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Chapter 1

IC Architecture Overview

This chapter introduces the i.MX25 architecture.

1.1 i.MX25 Overview

The i.MX25 is targeted for the automotive and general industrial markets. This multimedia applications

processor has the right mix of high performance, low power, and integration to support the growing needs
of the industrial and general embedded markets. The i.MX25 is partitioned into two major subsystems as
shown in Figure 1-1: the ARM926 platform and the SDMA platform with an external memory interface

(EMI).

ppRrz/ || NOR |/ NAND || Ext. Graphics| | Camera

MDDR P@?{S:l{/l Flash || Accelerator Sensor LCD Display 1
y A A
v
External Memory v
Interface «> LCDC/
x csl SLCDC
\ 4
Smart
DMA ARM9 "
Platform ARM926 Peripherals
v [ ssi | HS USBOTG
SPEA |« [ AUDMUX | HS USBOTGPHY
HS USB Hos|
- 2C(3)
SDMA Peripherals ASIC | [ UART®) |
MAX [ cspl |
AIPS(2
SSI(1) [ eSDHCE) |
CANG)
UARTIG)
CSPI(2) SIM(2) Internal IOMUX
12-bit AID Memory M GPIO(3)
TSC FEC RTICv3
[ RNGB | [ EPITQ) |
-
KPP [ RTC ]
PWM(4) WDOG
[ 1-WIRE_] GPT()
iy ¢ ve I 3
Audio/Power MMC/SDIO Connectivit
Management| JTAG Blustooth orWLAN || Keypad Access

Figure 1-1. i.MX25 High-Level Block Diagram
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IC Architecture Overview

1.1.1 Key Features

The i.MX25 is based on the ARM926 platform. The ARM926 platform has the following features:
*  ARMO926EJS processor
» 16 Kbyte L1 instruction cache
» 16 Kbyte L1 data cache
* 400 MHz maximum frequency of the core and L1 cache

To boost the performance, the following hardware accelerators are integrated:
» Alpha blending at the LCD controller
o 128 Kbyte internal SRAM
» A/D controller and integrated touch screen controller

Security functions are enabled and accelerated by the following hardware:

» Secure JTAG Controller (SJC). Protects JTAG from debug port attacks by regulating or blocking
the access to the system debug features.

» Real-Time Integrity Checker type2 (RTICv3). RTIC typel, enhanced with SHA-256 engine.

» Secure RAM module and the Security Monitor (SCCv3). Provides 2 Kbytes of secure storage of
sensitive information both in on-chip RAM and in off-chip, non-volatile memory.

* High Assurance Boot (HAB) with SHA-256.
* Drylce
— Second level encrypted key with enhanced tamper detection erase capability
— Tamper detectors
— Secure real time clock
— 32 KHz oscillator

The memory system consists of the following levels:
* Level-1 cache
— Instruction (16 Kbyte)
— Data (16 Kbyte)
* Level-2 memory
— Boot ROM, including HAB (32 Kbyte)
— Internal RAM (128 Kbyte)
— Secure RAM (2 Kbyte)

The 1.MX25 provides the following interfaces to external devices:
» Two Controller Area Network (CAN) interfaces
* Two CE-ATA, SDIO/MMC interfaces (up to 416 Mbps)
» Three Configurable Serial Peripheral Interfaces (CSPI) - supporting speeds up to 52 Mbps each
* DDR2, Mobile DDR, and SDRAM (up to 133 MHz) [DAH: Also supports PSDRAM]
» Ethernet 10/100 Mbps
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IC Architecture Overview

» Flash controller - MLC, SLC NAND and NOR

* GPIO with interrupt capabilities

« Three I2C (up to 400 Kbps each)

« JTAG

» Keypad port

* 1-Wire module

» Parallel camera sensor (4/8/10/16-bit data port for video color models: YCC, YUV, 30 MPix)
» Parallel display (primary up to 24-bit, 1024x1024)
o Parallel-ATA (P-ATA) -up to 66 MByte/s

» Four Pulse Width Modulators (PWM)

» Two Synchronous Serial Interfaces (SSI)

* One Enhanced Serial Audio Interface (eSAI)

* Five UART (up to 4.0 Mbps each)

e USB 2.0 Host with FS PHY

e USB 2.0 OTG (up to 480 Mbps) with HS PHY

» Two Subscriber Identification Modules (SIM)

1.2 Architecture Overview

1.2.1 Functional Domains Overview

The i.MX25 consists of the following major subsystems:
*  ARMO926 platform
* SDMA platform and EMI

1.2.1.1 ARM926 Platform Overview

The ARM926 platform is responsible for running the operating system and applications software,
providing the user interface, and supplying access to integrated and external peripherals. The look and feel
of the device depends on the software running on this processor, ultimately tying market acceptance to the
availability of a wide variety of off-the-shelf, third-party software and development tools. Over the past
couple of years, the ARM CPU family has emerged as the de-facto standard for mobile application
processors. To leverage this growing software base, the ARM926 platform is based on the ARM
architecture. The ARM926 platform is built around an ARM926EJS core with 16 Kbyte instruction and
16 Kbyte data L1 caches, an MMU, a multi-ported crossbar switch, and advanced debug and trace
interfaces.

The ARMO core is intended to operate at a maximum frequency of 400 MHz in order to support the
required multimedia use cases, such as concurrent video playback QVGA at 30 fps and MP3 audio decode.
Furthermore, an LCDC is integrated into the ARM926 platform to off-load the core from graphics overlay.
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IC Architecture Overview

Peripheral functionality belonging to the ARM926 platform includes the user interface, connectivity,
display, security, and memory interfaces and 128 Kbytes multipurpose SRAM. This SRAM can be used
as audio RAM, scratch pad RAM by the ARM9, or it can be accessed by the LCDC for use as a display
buffer.

1.2.1.2 SDMA Platform and EMI Overview

The shared domain is composed of the SDMA peripherals, a Smart DMA Engine (SDMA) and a number
of miscellaneous modules. For maximum flexibility, some peripherals are directly accessible by the
SDMA engine.

The external memory subsystem represents a significant investment in chipset cost and board area.
High-performance processors such as the ARM?9 require a significant amount of bus bandwidth to achieve
their maximum potential. The challenge is to maximize the performance while minimizing the bandwidth.
To achieve that, the i.MX25 includes a hierarchical memory architecture including L1 caches and M2
memory. This reduces the bandwidth demands for the external bus and external memory. The external
memory subsystem supports a flexible external memory system, including support for SODRAM (SDR and
DDR), DDR2, Mobile DDR (mDDR), and NAND flash.

1.2.2 Advanced Power Management Overview

To address the continuing need to reduce power consumption, the following techniques have been
incorporated into the i.MX25 processor:

» Clock gating

» Power optimized synthesis

*  Well biasing

* Dynamic Process and Temperature Compensation (DPTC)

* Dynamic VWoltage and Frequency Scaling (DVFS)

Clock distribution circuits in digital 1Cs with the complexity of i.MX25 can consume as much as 40% of
the total dissipated power. By inserting gating into the clock paths, unused portions of the chip can be
disabled. Since static CMOS logic consumes only leakage power, significant power savings can be
realized. The i.MX25 clock gating is inserted both manually on a large functional block basis and
automatically within the blocks during logic synthesis. The i.MX25 integrates both clock gating and power
optimization into the synthesis design flow.

Well biasing is applying a voltage that is greater than V44 to the nwells and lower than Vg to the P-wells.
The effect of applying this well back bias voltage is to reduce the subthreshold channel leakage. For the
90-nm digital process, it is estimated that the subthreshold leakage is reduced by a factor of 10 over the

nominal leakage.

Additionally, the supply voltage for internal logic can be reduced from 1.4 V to 1.2V to 1.0 V during
periods of inactivity.
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1.2.3

Modules Inventory
Table 1-1 describes the ARM926 core.

IC Architecture Overview

Table 1-1. Core Summary

Core

Core Name Brief Description Integrated Memory Includes
Acronym
ARM?9 or ARM926 | The ARM926 platform consists of the ARM926EJS™ ¢ 16-Kbyte Instruction L1 Cache
ARM926 platform | core, the ETM real-time debug modules, a 5x5 multilayer | * 16-Kbyte Data L1 Cache
and AHB crossbar switch, and a “primary AHB” complex. e 32-Kbyte ROM
memory * 128-Kbyte RAM

Table 1-2 describes the modules on the chip, as well as a description of the functionality, as well as the

names of the subsystem to which they belong.

Table 1-2. Digital and Analog Modules

Block
Mnemonic

Block Name

Domain’

Sub-System

Brief Description

Chapter

ATA

ATA Module

SDMA

Connectivity
Peripherals

The ATA block is a AT attachment host interface. Its
main use is to interface with IDE hard disc drives and
ATAPI optical disc drives. It interfaces with the ATA
device over a number of ATA signals.

