DSP DMA/OCP-I
and MPU/system DMA/OCP-I can access MPUI port  R/W by DSP
RAM and DSP TIPB.
01: HOM for DSP TIPB: DSP TIPB peripherals are
accessible from MPU/system DMA/OCP-I only, SAM
for MPUI port RAM.
10: HOM for MPUI port RAM: MPUI port RAM is
accessible from MPU/system DMA/OCP-I only, SAM
for DSP TIPB peripherals.
11: HOM for MPUI port RAM and DSP TIPB: MPUI
port RAM and DSP TIPB are accessible from MPU
only. A DSP write to host only resources is not
performed, and any DSP read or write results in an
abort.
0 ENA_WPOST_ Enables posted write for writes to the DSP TIPB R/W by 0
peripherals. Available in SAMs only. MPU/system
TiPB DMA/OCP-I
0: Posted write disabled. i
) . No access
1: Posted write enabled. by DSP
5.3.1 MPUI Registers
All MPUI registers are 32-bit and are accessible only by MPU/system
DMA/OCP-I. Read access can be performed in the user mode. Table 91 lists
the 32-bit MPUI registers. Table 92 through Table 101 provide register bit
descriptions.
Table 91. MPUI Registers
Base Address = OxFFFE C900
Name Description R/W Offset
MPUI_CONTROL MPUI Control register R/W 0x00
DEBUG_ADDRESS Debug address register R/W 0x04
DEBUG_DATA Debug data register R/W 0x08
DEBUG_FLAG Debug flag register R/W 0x0C
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Table 91. MPUI Registers (Continued)

Base Address = OxFFFE C900

Name Description R/W Offset
MPUI_STATUS MPUI status register R/W 0x10
DSP_STATUS DSP status register R/W 0x14
DSP_BOOT_CONFIG DSP boot configuration register R/W 0x18
DSP_MPUI_CONFIG MPUI port RAM configuration register R/W 0x1C
DSP_MISC DSP miscellaneous R/W 0x20
MPUI_ENHANCED_ MPUI enhanced control register R/W 0x24
CTRL

Table 92. MPUI Control Register (MPUI_CONTROL)

Base Address = OxFFFE C900, Offset = 0x00

Bit Name

Function R/W

Reset

31:23 Reserved

22:21 WORD_SWAP_CTL

20:18 ACCESS_PRIORITY

Bits to control word (16-bit swap) between MPUI and R/W
MPUI port for a 32-bit access:

00: Word swap for all accesses (OMAP 3.0)

01: Word swap only for DSP TIPB peripheral and
MPUI port control/ status register accesses

10: Word swap only for MPUI port RAM accesses
11: Turn off word swap for all accesses.

MPUI access priority between MPU, OCP-I, and R/W
system DMA requests:

(Note: The lower the number, the higher the priority)
000: MPU —- 1 DMA —» 2 OCP-l — 3

001: MPU —- 1 DMA — 3 OCP-l — 2

010: MPU —- 2 DMA — 1 OCP-1 - 3

011: MPU - 2 DMA - 3 OCP-l > 1

1X0: MPU — 3 DMA — 1 OCP-1 — 2

1X1: MPU - 3DMA - 2 OCP-l > 1

00

000

Note:  For 32-bit words, enabling byte swaps with BYTE_SWAP_CTL does the following: (1) performs a 16-bit word swap, (2)

within those 16-bit words,

a byte swap occurs.
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Table 92. MPUI Control Register (MPUI_CONTROL) (Continued)

Base Address = OxFFFE C900, Offset = 0x00

Bit Name

Function R/W

Reset

17:16 BYTE_SWAP_CTL

15:8 TIMEOUT

7:4  ACCESS_FACTOR

Bits to control byte swap between MPUI and MPUI R/W
port (see note below):

00: Turn off byte swap for all accesses

01: Byte swap only for DSP TIPB peripheral and MPUI
port control/ status register accesses

10: Byte swap for all accesses

11: Byte swap only for MPUI port RAM accesses

MPUI port peripherals access time-out. R/W

When starting a HOM access to a DSP TIPB
peripheral, the time-out counter is loaded with this
value. If the current access is not finished when the
counter reaches 0, the cycle is aborted and abort
indications are given to the MPU/OCP-I/system DMA.

Maximum value for time-out is 255.

Note: TIMEOUT setting in MPUI is applicable only for
HOM peripheral accesses.

Division factor of MPUI output strobe signal from R/W
MPUI. Allows access of slow peripherals by reducing

the access frequency (extending active low pulse) of

the internal signal used to enable bus transactions

between MPUI and MPUI port.

Access factor = 0: Equivalent to access factor = 1.

Access factor # 0: Number of MPUI clock periods that
the MPUI output strobe remains active (low) waiting for
MPUI port to return a ready-to-send-or- receive-data
signal.

Note: Access factor setting in MPUI is applicable only
for HOM memory/peripheral accesses.

11

OxFF

Ox1

Note:  For 32-bit words, enabling byte swaps with BYTE_SWAP_CTL does the following: (1) performs a 16-bit word swap, (2)
within those 16-bit words, a byte swap occurs.
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Table 92. MPUI Control Register (MPUI_CONTROL) (Continued)

Base Address = OxFFFE C900, Offset = 0x00

Bit

Name Function R/W

Reset

3

2

1

0

API_ERR_EN Send MPUI port abort. R/W

0: Mask the abort

1: An abort signal is forwarded by MPUI to the MPU for
an aborted MPUI port transaction.

API_ERR_EN only affects MPUI port aborts. It does
not enable/disable aborts to MPU/OCP-I/system DMA
for aborts generated directly by MPUI. For instance, a
timeout-generated abort in the MPUI is not affected by
API_ERR_EN setting.

Reserved

TIMEOUT_EN Enable or disable TIMEOUT functionality as R/W
characterized by register bits (15:8).

0: Do not enable TIMEOUT functionality.
1: Enable TIMEOUT functionality.

Reserved RIW

1

Note:  For 32-bit words, enabling byte swaps with BYTE_SWAP_CTL does the following: (1) performs a 16-bit word swap, (2)

within those 16-bit words, a byte swap occurs.

Table 93. Debug Address Register (DEBUG_ADDRESS)

Base Address = OxFFFE C900, Offset = 0x04

Bit Name Function R/W Reset
31:24 Reserved
23:0 ADR_SAV Bits 23 down to 0 of address bus from MPU, OCP-| R OXFFFFFF
or system DMA interface are saved when abort or
access size mismatch occurs.
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Table 94. Debug Data Register (DEBUG_DATA)

Base Address = OXFFFE C900, Offset = 0x08

Bit Name

Function R/W

Reset

31:0 DATA_SAV

The value of MPU/OCP-I/system DMA data input R OXFFFFFFFF

bus is saved when a read access has a size
mismatch, and the MPU data output bus is saved
when a write access is aborted or has a size
mismatch. If a read access is aborted, the value of
this register is irrelevant.

Table 95. Debug Flag Register (DEBUG_FLAG)

Base Address = OxFFFE C900, Offset = 0x0C

Bit Name

Function R/W

Reset

31:15 Reserved

14:13 HOST_ID

12:11 SMOD_SAV

10:9 CS_SAV

R/W

Indicates the host responsible for the abort R
00: MPU

01: System DMA

10: OCP-I

11: Reserved

Encoded access mode for MPUI port. R

00: Shared access MPUI port RAM, shared access
peripheral

01: Shared access MPUI port RAM, host only access
peripheral

10: Host only access MPUI port RAM, shared access
peripheral

11: Host only access MPUI port RAM, host only

access peripheral

Indicates the transaction chip-select on abort. R
01: MPUI port memory chip-select

10: DSP TIPB peripheral or MPUI port control register
(depending upon address value for the aborted
transaction)

0x0000

00

11

00
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Table 95. Debug Flag Register (DEBUG_FLAG) (Continued)

Base Address = OxFFFE C900, Offset = 0x0C

Bit

Name

Function R/W

Reset

8.6

BURST_SIZE_SAV

RNW_SAV

BYTE_SAV

BURST_SIZE_ERR

TIMEOUT_ERR

API_ERR

ABORT_FLAG

System bus data burst size indicated from MPU core R
on abort. Can be used in conjunction with
BURST_SIZE_ERR flag bit.

Valid OMAP 3.2 burst size values:
000: One data burst (single-access)
011: Four-data burst

Since MPUI port supports single-access only, a 000
value is expected; otherwise, an abort is generated.

Indicates read or write transaction on the MPUI upon R
abort.

0: Write transaction

1: Read transaction

Data width of the MPUI port access upon abort. Note R
that the MPUI handles 32-bit accesses from
MPU/OCP-I/system DMA as successive 16-bit

transactions to fit the 16-bit interface of the MPUI port.

0: 8-bit access

1: 16-bit access

Flag set to 1 when the system bus data burst size R
indicated from the MPU core is not 000. Because

MPUI port supports single-access only, a 000 value is

always expected. The value of the burst indicated by
MPU core is saved in bits (8:6).

When read, this bit is reset to 0.

Flag set to 1 when MPUI access is aborted by internal R
timeout.

When read, this bit is reset to 0.

Flag set to 1 when MPUI port aborts access. R

When read, this bit is reset to 0.

Flag set to 1 when MPUI access is aborted. R

When read, this bit is reset to 0.

000
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Table 96. MPUI Status Register (MPUI_STATUS)

Base Address = OxFFFE C900, Offset = 0x10

Bit Name

Function R/W

Reset

31:13 Reserved

12:11  ACCESS_STATUS

10:3 TIMEOUT_VAL

2 CS_EN

1 ACCESS_DONE

0 HOMNSAM_FLAG

R/W

Current access in progress is: R
00: MPU access

01: System DMA access

10: OCP-Il access

11: No access
Current value of timeout counter R

MPUI busy status. R

0: MPUI is busy executing a transaction or host/shared
mode switch. All new MPU/OCP-I/system DMA
accesses must wait until CS_EN is 1.

1: A new access may be started in the MPUI.

MPUI access status (similar to CS_EN, without mode R
switch indication)

0: MPUI is accessing MPUI port.

1: No access in progress; last access is completed.

Current access mode when ACCESS_DONE =0, or R
last access mode when ACCESS_DONE = 1.

0: SAM
1: HOM

0x0000

11

OxFF

Table 97 describes (DSP_STATUS) bits. For debug purposes, this register
stores the state of several signals internal to the DSP subsystem. Values are
captured at each MPUI clock cycle.

Table 97. DSP Status Register (DSP_STATUS)

Base Address = OXFFFE C900, Offset = 0x14

Bit Name Function R/W Reset
31:12 Reserved R 0x0000
11 HRHOMNSAM Reflects DSP HOM or SAM setting for DSP TIPB R 0
10 HAHOMNSAM Reflects DSP HOM or SAM setting for MPUI port RAM R 0
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Table 97. DSP Status Register (DSP_STATUS) (Continued)

Base Address = OxFFFE C900, Offset = 0x14

Bit Name Function R/W Reset

9 PENRESETDPLL Reflects level of asynchronous reset in the DSP R 0
(controlled by emulation)

8 PEIDLE7 Idle peripherals flag. Reflects bit 7 of (ISTR) from the R 0
DSP.

7 PEIDLEG6 Idle peripherals flag. Reflects bit 6 of (ISTR) from the R 0
DSP.

6 PEIDLEDPLL Idle DPLL flag. Reflects bit 4 of (ISTR) from the DSP. R 0

5 PEIDLEPERIPH Idle peripherals flag. Reflects bit 3 of (ISTR) from the R 0
DSP.

4 CPUIACK Reflects level of Interrupt acknowledged signal from R 0
the DSP.

3 CPUAVIS Reflects bit 4 from (DSP_STATUS). R 0

2 CPUXF Reflects level of XF output from (DSP_STATUS). R 0

1 RESET_MCU Reflects level of the secondary DSP subsystem reset R 0

originating from the MPU (active low). Signal used to
reset the DSP TIPB interrupt priority encoder, the
EMIF configuration registers, and the MPUI port
control logic.

0 RESET Reflects level of DSP subsystem master reset (active R 0
low). Signal used to reset the entire DSP subsystem
except for the DSP TIPB interrupt priority encoder, the
EMIF configuration registers, and the MPUI port
control logic.

Table 98. DSP Boot Configuration Register (DSP_BOOT_CONFIG)

Base Address = OxFFFE C900, Offset = 0x18

Bit Name Function R/W Reset
31:16 Reserved R/W 0x0000
15:10 BOOT_RHEA_PTR2 User-defined pointer that can be used for R/W 000000

application-specific boot code location
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Table 98. DSP Boot Configuration Register (DSP_BOOT_CONFIG) (Continued)

Base Address = OxFFFE C900, Offset = 0x18

Bit Name Function R/W Reset
9:4 BOOT_RHEA PTR1 User-defined pointer that can be used for R/W 000000
application-specific boot code location

3.0 DSP_BOOT_MODE DSP boot mode inputs. R/W 0000

Table 99. MPUI Port RAM Configuration Register (DSP_MPUI_CONFIG)
Base Address = OxXFFFE C900, Offset = 0x1C

Bit Name Function R/W Reset
31:16 Reserved R/W 0x0000

15:0 APIL_SIZE Grants the MPUI exclusive access to the specified R/W OXFFFF

portion of DSP SARAM in HOM. For details on
SARAM configuration, see Table 102

Table 100 describes the DSP miscellaneous register bits. For debug
purposes, this register stores the state of the BION signal (internal to the DSP

subsystem). State is captured at each MPUI clock cycle.