AUDMUX

Digital Audio
Mux

ARM

Multimedia
Peripherals

The AUDMUX is a programmable interconnect for
voice, audio, and synchronous data routing between
host serial interfaces (SSlIs) and peripheral serial
interfaces (audio codecs). The AUDMUX has two sets
of interfaces: internal ports to on-chip peripherals, and
external ports to off-chip audio devices. Data is routed
by configuring the appropriate internal and external
ports.

CAN(2)

CAN Module

ARM

Connectivity
Peripherals

The CAN protocol is primarily designed to be used as a
vehicle serial data bus running at 1 Mbps.

CCM

Clock Control
Module

ARM

Clocks

This block generates all clocks for the peripherals in the
SDMA platform. The CCM also manages the ARM926
platform low power modes (WAIT, STOP), disabling
peripheral clocks appropriately for power conservation,
and provides alternate clock sources for the ARM926
and SDMA platforms.

CSPI(3)

Configurable
Serial
Peripheral
Interface

SDMA,
ARM

Connectivity
Peripherals

This module is a serial interface equipped with data
FIFOs, each master/slave-configurable SPI module is
capable of interfacing to both serial port interface
master and slave devices. The CSPI ready (SPI_RDY)
and slave select (SS) control signals enable fast data
communication with fewer software interrupts.
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Table 1-2. Digital and Analog Modules (continued)

Block
Mnemonic

Block Name

Domain

1

Sub-System

Brief Description

Chapter

EMI

External
Memory
Interface

SDMA

External
Memory
Interface

The EMI module provides access to external memory

for the ARM and other masters. It is composed of main

sub-modules:

* MB3IF provides arbitration between multiple masters
requesting access to the external memory.

* The SDRAM CTRL interfaces to DDR2 and SDR
interfaces.

* NANDFC provide an interface to NAND Flash
memories.

* The WEIM interfaces to NOR flash and PSRAM.

EPIT(2)

Enhanced
Periodic
Interrupt Timer

ARM

Timer
Peripherals

Each EPIT is a 32-bit “set and forget” timer that starts
counting after the EPIT is enabled by software. It is
capable of providing precise interrupts at regular
intervals with minimal processor intervention. It has a
12-bit prescaler to adjust the input clock frequency to
the required time setting for the interrupts, and the
counter value can be programmed on the fly.

ESAI

Enhanced
Serial Audio
Interface

SDMA

Connectivity
Peripherals

The Enhanced Serial Audio Interface (ESAI) provides a
full-duplex serial port for serial communication with a
variety of serial devices, including industry-standard
codecs, SPDIF transceivers, and other DSPs.

The ESAI consists of independent transmitter and
receiver sections, each section with its own clock
generator.

FEC

Ethernet

SDMA

Connectivity
Peripherals

The Ethernet Media Access Controller (MAC) is
designed to support both 10- and 100- Mbps
Ethernet/IEEE Std. 802.3™ networks. An external
transceiver interface and transceiver function are
required to complete the interface to the media.

GPIO(3)

General
Purpose I/0
Modules

ARM

Pins

Used for general purpose input/output to external ICs.
Each GPIO module supports 32 bits of I/O.

GPT(4)

General
Purpose
Timers

ARM

Timer
Peripherals

Each GPT is a 32-bit "free-running" or "set and forget"
mode timer with programmable prescaler and compare
and capture register. A timer counter value can be
captured using an external event and can be configured
to trigger a capture event on either the leading or trailing
edges of an input pulse. When the timer is configured to
operate in "set and forget" mode, it is capable of
providing precise interrupts at regular intervals with
minimal processor intervention. The counter has output
compare logic to provide the status and interrupt at
comparison. This timer can be configured to run either
on an external clock or on an internal clock.
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Table 1-2. Digital and Analog Modules (continued)

Block .| Block Name |Domain' Sub-System Brief Description Chapter
Mnemonic
12C(3) |I2C Module |ARM ARM926 inter-IC Communication (12C) is an industry-standard, —
Platform bi-directional serial bus that provides a simple, efficient
Peripherals method of data exchange, minimizing the
interconnection between devices. 1°C is suitable for
applications requiring occasional communications over
a short distance between many devices. The interface
operates up to 100 kbps with maximum bus loading and
timing. The I1°C system is a true multiple-master bus,
including arbitration and collision detection that
prevents data corruption if multiple devices attempt to
control the bus simultaneously. This feature supports
complex applications with multiprocessor control and
can be used for rapid testing and alignment of end
products through external connections to an
assembly-line computer.
M IC ARM Security The IIM provides the primary user-visible mechanism —
Identification Modules for interfacing with on-chip fuse elements. Among the
Module uses for the fuses are unique chip identifiers, mask
revision numbers, cryptographic keys, and various
control signals requiring a fixed value.
IOMUX |1/O ARM Pins Each I/O multiplexer provides a flexible, scalable —
Multiplexers multiplexing solution with the following features:
* Up to eight output sources multiplexed per pin
» Up to four destinations for each input pin
* Unselected input paths are held at constant level for
reduced power consumption
KPP KeyPad Port | ARM Connectivity | Can be used for either keypad matrix scanning or —
Peripherals general purpose 1/O.
0SC24M |0OSC24 MHz |Analog |Clock The OSC24M oscillator provides a stable frequency —
Reference reference for the PLLs. This oscillator is designed to
Oscillator work in conjunction with an external 24 MHz crystal.
OSC32K |0SC32 kHz Analog | Clock The OSC32K oscillator provides a stable frequency —
Reference reference for the RTC. This oscillator is designed to
Oscillator work in conjunction with an external 32 KHz crystal.
1-WIRE | 1-Wire ARM ARM926 1-WIRE provides the communication line to a 1 Kbit —
Interface Platform Add-Only Memory (DS2502). The interface sends or
Peripherals receives one bit at a time. The required protocol for
accessing the 1-Wire device, especially the DS2502, is
defined by Dallas Semiconductor Corporation.™ The
DS2502 holds battery characteristics information.
PWM(4) | Pulse Width ARM ARM926 The pulse-width modulator (PWM) has a 16-bit counter —
Modulator Platform and is optimized to generate sound from stored sample
Peripherals audio images. The PWM can also generate tones. It
uses 16-bit resolution and a 4 x 16 data FIFO to
generate sound.
RTC Real Time ARM Clocks Provides the ARM926 platform with a clock function. —
Clock
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Table 1-2. Digital and Analog Modules (continued)

M Block .| Block Name |Domain'| Sub-System Brief Description Chapter
nemonic
SIM(2) | Subscriber ARM Security The SIM is designed to facilitate communication to SIM —
Identification cards or Eurochip pre-paid phone cards.
Module
SDMA | Smart DMA SDMA System The SDMA provides DMA capabilities inside the —
Engine Controls processor. It is a shared module that implements 32
DMA channels and has interface to connect to the
ARM926 platform, EMI interface and the shared
peripherals.
SJC Secure JTAG |ARM Pins The SJC provides debug and test control with —
Controller maximum security.
SPBA Shared SDMA System The SPBA controls access to the shared peripherals. It —
Peripheral Bus Controls supports shared peripheral ownership and access
Arbiter rights to an owned peripheral.
SSI(2) |Synchronous |SDMA, |[Connectivity |The SSlis a full-duplex serial port that allows the —
Serial ARM peripherals processor connected to it to communicate with a variety
Interface of serial protocols, including the Freescale
Semiconductor SPI standard and the inter-IC sound
bus standard (12S). The SSls interface to the AUDMUX
for flexible audio routing.
UART(5) |Universal SDMA, | Connectivity | Each UART provides serial communication capability —
Asynchronous | ARM Peripherals with external devices through an RS-232 cable using
Receiver/ the standard RS-232 non-return-to-zero (NRZ)
Transmitters encoding format. Each module transmits and receives
characters containing either 7 or 8 bits (program
selectable). Each UART can also provide low-speed
IrDA compatibility through the use of external circuitry
that converts infrared signals to electrical signals (for
reception) or transforms electrical signals to signals
that drive an infrared LED (for transmission).
USBOTG | High-Speed ARM Connectivity | The USB module provides high performance USB —
USBHOST |USB Peripherals On-The-Go (OTG) and Host functionality (up to 480
On-The-Go Mbps), compatible with the USB 2.0 specification, the
OTG supplement and the ULPI 1.0 Low Pin Count
specification. The module has DMA capabilities
handling data transfer between internal buffers and
system memory. A OTG HS PHY and HOST FS PHY
are also integrated.
WDOG |Watchdog ARM Timer Each module protects against system failures by —
Modules peripherals providing a method of escaping from unexpected
events or programming errors. Once activated, the
timer must be serviced by software on a periodic basis.
If servicing does not take place, the watchdog times out
and then either asserts a system reset signal or an
interrupt request signal, depending on the software
configuration.

1 ARM = ARM926 platform, SDMA = SDMA platform
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Chapter 2
Memory Map

This chapter introduces the memory architecture of the .MX25 device. The .MX25 memory is
hierarchical, with one level of cache between the microprocessors and the external memory.

The chapter is organized as follows:
* “Section 2.1, “System Memory Map,” presents the system memory map.

*  “Section 2.2, “SDMA Peripheral Memory Map,” presents the SDMA master IP bus peripheral
memory map.

NOTE
All referenced addresses are physical addresses.

2.1 System Memory Map

Table 2-1 shows the system memory map for the .MX25 device.
Table 2-1. System Memory Map

Address Range
Size Region
Start End
0x0000_0000 0x0000_3FFF 16 Kbytes ROM (36 Kbytes)
0x0000_4000 0x0040_3FFF 4 Mbytes Reserved
0x0040_4000 0x0040_8FFF 20 Kbytes ROM (36 Kbytes)
0x0040_9000 OxOFFF_FFFF 252 Mbytes (minus 36 Kbytes) | Reserved
0x1000_0000 Ox1FFF_FFFF 256 Mbytes Reserved
0x2000_0000 Ox2FFF_FFFF 256 Mbytes Reserved
0x3000_0000 Ox3FFF_FFFF 256 Mbytes Reserved
0x4000_0000 Ox43EF_FFFF 63 Mbytes Reserved
0x43F0_0000 0x43F0_3FFF 16 Kbytes AIPS A control registers
0x43F0_4000 0x43F0_7FFF 16 Kbytes ARM926 platform MAX
0x43F0_8000 0x43F0_BFFF 16 Kbytes ARM926 platform CLKCTL
0x43F0_C000 0x43FO0_FFFF 16 Kbytes ARM926 platform ETB registers
0x43F1_0000 0x43F1_3FFF 16 Kbytes ARM926 platform ETB memory
0x43F1_4000 0x43F1_7FFF 16 Kbytes ARMO926 platform AAPE registers
0x43F1_8000 0x43F7_FFFF 416 Kbytes Reserved
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Table 2-1. System Memory Map (continued)
Address Range
Size Region
Start End
0x43F8_0000 0x43F8_3FFF 16 Kbytes 12C-1
0x43F8_4000 0x43F8_7FFF 16 Kbytes 1°c-3
0x43F8_8000 0x43F8_BFFF 16 Kbytes CAN-1
0x43F8_C000 0x43F8_FFFF 16 Kbytes CAN-2
0x43F9_0000 0x43F9_3FFF 16 Kbytes UART-1
0x43F9_4000 0x43F9_7FFF 16 Kbytes UART-2
0x43F9_8000 0x43F9_BFFF 16 Kbytes 1’c-2
0x43F9_C000 0x43F9_FFFF 16 Kbytes 1-Wire
0x43FA_0000 0x43FA_3FFF 16 Kbytes ATA (CPU side)
0x43FA_4000 Ox43FA_7FFF 16 Kbytes CSPI-1
0x43FA_8000 0x43FA_BFFF 16 Kbytes KPP
0x43FA_C000 0x43FA_FFFF 16 Kbytes IOMUXC
0x43FB_0000 0x43FB_3FFF 16 Kbytes AUDMUX
0x43FB_4000 0x43FB_7FFF 16 Kbytes Reserved
0x43FB_8000 0x43FB_BFFF 16 Kbytes ECT (IP BUS A)
0x43FB_C000 0x43FB_FFFF 16 Kbytes ECT (IP BUS B)
0x43FC_0000 0x43FF_FFFF 256 Kbytes Reserved AIPS A off-platform slots
0x4400_0000 Ox4FFF_FFFF 192 Mbytes Reserved
0x5000_0000 0x5000_3FFF 16 Kbytes SPBA base address
0x5000_4000 0x5000_7FFF 16 Kbytes CSPI-3
0x5000_8000 0x5000_BFFF 16 Kbytes UART-4
0x5000_C000 0x5000_FFFF 16 Kbytes UART-3
0x5001_0000 0x5001_3FFF 16 Kbytes CSPI-2
0x5001_4000 0x5001_7FFF 16 Kbytes SSI-2
0x5001_8000 0x5001_BFFF 16 Kbytes ESAI
0x5001_C000 0x5001_FFFF 16 Kbytes Reserved
0x5002_0000 0x5002_3FFF 16 Kbytes ATA
0x5002_4000 0x5002_7FFF 16 Kbytes SIM-1
0x5002_8000 0x5002_BFFF 16 Kbytes SIM-2
0x5002_C000 0x5002_FFFF 16 Kbytes UART-5
0x5003_0000 0x5003_3FFF 16 Kbytes TSC
i.MX25 Multimedia Applications Processor Reference Manual, Rev. 2
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Table 2-1. System Memory Map (continued)

Memory Map

Address Range

Size Region
Start End
0x5003_4000 0x5003_7FFF 16 Kbytes SSI-1
0x5003_8000 0x5003_BFFF 16 Kbytes FEC
0x5003_C000 0x5003_FFFF 16 Kbytes SPBA registers

0x5004_0000

0x51FF_FFFF

32 Mbytes (minus 256 Kbytes)

Reserved AIPS B

0x5200_0000 Ox53EF_FFFF 31 Mbytes Reserved
0x53F0_0000 0x53F0_3FFF 16 Kbytes AIPS B control registers
0x53F0_4000 0x53F7_FFFF 496 Kbytes Reserved
0x53F8_0000 0x53F8_3FFF 16 Kbytes CCM
0x53F8_4000 0x53F8_7FFF 16 Kbytes GPT4
0x53F8_8000 0x53F8_BFFF 16 Kbytes GPT-3
0x53F8_C000 0x53F8_FFFF 16 Kbytes GPT-2
0x53F9_0000 0x53F9_3FFF 16 Kbytes GPT-1
0x53F9_4000 0x53F9_7FFF 16 Kbytes EPIT-1
0x53F9_8000 0x53F9_BFFF 16 Kbytes EPIT-2
0x53F9_C000 0x53F9_FFFF 16 Kbytes GPIO-4
0x53FA_0000 0x53FA_3FFF 16 Kbytes PWM-2
0x53FA_4000 0x53FA_7FFF 16 Kbytes GPIO-3
0x53FA_8000 0x53FA_BFFF 16 Kbytes PWM-3
0x53FA_C000 0x53FA_FFFF 16 Kbytes SCC
0x53FB_0000 O0x53FB_3FFF 16 Kbytes RNGB
0x53FB_4000 Ox53FB_7FFF 16 Kbytes eSDHC-1
0x53FB_8000 0x53FB_BFFF 16 Kbytes eSDHC-2
0x53FB_C000 0x53FB_FFFF 16 Kbytes LCDC
0x53FC_0000 0x53FC_3FFF 16 Kbytes SLCDC
0x53FC_4000 0x53FC_7FFF 16 Kbytes Reserved
0x53FC_8000 0x53FC_BFFF 16 Kbytes PWM-4
0x53FC_C000 0x53FC_FFFF 16 Kbytes GPIO-1
0x53FD_0000 0x53FD_3FFF 16 Kbytes GPIO-2
0x53FD_4000 0x53FD_7FFF 16 Kbytes SDMA
0x53FD_8000 0x53FD_BFFF 16 Kbytes Reserved
0x53FD_C000 O0x53FD_FFFF 16 Kbytes WDOG
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Table 2-1. System Memory Map (continued)
Address Range
Size Region
Start End
0x53FE_0000 Ox53FE_3FFF 16 Kbytes PWM-1
0x53FE_4000 Ox53FE_7FFF 16 Kbytes Reserved
0x53FE_8000 O0x53FE_BFFF 16 Kbytes Reserved
0x53FE_C000 Ox53FE_FFFF 16 Kbytes RTICv3
0x53FF_0000 Ox53FF_3FFF 16 Kbytes IIM
0x53FF_4000 Ox53FF_7FFF 16 Kbytes usB
0x53FF_8000 Ox53FF_BFFF 16 Kbytes Csl
0x53FF_C000 0x53FF_FFFF 16 Kbytes Drylce
0x5400_0000 Ox5FFF_FFFF 192 Mbytes Reserved (aliased AIPS B slots)
0x6000_0000 0x67FF_FFFF 128 Mbytes ARM926 platform ROMPATCH
0x6800_0000 Ox6FFF_FFFF 128 Mbytes ARM926 platform ASIC
0x7000_0000 0x77FF_FFFF 128 Mbytes Reserved
0x7800_0000 0x7801_FFFF 128 Kbytes RAM
0x7802_0000 Ox7FFF_FFFF 128 Mbytes (minus 128 Kbytes) | RAM alias
0x8000_0000 Ox8FFF_FFFF 256 Mbytes SDRAM bank 0
0x9000_0000 O0x9FFF_FFFF 256 Mbytes SDRAM bank 1
0xA000_0000 OxA7FF_FFFF 128 Mbytes WEIM CSO (flash 128)"
0xA800_0000 OXAFFF_FFFF 128 Mbytes WEIM CS1 (flash 64)"
0xB000_0000 0xB1FF_FFFF 32 Mbytes WEIM CS2 (SRAM)
0xB200_0000 0xB3FF_FFFF 32 Mbytes WEIM CS3 (SRAM)
0xB400_0000 0xB5FF_FFFF 32 Mbytes WEIM CS4
0xB600_0000 0xB7FF_FFFF 32 Mbytes Reserved
0xB800_0000 0xB800_OFFF 4 Kbytes Reserved
0xB800_1000 0xB800_1FFF 4 Kbytes SDRAM control registers
0xB800_2000 0xB800_2FFF 4 Kbytes WEIM control registers
0xB800_3000 0xB800_3FFF 4 Kbytes M3IF control registers
0xB800_4000 0xB800_4FFF 4 Kbytes EMI control registers
0xB800_5000 OxBAFF_FFFF 32 Mbytes (minus 20 Kbytes) Reserved
0xBB00_0000 0xBB00_OFFF 4 Kbytes NAND flash main area buffer
0xBB00_1000 0xBBOO_11FF 512B NAND flash spare area buffer
0xBB00_1200 0xBB00O_1DFF 3 Kbytes Reserved
i.MX25 Multimedia Applications Processor Reference Manual, Rev. 2
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Table 2-1. System Memory Map (continued)