Table 100. DSP Miscellaneous (DSP_MISC)

Base Address = OXxFFFE C900, Offset = 0x20

Bit Name Function R/W Reset
31:9 Reserved R/W 0x0000
8 CPUBION Reflects level of BION signal to DSP subsystem R 0
7:0 Reserved R/W 0x00
Table 101. MPUI Enhanced Control Register (MPUI_ENHANCED_CTRL)
Base Address = OXFFFE C900, Offset = 0x24
Bit Name Function R/W Reset
31:1 Reserved R/W 0x0000
0 DPS_EN When 1, dynamic power saving (DPS) mode is R/W 0
enabled.
Otherwise, DPS is disabled.
When DPS is enabled, the MPUI clock is turned off
when there is no active request from the
MCU/DMA/OCPI.
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Table 102. DSP SARAM Configuration Map

API SIZE SARAM | SARAM | SARAM | SARAM | SARAM | SARAM | SARAM | SARAM
28 24 20 16 12 8 4 0
0x0000-0x0001 0000 0000 0000 0000 0000 0000 0000 0000
0x0002-0x0003 0000 0000 0000 0000 0000 0000 0000 0001
0x0004-0x0005 0000 0000 0000 0000 0000 0000 0000 0011
0x0006-0x0007 0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000 0111
0x0008-0x0009 0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000 1111
0x000A—-0x000B 0000 0000 0000 0000 0000 0000 0001 1111
0x000C-0x000D 0000 0000 0000 0000 0000 0000 0011 1111
0x000E—-0x000F 0000 0000 0000 0000 0000 0000 0111 1111
0x0010-0x0011 0000 0000 0000 0000 0000 0000 1111 1111
0x0012-0x0013 0000 0000 0000 0000 0000 0001 1111 1111
0x0014-0x0015 0000 0000 0000 0000 0000 0011 1111 1111
0x0016-0x0017 0000 0000 0000 0000 0000 0111 1111 1111
0x0018-0x0019 0000 0000 0000 0000 0000 1111 1111 1111
0x001A-0x001B 0000 0000 0000 0000 0001 1111 1111 1111
0x001C-0x001D 0000 0000 0000 0000 0011 1111 111 1111
0x001E-0x001F 0000 0000 0000 0000 0111 111 1111 111
0x0020-0x0021 0000 0000 0000 0000 1111 1111 1111 111
0x0022-0x0023 0000 0000 0000 0001 1111 1111 1111 1111
0x0024-0x0025 0000 0000 0000 0011 1111 1111 1111 1111
0x0026-0x0027 0000 0000 0000 0111 1111 1111 1111 1111
0x0028-0x0029 0000 0000 0000 1111 1111 1111 1111 1111
0x002A-0x002B 0000 0000 0001 1111 1111 1111 1111 1111
0x002C-0x002D 0000 0000 0011 1111 1111 1111 1111 1111
0x002E-0x002F 0000 0000 0111 1111 1111 1111 1111 1111
0x0030-0x0031 0000 0000 1111 1111 1111 1111 1111 1111
0x0032-0x0033 0000 0001 1111 1111 1111 1111 1111 1111
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Table 102. DSP SARAM Configuration Map (Continued)

API SIZE SARAM | SARAM | SARAM | SARAM | SARAM | SARAM | SARAM | SARAM
28 24 20 16 12 8 4 0
0x0034-0x0035 0000 0011 1111 1111 1111 1111 1111 1111
0x0036-0x0037 0000 0111 1111 1111 1111 1111 1111 1111
0x0038-0x0039 0000 1111 1111 1111 1111 1111 1111 1111
0x003A-0x003B 0001 1111 1111 1111 1111 1111 1111 1111
0x003C-0x003D 0011 1111 1111 1111 1111 1111 1111 1111
0x003E-0x003F 0111 1111 1111 1111 1111 1111 1111 1111
0x0040-OTHERS 1111 1111 1111 1111 1111 1111 1111 1111

This table decodes API_SIZE value into the exclusively accessible portion of
SARAM. The SARAM has 32 blocks (SARAMO through SARAM31) on 2 KB
boundaries.

The exclusively accessible memory (host-only RAM) is marked with a 1, and
nonexclusively accessible memory (shared access RAM) is marked with a 0.

5.4 DSP Endianism Register

Note that this reigster is part of the Traffic Controller block.

Table 103. DSP Endianism Register (DSP_ENDIAN_CONV)

Address = OxFFFE CC34

Bit Name Function R/W Reset
31:2 Reserved Reserved R ND
1 SWAP 0: Byte swap R/W 0

1: Word swap
0 EN 0: Disables DSP Endianism conversion R/W 0

1: Enables DSP Endianism conversion

This register controls endianism for all DSP accesses through the traffic

controller.
6 Mailboxes
6.1 Mailbox Registers
(1 The MPU/DMA/OCP-I uses the following registers to communicate with
the DSP:
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B MPU2DSP1A and MPU2DSP1B for mailbox1
B MPU2DSP2A and MPU2DSP2B for mailbox2
The sequence is as follows:

B An interrupt for the DSP is generated when the MPU/DMA/OCP-I
writes to the second register; that is, MPU2DSP1B or MPU2DSP2B.
Writing to the first registers MPU2DSP1A or MPU2DSP2A does not
generate an interrupt.

B Once an interrupt has been set up, registers associated with this
mailbox interrupt are locked until DSP clears the interrupt flag by
reading the second register. For example, when MPU2DSP1B is
written by the MPU, the MPU can write to neither MPU2DSP1A or
MPU2DSP1B until the DSP clears the interrupt flag by reading
MPU2DSP1B.

[ The DSP uses the following registers to communicate with the MPU:
B DSP2MPU1A and DSP2MPU1B for mailbox1
B DSP2MPU2A and DSP2MPUZ2B for mailbox2

6.1.1 Mailbox Interrupts

Each mailbox interrupt is also associated to an interrupt flag bit (INT) which is
set to 1 when the interrupt is pending. The four flag registers are as follows:

(1 MPU flag registers:
B MPU2DSP1_FLAG
B MPU2DSP2_FLAG

[ DSP flag registers:
B DSP2MPU1l FLAG
B DSP2MPU2_FLAG

These flag registers reflect only the state of the mailbox; a write into them has
no effect.

The interrupt flag register is set to 1 whenever a write is detected in the second
register of a mailbox. This interrupt flag is cleared whenever a read is detected
on the second data register, by the interrupted processor, of a mailbox interrupt
(see Section 6.2, Registers, for details).

When the interrupt flag has been set up by a processor, this processor can
write to neither of the registers associated with that mailbox interrupt until the
other processor cleans the interrupt flag.
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For example, if the MPU sets MPU2DSP1_FLAG by writing to MPU2DSP1B,
the MPU has no write access to MPU2DSP1A or MPU2DSP1B until the DSP
clears the interrupt flag by reading the MPU2DSP1B.

Because a processor cannot write to registers associated with an interrupt
after the interrupt flag has been set up, both processors must write the data
or command that needs to be communicated before setting the interrupt flag
register. For example, MPU2DSP1A must be written to before the
MPU2DSP1B, and so on.

If the interrupt flag is not cleared and a processor tries to write to the associated
mailbox register, then the write is ignored. Also, the TIPB bridge generates an
abort (time-out abort), and the program returns to the processor to continue
its normal mode of execution. Even though the interrupt flag is not cleared, the
processor can read its own registers.

Mailbox Software

You should program the mailbox registers so the following sequence of steps
occurs in the specified sequence. These steps are for using the mailbox to
communicate from the MPU to the DSP; the programmed sequence to
communicate from the DSP to the MPU is the same.

1) The MPU enables the MPU2DSP1 mailbox interrupt and configures the
mailbox interrupt as level-sensitive in the interrupt handlers.

2) The MPU writes to MPU2DSP1A and MPU2DSP1B.

3) Writing to MPU2DSP1B sets MPU2DSP1_FLAG.INT = 1 and generates
an interrupt toward the DSP.

4) The MPU can now poll MPU2DSP1_FLAG. As long as this register is set
(it has a value of 1), the DSP has not cleared the interrupt and the MPU
cannot generate the next mailbox interrupt.

5) The DSP services this interrupt in an interrupt service routine.
MPU2DSP1_FLAG is cleared when the DSP reads from MPU2DSP1B.
Note that reading by the MPU does not clear MPU2DSP1_FLAG.

6) The MPU can generate the next interrupt by writing MPU-to-DSP mailbox
registers, after MPU2DSP1_FLAG has been cleared.

Masking a mailbox interrupt does not disable that interrupt. If a mailbox
interrupt is generated while it is masked, it remains pending until the mask is
removed, when the interrupt becomes an active interrupt. To clear a masked
interrupt, appropriate mailbox registers must be read.
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6.2 Registers

All these registers are 16-bit aligned on a 32-bit address boundary. The
DSP-to-MPU mailbox registers are written by the DSP and read by the
MPU/DMA/OCP-I, while the MPU-to-DSP mailbox registers are written by the
MPU/DMA/OCP-I and read by the DSP. Table 104 lists the mailbox registers.
Table 105 through Table 116 provide register bit descriptions.

Table 104. Mailbox Registers

Base Address = OxFFFC FO00

Name Description R/W Offset
MPU2DSP1A MPU to DSP mailbox 1A R/W 0x00
MPU2DSP1B MPU to DSP mailbox 1B R/W 0x04
DSP2MPU1A DSP to MPU mailbox 1A R/W 0x08
DSP2MPU1B DSP to MPU mailbox 1B R/W 0x0C
DSP2MPU2A DSP to MPU mailbox 2A R/W 0x10
DSP2MPU2B DSP to MPU mailbox 2B R/W 0x14
MPU2DSP1_FLAG MPU to DSP mailbox 1 flag R 0x18
DSP2MPU1_FLAG DSP to MPU mailbox 1 flag R 0x1C
DSP2MPU2_FLAG DSP to MPU mailbox 2 flag R 0x20
MPU2DSP2A MPU to DSP mailbox 2A R/W 0x24
MPU2DSP2B MPU to DSP mailbox 2B R/W 0x28
MPU2DSP2_FLAG MPU to DSP mailbox 2 flag register R 0x2C

Table 105. MPU to DSP Mailbox 1A Register (MPU2DSP1A)

Base Address = OxFFFC F000, Offset = 0x00
Bit Name Function R/W Reset

15:0 MPU2DSP1A This register stores the data to be shared R/W by MPU/DMA/OCP-I 0x0000
for the MPU-to-DSP interrupt in mailbox 1. R by DSP
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Table 106. MPU to DSP Mailbox 1B Register (MPU2DSP1B)

Base Address = OxFFFC F000, Offset = 0x04
Bit Name Function R/W Reset

15:0 MPU2DSP1B This register stores the data to be shared R/W by MPU/DMA/OCP-I 0x0000
for the MPU-to-DSP interrupt in mailbox 1.
: - R by DSP
The MPU2DSPL1 interrupt is generated to
DSP when this register is written. When
this register is read by DSP,
(MPU2DSP1_FLAG) is reset.

Table 107. DSP to MPU Mailbox 1A Register (DSP2MPU1A)

Base Address = OxFFFC F000, Offset = 0x08
Bit Name Function R/W Reset

15:0 DSP2MPU1A This register stores the data to be shared for R/W by DSP 0x0000
the DSP-to-MPU interrupt in mailbox 1. R by MPU/DMA/OCP-|

Table 108. DSP to MPU Mailbox 1B Register (DSP2MPU1B)

Base Address = OxFFFC F000, Offset = 0x0C
Bit Name Function R/W Reset

15:0 DSP2MPU1B This register stores the data to be shared for R/W by DSP 0x0000
the DSP-to-MPU interrupt in mailbox 1. The
DSP2MPUL1 interrupt is generated to R by MPU/DMA/OCP-I
MPU/DMA/OCP-I when this register is
written. When this register is read by MPU,
(DSP2MPU1_FLAG) is reset.

Table 109. DSP to MPU Mailbox 2A Register (DSP2MPU2A)

Base Address = OxFFFC F000, Offset = 0x10

Bit Name Function R/W Reset

15:0 DSP2MPU2A This register stores the data to be shared for R/W by DSP 0x0000
the DSP-to-MPU interrupt in mailbox 2. R by MPU/DMA/OCP-|
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Table 110. DSP to MPU Mailbox 2B Register (DSP2MPU2B)

Base Address = OxFFFC F000, Offset = 0x14
Bit Name Function R/W Reset

15:0 DSP2MPU2B This register stores the data to be shared for R/W by DSP 0x0000
the DSP-to-MPU interrupt in mailbox 2. The
DSP2MPU2 interrupt is generated to R by MPU/DMA/OCP-I
MPU/DMA/OCP-I when this register is
written. When this register is read by MPU,
(DSP2MPU2_FLAG) is reset.

Table 111. MPU to DSP Mailbox 1 Flag Register (MPU2DSP1_FLAG)

Base Address = OxFFFC F000, Offset = 0x18

Bit Name Function R/W Reset
15:1 Reserved R/W 0x0000
0 INT 0: No interrupt pending R by MPU/DMA/OCP-I 0

1: Interrupt generated No access by DSP

Table 112. DSP to MPU Mailbox 1 Flag Register (DSP2MPU1_FLAG)

Base Address = OxFFFC F000, Offset = Ox1C

Bit Name Function R/W Reset
15:1 Reserved R/W 0x0000
0 INT 0: No interrupt pending R by DSP 0

1: Interrupt generated No access by

MPU/DMA/OCP-I

Table 113. DSP to MPU Mailbox 2 Flag Register (DSP2MPU2_FLAG)

Base Address = OXxFFFC F000, Offset = 0x20

Bit Name Function R/W Reset
15:1 Reserved R/W 0x0000
0 INT 0: No interrupt pending R by DSP 0

1: Interrupt generated No access by

MPU/DMA/OCP-I
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Table 114. MPU to DSP Mailbox 2A Register (MPU2DSP2A)

Base Address = OxFFFC F000, Offset = 0x24
Bit Name Function R/W Reset

15:0 MPU2DSP2A This register stores the data to be shared R/W by MPU/DMA/OCP-I  0x0000
for the MPU-to-DSP interrupt in mailbox 2. R by DSP

Table 115. MPU to DSP Mailbox 2B Register (MPU2DSP2B)

Base Address = OxFFFC F000, Offset = 0x28
Bit Name Function R/W Reset

15:0 MPU2DSP2B This register stores the data to be shared R/W by MPU/DMA/OCP-I 0x0000
for the MPU-to-DSP interrupt in mailbox 2. R by DSP
The MPU2DSP2 interrupt is generated to
DSP when this register is written. When
this register is read by DSP,
(MPU2DSP2_FLAG) is reset.

Table 116. MPU to DSP Mailbox 2 Flag Register (MPU2DSP2_FLAG)

Base Address = OxFFFC F000, Offset = 0x2C

Bit Name Function R/W Reset
15:1 Reserved Reserved R 0
0 INT 0: No Interrupt pending R by MPU/DMA/OCP-I 0

1. MPU2DSP2 interrupt generated No access by DSP

7 TIPB Bridge

The TIPB bridge allows the TIPB and all peripherals connected to it to be
shared with three hosts: the MPU, the OCP initiator (OCP-I), and the system
DMA controller. The TIPB controls accesses to avoid conflicts between the
hosts, and it allows the MPU to configure the protocol parameters of the TIPB.

The TIPB bridge module is shown in Figure 44.
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Figure 44. OMAP 3.2 Platform TI Peripheral Bridge
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7.1 Functionality

7.1.1
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This section describes the functionality of the Tl peripheral bus bridge.

Bus Allocation

OMAP3.2 Subsystem

The TIPB is shared between the MPU memory interface, the OCP initiator
(OCP-1), and the DMA controller. Two levels of bus allocation are used to
resolve conflicts and prioritize accesses among the three requestors.

The first level of the two-level arbitration process selects between the DMA
and OCP-I for control of the TIPB. Fixed or round-robin priority schemes can
be programmed in the FIXNROUND_PRIORITY bhit field of the TIPB allocation
control register, (RHEA_BUS_ALLOC). When fixed priority is selected, the
EXTNINT_PRIORITY bit field determines whether DMA or OCP-I| has fixed
priority.

The second level of the two-level arbitration process selects between the MPU
and the DMA/OCP-I. The value programmed in the RHEA_PRIORITY bits of
(RHEA_BUS_ALLOC) defines the priority. If the value is 0, the MPU memory
interface has priority over the DMA/OCP-I. If the value equals n (where n is
from 1 to 7), the DMA/OCP-I has priority over the MPU and it can perform n
accesses before giving the priority back to MPU memory interface.
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7.1.2 Access Permissions

Access permissions to the MPU public and private TIPBs vary with initiator and
target. The MPU has unconditional access permissions to the MPU public and
private TIPBs.

The system DMA has unconditional access permission to the MPU public
TIPB and conditional, software-controlled access permission to the MPU
private TIPB. System DMA permission for the MPU private TIPB is
programmed in (ACCESS_CNTL).

The OCP-I has conditional, software-controlled access to both the MPU public
and private TIPBs. Refer to the Traffic Controller section for details on
programming OCP-| access permissions.

7.1.3 TIPB Strobes and Access Factor

The TIPB strobes are an integral part of the TIPB bridge. The TIPB strobes are
(active low) signals output from the TIPB bridge module that drive the
peripheral interfaces of the MPU TIPB. The TIPB bridge uses two strobes
(strobe 0 and strobe 1), and each strobe is fixed to control access to distinct
ranges of the MPU TIPB peripherals address space. In addition, address
spaces defined to strobe 0 and strobe 1 are further segmented into areas of
MPU public TIPB and MPU private TIPB memory space. Refer to MPU
Peripherals Memory Mapping (see Chapter 10), for details on strobe address
space assignments.

The TIPB bridge may be required to communicate with peripherals of varying
speeds. To allow slow peripherals to answer, it is possible to lengthen the
strobe 0 and strobe 1 periods using ACCESS_FACTORO and
ACCESS _FACTOR1 in (RHEA_CNTL). By programming
ACCESS _FACTORO and ACCESS_FACTORL1 to n, the respective strobe
stretches its access over 2*n TIPB bridge clock cycles (n cycles the strobe is
inactive high; n cycles the strobe is active low).

The TIPB bridge clock referenced here is the input clock reference to the TIPB
bridge module generated from the clock and reset management module. The
clock rate for the TIPB bridge is fixed to the same value as that of the OMAP
3.2 traffic controller module. For details, see Chapter 4, Clock Generation and
Reset Management.

7.1.4 MPU Posted Write

The MPU can perform a posted write. When posted write is enabled inside
(ARM_RHEA_CNTL), data sent by the MPU is buffered in the TIPB bridge
module, and the MPU can continue accessing other locations. The bridge
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7.1.5

7.1.6

7.2

196

Time-Out

Debug

Registers

handles the access to the TIPB peripheral so that the MPU is not stalled during
the access.

If the MPU/system DMA/OCP-I performs another TIPB operation when there
is a posted write, this operation must wait until the posted write is complete.
If the system DMA or OCP-I performs a read operation to the same address
as the posted write, the posted write data is not forwarded to the DMA or
OCP-I. Posted write is not supported for DMA and OCP-I accesses.

Using (ARM_RHEA_CNTL), you can enable posted write independently for
strobe 0 or strobe 1 address spaces. This provides some flexibility over which
MPU TIPB peripherals are configured for posted write. Refer to the memory
map in chapter 10 for details on strobe address space assignments.

A TIPB access time-out limits the maximum time a peripheral can stall the
processor. When starting an access on the TIPB, the time-out counter is
loaded with the value programmed in the TIMEOUT bits of (RHEA_CNTL). If
the current access is not finished when the counter reaches 0, the cycle is
aborted and an abort is generated to the MPU/system DMA/OCP-I.

The time-out value is calculated by
time-out = (Mfpridge_cik) X ((RHEA_CNTL.TIMEOUT) + 1)
where fyrigge _cik is the traffic controller clock frequency setting.

The time-out can be used in conjunction with the posted write. The counter
begins counting down when the posted write transaction has been scheduled,
and this count continues against the posted transaction even if another
transaction to the TIPB bridge occurs.

The time-out can be disabled using the TIMEOUT_EN bit in
(ENH_RHEA_CNTL).

Debug registers are saved on the occurrence of an MPU_TIPB abort. Abort
can be caused by time-out or by size mismatch between the access word width
and the word width of the addressed peripheral.

The access address, data and error flags are saved to (DEBUG_ADDRESS),
(DEBUG_DATA_LSB), (DEBUG_DATA_MSB), and
(DEBUG_CTRL_SIGNALS).

All TIPB bridge configuration and debug registers are 16-bit registers. Write
accesses to all TIPB registers can be performed only in MPU supervisor mode.
Read accesses can be performed in MPU supervisor or user modes.
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Table 117 provides a list of the TIPB registers. Table 118 through Table 126
provide register bit descriptions.

Table 117. TIPB Registers

Base Address = OXFFFE D300 (public), OXFFFE CAQOQ (private)

Name Description R/W Offset
RHEA_CNTL TIPB control 0x00
RHEA_BUS_ALLOC TIPB allocation control 0x04
ARM_RHEA_CNTL MPU TIPB control 0x08
ENH_RHEA_CNTL EnhancedTIPB control 0x0C
DEBUG_ADDRESS Debug address 0x10
DEBUG_DATA_LSB Debug data LSB 0x14
DEBUG_DATA_MSB Debug data MSB 0x18
DEBUG_CTRL_SIGNALS Debug control signals 0x1C
ACCESS_CNTL Access control 0x20

Table 118. TIPB Control Register (RHEA CNTL)

Base Address = OXFFFE D300 (Public), OXFFFE CAQO (Private), Offset = 0x00
Bit Name Function R/W  Reset

15:8 TIMEOUT TIPB bus access time-out. R/W  OxFF

When starting an access on TIPB bus, the time-out counter
is loaded with this value. If the current access is not finished
when the counter reaches 0, the cycle is aborted and abort
indications are given to the peripheral and the MPU, DMA,
or OCP-I.

Maximum value for TIMEOUT is 255.
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Table 118. TIPB Control Register (RHEA_CNTL) (Continued)

Base Address = OXFFFE D300 (Public), OXFFFE CAOQO (Private), Offset = 0x00

Bit

Name Function

R/W  Reset

74

198

ACCESS_FACTOR1 Clock

Allows access to slow peripherals by lengthening TIPB
strobe 1 period by a multiple of the internal TIPB bridge
clock period. Note that the TIPB bridge clock period is the

same
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:

1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

OMAP3.2 Subsystem

period multiplication factor for TIPB strobe 1.

as the OMAP traffic controller clock period.
Same as 0001

Strobe period = TIPB bridge clock period x 2
Strobe period = TIPB bridge clock period x 4
Strobe period = TIPB bridge clock period x 6
Strobe period = TIPB bridge clock period x 8
Strobe period = TIPB bridge clock period x 10
Strobe period = TIPB bridge clock period x 12
Strobe period = TIPB bridge clock period x 14
Strobe period = TIPB bridge clock period x
Strobe period = TIPB bridge clock period x 18
Strobe period = TIPB bridge clock period x 20
Strobe period = TIPB bridge clock period x 22
Strobe period = TIPB bridge clock period x 24
Strobe period = TIPB bridge clock period x 26
Strobe period = TIPB bridge clock period x 28
Strobe period = TIPB bridge clock period x 30

R/W 0x1
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Table 118. TIPB Control Register (RHEA_CNTL) (Continued)

Base Address = OXFFFE D300 (Public), OXFFFE CAQO (Private), Offset = 0x00
Bit Name Function R/W  Reset

3:0 ACCESS FACTORO Clock period multiplication factor for TIPB strobe 0. R/W 0x1

Allows access to slow peripherals by lengthening TIPB
strobe 0 period by a multiple of the internal TIPB bridge
clock period. Note that the TIPB bridge clock period is the
same as the OMAP traffic controller clock period.

0000: Same as 0001.

0001: Strobe period = TIPB bridge clock period x 2
0010: Strobe period = TIPB bridge clock period x 4
0011: Strobe period = TIPB bridge clock period x 6
0100: Strobe period = TIPB bridge clock period x 8
0101: Strobe period = TIPB bridge clock period x 10
0110: Strobe period = TIPB bridge clock period x 12
0111: Strobe period = TIPB bridge clock period x 14
1000: Strobe period = TIPB bridge clock period x
1001: Strobe period = TIPB bridge clock period x 18
1010: Strobe period = TIPB bridge clock period x 20
1011: Strobe period = TIPB bridge clock period x 22
1100: Strobe period = TIPB bridge clock period x 24
1101: Strobe period = TIPB bridge clock period x 26
1110: Strobe period = TIPB bridge clock period x 28
1111: Strobe period = TIPB bridge clock period x 30

Table 119. TIPB Allocation Control Register (RHEA BUS_ALLOC)

Base Address = OxFFFE D300 (Public), OXFFFE CAQO (Private), Offset = 0x04

Bit Name Function R/W Reset
15:6 Reserved R/W 0x000
5 EXTNINT_PRIORITY Priority between DMA and OCP-I when fixed priority R/W 0

scheme is selected.
0: DMA has priority.
1: OCP-I has priority.
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Table 119. TIPB Allocation Control Register (RHEA BUS_ALLOC) (Continued)

Base Address = OXFFFE D300 (Public), OXFFFE CAQO (Private), Offset = 0x04

Bit

Name

Function

R/W

Reset

4

3

2:0

FIXNROUND_PRIORITY

PRIORITY_ENABLE

RHEA_PRIORITY

Type of priority scheme used in DMA and OCP-I
arbitration:

0: Round-robin scheme used

1: Fixed priority scheme used

0: TIPB bus allocation is done using the
RHEA_PRIORITY bits.

1: MPU has the same priority as the DMA/OCP-I
transfers regarding TIPB bus allocation when it is in
exception mode (IRQ and FIQ).

Defines TIPB priority between MPU and DMA/OCP-I.
000: MPU has priority over the DMA/OCP-I.

001 through_111: DMA/OCP-I has priority over the
MPU, and can perform the programmed number of
accesses before the MPU can access the bus.

R/W

R/W

R/W

001

Table 120. MPU TIPB Control Register (ARM_RHEA_CNTL)

Base Address = OxFFFE D300 (Public), OXFFFE CAOQO (Private), Offset = 0x08

Bit

Name Function

R/W

Reset

15:2 Reserved

1

0

W_BUF_EN_1 0: Posted write buffer is bypassed.

1: Posted write buffer is enabled for MPU public and private
TIPB peripherals having address space assigned to TIPB
strobe 1.

W_BUF_EN_O 0: Posted write buffer is bypassed.