Address Range

Size Region
Start End
0xBB0O_1E00 0xBBOO_1FFF 512B NAND flash control registers
0xBB01_2000 OxBFFF_FFFF 96 Mbytes (minus 8 Kbytes) Reserved
0xC000_0000 OxFFFF_FFFF 1024 Mbytes Reserved

1 WEIM CS0 and CS1 can be collapsed to form a single 256-Mbyte region from 0xA000_0000 to OXAFFF_FFFF

2.2

SDMA Peripheral Memory Map

SDMA scripts can read and write to the context RAM, data RAM, shared-peripheral registers, and internal
registers. All of the data accessible to SDMA scripts make up the data memory space of the SDMA. The
address range is 16 bits and the data width is 32 bits. Each address corresponds to a 32-bit data word.

The SDMA can perform only 32-bit access to shared-peripheral registers. The i.MX25, shared peripheral
registers are treated as if byte addressed. This is a consequence of connections through the SPBA shared
peripheral bus outside of the SDMA. The result is that although address space 4 Kwords (16 Kbytes) is
allocated for each peripheral, only the first 4 Kbytes of the peripherals register space can be accessed. For
example, the shared peripheral register at address 0x3000 is mapped also to addresses 0x3001, 0x3002,

0x3003. A read or write access to any of these 4 addresses will respond as if the access was to address

0x3000.

Table 2-2 shows the memory map of the shared peripherals to SDMA-accessible memory space.
Table 2-2. SDMA Peripheral Memory Map

Peripheral Base Address Size Comments
SDMA internal memory 0x0000 4 Kwords map to SDMA Internal ROM/RAM
CSPI3 0x1000 4 Kwords map to 4 Kbytes of CSPI3 address space
UART4 0x2000 4 Kwords map to 4 Kbytes of UART4 address space
UART3 0x3000 4 Kwords map to 4 Kbytes of UART3 address space
CSPI2 0x4000 4 Kwords map to 4 Kbytes of CSPI2 address space
SSI2 0x5000 4 Kwords map to 4 Kbytes of SSI2 address space
ESAI 0x6000 4 Kwords map to 4 Kbytes of ESAI address space
SDMA internal registers 0x7000 4 Kwords map to SDMA registers
ATA 0x8000 4 Kwords map to 4 Kbytes of ATA address space
SIMA 0x9000 4 Kwords map to 4 Kbytes of SIM1 address space
SIM2 0xA000 4 Kwords map to 4 Kbytes of SIM2 address space
UART5 0xB000 4 Kwords map to 4 Kbytes of UART5 address space
TCH/SC/ADCTL 0xC000 4 Kwords map to 4 Kbytes of TCH/SC/ADCTL address space
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Memory Map
Table 2-2. SDMA Peripheral Memory Map (continued)
Peripheral Base Address Size Comments
SSH 0xD000 4 Kwords map to 4 Kbytes of SSI1 address space
FEC 0xEO000 4 Kwords map to 4 Kbytes of FEC address space
SPBA Registers 0xFO00 4 Kwords map to 4 Kbytes of SPBA address space
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Chapter 3

Interrupts and DMA Events

This chapter provides the assignments for the interrupt requests of the AP domains:

e Section 3.1, “ARM926 Platform Interrupts”

This chapter also defines the DMA events in the following sections:
* Section 3.2, “SDMA Event Mapping”

3.1 ARM926 Platform Interrupts

The ARM926EJ-S Simple Interrupt Controller (ASIC) is designed to handle up to 64 interrupt requests.
Table 3-1 lists the ARM926 platform interrupt sources.

Table 3-1. ARM926 Platform Interrupt Sources

IRQ Interrupt Source Interrupt Description
0 CSPI-3 —
1 GPT-4 —
2 1-Wire —
3 12C-1 —
4 12C-2 —
5 UART-4 —
6 RTIC —
7 ESAI —
8 ESDHC-2 —
9 ESDHC-1 —
10 1>C-3 —
11 SSI-2 —
12 SSI-1 —
13 CSPI-2 —
14 CSPI-1 —
15 ATA —
16 GPIO-3 Combined Interrupts - 1 Bit Int Or Of 32
17 Csl —
18 UART-3 —
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Table 3-1. ARM926 Platform Interrupt Sources (continued)

IRQ Interrupt Source Interrupt Description
19 M —

20 SIM-1 —

21 SIM-2 —

22 RNGB —

23 GPIO-4 Combined Interrupts - 1 Bit Int Or Of 32
24 KPP Keypad Interrupt

25 Drylce Consolidated RTC Interrupt

26 PWM-1 —

27 EPIT-2 —

28 EPIT-1 —

29 GPT-3 —

30 POWER FAIL power fail interrupt from external PAD
31 CCM —

32 UART-2 —

33 NANDFC Consolidated Nand Flash Controller Interrupt
34 SDMA “AND?” of all 32 interrupts from all the channels
35 USB-HTG —

36 PWM-2 —

37 USB-OTG —

38 SLCDC —

39 LCDC —

40 UART-5 —

41 PWM-3 —

42 PWM-4 —

43 CAN-1 —

44 CAN-2 —

45 UART-1 —

46 TSC —

47 Reserved —

48 ECT —

49 SCC SCM SCM interrupt

50 SCC SMN SMN interrupt

51 GPIO-2 Combined Interrupts - 1 Bit Int Or Of 32
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Table 3-1. ARM926 Platform Interrupt Sources (continued)

IRQ Interrupt Source Interrupt Description

52 GPIO-1 Combined Interrupts - 1 Bit Int Or Of 32

53 GPT-2 —

54 GPT-1 —

55 WDOG —

56 Drylce security violation interrupt

57 FEC —

58 EXT_INT5 External interrupt for Power Management using GPIO-1[5]
59 EXT_INT4 External interrupt for Temp using GPIO-1[4]

60 EXT_INT3 External interrupt for Sensor using GPIO-1[3]

61 EXT_INT2 External interrupt for Sensor using GPIO-1[2]

62 EXT_INT1 External interrupt for Watch-dog using GPIO-1[1]
63 EXT_INTO External interrupt for TV using GPI1O-1[0]

3.2 SDMA Event Mapping

Table 3-2 shows the SDMA event mapping.
Table 3-2. SDMA Event Mapping

Event Number DMA Source Description
0 EXT DMA 0 External DMA request 0 from GPIO-4:GPIO[27]
1 CCM DPTC, DVFS event
2 ATA TXFER end —
3 ATA TX FIFO —
4 ATA RX FIFO —
5 Reserved —
6 CSP-2 RX CSPI2 receive
7 CSPI-2TX CSPI2 transmit
8 CSPI-1 RX CSPI1 receive
9 CSPI-1 TX CSPI1 transmit
10 UART-3 RX UART3 receive
11 UART-3 TX UARTS3 transmit
12 UART-4 RX UART4 receive
13 UART-4 TX UART4 transmit
14 EXT DMA 1 External DMA request 1 from GPIO-4:GPIO[28]
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Table 3-2. SDMA Event Mapping (continued)

Event Number DMA Source Description
15 EXT DMA 2 External DMA request 2 from GPIO-4:GPIO[29]
16 UART-2 RX UART2 receive
17 UART-2 TX UART2 transmit
18 UART-1 RX UART1 receive
19 UART-1 TX UART1 transmit
20 Reserved —
21 Reserved —
22 SSI-2 RX1 SSI2 receive channel 1
23 SSI-2 TX1 SSI2 transmit channel 1
24 SSI-2 RX0 SSI2 receive channel 0
25 SSI-2 TX0 SSI2 transmit channel 0
26 SSI-1 RX1 SSI1 receive channel 1
27 SSI-1 TX1 SSI1 transmit channel 1
28 SSI-1 RX0 SSI1 receive channel 0
29 SSI-1 TX0 SSI1 transmit channel 0
30 NANDFC —
31 ECT CTI trigger out
32 ESAI RX —
33 ESAITX —
34 CSPI-3 RX —
35 CSPI-3TX —
36 SIM-2 RX —
37 SIM-2 TX —
38 SIM-1 RX —
39 SIM-1 TX —
40 Reserved —
41 Reserved —
42 Reserved —
43 Reserved —
44 TSC GCQ —
45 TSC TCQ —
46 UART-5 RX —
47 UART-5 TX —

i.MX25 Multimedia Applications Processor Reference Manual, Rev. 2

Freescale Semiconductor



Chapter 4
External Signals and Pin Multiplexing

The 1.MX25 has a limited number of pins, and most pins are shared among multiple signals. This chapter
describes the external I/O signals and pin multiplexing (muxing) in order to help users to understand pin
assignment and the input-output multiplexer IOMUX). It is also intended to enable software developers
to do appropriate muxing programming.