1: Posted write buffer is enabled for MPU public and private
TIPB peripherals that have address space assigned to TIPB
strobe O.

R/W

R/W

R/W

0x0000

0
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TIPB Bridge

Base Address = OxFFFE D300 (Public), OXFFFE CA0O (Private), Offset = Ox0C

Bit Name Function R/W Reset
15:4 Reserved R/W 0x000
3 MASK_ABORT 0: An abort signal is sent to the MPU whenever an MPU to R/W 1

TIPB access is aborted.
1: The abort signal is not sent.
MASK_ABORT does not mask/unmask DMA or OCP-|
aborts.
2 Not Used Not used in OMAP 3.2 (always one). Legacy HIGH_FREQ 1
mode from OMAP 3.0/3.1
1 MASK_IT 0: An interrupt is sent to the MPU whenever a_TIPB write R/W 1
access (from MPU/DMA/OCP-I) is aborted or any TIPB
access has a size mismatch.
1: The interrupt is masked.
0 TIMEOUT_EN 0: Do not enable the TIMEOUT feature. R/W 1
1: Enable the TIMEOUT feature.
Table 122. Debug Address Register (DEBUG_ADDRESS)
Base Address = OXFFFE D300 (Public), OXFFFE CAQO (Private), Offset = 0x10
Bit Name Function R/W Reset
15:0 ADDRESS_DBG Address from MPU memory interface; saved when an R OXFFFF
abort or access size mismatch occurs.
Table 123. Debug Data LSB Register (DEBUG_DATA LSB)
Base Address = OxFFFE D300 (Public), OXFFFE CAQO (Private), Offset = 0x14
Bit Name Function R/W Reset
15:0 DATA DBG_LOW Bits 15 to 0 of data bus from MPU. The value of the MPU R OXFFFF
data input is saved when a read access has a size
mismatch, and the MPU data output bus is saved when a
write access is aborted or has a size mismatch. If a read
access is aborted, the value of this register is irrelevant.
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Table 124. Debug Data MSB Register (DEBUG_DATA MSB)

Base Address = OXxFFFE D300 (Public), OXFFFE CAQO (Private), Offset = 0x18

Bit Name Function R/W Reset
15:0 DATA_DBG_HIGH Bits 31 to 16 of data bus from MPU. The value of the R OxFFFF
MPU data input bus is saved when a read access has a
size mismatch, and the MPU data output bus is saved
when a write access is aborted or has a size mismatch.
If a read access is aborted, the value of this register is
irrelevant.
Table 125. Debug Control Signals Register (DEBUG_CTRL_SIGNALS)
Base Address = OxFFFE D300 (Public), OXFFFE CAQO (Private), Offset = 0x1C
Bit Name Function R/W Reset
15:11 Reserved R/W 0x00
10:9 HOST_ID Host-ID that caused the abort R 00
00: MPU
01: DMA
10: OCP-I
11: Invalid
8 BURST_ACC Indicates single or burst access on the TIPB; R 0
saved when abort or access size mismatch
occurs.
0: Single access
1: Burst access
7.6 DBG_PERHMAS(1:0) Peripheral memory access size on TIPB; saved R 11
when abort or access size mismatch occurs.
00: 8 bits
01: 16 bits
1x: 32 bits
5:4  DBG_MAS(1:0) Memory access size on TIPB; saved when abort R 11
or access size mismatch occurs.
00: 8 bits
01: 16 bits
1x: 32 bits
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Table 125. Debug Control Signals Register (DEBUG_CTRL_SIGNALS) (Continued)

Base Address = OXFFFE D300 (Public), OXFFFE CAQO (Private), Offset = 0x1C

Bit Name Function R/W Reset
3 DBG_NSUPV Indicates supervisor mode status of MPU; R 1
saved when abort or access size mismatch
occurs.

0: Processor in supervisor mode

1: Processor not in supervisor mode

2 DBG_RNW Indicates read or write transaction on the TIPB; R 1
saved when abort or access size mismatch
occurs.
0: Write transaction
1: Read transaction
1 WR_SIZE_FLAG Flag set to 1 when there is a mismatch between R 0
memory access size and peripheral memory
access size. When read, the bit is reset to 0.
0 ABORT_FLAG Flag set to 1 when TIPB access is aborted. R 0
When read, the bit is reset to 0.
Table 126. Access Control Register (ACCESS_CNTL)
Base Address = OXFFFE D300 (Public), OXFFFE CAOQOQ (Private), Offset = 0x20
Bit Name Function R/W Reset
15:4 Reserved R/W 0x000
3 DPS_EN 0: Dynamic power-saving mode is disabled. R/W 0
1: Dynamic power-saving mode is enabled.
When DPS is enabled, the bridge clock is turned.
2 MASK_OCPI 1: The abort for DMA access is masked before R/W 0

NABORT sending back to the DMA.
0: The abort for DMA access is sent back to the DMA.

1: The abort for OCPI access is masked before
sending back to the OCPI.
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Table 126. Access Control Register (ACCESS_CNTL) (Continued)

Base Address = OXFFFE D300 (Public), OXFFFE CAQO (Private), Offset = 0x20

Bit Name Function R/W Reset
1 MASK_DMA 1: The abort for DMA access is masked before R/W 0
NABORT sending back to the DMA.

0: The abort for DMA access is sent back to the DMA.

0 DMA_ENABLE 1: DMA can access peripherals on the TIPB bridge R/W 1
0: DMA cannot access peripherals on the TIPB bridge
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About This Manual

Preface

Read This First

This chapter describes the OMAP5912 multimedia processor DSP
subsystem.

Notational Conventions

This document uses the following conventions.

[0 Hexadecimal numbers are shown with the suffix h. For example, the
following number is 40 hexadecimal (decimal 64): 40h.

Related Documentation From Texas Instruments

SPRU750A

The following documents describe the OMAP5910 device and related
peripherals. Copies of these documents are available on the Internet at
www.ti.com. Tip: Enter the literature number in the search box provided at
www.ti.com.

OMAP5912 Multimedia Processor Device Overview and Architecture
Reference Guide (literature number SPRU748) introduces the setup,
components, and features of the OMAP5912 multimedia processor and
provides a high-level view of the device architecture.

OMAP5912 Multimedia Processor OMAP 3.2 Subsystem Reference
Guide (literature number SPRU749) introduces and briefly defines the
main features of the OMAP3.2 subsystem of the OMAP5912 multimedia
processor.

OMAP5912 Multimedia Processor DSP Sybsystem Reference Guide (lit-
erature number SPRU750) describes the OMAP5912 multimedia proc-
essor DSP subsystem. The digital signal processor (DSP) subsystem is
built around a core processor and peripherals that interface with: 1) The
ARMO926EJS via the microprocessor unit interface (MPUI); 2) Various
standard memories via the external memory interface (EMIF); 3) Various
system peripherals via the Tl peripheral bus (TIPB) bridge.
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Related Documentation From Texas Instruments

4 OMAP5912

OMAP5912 Multimedia Processor Clocks Reference Guide (literature

number SPRU751) describes the clocking mechanisms of the
OMAP5912 multimedia processor. In OMAP5912, various clocks are
created from special components such as the digital phase locked loop
(DPLL) and the analog phase-locked loop (APLL).

OMAP5912 Multimedia Processor Initialization Reference Guide (litera-

ture number SPRU752) describes the reset architecture, the configura-
tion, the initialization, and the boot ROM of the OMAP5912 multimedia
processor.

OMAP5912 Multimedia Processor Power Management Reference Guide

(literature number SPRU753) describes power management in the
OMAP5912 multimedia processor. The ultralow-power device (ULPD)
generates and manages clocks and reset signals to OMAP3.2 and to
some peripherals. It controls chip-level power-down modes and handles
chip-level wake-up events. In deep sleep mode, this module is still active
to monitor wake-up events.This book describes the ULPD module and
outline architecture.

OMAP5912 Multimedia Processor Security Features Reference Guide

(literature number SPRU754) describes the security features of teh
OMAP5912 multimedia processor. The OMAP5912 security scheme re-
lies on the OMAP3.2 secure mode. The distributed security on the
OMAP3.2 platform is a Texas Instruments solution to address m-com-
merce and security issues within a mobile phone environment. The
OMAP3.2 secure mode was developed to bring hardware robustness to
the overall OMAP5912 security scheme.

OMAP5912 Multimedia Processor Direct Memory Access (DMA) Support

Reference Guide (literature number SPRU755) describes the direct
memory access support of the OMAP5912 multimedia processor. The
OMAP5912 processor has three DMAs:

B The system DMA is embedded in OMAP3.2. It handles DMA
transfers associated with MPU and shared peripherals.

B The DSP DMA is embedded in OMAP3.2. It handles DMA
transfers associated with DSP peripherals.

W The generic distributed DMA (GDD) is an OMAP5912 resource
attached to the SSI peripheral. It handles only DMA transfers
associated with the SSI peripheral.
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Related Documentation From Texas Instruments

OMAP5912 Multimedia Processor Memory Interfaces Reference Guide
(literature number SPRU756) describes the memory interfaces of the
OMAP5912 multimedia processor.

SDRAM (external memory interface fast, or EMIFF)
Asynchronous and synchronous burst memory (external
memory interface slow, or EMIFS)

NAND flash (hardware controller or software controller)
CompactFlash on EMIFS interface

Internal static RAM

OMAP5912 Multimedia Processor Interrupts Reference Guide (literature
number SPRU757) describes the interrupts of the OMAP5912 multime-
dia processor. Three level 2 interrupt controllers are used in
OMAP5912:

One MPU level 2 interrupt handler (also referred to as MPU
interrupt level 2) is implemented outside of OMAP3.2 and can
handle 128 interrupts.

One DSP level 2 interrupt handler (also referred to as DSP
interrupt level 2.1) is instantiated outside of OMAP3.2 and can
handle 64 interrupts.

One OMAP3.2 DSP level 2 interrupt handler (referenced as DSP
interrupt level 2.0) can handle 16 interrupts.

OMAP5912 Multimedia Processor Peripheral Interconnects Reference
Guide (literature number SPRU758) describes various periperal inter-
connects of the OMAP5912 multimedia processor.

OMAP5912 Multimedia Processor Timers Reference Guide (literature
number SPRU759) describes various timers of the OMAP5912 multime-
dia processor.

OMAP5912 Multimedia Processor Serial Interfaces Reference Guide (lit-
erature number SPRU760) describes the serial interfaces of the
OMAP5912 multimedia processor.

OMAP5912 Multimedia Processor Universal Serial Bus (USB) Reference
Guide (literature number SPRU761) describes the universal serial bus
(USB) host on the OMAP5912 multimedia processor. The OMAP5912
processor provides several varieties of USB functionality. Flexible multi-
plexing of signals from the OMAP5912 USB host controller, the
OMAP5912 USB function controller, and other OMAP5912 peripherals
allow a wide variety of system-level USB capabilities. Many of the
OMAP5912 pins can be used for USB-related signals or for signals from
other OMAP5912 peripherals. The OMAP5912 top-level pin multiplexing
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controls each pin individually to select one of several possible internal pin
signal interconnections. When these shared pins are programmed for
use as USB signals, the OMAP5912 USB signal multiplexing selects how
the signals associated with the three OMAP5912 USB host ports and the
OMAP5912 USB function controller can be brought out to OMAP5912
pins.

OMAP5912 Multimedia Processor Multi-channel Buffered Serial Ports
(McBSPs) Reference Guide (literature number SPRU762) describes
the three multi-channel buffered serial ports (McBSPs) available on the
OMAP5912 device. The OMAP5912 device provides multiple high-
speed multichannel buffered serial ports (McBSPs) that allow direct in-
terface to codecs and other devices in a system.

OMAP5912 Multimedia Processor Camera Interface Reference Guide (lit-
erature number SPRU763) describes two camera inerfaces implement-
ed in the OMAP5912 multimedia processor: compact serial camera port
and camera parallel interface.

OMAP5912 Multimedia Processor Display Interface Reference Guide (lit-
erature number SPRU764) describes the display interface of the
OMAP5912 multimedia processor.

B LCD module

B LCD data conversion module
B LED pulse generator

B Display interface

OMAP5912 Multimedia Processor Multimedia Card (MMC/SD/SDIO) (liter-
ature number SPRU765) describes the multimedia card (MMC) interface
of the OMAP5912 multimedia processor. The multimedia card/secure
data/secure digital IO (MMC/SD/SDIO) host controller provides an inter-
face between a local host, such as a microprocessor unit (MPU) or digital
signal processor (DSP), and either an MMC or SD memory card, plus up
to four serial flash cards. The host controller handles MMC/SD/SDIO or
serial port interface (SPI) transactions with minimal local host interven-
tion.

OMAP5912 Multimedia Processor Keyboard Interface Reference Guide
(literature number SPRU766) describes the keyboard interface of the
OMAP5912 multimedia processor. The MPUIO module enables direct
I/O communication between the MPU (through the public TIPB) and ex-
ternal devices. Two types of I/O can be used: specific I/Os dedicated for
8 x 8 keyboard connection, and general-purpose 1/Os.