4.1 IOMUX Overview

The muxing hardware in i.MX25 is composed of the following:
* [OMUX—Combinational logic that does the muxing.
* JOMUX_CTL—Muxing controller which controls signal muxing, interrupt observability, and pin
settings.

The IOMUX module deals with signal multiplexing, and consists of combinatorial logic built with a basic
IOMUX cell. Each pin, which is shared by multiple signals, has a related IOMUX cell to handle signal
multiplexing.

The IOMUX_CTL module consists of registers and deals with interrupt and pin characteristic settings,
such as I/0 driver voltage, slew rate, drive strength, open drain and pull/keeper, and so on.
Figure 4-1 shows a simplified SoC block diagram of pin muxing with two typical cases:

* (Case 1 is aregular muxing example: Module A, Module B, and Module GPIO share the same pin
through the IOMUX, and muxing is controlled by the IOMUX_CTL.

* (Case 2 is an example of no muxing: the pin is dedicated to Module C, signals are directly connected
between Module C and the pin, and no IOMUX cell is involved.

Each IOMUX cell can support up to eight muxing modes (ALTO-ALT7), which means that each pin can
ultimately be shared by eight signals.
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GPR Register
SW_INPUT_SELECT Register
SW_PAD_CTL Register

SW_MUX_CTL Register

IOMUX_CTL

Pad Settings Control

Software Mux Control

Port ADlR v
ALT_DIR[7:0] IOMUX_CELL
Port A, 0
Module A ot > 1
Port Ay 2 IPP_OBE
—
———————®5
Port BDlR 3
IPP_IBE
Port Boyt 4[>o—
Module B ALT_IN[7:0]
Port B|N » 0 v
< - 1
—12
E— 2 IPP_DO
GPIOY R >: >
GPIOgyT 3
GPIO GPIO, IPP_IND ’
-
ALT_OUT[7:0] 1/0 Pad
i ¢ ALTO_DEFAULT_IN
s =
L ALT1_DEFAULT_IN
i < ALT5_DEFAULT_IN
—( < ALT7_DEFAULT_IN
Case1: Regular Muxing
Port Cpr IPP_OBE ¢
Port Cour IPP_DO
IPP_IBE
Module C v
< Port Ciy IPP_IND
1/0 Pad

Case2: No Muxing

Figure 4-1. Pin Multiplexing Block Diagram
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External Signals and Pin Multiplexing

4.2 Pin-Muxing Control

This section describes how to select the muxing mode for each pin through software programming. After
chip reset, each pin works in its primary mode, ALT0. Boot code or software programming are required to
enable the alternate modes (ALT1-ALT7).

Each pin’s signal muxing is controlled by a software mux control (SW_MUX_CTL) register. Each
SW_MUX_CTL register handles pin muxing for only one pin. The SW_MUX_CTL register also has the
ability to enable a loopback feature. See Section 4.2.1, “Software Mux Control Registers
(SW_MUX_CTL),” for more information.

The software select input (SW_SELECT_INPUT) register is user-accessible during IOMUX
programming which is required when there are multiple pins as muxing options. See Section 4.2.2,
“SW_SELECT_INPUT Register Definition,” for more information. Section 4.6, “Daisy Chain List,” also
provides information about SW_SELECT_INPUT settings.

4.2.1 Software Mux Control Registers (SW_MUX_CTL)

Each 32-bit SW_MUX_CTL register controls the signal multiplexing for one IOMUX cell. The
SW_MUX_CTL register is partitioned into two fields: mux mode select field (MUX_MODE) and
software input on field (SION). MUX_MODE controls the signal muxing on each pin, and SION controls
loopback and GPIO capture feature, although not all individual pins have the SION bit option.

When the SION bit is cleared, the pin works in normal mode and the I/O direction is determined by the
selected muxing mode. When the SION bit is set to 1, the pin operates in loopback mode. All modes’ input
path is forced on by software, and pin value feeds through into all modes’ input. In loopback mode, using
a GPIO module, users can capture the pin values.

Figure 4-2 shows the general format of an SW_MUX_CTL register. Table 4-1 shows the field descriptions.

SW_MUX_CTL registers follow the naming convention of
IOMUXC_SW_MUX CTL_PAD_<Pin_Name>,

where <Pin_Name> is the pin name, which is different for each register.

IOMUXC_SW_MUX_CTL_PAD_<Pin_Name> Access: User read-write
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Rl © 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w
Reset — — — — — — — — — — — — — — — —
15 14 13 12 11 10 5 4 2 1 0
Rl © 0 0 0 0 0 0 0 0 0 0 0
SION MUX_MODE
w
Reset — — — — — — — — — — — 0 — 0

Figure 4-2. SW_MUX_CTL Register Generic Format
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Table 4-1. SW_MUX_CTL Field Descriptions

Field Description
31-5 Reserved

4 Software Input On Field.
SION 0 Normal mode: 10 is determined by the selected muxing mode. (default)

1 Loopback mode: Input feedthrough, loopback feature enabled.

3 Reserved

2-0 MUX Mode Select Field. Select one of the IOMUX modes to be used for the pin: <Pin_Name>
MUX_MODE 000 Select ALTO mux mode (default)

001 Select ALT1 mux mode
010 Select ALT2 mux mode
011 Select ALT3 mux mode
100 Select ALT4 mux mode
101 Select ALT5 mux mode
110 Select ALT6 mux mode
111 Select ALT7 mux mode

4211 Loopback Examples

The following examples illustrate how to use the loopback feature for bus-status detection and GPIO
capture.

Example 1: Bus-Status Detection

Figure 4-3 shows the case where module A drives the pin while simultaneously receiving or detecting the
pin value or bus status.

Port Cpir IPP_OBE
Port Cour IPP_DO E

Module A D ’ \F PP_IBE I

SION
Port Ciy IPP_IND v

*———————H—Jllomn

Figure 4-3. Loopback Example 1: Bus-Status Detection
Example 2: GPIO Capture
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Figure 4-4 shows the case where module A drives the pin while the GPIO module captures the pin value

or bus status.

Port CDlR

Port Coyt

IPP_O

BEJ

IPP_DO

Port Cyy SION

e

Module A D ) >_ IPP-1BE

IPP_IND

GPIO |

Figure 4-4. Loopback Example 2: GPIO Capture

4.2.2 SW_SELECT_INPUT Register Definition

Each 32-bit Software Select Input Control (SW_SELECT_INPUT) register controls the input path to avoid
multi-driving problem. This register is only required when multiple pins drive the same internal port. This
usually happens when one input port has multiple pin-muxing options on different pins.

‘—————————

4

I/0 Pin

!
I
J

For example, in Figure 4-5, both pin A and pin B could be used as the input pin of an on-chip IP Instance,
and serve as Port C options. In such cases, a SW_SELECT_INPUT register is used to select the driving

pin. Section 4.6, “Daisy Chain List,” provides all instances and ports that are involved in the daisy chain,
and also lists pins and their corresponding SW_SELECT_INPUT register values.

SW_MUX_CTL_PAD_pinA

SW_MUX_CTL_PAD_pinB

SW_SELECT_INPUT

Port C
IP Instancep ag—————

Y

IOMUX

@—— iomux_cell A

Port C mux option 1

¢

y

' iomux_cell B

pin A

Port C mux option 2

Figure 4-5. Select Input from Pins
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Two steps are required during IOMUX software programming in such cases. For example, in Figure 4-5,
if pin A is selected to work as the driving pin of Port C, then the following IOMUX programming steps
are required:

1. Set IOMUXC_SW_MUX_CTL_PAD_<pinA> to select the correct muxing mode for Port C.
2. Set IOMUXC_<Instance>_<PortC>_SELECT_INPUT to select the input driving from pin A.

SW_SELECT_INPUT registers follow the naming convention:
IOMUXC _<Instance>_<Port>_ SELECT_ INPUT.

Figure 4-6 shows the general format of an SW_SELECT_INPUT register. Table 4-2 shows the field
descriptions.

IOMUXC_<Instance>_<Port>_SELECT_INPUT Access: User read-write
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset — — — — — — — — — — — — — — — —
15 14 13 12 11 10 9 6 5 3 2 1 0
Rl O 0 0 0 0 0 0 0 0 0 0 0 0
Daisy
W
Reset — — — — — — — — — — — — — 0 0 0

Figure 4-6. SW_SELECT_INPUT Register Generic Format

Table 4-2. SW_SELECT_INPUT Field Descriptions

Field Description
31-3 Reserved
2-0 The actual width of the Daisy field is equal to the number of driving pins. For example, if there are
Daisy two driving pins then bits [2:1] are reserved, and bit 0 is the actual Daisy field.
Users can select a specific drive pin for an input port of a module to solve the multi-driving
problem (this is referred to as “daisy chaining”).

All the instances and ports that are involved in Daisy Chain are listed in Section 4.6, “Daisy Chain List,”
users can find the pins and correct values to program SW_SELECT_INPUT registers in Table 4-16.

4.3 Pin-Setting Control

This section describes how to set characteristic settings of each pin through software programming. The
software pad control registers (SW_PAD_CTL) control I/O driver voltage, slew rate, drive strength, open
drain, pull/keeper, DDR type, and so on. See Section 4.3.1, “Software Pad Control Registers
(SW_PAD_CTL),” for a full description.
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Settings for some pins are controlled in groups instead of pin-by-pin. This is implemented by the software
pad group control registers (SW_PAD_CTL_GRP). See Section 4.3.2, “Software Pad Group Control
Registers (SW_PAD_CTL_GRP),” for more information.

4.3.1 Software Pad Control Registers (SW_PAD_CTL)

Each 32-bit SW_PAD_CTL register controls the software-configurable characteristics of an I/O pin. The
configurable settings include Slew Rate, Drive Strength, Open Drain, Pull/Keeper, Hysteresis, and so on.

DDR pins have different characteristics from GPIO pins. The generic format of the SW_PAD_CTL
register for GPIO pins is shown in Figure 4-7 and the format for DDR pins is shown in Figure 4-8.

Not all SW_PAD_CTL registers implement every bit defined in the generic definition. Some
characteristics of specific pins may have constant settings that are not software configurable. Only those
characteristics with CFG () in the detailed pin muxing Table 4-18 are software-configurable.

Characteristics for some pins are configured in groups, not pin-by-pin. This is defined in Section 4.3.2,
“Software Pad Group Control Registers (SW_PAD_CTL_GRP).” If a characteristic is configurable as a
group, then the corresponding bit in the SW_PAD_CTL register is not used.

SW_PAD_CTL registers follow the naming convention: IOMUXC_SW_PAD_CTL_PAD_<Pin_Name>.

Figure 4-7 and Table 4-3 show the register definition for GPIO pins. Reset values are different for different
registers, depending on the registers’ functionality.

IOMUXC_SW_PAD_CTL_PAD_<Pin_Name> Access: User read-write

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w
Reset! — — — — - - = — — - - = = = = —
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| O 0 0 0 0 0
DVS HYS | PKE | PUE PUS ODE DSE SRE
w
Reset! — — n — - - = n n n n n n n n n
Figure 4-7. SW_PAD_CTL Register Generic Format (GPIO Pins)

' Reset values differ for different registers.

Table 4-3. SW_PAD_CTL Field Descriptions (GPIO Pins)

Field Description
31-14 Reserved
13 Driver Voltage Select Bit. Select the correct driver for different 1/O supplies’.
DVS 0 3.3V I/O Driver
1 1.8 VI/O Driver
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Table 4-3. SW_PAD_CTL Field Descriptions (GPIO Pins) (continued)

Field Description
12-9 Reserved
8 Hysteresis enable bit. Select Schmitt trigger or CMOS input:
HYS 0 Hysteresis Disabled, CMOS input.
1 Hysteresis Enabled, Schmitt trigger input.
7 Pull/Keeper enable bit. when PKE = 0, PUE and PUS have no functionality.
PKE 0 Pull/Keeper Disabled
1 Pull/Keeper Enabled
6 Pull or keeper select bit. when PUE = 0, PUS has no functionality.
PUE 0 Keeper Enabled, Pull Disabled
1 Keeper Disabled, Pull Enabled
5-4 Pull up or down strength select bits.
PUS 00 100 KQ Pull-down

01 47 KQ Pull-up
10 100 KQ Pull-up
11 22 KQ Pull-up

3 Open drain enable bit. This bit selects open drain or CMOS output:
ODE 0 Output is CMOS
1 Output is Open Drain
2-1 Drive Strength Control Bits. These bits select standard, high or max pin drive strengthz.
DSE 00 Nominal or standard drive strength

01 High drive strength
10 Max drive strength
11 Max drive strength

0 Slew Rate Control Bit. This bit selects between FAST/SLOW slew rate output.
SRE 0 Slow slew rate
1 Fast slew rate, used for high frequency designs

' The DVS bit is used to select the different output drivers, 1.8 V (x10%) or 3.3 V (+x10%). Each GPIO pin has two internal
output-buffer units designed for 1.8 V and 3.3 V respectively. For the 2.5 V supply case, the 1.8 V driver is applicable. Normally,
the DVS bit should be set to match the 1/0 supply.

I/O Drive strength depends on the application conditions. For GPIO pins, at a temperature of 25 °C and in the typical case, the
following drive strength can be referenced: Standard (2 mA), High (4 mA) and Max (8 mA) in SLOW mode at 3.3 V supply with
the equivalent impedances of 100 3, 50 Q, and 25 Q respectively. And, Standard (4 mA), High (6 mA) and Max (8 mA) in FAST
mode at 3.3 V supply with the equivalent impedances of 50 Q, 33 Q, and 25 Q respectively.
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DDR pins have different characteristics than GPIO pins. Figure 4-8 and Table 4-4 shows the register
definitions related to DDR pins. Reset values are different for different registers, depending on the
registers’ functionality.

IOMUXC_SW_PAD_CTL_PAD_<Pin_Name> Access: User read-write
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

w
Reset — — — — — - = - | = — — — - = = —
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PKE

w

Reset! — — - — | = = = = = = == = = =

Figure 4-8. SW_PAD_CTL Register Generic Format (DDR Pins)
Reset values differ for different registers.

Table 4-4. SW_PAD_CTL Field Descriptions (DDR Pins)

Field Description

31-8 |Reserved

7 Keeper Enable Bit. This bit enables the internal keeper capability of the DDR pin. The DDR pin has no Pull capability.
PKE |0 Internal Keeper Disabled
1 Internal Keeper Enabled

6-0 |Reserved

Note: For DDR pins, there are three working modes with different drive strength. And in this device, the DDR mode and drive
strength of all DDR pins are controlled as a group, not on a pin-by-pin basis. For more information, see Section 4.3.2,
“Software Pad Group Control Registers (SW_PAD_CTL_GRP)".

4.3.2 Software Pad Group Control Registers (SW_PAD_CTL_GRP)

The 32-bit software pad group control registers (SW_PAD_CTL_GRP) configure specific characteristics
for a pin group, where a pin group is defined as a set of pins sharing a common I/O pin settings. These
registers thus differ from the SW_PAD_CTL registers, which only configure characteristics for a single
pin.

In the 1.MX25 device there are three characteristics that are controlled in groups: DDR Type, Drive Voltage
and Drive Strength.
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4.3.2.1 DDR Type Group Control Register

(IOMUXC_SW_PAD_CTL_GRP_DDRTYPE)

The IOMUXC_SW_PAD_CTL_GRP_DDRTYPE register controls the DDR type setting of all DDR pins.
Register settings only apply to DDR pins.

The register’s format is shown in Figure 4-9, and the register fields are described in Table 4-5. Users can
select the DDR type by programming the DDR_TYPE field in this register. Different DDR types
correspond to different drive strengths and impedance equivalence, as follows:

The default setting for DDR_TYPE is Ob00, which is the setting that is suitable for most systems
using mobile DDR (mDDR) or DDR?2 that do not require termination. mDDR and DDR?2 types are
designed for 1.8 V (x 5%) applications. For DDRTYPE=00 at 25° C in the typical case, the
following drive strengths can be referenced: Standard (3.6 mA), High (7.2 mA), Max (10.8 mA)
with equivalent impedances of 90 €2, 45 €2, and 20 2 respectively.