OMAP5912 Multimedia Processor General-Purpose Interface Reference
Guide (literature number SPRU767) describes the general-purpose in-
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terface of the OMAP5912 multimedia processor. There are four GPIO
modules in the OMAP5912. Each GPIO peripheral controls 16 dedicated
pins configurable either as input or output for general purposes. Each pin
has an independent control direction set by a programmable register.
The two—-edge control registers configure events (rising edge, falling
edge, or both edges) on an input pin to trigger interrupts or wake—up re-
quests (depending on the system mode). In addition, an interrupt mask
register masks out specified pins. Finally, the GPIO peripherals provide
the set and clear capabilities on the data output registers and the inter-
rupt mask registers. After detection, all event sources are merged and
a single synchronous interrupt (per module) is generated in active mode,
whereas a unigue wake-up line is issued in idle mode. Eight data output
lines of the GPIO3 are ORed together to generate a global output line at
the OMAP5912 boundary. This global output line can be used in conjunc-
tion with the SSI to provide a CMT—-APE interface to the OMAP5912.

OMAP5912 Multimedia Processor VLYNQ Serial Communications Inter-

face Reference Guide (literature number SPRU768) describes the
VLYNQ of the OMAP5912 multimedia processor.

VLYNQ is a serial communications interface that enables the extension
of an internal bus segment to one or more external physical devices. The
external devices are mapped into local, physical address space and ap-
pear as if they are on the internal bus of the OMAP 5912. The external
devices must also have a VLYNQ interface. The VLYNQ module serial-
izes bus transactions in one device, transfers the serialized data be-
tween devices via a VLYNQ port, and de-serializes the transaction in the
external device.

OMAP5912 includes one VLYNQ module connected on OCPT2 target
port and OCPI initiator port. These connections are configured via a stat-
ic switch, which selects either SSI or VLYNQ module. This switch, for-
bids the simultaneous use of GDD/SSI and VLYNQ. The switch is con-
trolled by the VLYNQ_EN bit in the OMAP5912 configuration control reg-
ister (CONF_5912 CTRL).

OMAP5912 Multimedia Processor Pinout Reference Guide (literature

number SPRU769) provides the pinout of the OMAP5912 multimedia
processor. After power-up reset, the user can change the configuration
of the default interfaces. If another interface is available on top of the de-
fault, it is possible to enable a new interface for each ball by setting the
corresponding 3-bit field of the associated FUNC_MUX_CTRL register.
It is also possible to configure on-chip pullup/pulldown. This document

OMAP5912 7



Trademarks

also describes the various power domains so that the user can apply the
different interfaces seamlessly with external components.

OMAP5912 Multimedia Processor Window Tracer (WT) Reference Guide
(literature number SPRU770) describes the window tracer module used
to capture the memory transactions from four interfaces: EMIFF, EMIFS,
OCP-T1, and OCP-T2. This module is located in the OMAP3.2 traffic
controller (TC).

OMAP5912 Multimedia Processor Real-Time Clock Reference Guide (lit-
erature number SPRUxxx) describes the real-time clock of the
OMAP5912 multimedia processor. The real-time clock (RTC) block is an
embedded real-time clock module directly accessible from the TIPB bus
interface.

Trademarks

OMAP and the OMAP symbol are trademarks of Texas Instruments.
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DSP Subsystem

This chapter describes the OMAP5912 multimedia processor DSP
subsystem.

1 Architecture Overview

SPRU750A

The digital signal processor (DSP) subsystem is built around a core processor
and peripherals that interface with:

(1 The ARM926EJS via the microprocessor unit interface (MPUI)
[ Various standard memories via the external memory interface (EMIF)
[J Various system peripherals via the Tl peripheral bus (TIPB) bridge

Figure 1 shows the DSP subsystem and the modules with which it interfaces.
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Architecture Overview

Figure 1. DSP Subsystem and Modules
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DSP Core

Architecture Overview

The DSP subsystem has the following components:

] DSP module:

TMS320C55x (C55x) DSP CPU core revision 2.11

Tightly coupled hardware accelerator: discrete cosine transform/
inverse discrete cosine transform (DCT/IDCT), motion estimation,
and half-pixel interpolation

Tightly coupled memories and their interfaces: dual-access RAM
(DARAM), single-access RAM (SARAM), programmable dynamic
ROM (PDROM), and instruction cache (I-cache)

External memory interface (EMIF) that connects the CPU to external
and loosely coupled memories

A six-channel DMA controller that can copy memory contents from
one address to another without CPU intervention

MPUI that permits high-bandwidth parallel access to DSP resources
by the MPU and system DMA

TIPB bridge that provides two external bus interfaces for private and
public peripherals

[ DSP subsystem peripherals:

Three general-purpose 32-bit timers
One general-purpose UART

A 16-signal general-purpose input/output (GPIO) module for bit input
or output

A mailbox module to permit interrupt-based signaling between the
DSP and MPU

Watchdog timer

Level 2 interrupt handler

Figure 2 shows the DSP core.
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Figure 2. DSP Core and Internal Bus Designations
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2 TMS320C55x DSP CPU Overview

Features for the high-performance, low-power C55x DSP CPU include:

(1 Advanced multiple-bus architecture with one internal program memory
bus and five internal data buses (three dedicated to reads and two
dedicated to writes)

18 DSP Subsystem SPRU750A



2.1

211

SPRU750A

I Ny A A

[

TMS320C55x DSP CPU Overview

Unified program/data memory architecture

Dual 17-bit x17-bit multipliers coupled to 40-bit dedicated adders for
non-pipelined single-cycle multiply accumulate (MAC) operations

Add/compare/select (CSSU) unit for the add/compare section of the
Viterbi operator

Exponent encoder to compute an exponent value of a 40-bit accumulator
value in a single cycle

Two address generators with eight auxiliary registers and two auxiliary
register arithmetic units

8M x 16-bit (16M bytes) total addressable memory space
Single-instruction repeat or block repeat operations for program code
Conditional execution

Seven-stage pipeline for high instruction throughput

Instruction buffer unit that loads, parses, queues, and decodes
instructions to decouple the program fetch function from the pipeline

Program flow unit that coordinates program actions among multiple
parallel CPU functional units

Address data flow unit that provides data address generation and includes
a 16-bit arithmetic unit capable of performing arithmetic, logical, shift, and
saturation operations

Data computation unit containing the primary computation units of the
CPU, including a 40-bit arithmetic logic unit, two MAC units, and a shifter

On-Chip Memory

Features include:

l:l
l:l
EI

DARAM that supports two memory accesses per cycle per block
SARAM that supports one memory access per cycle per block

PDROM that provides nonvolatile storage for program or data

Power Conservation

Features include:
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(1 Software-programmable idle domains that provide configurable
low-power modes

[0 Automatic power management

[ Advanced low-power complimentary metal-oxide semiconductor (CMOS)
process

2.2 Hardware Acceleration Modules

The OMAP5912 device contains several hardware acceleration modules to
improve performance and reduce power consumption for certain
computations relating to image and video processing. These coprocessors
include:

[ DCT/IDCT accelerator
[ Motion estimation calculation accelerator

[ Half-pixel interpolation accelerator

2.3 CPU Overview
The DSP core has four functional units:

(O The instruction unit (IU) loads, parses, queues, and decodes instructions
and includes an instruction buffer unit (IBQ) to decouple the program fetch
function from the pipeline.

(1 The program flow unit (PU) coordinates program actions among multiple
parallel CPU functional units.

(1 The address data flow unit (AU) provides data address generation and
includes a 16-bit arithmetic unit capable of performing arithmetic, logical,
shift, and saturation operations.

[ The data computation unit (DU) contains the primary computation units of
the CPU including a 40-bit arithmetic logic unit, two multiply-accumulate
units (MACs), and a shifter.

To permit high computational throughput and a fast instruction cycle rate, the
CPU employs several sets of parallel buses to access code and data
structures. The program address and data buses (P-bus) perform 32-bit
instruction fetches to feed the instruction unit. The B, C, and D addresses and
data buses enable the CPU to access up to three 16-bit data operands per
cycle. E and F addresses and data buses allow the CPU to write up to two
16-bit quantities per cycle.
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Figure 3 shows the C55x DSP architecture.

Figure 3.  C55x DSP Architecture
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For details on CPU architecture and instruction set, see the following
documents:
[ TMS320C55x Technical Overview (SPRU393)
(1 TMS320C55x DSP CPU Reference Guide (SPRU371)
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(1 TMS320C5510 DSP Functional Overview (SPRU312) (only CPU sections
apply to the OMAP5912 device)

3 DSP Memory

The DSP subsystem contains four types of tightly coupled memory to provide
maximum efficiency of the DSP CPU.

(1 Dual-access RAM (DARAM)

[ Single-access RAM (SARAM)

(1 Programmable dynamic ROM (PDROM)
(1 Configurable I-cache structure

The CPU uses six sets of buses to simultaneously fetch up to 32 bits of
program and to read up to 48 bits of data operands from memory (or write up
to 32 bhits to memory). To achieve maximum performance from the
architecture, the programmer must pay close attention to placement of code
and data structures within the on-chip memory resources. For more details,
see TMS320C55x DSP Programmers Guide (SPRU376).

Loosely coupled memory devices can be accessed via the traffic controller
module. This flexible memory interface permits DSP access to another block
of SRAM (shared with the MPU) as well as external memory devices such as
flash memory and SDRAM.

Figure 4 shows DSP memory connections.
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Figure 4. DSP Memory Connections
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3.1 Internal Memory

(1 The DARAM (64K bytes) can support up to two memory accesses in one
CPU clock cycle into each RAM block. Accesses can be made from any
internal data, program, or DMA bus. The DARAM memory consists of
eight blocks of 8K bytes each.

(1 The SARAM (96K bytes) can support one memory access in one CPU
clock cycle into each RAM block. This access can be a 32-bit value.
Accesses can be made from any internal data, program, or DMA bus. The
SARAM memory consists of 32 blocks of 8K bytes each.

(1 The PDROM (32K bytes) can support one memory read in one CPU clock
cycle. This access can be a 32-bit value. Accesses can be made from any
internal data read or program bus. The PDROM memory consists of one
block of 32K bytes.

3.2 Instruction Cache

The DSP instruction cache (I-cache) module is a special-purpose, tightly
coupled, RAM-based program memory. The module is designed to
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significantly improve the CPU performance by buffering the instructions most
recently fetched from external memory. The entire external program memory
space is cacheable.

The I-cache total size is 24K bytes divided into three memory banks. Two
8K-byte banks are traditional cache modules. The third module is a special
type of cache called ramset, which is divided into two 4K-byte blocks. Each
block is called /2 ramset. Details of the organization and usage are explained
below. The I-cache can be configured in any the following organizations:

1) Two-way set-associative (two cache modules)

2) Direct-mapped (one cache module)

3) Two-way set-associative and one or two % ramset
4) Direct-mapped and one or two % ramset

The I-cache can be enabled, disabled, or modified at any time by the
programmer using software control. The TIPB bridge allows access to the
cache configuration registers in the DSP I/O space. At reset the I-cache is
disabled. The user must configure the I-cache to be able to use the ramset.

The initial normal cache hit is a one-wait-state operation. Thereafter, the
I-cache performs a simple branch prediction for cache access (that is, a
branch not taken is always assumed). With this feature, no-branch continuous
fetches are no-wait-state operations. The I-cache returns one 32-bit word for
each fetch. Fetches are always aligned on a 32-bit boundary.

When a cache miss occurs, wait states are inserted that are dependent upon
the external memory access time. The I-cache retrieves instructions from
external memory in a burst of four 32-bit words (to fill cache line). To reduce
the penalty of misses, a streaming feature is implemented where the
instruction word requested by the DSP is sent back as soon as it is retrieved
from external memory, so all four 32-bit words do not have to be loaded into
the cache line first. Additionally, program fetch requests that fall in a cache line
already being retrieved because of a previous miss are serviced as soon as
the word becomes available. This streaming feature can increase the
performance of even non-looping code executing from external memory.

The I-cache supports emulation debug read and breakpoint/watchpoint
insertion by invalidating cache lines with the corresponding data changed in
the external memory space.

3.2.1 Cache Memory Organization

The two-way set-associative cache configurations are organized as one or two
8K-byte parallel blocks of memory. The size of the I-cache RAM block and
cache line determines the number of lines in the cache. Each 8K-byte memory

24 DSP Subsystem SPRU750A



DSP Memory

block consists of 512 cache lines containing 16 bytes (4 words) of instructions
from consecutive addresses. Control and status bits are associated with each
cache line to support virtual to physical mapping and cache control/operation.

A 24-bit program virtual address is parsed into word, line index, and TAG
sections, as shown in Figure 5. The line index determines which cache entry
to test. The TAG is used to check the cache contents against the requested
instruction address. The word field determines which bytes on the cache line
to fetch when a cache hit occurs. A two-way set-associative cache structure
has two 8K-byte RAM blocks in parallel, so there are two cache lines and two
TAGs associated with each line number defined by the index. When an
instruction is written in the cache, its TAG is also written.

Figure 5.  Virtual Address Mapped to Cache Line

23 1312 43 0

\ TAG | INDEX WORD
WORD field size = 4 bits

INDEX field size = 9 bits

TAG field size = 11 bits

3.2.2 Ramset Memory Organization

Ramset memory is a special type of cache memory. The 8K-byte memory
block is divided into two 4K-byte sections (called '~ ramset) that can be
controlled independently. Because the Y2 ramset memory block is 4K bytes
long and the line size is still four words, there are 256 lines in each module.
This makes the INDEX field size 8 bits and the TAG field size 12 bits. In ramset
memory there is only a single TAG for each 4K-byte block as opposed to each
line in regular cache memory. This organization allows the user to dynamically
remap 4K-byte memory blocks from external to internal memory (once the Y4
ramset memory has been filled).