— For mDDR and DDR?2 configurations with 1 load (single chip), DDRTYPE=00 and Standard
(3.6mA) drive strength is the typical setting and normally does not require termination

— For mDDR and DDR?2 configurations with 2 loads (2 parallel chips), DDRTYPE=00 and High
(7.2mA) drive strength is the typical setting and normally does not require termination

The DDR_TYPE setting of ObO1 corresponds to SDRAM. SDRAM type is designed for 3.3 V (=

5%) applications, with drive strengths Standard (4 mA), High (8 mA), Max (12 mA) and equivalent

impedances of 90 €2, 45 €, and 30 Q respectively.

The DDR_TYPE setting of Ob10 corresponds to maximum drive strength (13.4 mA) with

equivalent impedance 20 €. Under this setting, the drive strength is not configurable, and the DSE

bits (drive strength group control register) have no functionality.

IOMUXC_SW_PAD_CTL_GRP_DDRTYPE Access: User read-write

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 14 13 12 ‘ 11 10 9 8 7 6

o
N
oO|lw
n
-
o

DDR_TYPE

Reset 0 0 0 0 ‘ 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-9. SW_PAD_CTL_GRP_DDRTYPE Register Format
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Table 4-5. SW_PAD_CTL_GRP_DDRTYPE Field Descriptions

Field Description
31-13 Reserved
12-11 DDR_TYPE Field
DDR_TYPE Select the working mode of all DDR pins. (Only valid for DDR pins.)

00 1.8 VmDDR and DDR2 type
01 3.3V SDRAM type

10 Maximum drive

11 Reserved

10-0 Reserved

4.3.2.2 Drive Voltage Select Group Control Registers
(SW_PAD_CTL_GRP_DVS)

The general format for Driver Voltage Select (DVS) group control registers is shown in Figure 4-10 and
Table 4-6. This register allows users to select the different drivers for 1.8 V or 3.3 V. Table 4-7 shows the
list of .M X25 registers for the DVS group. DVS control is only valid for GPIO pins.

IOMUXC_SW_PAD_CTL_GRP_DVS_<GROUP_NAME> Access: User read-write
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-10. SW_PAD_CTL_GRP_DVS Generic Format

Table 4-6. SW_PAD_CTL_GRP_DVS Field Descriptions

Field Description

31-14 | Reserved

13 Driver Voltage Select Bit. Selects the correct output driver for different 1/0 supplies. (Only valid for GPIO pins)
DVS Each GPIO pin has two internal output-buffer units designed for 1.8 V (£10%) and 3.3 V (+10%) respectively. For the
2.5V supply case, the 1.8 V driver is applicable. Normally, the DVS bit should be set to match with the I/0O supply.
0 3.3 VI/O Driver
1 1.8V I/O Driver

12-0 Reserved

Table 4-7. SW_PAD_CTL_GRP_DVS Register List

Register Name Comment

IOMUXC_SW_PAD_CTL_GRP_DVS_CSI CSI power bank
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4.3.2.3

Table 4-7. SW_PAD_CTL_GRP_DVS Register List (continued)

IOMUXC_SW_PAD_CTL_GRP_DVS_CCM

CCM power bank

IOMUXC_SW_PAD_CTL_GRP_DVS_JTAG

JTAG power bank

IOMUXC_SW_PAD_CTL_GRP_DVS_LCD

LCD power bank

IOMUXC_SW_PAD_CTL_GRP_DVS_MISC

MISC power bank

IOMUXC_SW_PAD_CTL_GRP_DVS_NFC

NFC power bank

IOMUXC_SW_PAD_CTL_GRP_DVS_SDHC1

SDHC1 power bank

Drive Strength Group Control Registers (SW_PAD_CTL_GRP_DSE)

The general format for drive strength group control registers is shown in Figure 4-11 and Table 4-8. The
DSE control field is valid for both DDR and GPIO pins. Table 4-9 shows the list of 1.MX25 registers for
the drive strength group.

IOMUXC_SW_PAD_CTL_GRP_DSE_<GROUP_NAME>

Access: User read-write

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0
DSE
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-11. SW_PAD_CTL_GRP_DSE Generic Format
Table 4-8. SW_PAD_CTL_GRP_DSE Field Descriptions
Field Description
31-3 Reserved
2-1 Drive Strength Control Bits.
DSE These bits select Standard, High or Max drive strength. (Valid for both DDR and GPIO pins.)
00 Nominal or standard drive strength
01 High drive strength
10 Max drive strength
11 Max drive strength
0 Reserved

Table 4-9. SW_PAD_CTL_GRP_DSE Register List

Register Name

Comment

IOMUXC_SW_PAD_CTL_GRP_DSE_CSI

Drive Strength Control of CSI group pins

IOMUXC_SW_PAD_CTL_GRP_DSE_CSPI1

Drive Strength Control of CSPI1 group pins

IOMUXC_SW_PAD_CTL_GRP_DSE_DDR

Drive Strength Control of DDR group pins

i.MX25 Multimedia Applications Processor Reference Manual, Rev. 2

Freescale Semiconductor




External Signals and Pin Multiplexing

Table 4-9. SW_PAD_CTL_GRP_DSE Register List

IOMUXC_SW_PAD_CTL_GRP_DSE_FEC

Drive Strength Control of FEC group pins

IOMUXC_SW_PAD_CTL_GRP_DSE_KPP

Drive Strength Control of KPP group pins

IOMUXC_SW_PAD_CTL_GRP_DSE_LCD

Drive Strength Control of LCD group pins

IOMUXC_SW_PAD_CTL_GRP_DSE_NFC

Drive Strength Control of NFC group pins

IOMUXC_SW_PAD_CTL_GRP_DSE_UART

Drive Strength Control of UART group pins

IOMUXC_SW_PAD_CTL_GRP_DSE_SDHCH1

Drive Strength Control of SDHC1 group pins

IOMUXC_SW_PAD_CTL_GRP_DSE_WEIM

Drive Strength Control of WEIM group pins

4.4  Special Functionality

This section includes detailed descriptions of the following:

* General purpose register

* Interrupt observe control register
* Loopback and GPIO capture

* Boot-related pins

* Special pins

4.4.1 General Purpose Register (IOMUXC_GPR1)
The 32-bit general purpose register IOMUXC_GPR1), shown in Figure 4-12, configures two EMI chip

select options.

IOMUXC_GPR1

W

W

Access: User read-write
31 30 29 28 |27 26 25 24 |23 22 21 20| 19 18 17 16
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 [ 11 10 9 8 7 6 5 4 3 2 1 0
RRojojo,0f0j0j0|0|0|0|0]0]| 0] O |SDCTL_CSD1|SDCTL_CSDO_
_SEL_B SEL_B
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-12. IOMUXC_GPR1 Register

Table 4-10. IOMUXC_GPR1 Field Descriptions

Field

Description

31-2 Reserved
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Table 4-10. IOMUXC_GPR1 Field Descriptions (continued)

Field

Description

1

SDCTL_CSD1_SEL_B

EMI Chip Select Control Bit for SDCTL over WEIM. Select multiplexed chip select (CS3) between
SDRAM/DDR and WEIM in EMI.

0 SDCTL chip select

1 WEIM chip select

0

SDCTL_CSDO_SEL_B

EMI Chip Select Control Bit for SDCTL over WEIM. Select multiplexed chip select (CS2) between
S DRAM/DDR and WEIM in EMI.

0 SDCTL chip select

1 WEIM chip select

4.4.2 Interrupt Observe Control Register (IOMUXC_OBSERVE_INT_MUX)

The interrupt observe control register, shown in Figure 4-13, is used for interrupt observability control,
which controls the IOMUX to route specific internal interrupts to pin GPIO_A. The observed interrupt
could be used for debugging or software development.

IOMUXC_OBSERVE_INT_MUX Access: User read-write
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 0 0 0 0 0 0 0
OBSRV
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-13. IOMUXC_OBSERVE_INT_MUX Register
Table 4-11. IOMUXC_OBSERVE_INT_MUX Field Descriptions
Field Description
31-7 Reserved
6-0 This field is used to select the observed interrupt out or debug ports. The selected interrupt can be observed
OBSRV on pin GPIO_A.
Table 4-12. Observed Interrupts List
OBSRY Bits[6:0] Observed Interrupt Source
0000000 CSPI-3
0000001 GPT-4
0000010 1-Wire
0000011 12C-1
0000100 1>C-2

i.MX25 Multimedia Applications Processor Reference Manual, Rev. 2

Freescale Semiconductor




External Signals and Pin Multiplexing

Table 4-12. Observed Interrupts List (continued)

OBSRYV Bits[6:0]

Observed Interrupt Source

0000101 UART-4
0000110 RTIC
0000111 ESAI
0001000 ESDHC-1
0001001 ESDHC-2
0001010 1°C-3
0001011 SSI-2
0001100 SSI-1
0001101 CSPI-2
0001110 CSPI-1
0001111 ATA
0010000 GPIO-3
0010001 csl
0010010 UART-3
0010011 1M
0010100 SIM-1
0010101 SIM-2
0010110 RNGB
0010111 GPIO-4
0011000 KPP
0011001 DRYICE
0011010 PWM-1
0011011 EPIT-2
0011100 EPIT-1
0011101 GPT-3
0011110 POWER FAIL
0011111 CCM
0100000 UART-2
0100001 NANDFC
0100010 SDMA
0100011 USB-HOST
0100100 PWM-2
0100101 USB-OTG
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Table 4-12. Observed Interrupts List (continued)