3.2.3 Instruction Cache Structure

The I-cache block has status bits associated with each cache line. A line-valid
bit (LVB) defines whether or not the data in the cache line has valid instructions
resulting from a fetch from external program memory. When the cache is first
enabled (or after flushing), all the cache lines in the data array and TAGs in the
TAG array are random. The line valid bit is set to O for all cache entries. When
an external program fetch occurs and the corresponding line valid bit is zero,
a cache miss occurs automatically. Figure 6 shows the cache structure for a
direct-mapped cache block.

Figure 6.  Cache Structure—Direct-Mapped Cache Block
Data-mapped

TAG Line Data array .
array valid bit Line number
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The two-way set associative cache has an extra status bit for each cache line
index. The least recently used (LRU) bits are associated with the pair of cache
lines assigned to the same line index. The LRU bit indicates which of the two
cache lines did not have the last cache hit. When a cache miss occurs, the line
pointed to by the LRU bit is replaced by the new cache line fetched from
external program memory. Then the value in the LRU bit field is toggled to point
to the other cache line.

Figure 7 shows the two-way set-associative cache structure.

Figure 7.  Two-Way Set-Associative Cache Structure

2-way setassociative

TAG  Line Line
LRU bits array valid bit Data array number
— 0
—————————————————————— 256
—————————————————————— 511
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3.24 Ramset Structure

Ramset memory uses the live valid bit (LVB) to indicate whether or not an
individual line in the memory block is valid like regular cache memory. In
addition, there is a TAG valid bit (TVB) associated with each %> ramset memory
block that indicates whether the TAG entry is valid. The TVB is set to 0 when
the Y2 ramset is enabled or flushed. Once the ramset data array is filled (all
LVB=1), the TAG valid bit is set. This field can be monitored for ramset load
completion. While the ramset data array is being loaded from external
memory, DSP requests have lower priority than ramset fill requests. Figure 8
shows the 2 ramset cache structure.

Figure 8. 72 Ramset Cache Structure

Ramset
TAG TAG Line
Data arra; .

valid bit array valid bit Y Set number Line number
1 ] [ 0

] 1

[ | 0

[ 256

3.25 Instruction Cache Operation

SPRU750A

The operation of the cache is initiated if an external program fetch is requested
by the DSP. The overall process follows these steps:

1) The CPU generates a program instruction fetch request.

2) The MIF decodes the program address to route the request to either the
I-cache or the internal memories.

3) The I-cache returns the requested instruction (hit), or, if not present (miss),
initiates an external memory access via the EMIF.

To determine if a cache hit or miss results, a control circuit parses the program
address into TAG, index number, and word number. The index number selects
the cache line(s) to test. If there is a match between the TAG number and the
TAG(s) stored in the TAG array, then the line valid bit is also verified to confirm
that the line matching the tag is valid. This is called a presence check. On a
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cache hit, the word number is used to select which word from the cache line
is returned to the DSP to complete the fetch request.

When %2 ramset memory is enabled, the presence check is performed on both
the cache and ramset blocks simultaneously. Table 1 describes the instruction
presence-check behavior. Ramset presence check is for TVB-LVB.

Table 1.  Presence-Check Truth Table
Cache Ramset  Presence  Behavior
Miss Miss False The cache is loaded with the corresponding
line.
Miss Hit-Hit True The instruction is read from the ramset.
Hit Miss True The instruction is read from the cache.
Hit Hit-Hit True The instruction is read from the ramset.
Miss Hit-Miss  False The ramset is loaded with the corresponding
line.
Hit Hit-Miss  True The ramset is loaded with the corresponding
line.
If there is no match between the TAG number and the stored TAG(s), then a
cache miss has occurred. The I-cache then initiates a burst fetch request to
the EMIF. Four words are fetched in a burst read to fill the least recently used
cache line of the pair located at the index number offset into the data array. At
that point, the requested instruction is returned to the DSP, while the cache line
continues to fill. The LRU, LVB, and TVB are updated when line fill is
completed.
3.3 Instruction Cache Configuration

Control of the I-cache is maintained through a set of memory mapped registers
in the DSP 1/O space and through three bits located in the CPU register ST3.
Cache-related bits located in ST3 are described in Table 2.

3.3.1 ST3 Control Register (ST3)

Table 2 describes the cache-related bits located in ST3. Through the ST3
register, the cache can also be frozen to lock a time-critical routine so it cannot
be overwritten.
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Table 2. ST3 CPU Register (ST3)
Bit Name Description
15 CAFRZ Instruction cache freeze
CAFRZ = 1: The cache contents are locked. In this mode, the cache contents
are not updated on a cache miss, but its contents still are available for cache
hits.
CAFRZ = 0: The cache contents can be unlocked: this is the default operating
mode of the cache. CAFRZ is cleared at reset.
14 CAEN Instruction cache enable
CAEN = 1: Program fetches either occur from the cache, from the internal
memory, or from the external memory through the external memory interface of
the device. Program fetches depend on the fetched program code addresses.
CAEN = 0: The cache controller never receives a program request, so all
program fetch requests are handled either by the internal memory or the
external memory. Default value after reset.
13 CACLR Instruction cache clear
CACLR = 1: The cache clear process is ongoing. During the cache clear
process, all the cache blocks are invalid.
CACLR = 0: The cache clear process is completed. CACLR bhit is cleared by the
cache hardware upon completion of cache clear process. CACLR is cleared at
reset.
12:0 Not applicable (non-cache bits)
3.3.2 I/O Mapped Cache Control Registers
Table 3 through Table 9 describe the register bits.
Table 3.  Global Control Register (GCR)
Bit Name Description Access
15 Cut Clock Stops I-cache control clock clock domain when I-cache is disabled R/W
14  Auto Gating Enables automatic clock gating in EMIF interface clock domain, R/W
active high
13 Reserved
12 Flush Line Flush the line specified by the flush line address register: R/W
0: No flush
1: Flush the specified line; once the line flush occurs, the flush line
bit is automatically reset to 0.
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Table 3.  Global Control Register (GCR) (Continued)

Bit Name Description Access

11 Global Flush Global flush configuration: R/W

0: The flush configuration must take into account the specific flush
bits (n-way and 2 ramset).

1: All the I-cache is flushed when CACLR = 1.

(Line valid bits are invalidated and ramset tag valid bit is
invalidated.)

10 ‘'2ramset Presence 2 ramset presence: R/W
0: No %2 ramset

1: N x %2 ramset

9 Way Presence Way presence: R/W
0: No way

1: N-way (set-associative or direct-mapped)

8:5 Y2ramset Number I-cache 2 ramset number: R/W
1..2 Y2 ramset number(1 is coded by 0000/b and 2 otherwise)

4:3  Way Number I-cache way number: R/W
x0: 1-way (direct-mapped)

x1: 2-way (set-associative)

2 Streaming Streaming enable R/W
1: Streaming enabled

This is the only supported configuration.

1 Ram Fill Mode Type of load for a ramset flush line R/W
1: RAM fill mode (fill all lines of set)

(Invalidation of the TAG valid bit during fill/ after fill is complete; TAG
valid bit is set).

This is the only supported configuration.

0 Global Enable Global enable configuration: R/W
0: Takes into account the specific enable bits (n-way and 2 ramset)
1: All I-cache enabled when CAEN=1
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Table 4.  Flush Line Register 0 (FLRO)

Bit Name Description Access
15:0 Line address Low 16 bits of line address: byte address R/W
This address is used to select the line when a flush line occurs.
Table 5.  Flush Line Register 1 (FLR1)
Bit Name Description Access
15:8 Reserved R
7:0  Line address High 8 bits of line address: byte address R/W
This address is used to select the line when a flush line occurs.
Table 6.  I-Cache N-Way Register (NWCR)
Bit Name Description Access
15:5 Reserved R
4:2  Way size Way size = 011: 8K bytes: Way size configuration must not be set to R/W
any other value (reserved value).
1 Flush N-way flush mask: R/W
0: N-way not flushed by the GL_CACHECLR_TR input
1: N-way flushed by the GL_CACHECLR_TR input (all the line valid
bits are invalidated)
0 Enable N-way enable mask: R/W
0: N-way not enabled when CAEN =1
1: N-way enabled when CAEN =1
Table 7. I-Cache Status Register (ISR)
Bit Name Description Access
15:3 Reserved R
2 I-cache_Enable  Disable/enable I-cache: R
0: I-cache disabled
1: I-cache enabled
This bit must be queried to ensure that the i-cache is enabled before
writing to the ramset TAG register.
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1 Debug mode When either the %2 ramset1..2 or TAG registers are written through R
the TIPB bus in debug mode, this bit is set. This bit is reset to O if
this register is read in normal operation; it is not reset to 0 if this
register is read during emulation.

0 Bus error When the two 2 ramset TAG registers are configured to be the R
same address, |-cache sets this bit and returns a bus error to the
CPU. This bit is reset to 0 if this register is read in normal operation;
it is not reset to O if this register is read during emulation.

Table 8. 2 Ramset Control Registers (RCR1, RCR2)

Bit Name Description Access

15 Tag valid > ramset enable mask: R
0: %2 ramset n is not enabled when CAEN = 1.

1: Y2 ramset n is enabled when CAEN = 1.

14:2 Reserved R

1 Flush 5 ramset flush mask: R/W
0: Y2 ramset n is not flushed when CACLR = 1.
1: Y2 ramset n is flushed when CACLR = 1.

(All the line valid bits are invalidated; tag valid bit is invalidated).

0 Enable Indicates that the Y2 ramset fill has been completed and all of its line R/W
valid bits are set:

1: %2 ramset fill has been completed.

0: Y2 ramset fill has not started or not completed.

Table 9. 72 Ramset TAG Registers (RTR1, RTR2)

Bit Name Description Access

14:0 Tag Byte address: R/W

Because a ramset size is 4K bytes, the TAG field represents
PADDR (23:12).

3.3.3 LVB and LRU Status Registers

The LRU bits of the two-way cache and the line valid bits of cache and ramsets
are readable through the TIPB bus. They are mapped to the I/O space, as
shown in Table 10.

Table 10. 1-Cache LVB and LRU 1/O Space Map

Start Word Address End Word Address Description

0x1600 0x161F 512 LVBs of bank0 = 32 words
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0x1620 0x163F 512 LVBs of bank1 = 32 words
0x1640 0x165F 512 LVBs of bank2 = 32 words
0x1660 0x167F 512 LRUs = 32 words

I-Cache Operations

Enable and Disable I-Cache

The cache and ramset modules can be enabled together by setting the global
enable bit in GCR, in conjunction with the way/ramset presence bits. The
I-cache is then enabled when CAEN is set in the DSP CPU ST3 register.

The cache and ramset modules can be enabled separately by resetting the
global enable bit in the GCR and by setting the individual enable bits in NWCR
and RCR1/2, respectively. CAEN must be set in ST3 register for effects to take
place. The GCR presence bits still must be set when enabling the way/ramset
using the individual enable bits. The I-cache is disabled when CAEN is reset
in ST3.

The above fields must be set before the I-cache is enabled using CAEN = 1.
Setting CAEN = 1 without enabling a specific configuration is not
recommended.

Cache Functional Configuration

The configuration of the cache, when enabled, is determined by the way
presence field in GCR and the way number field in GCR.

These fields must be set before the I-cache is enabled by CAEN, and must not
be changed when the I-cache is enabled.

Ramset Functional Configuration

The configuration of ramsets, when enabled, is determined by the following
fields:

(1 Ramset presence field in GCR
] " ramset number field in GCR
] Enable field in RCR1/2

(] Tag field in RTRL1...

Set the first three fields before the I-cache is enabled by setting CAEN=1; do
not change the first three fields when I-cache is enabled.

Set the last field after setting CAEN in ST3 CPU register to start the filling of
ramset. Then query the I-CACHE_ENABLE bit in the ISR to verify that the
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I-cache is enabled. The CAEN = 1 request to enable the I-cache is not
instantaneous, and latency can occur before the I-cache is truly enabled.
RTR1/2 can be changed to map ramsets to different locations anytime when
the I-cache is enabled. Again, note that the ramset must be used in conjunction
with the cache memory (two-way or direct).

3.4.4 Freeze Mode

On a write to CAFRZ = 1 in the DSP CPU ST3 register, the content in the
I-cache is locked. During freeze mode, any I-cache miss does not update the
I-cache. Data that has been cached before freeze is still accessible if there is
a cache hit.

Any I-cache miss during freeze mode is forwarded to the EMIF as a burst
request. Therefore, each single request to a frozen I-cache is serviced by one
complete EMIF burst cycle. For this reason, code profiling during freeze states
is recommended to achieve optimal performance and to limit the number of
misses.

3.5 Configuration Examples

351 Example of Configuring and Enabling Two-Way Set-Associative Cache

1) Setthe GCR to have the following settings:
a) Global enable =0
b) Way presence =1
c) Way number =01
d) Streaming =1
e) Others = Don't care
2) Setthe NWCR to have the following settings:
a) Enable=1
b) Way size = 011
c) Others = Don't care

3) Write 1 to CAEN bit in CPU ST3 register.

3.5.2 Example of Configuring and Enabling Direct Map With One > Ramset

This sequence of operations configures a direct map ramset with one 2
ramset. A ramset configuration must be used in conjunction with a cache
two-way configuration.
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Set the GCR to have the following settings:
a) Global enable =1

b) Way presence =1

c) Way number = 00

d) Y ramset presence =1

e) Y ramset number = 0000

f) Streaming =1

g) Line_Fill_Mode =1

Set the NWCR to have the following settings:
a) Way size =011

b) Others = Don'’t care

Write 1 to CAEN bit in CPU ST3 register.

Query the I-CACHE_ENABLE bit in the I-cache status register to verify
that the cache is enabled.

Set the RTR1 to map to desired address space. For example, to load the
first 4K bytes starting from address 800000h, 0x0800h is loaded into
RTR1

The following sequence then occurs during ramset mode = 1.

1)

2)

3)

Flush I-Cache

The tag valid bit in the RCR is reset and the ramset is automatically
reinitialized/reloaded.

During ramset loading, CPU requests have lower priority than ramset fill
requests and are not serviced until the ramset is loaded. It is
recommended then for optimal performance to avoid external memory
accesses during ramset load operations. As each line of the ramset is
filled, the IVB of the line is set so that the progress of the ramset fill
operation can be monitored.

Once the ramset is filled, the tag valid bit in the RCR is set. This field can
be monitored for ramset load completion.

To flush the whole I-cache (invalidate all the line valid bits), you must:

1)

Set the global flush bit in GCR.
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354

3.55

3.5.6

2) Write CACLR =1 in DSP CPU ST3 register.

Once the I-cache has been flushed, the CACLR bit is automatically reset to O.

Flush Cache Line

This operation flushes a single line in the cache (for example, when an
instruction is directly modified in the external memory by the software):

1) Write the address, which identifies the flush line (see the flush line address
register: FLAR).

2) Set the flush line bit in GCR.
Once the line is flushed, the flush line bit in GCR is reset by the I-cache.

When the flush line is activated, the I-cache searches the flush line in its data
array. Three cases are possible:

(1 This line is found in its two-way (or direct-mapped) data array, and then
the corresponding line valid bit is invalidated. Consequently, for the next
access at the same address, a miss and a new line is loaded from the
external memory.

[ This line is found in one of the ramset data arrays, and then the
corresponding line valid bit is invalidated. Consequently, for the next
access at the same address, a hit/miss and a new line is loaded from the
external memory.

(1 This line is not found. In this case, no action is performed and the flush line
is terminated.

Flush the n-Way I-Cache
To flush the n-way I-cache:

1) Reset the global flush bit (see the global control register). See Table 17.
2) Set the n-way-flush bit.
3) Write CACLR = 1in DSP CPU ST3 register.

All of the line valid bits of the n-way I-cache are then invalidated.

Flush a %2 Ramset
To flush a 2 ramset, do the following:

1) Reset the global flush bit (see the global control register). See Table 17.
2) Setthe Y ramset flush bit of the corresponding RCR register.
3) Write CACLR =1 in DSP CPU ST3 register.
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All the line valid bits of the Y2 ramset are then invalidated, as well as the TAG _
VALID bit.

I-Cache Performance

Hit Time

The I-cache performances can be characterized by:

[0 Average memory-access time = (Hit rate* Hit time) + (Miss rate * Miss
penalty.)

Hit time is described in Section 3.6.1 and miss penalty is described in Section
3.6.2.

The hit time is the time required for the I-cache to send back one instruction
when this instruction is present in the I-cache (cache hit).

The hit time falls under one of the following scenarios:
1) Aninitial request takes the first wait state.

2) A second request that is issued immediately after the first returns in 0 wait
states.

3) Subsequent requests that are consecutive and that are to sequential
addresses return in 0 wait states.

4) Subsequent requests that are not consecutive or do not fall in a sequential
address pattern are regarded as initial requests.

Miss Penalty

External memory accesses use burst reads to minimize latency for cache
misses. All the instructions can be sent back in one cycle after a latency of
several cycles for the first access.

The first access latency consists of:
[ First cycle: Request is received.
(1 Fourth cycle: Request is forwarded to the EMIF after a cache miss.

[ X+ 4 cycles: External memory access through the EMIF. Dependent on
memory speed and traffic controller loading.

[ X+5 cycles: EMIF returns ready.

[ X+6 cycles: I-cache returns ready.
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[ X+7 cycles: I-cache returns data.
All'in all, X + 7 cycles are required for the first access.

If a second request is issued that is also a miss but lies in the present occurring
line fill, those requests either fill with streaming as the data is returned by the
EMIF or wait for the present line fill to complete before returning the data.

This latter occurs if the second request comes after the EMIF has already
returned that data within the burst request.

3.7 Emulation Mode

3.7.1 Emulator Visibility

The emulator can read code from the I-cache during debug mode. The I-cache
does not update its tag, data, LVB, and LRU for an emulator read. Only the
corresponding code is returned to the emulator.

3.7.2 Software Breakpoint Detection

When a software breakpoint is set under emulation, the corresponding
software performs the following operation:

[ Multiple double reads to read original instruction
[ A byte write (E_STOPO code) to insert the software breakpoint
(1 Multiple double reads to check the change

The I-cache checks the byte writes performed by the emulator in the external
memory space. If a byte write modifies an instruction in the external memory
that is present in the I-cache, then the corresponding line valid bit is
invalidated.

3.8 System Memory

The DSP has access to all system memory managed by the traffic controller.
External memory space ranges from 0x28000 to OxFF8000 if the internal
PDROM is enabled, or to OXFFFFFF if the PDROM is not enabled.

To access memory external to the DSP subsystem, the EMIF issues a memory
access request. The access request is passed through the DSP memory
management unit (MMU), which (if enabled and configured by the MPU)
translates the DSP virtual address into a physical address that is passed to the
traffic controller. The traffic controller completes the access through one of the
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three system memory interfaces: internal memory (IMIF), slow external
memory (EMIFS), or fast external memory (EMIFF). If the MMU is not enabled,
then the access request is passed directly to the system traffic controller. In this
case, the DSP virtual addresses are mapped to the first 16M bytes of CSO of
the system memory.

3.9 Memory Map

Figure 9 shows the DSP memory space.
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Figure 9. DSP Memory Space

Byte address Word address
00_0000 00_0000
MMRs
00_0100 00_0080
- DARAM -
64K bytes—0X100 bytes The TMS320C55x DSP has 24-bit unified address space for both data and
8 blocks program references.
(Table A) * Program accesses are specified and displayed as byte addresses.
* Data objects are word addressable and are specified by 16-bit
01_0000 00_8000 word addresses.
* The DMA controller references byte addresses.
SARAM To access control and data registers associated with various OMAP5912
96K bytes peripherals, the DSP uses 16-bit I/O space. This space is referenced
by using appropriate I/O access qualifiers with load or store instructions.
12 blocks
Restrictions apply for data objects spanning 64K-word (128K-byte) boundaries.
See TMS320C55x DSP CPU Reference Guide (SPRU371).
02_8000 01_4000
Table A DARAM block boundaries
External to
DSP subsystem Byte address  Word address
16 MB daramO 00 _0000 00 _0000
mapped by daraml 00 _2000 00_1000
) DSP MMU ) daram2 00 _4000 00_2000
into MPU 32-bit daram3 00 _6000 00_3000
address space daram4 00 _8000 00_4000
- - daram5 00 _A000 00_5000
daram6 00 _C000 00_6000
daram?7 00 _E000 00_7000
FF_8000 7F_C000 Table B SARAM block boundaries
Byte address Word address
PDROM
saram0 01 0000 00_8000
32K-byte saraml 01 _2000 00_9000
masked ROM saram2 01 4000 00_A000
saram3 01 6000 00_B000
saram4 01 8000 00_C000
saram5 01 _A000 00_D000
FF_FF00 Reset vectors 7F_FF80 saram6 01 _C000 00_E000
NMI vectors saram? 01 _E000 00_F000
Emultest vectors saram8 02 0000 01 0000
L2 peripherals saram9 02 _2000 01_1000
TC abort saram10 02 _4000 01_2000
° 32 interrupt saram1l 02 6000 01_3000
vectors
[ J
[}
Bus error
FF_FFFE 7F_FFFF

Note:  Byte addresses 0xFF8000-OxFFFFFF map to PDROM for mpnmc = 0; otherwise, this range is mapped externally.
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Table 11. 1/O Spaces

DSP Memory

Byte Name Word
00000 TIPB bridge 00000
00800 EMULATOR/TEST 00400
01000 STIO(EMIF) 00800
01800 DMA 00CO00
02000 01000
02800 ICACHE 01400
03000 01800
03800 01CO00
04000 TRACE 02000
04800 Configurable (private/shared) 02400
05000 TIMER 1 02800
05800 TIMER 2 02C00
06000 TIMER 3 03000
06800 WD_TIMER 03400
07000 Interrupt priority 03800
07800 Private (reserved) 03C00
08000 CLK_M 04000
08800 Configurable (private/shared) 4400
09000 L2 interrupt handler 2.0 04800
09800 L2 interrupt handler 2.1 04C00
0A000 05000
0A800 05400
0B000 05800
0B800 to OF800

10000 UART1 08000
10800 UART2 08400
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Table 11. 1/O Spaces (Continued)

Byte Name Word
10C00 SPI 08600
11000 McBSP2 08800
11400 GPTIMER1 08A00
11800 McBSP1 08C00
11C00 GPTIMER2 08E00
12000 MCSI2 09000
12400 GPTIMER3 09200
12800 MCSI1 09400
12C00 GPTIMER4 09600
13000 09800
13400 GPTIMER5 09A00
13800 12C multimaster 09C00
13C00 GPTIMER6 09E00
14000 0A000
14800 0A400
15000 0A800
15800 0ACO00
16000 0B000
16800 0B400
17000 McBSP3 0B800
17400 GPTIMER?7 0BA0O
17C00 MMC/SDIO2 0BEOO
18000 0C000
18400 0C200
18800 0C400
18C00 0C600
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Table 11. 1/O Spaces (Continued)

Byte Name Word

19000 0C800
19400 GPIO3 0CAO00
19800 UART3 0CCo00
19C00 GPI104 0CEOO
1A000 0DO000
1A400 (reserved) 0D200
1A800 0D400
1B000 0D800
1B800 0DCO00
1C000 0E000
1C400 32-kHz synchronization timer 0E200
1C800 OMAP5912 TIPB switch 0E400
1CCO00 OE600
1D000 OE800
1D400 GPTIMERS OEAO00
1D800 OECO00
1E400 GPIO1 0F200
1ECO00 GPIO2 0F600
1F000 Mailbox OF800
1F800 DSP MPUI register OFCO00

3.10 Peripheral Register Addresses

The DSP CPU and the DMA controller can access several classes of
peripheral devices:

(] DSP private peripherals
B Three general-purpose timers

B A watchdog timer
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B Aninterrupt handler

(1 MPU/DSP shared peripherals
m SPI
m 12C
B MMCSDIO2
B GPIO (x4)

(1 DSP public peripherals

B Two multichannel buffered serial ports (McBSPs) for synchronous
serial communications

B Two multichannel serial interfaces (MCSIs)

Configuration and data registers for all peripherals reside in the DSP
subsystem 1/O space, which consists of 64K-word addresses, with each
peripheral mapping into a 1K-word section of /0O memory. To read or write
these registers, you must access the DSP 1/O space either through C language
constructs or by using the assembly language peripheral port register access
qualifier. See TMS320C55x DSP Mnemonic Instruction Set Reference Guide
(SPRU374D) for more details.

Table 12 shows the DSP peripheral mapping.

Table 12. DSP Peripheral Mapping

Start Byte Address (hex) Name CSs Strobe
x 000000 TIPB bridge 0 Strobe0
x 000800 EMULATOR/TEST 1 Stroben
x 001000 STIO(EMIF) 2 Stroben
x 001800 DMA 3 Stroben
x 002000 Reserved 4

x 002800 ICACHE 5 Stroben
x 003000 Reserved 6

x 003800 Reserved 7

x 004000 TRACE 8 Strobe0

T All other 110 memory addresses are reserved.
¥ Internal wait states for accessing peripherals are set by strobe fields in TIPB CM register (see Section 4.1, Control Mode

Register).
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Table 12. DSP Peripheral Mapping (Continued)

Start Byte Address (hex) Name CS Strobe

x 004800 Configurable (private/shared) 9 Strobe0/n
x 005000 TIMER 1 10 Stroben
x 005800 TIMER 2 11 Stroben
x 006000 TIMER 3 12 Stroben
x 006800 WD_TIMER 13 Stroben
x 007000 DSPINT IF 14 Stroben
x 007800 Private 15

x 008000 CLK_M2 16 Strobe0
x 008800 Configurable (private/shared) 17 Strobe0/n
x 009000 Level 2 interrupt handler 2.0 18 Strobe0
x 009800 Level 2 interrupt handler 2.1 19 Strobe0
x 00A000 Reserved 20

x 00A800 Reserved 21

x 00B00O Reserved 22

x 00B800 to x 00F800 Reserved 23to 31

X01 0000 UART1 0 Strobel
X01 0800 UART2 1 Strobel
X01 0C00 SPI 1 Strobel
X01 1000 McBSP2 2 Strobel
X01 1400 GPTIMER1 2 Strobel
X01 1800 McBSP1 3 Strobel
X01 1C00 GPTIMER2 3 Strobel
X01 2000 MCSI2 4 Strobel
X01 2400 GPTIMER3 4 Strobel

T All other 110 memory addresses are reserved.
¥ Internal wait states for accessing peripherals are set by strobe fields in TIPB CM register (see Section 4.1, Control Mode
Register).
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Table 12. DSP Peripheral Mapping (Continued)

Start Byte Address (hex) Name CS Strobe

X01 2800 MCSI1 5 Strobel
X01 2C00 GPTIMER4 5 Strobel
X01 3000 Reserved 6 Strobel
X01 3400 GPTIMERS 6 Strobel
X01 3800 12C multimaster 7 Strobel
X01 3C00 GPTIMERG 7 Strobel
X01 4000 Reserved 8 Strobel
X01 4800 Reserved 9 Strobel
X01 5000 Reserved 10 Strobel
X01 5800 Reserved 11 Strobel
X01 6000 Reserved 12 Strobel
X01 6800 Reserved 13 Strobel
X01 7000 McBSP3 14 Strobel
X01 7400 GPTIMER7 14 Strobel
X01 7C00 MMC/SDIO2 15 Strobel
X01 8000 Reserved 16 Strobel
X01 8400 Reserved 16 Strobel
X01 8800 Reserved 17 Strobel
X01 8C00 Reserved 17 Strobel
X01 9000 Reserved 18 Strobel
X01 9400 GPIO3 18 Strobel
X01 9800 UART3 19 Strobel
X01 9C00 GPIO4 19 Strobel
X01 A00O Reserved 20 Strobel

T All other 110 memory addresses are reserved.
¥ Internal wait states for accessing peripherals are set by strobe fields in TIPB CM register (see Section 4.1, Control Mode

Register).
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Table 12. DSP Peripheral Mapping (Continued)

Start Byte Address (hex) Name CS Strobe

X01 A400 (reserved) 20 Strobel
X01 A800 Reserved 21 Strobel
X01 B0O0O Reserved 22 Strobel
X01 B800 Reserved 23 Strobel
X01 C000 Reserved 24 Strobel
X01 C400 32-kHz synchronization timer 24 Strobel
X01 C800 OMAP5912 TIPB switch 25 Strobel
X01 CCO00 Reserved 25 Strobel
X01 D000 Reserved 26 Strobel
X01 D400 GPTIMERS 26 Strobel
X01 D800 Reserved 27 Strobel
X01 E400 GPIO1 28 Strobel
X01 ECO0 GPI02 28 Strobel
X01 E800 Reserved 29 Strobel
X01 FO00 Mailbox 30 Strobel
X01 F800 MGS3 MPUI control register 31 Strobel

T All other 110 memory addresses are reserved.
¥ Internal wait states for accessing peripherals are set by strobe fields in TIPB CM register (see Section 4.1, Control Mode

Register).

4 TIPB Bridge

SPRU750A

The TIPB bridge module manages access to peripheral control and data
registers by the DSP CPU, DSP DMA controller, and MPUI via two peripheral
buses (see Figure 10):

[ Private TIPB: peripherals connected here (timers and interrupt handler)
cannot be accessed by the MPU via the MPUI.

(1 Public TIPB: peripherals connected here (McBSP1, McBSP2, MCSI1,
MCSI2, mailbox, and GPIO UART1-3) can be accessed by the MPU via
the MPUI port.

The TIPB bridge consists of two components:
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(1 The private TIPB bridge provides a preconfigured bus interface to
peripherals residing on the the DSP private TIPB.

(1 The public TIPB bridge provides a user-configurable interface to
peripherals on the DSP public TIPB. It includes functions to tailor the
interface timing to the complement of peripherals operating at a given
time.

The TIPB bridge also contains registers to control and monitor the DSP
subsystem idle state. The DSP TIPB bridge can be configured using the
following registers in DSP 1/O space:

(1 Control mode register (CMR): DSP 1/O word address is 0x0000.
(1 Idle control register (ICR): DSP I/0O word address is 0x0001.
(1 Idle status register (ISTR): DSP 1/0O word address is 0x0002.
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Figure 10. DSP Subsystem Modules
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4.1 Control Mode Register

The control mode register (CMR) indicates the shared-access mode/host-only
mode (SAM/HOM) status of the MPUI and bus error condition status for
accesses to the TIPB bridge. It also controls CPU priority versus the MPUI and
DMA for accesses to peripherals on the TIPB bridge.

Table 13. Control Mode Register (CMR)—Value at Reset is OXFE4D

CMR Reset
[15-0] Designation Description Value CPU Access MPU Access
15-9 Time-out (6:0) Strobe cycles Ox7F Read/Write Read
(0-127)
8-6 Wait state Strobel length 0 Read/Write Read
(strobe 1) (low, medium, high
bits)
5-3 Wait state Strobe 0 length 1 Read/Write Read
(strobe 0) (low, medium, high
bits)
2 CPU priority Priority modes 1 Read/Write Read
1 Bus error Application flag 0 Read/Clear Read (0 in HOM)
error
0 Mode SAM or HOM 1(HOM) Read Read
[ Mode bit

This bit is a read-only indication of whether the MPUI is in host-only mode
(HOM) or in single-access mode (SAM). HOM and SAM are described in
Section 3.6, External Memory Interface.

(] Bus error

This bit is set to 1 if the TIPB bridge generates a bus error (because of a
time-out condition or SAM/HOM change error), indicating that an error sig-
nal that can read this bit to identify the source of the error condition has
been sent to the DSP CPU. The bit is cleared upon read by the DSP CPU.
This bit cannot be read during HOM (always registers as zero during
HOM).
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(1 CPU priority bit

When CPU_PRIORITY =1, the DSP subsystem CPU, MPUI, and DMA
have the following priority in arbitration of TIPB bridge accesses:

1) CPU
2) MPUI
3) DMA

If CPU_PRIORITY = 0, the CPU, MPUI, and DMA accesses to the TIPB
bridge are arbitrated in rotating priority fashion.

[J Wait state bits for strobe 0 and strobe 1
The strobe O field sets the access rate for the following peripherals:
B TIPB registers
B CLKM2 registers
B DSP interrupt handler 2.0
B DSP interrupt handler 2.1
The strobe 1 field sets the access rate for the following peripherals:
B UARTS3 (test)
B McBSP1 (audio PCM)
B McBSP3 (optical)

MCSI-1

MCSI-2

GPIO

Mailbox

DSP MPUI register

OMAP5912 TIPB switch

GP timer (x8)

32-kHz synchronization timer

SPI

12C

MMCSDIO2

GPIO (x4)

The control mode register bits [5-3] and [8-6] contain the number of wait
states required to generate the appropriate strobe frequency (see Table 14).
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Table 14. Wait States

Number of

Wait States Strobe Period
0 DSP clk/2
1 DSP clk/3
2 DSP clk/4
3 DSP clk/5
4 DSP clk/6
5 DSP clk/7
6 DSP clk/8
7 DSP clk/9

(1 Time-out[6:0]

This field specifies the number of cycles that can elapse before the TIPB
returns a bus error condition. The seven-bit field specifies the number of wait
states. The time-out period is determined as

Time-out = value of time out[6:0] + 2 measured in DSP subsystem master
clock cycles

The default value is Ox7f (127).

4.2 Idle Control and Idle Status Registers

To conserve power, the DSP subsystem is capable of idling certain circuits.
The DSP CPU and peripherals contain several clock domains that can be
turned off individually to conserve power. The active/idle status of the various
domains is controlled by the idle control register. When the DSP software
executes the IDLE instruction, the clock domains are configured according to
the settings of the idle control register (ICR) (see Table 15). The current idle
domain status is reflected by the state of the idle status register (ISTR) (see

Table 16).

The idle domains are:
0 CPU
1 DMA
2 Cache
3 Peripherals
4 DPLL

52 DSP Subsystem SPRU750A



TIPB Bridge

5 EMIF

The DSP DPLL is controlled by the MPU subsystem. When entering
low-power mode requiring DSP DPLL off, the DSP sets DPLL idle domain on,
followed by the MPU idling the DPLL source by writing the appropriate control
registers (see Chapters 4 and 5).

Table 15. Idle Configuration Register (ICR)

ICR [15-0] Description DSP Access MPU Access Reset Value
15-8 Reserved (not connected) Read Read 0x0
7 Reserved idle domain Read/Write Read 0
6 Reserved idle domain Read/Write Read 0
5 EMIF idle domain Read/Write Read 0
4 DPLL idle domain Read/Write Read 0
3 Peripherals idle domain Read/Write Read 0
2 Cache idle domain Read/Write Read 0
1 DMA idle domain Read/Write Read 0
0 CPU idle domain Read/Write Read 0

Note:  When the DSP subsystem comes out of IDLE, the ICR configuration is retained until modified by the CPU. The next
time an IDLE instruction is executed, the same domains enter the idle state.
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Table 16. Idle Status Register (ISTR)

ISTR[15-0] Description DSP Access MPU Access Reset Value
15-8 Not connected Read Read 0x0
7 Reserved idle status Read Read 0
6 Reserved idle status Read Read 0
5 EMIF idle status Read Read 0
4 DPLL idle status Read Read 0
3 Peripherals idle status Read Read 0
2 Cache idle status Read Read 0
1 DMA idle status Read Read 0
0 CPU idle status Read Read 0

5

The DSP must not attempt to read the ISTR while the DPLL domain
is idled because this causes a time-out error.

MPU Interface

The MPU interface (MPUI) is a 16-bit parallel port that allows the MPU and the
system DMA controller to communicate with the DSP and its peripherals,
facilitating software downloads and data transfers. For additional information,
please see OMAP5912 Multimedia Processor OMAP3.2 Subsystem Reference
Guide (literature number SPRU749).

The MPUI provides the MPU with access to the full memory space of the DSP
(16M bytes). In addition, the MPUI allows the MPU to access devices on the
DSP public peripheral bus through duplicate memory-mapped peripheral
registers in the MPU address space. The MPU domain can also access the
control registers of the TIPB bridge module and the CLKM2 configuration
registers. The DSP private peripherals are not accessible via the MPUI.

MPUI transfers are facilitated by an auxiliary channel of the DSP subsystem
DMA controller; however, this dedicated DMA channel is preconfigured and
need not be user-configured for MPUI support.
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MPU Interface

The MPU domain (including ARM926EJS and system DMA) always masters
the transfer operation. It initiates the read or write of DSP memory or
peripherals. The MPU also controls the parameters of the MPUI by configuring
the MPUI_CTRL_REG and the MPUI_DSP_MPUI_CONFIG register. There
are five additional registers the MPU can read to observe the state of the MPUI:

MPUI_DEBUG_ADDR
MPUI_DEBUG_DATA
MPUI_DEBUG_FLAG
MPUI_STATUS_REG
MPUI_DSP_STATUS_REG

Uoooo

The MPUI port supports four access modes:

(1 Single-access mode, memory (SAM_M): SARAM, DARAM and, external
memory interface are shared between the DSP domain and the MPU
domain.

(1 Single-access mode, peripheral (SAM_P): DSP public peripheral bus is
shared between the DSP domain and the MPU domain.

[ Host-only mode, memory (HOM_M): MPU has exclusive access to DSP
SARAM, but it cannot access other DSP memory resources.

(1 Host-only mode, peripheral (HOM_P): MPU has exclusive access to the
DSP public peripheral bus.

SAM is the normal operating mode in which all the DSP internal memory and
the public peripherals are accessible by the MPUI interface as well as the DSP.
If both the DSP and the MPU controllers (ARM926EJS and/or system DMA)
access the same memory at the same time, priority is given to the DSP
controllers. The MPU domain access in SAM is synchronized to the internal
DSP CPU clock, which can add access latency for the MPU transfers.

HOM provides the MPU with exclusive access to the DSP SARAM or public
peripherals, primarily to support high-speed transfers from/to DSP during DSP
reset or IDLE conditions. During DSP reset condition, HOM_M and HOM_P
are invoked. In HOM_M the MPUI interface does not have access to the
DARAM (0x000000-0x00FFFF), but it has access to all the SARAM
(Ox010000-0x050000). The MPU must configure the MPUI_DSP_MPUI
CONFIG register to specify which blocks of SARAM are accessible in HOM
before access, because the reset default is for no SARAM access during
HOM_M.

An additional condition is that in HOM_P only the MPU can access the DSP
peripheral bus.
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5.1 HOM/SAM Change Outside of Reset

Only the DSP can invoke a HOM/SAM change outside of reset. The mode
change is initiated by a DSP write to HOM_P bit (bit 8) and HOM_R bit (bit 9)
of the ST3 register. The appropriate bit is written to request the
SAM_M/HOM_M or SAM_P/HOM_P change. The mode change is not
reflected on bits 8 and 9 in ST3 until the internal controller completes the mode
switch. Therefore, the DSP polls bits 8 and 9 after requesting a mode change
to ensure that the mode change is complete.

The HOM_M/SAM_M and HOM_R/SAM_R status can be observed by the
MPU by reading the MPU_DSP_Status_Register.

5.2 ST3—HOM_P Bit (Bit 8)

The host-only mode for peripherals (HOM_P bit) determines whether the
peripherals are owned only by the MPU or shared by the MPU and the DSP:

g O0: Off

Peripherals are shared by the MPU and the DSP. If you clear the HOM_P
bit, a request for sharing is sent to the peripheral domain controller. If the
peripheral domain controller clears the HOM_P bit, the clearing indicates
that the MPU no longer has exclusive ownership of the peripherals.

] 1.0n

Peripherals are owned only by the MPU. If you set the HOM_P bit, a re-
quest for HOM is sent to the peripheral domain controller. If the peripheral
domain controller sets the HOM_P bit, the setting indicates that the MPU
has exclusive ownership of the peripherals.

5.3 ST3—HOM_R Bit (Bit 9)

The MPUI RAM is the portion of the DSP RAM that is accessible by the MPUI.
The HOM_R bit determines/shows whether the MPUI RAM is owned only by
the MPUI or shared by the host processor and the C55x DSP:

g O0: Off

The MPUI RAM is shared by the host processor and the DSP. If yo