OBSRY Bits[6:0] Observed Interrupt Source
0100110 SLCDC
0100111 LCDC
0101000 UART-5
0101001 PWM-3
0101010 PWM-4
0101011 CAN-1
0101100 CAN-2
0101101 UART-1
0101110 TSC
0101111 Reserved as VDD
0110000 ECT
0110001 SCC SCM
0110010 SCC SMN
0110011 GPIO-2
0110100 GPIO-1
0110101 GPT-2
0110110 GPT-1
0110111 WDOG
0111000 DRYICE
0111001 FEC
0111010 EXT_INT5 using GPIO1[5]
0111011 EXT_INT4 using GPIO1[4]
0111100 EXT_INT3 using GPIO1[3]
0111101 EXT_INT2 using GPIO1[2]
0111110 EXT_INT1 using GPIO1[1]
0111111 EXT_INTO using GPIO1[0]
1000000 SDMA Pin debug_yield
1000001 SDMA Pin debug_core_run
1000010 SDMA Pin debug_mode
1000011 SDMA Pin debug_bus_error
1000100 SDMA Pin debug_bus_device[0]
1000101 SDMA Pin debug_bus_device[1]
1000110 SDMA Pin debug_bus_device[2]
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Table 4-12. Observed Interrupts List (continued)

OBSRY Bits[6:0] Observed Interrupt Source
1000111 SDMA Pin debug_bus_device[3]
1001000 SDMA Pin debug_bus_device[4]
1001001 SDMA Pin debug_bus_rwb
1001010 SDMA Pin debug_matched_dmbus
1001011 SDMA Pin debug_rtbuffer_write
1001100 SDMA Pin debug_evt_chn_lines[0]
1001101 SDMA Pin debug_evt_chn_lines[1]
1001110 SDMA Pin debug_evt_chn_lines[2]
1001111 SDMA Pin debug_evt_chn_lines[3]
1010000 SDMA Pin debug_evt_chn_lines[4]
1010001 SDMA Pin debug_evt_chn_lines[5]
1010010 SDMA Pin debug_evt_chn_lines[6]
1010011 SDMA Pin debug_evt_chn_lines[7]
1010100 ARM926P platform Pin etm_portsize[0]
1010101 ARMO926P platform Pin etm_portsize[1]
1010110 ARMO926P platform Pin etm_portsize[2]
1010111 FEC Pin miigsk_int_col
1011000 FEC Pin miigsk_int_crs
1011001 FEC Pin miigsk_int_rx_clk
1011010 FEC Pin miigsk_int_rx_dv
1011011 FEC Pin miigsk_int_tx_clk
1011100 FEC Pin miigsk_mux_cnt_mii_mode
1011101 FEC Pin miigsk_slow_en

4.4.3 Loopback and GPIO Capture

Loopback is when the module drives the pin and also receives the pin value as an input. GPIO Capture is
when the module drives the pin and the value is captured by GPIO module.

These features are available through the SION (Software Input On) bit of the SW_MUX_CTL register
(Section 4.2.1, “Software Mux Control Registers (SW_MUX_CTL)). When the SION bit is set, it enables
the input path of all muxing modes on the pin by forcing IPP_IBE =1 (see Figure 4-1), regardless of the
original pin direction control.
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4.4.4

Boot-Related Pins

The boot modes are primarily controlled by two dedicated boot pins BOOT_MODEQO and
BOOT_MODEI. There are also a number of eFUSEs to further determine the specific boot mode and path
during the boot process. The fuse value can be determined by IIM or GPIO pins with the control of the
GPIO_BT_SEL fuse. When the GPIO_BT_SEL fuse is cleared, the fuse value is determined by the GPIO
pins. (See the Boot chapter for details.) The corresponding relationship between GPIO boot pins and
eFUSE:s are listed in Table 4-13.

Table 4-13. Boot Related Pins

Pin Name Direction at Boot eFUSE Name Details
BOOT_MODEO INPUT N/A Boot mode select pins
BOOT_MODEH1 INPUT N/A
LDO INPUT BT_MEM_CTRL][0] Boot memory device select
LD1 INPUT BT_MEM_CTRL[1]

LD2 INPUT BT_MEM_TYPE[0Q] Boot memory type select

LD3 INPUT BT_MEM_TYPE[1]

LD4 INPUT BT_PAGE_SIZE[0] NAND Flash page size select
LD5 INPUT BT_PAGE_SIZE[1]

LD6 INPUT BT_BUS_WIDTH][O0] NAND bus width select

LD7 INPUT BT_BUS_WIDTH[1]

LD8 INPUT BT_USB_SRC[0] USB PHY selection select

LD9 INPUT BT_USB_SRC[1]

LD10 INPUT BT_MLC_SEL MLC/SLC NAND Flash Select
LD11 INPUT BT_SPARE_SIZE NAND Flash spare byte size
LD12 INPUT BT_SRCJ0] Boot Select for eSDHC, CSPI, and 12C
LD13 INPUT BT_SRC[1]

LD14 INPUT BT_EEPROM_CFG EEPROM config

LD15 INPUT BT_UART_SRCI[0] UART boot select

HSYNC INPUT BT_UART_SRCI[1]

VSYNC INPUT BT_UART_SRC[2]

LSCLK INPUT BT_LPB_FREQIO0] LPB ARM core frequency select
OE_ACD INPUT BT_LPB_FREQ[1]

PWM INPUT BT_LPB_FREQ[2]
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Table 4-13. Boot Related Pins (continued)

Pin Name Direction at Boot eFUSE Name Details
CSI_MCLK INPUT BT_RES[0] Reserved boot options
CSI_VSYNC INPUT BT_RESI[1]

CSI_HSYNC INPUT BT_RES|[2]
CSI_PIXCLK INPUT BT_RES[3]

Note: In this device, the GPIO boot pins are latched by the CCM on chip reset when the fuse GPIO_BT_SEL is set to
0; no extra software pin-muxing programming is required. After reset, these pins work as normal GPIO pins in its
default functionality (ALTO mode). If you still need the pins to work as boot pins, then the users need to configure
IOMUX to select the correct muxing mode.

4.4.5

Table 4-14 lists the special pins supported in the device.

Special Pins

Table 4-14. Special Pins List

Pin Name Mux Mode Function Name Detailed Description

EXT_ARMCLK ALTO External ARM clock | External ARM clock input, used for function test when internal ARM
clock is bypassed.

UPLL_BYPCLK ALTO PLL bypass control | UPLL bypass clock, used when internal UPLL is bypassed.

CLKO ALTO Clock out Clock out pin from CCM, clock source is controllable and can also be
used for debug.

VSTBY_ACK ALTO CCM hreset_b out | This pin routes out CCM hreset_b for test and debugging in ALTO
mode.

VSTBY_ACK ALTH PMIC signal Standby acknowledge from external PMIC

VSTBY_REQ ALTO Standby request from chip to PMIC

POWER_FAIL ALTO Power fail interrupt from PMIC

TEST_MODE ALTO TCU Chip enter into test mode when TEST_MODE pin is asserted.

OSC24M_EXTAL |ALTO 24M Oscillator 24 MHz oscillator analog pin

OSC24M_XTAL ALTO 24 MHz oscillator analog pin

OSC32K_EXTAL |ALTO 32K Oscillator 32 kHz oscillator analog pin

OSC32K_XTAL ALTO 32 kHz oscillator analog pin

OSC_BYP ALTO 32 kHz oscillator bypass-control pin

4.5 Register Memory Map

The IOMUX consists of three modules:
* IOMUX Module which contains the signals muxing logic

* Observe Module which contains the interrupt observability logic

* [OMUX_CTL Module which contains the muxing modes, observe and pin settings control logic
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Table 4-15 shows the base addresses of [IOMUX_CTL and the detailed register memory map. See the
system memory map for the [IOMUXC_BASE_ADDR.

Table 4-15. IOMUX_CTL Memory Map

Base Address Offset Register Name Comment
0x0000 IOMUXC_GPR1 GPR register
0x0004 IOMUXC_OBSERVE_INT_MUX INT_OBSRYV register
0x0008 IOMUXC_SW_MUX_CTL_PAD_A10 SW_MUX_CTL register
0x000c IOMUXC_SW_MUX_CTL_PAD_A13 —
0x0010 IOMUXC_SW_MUX_CTL_PAD_A14 —
0x0014 IOMUXC_SW_MUX_CTL_PAD_A15 —
0x0018 IOMUXC_SW_MUX_CTL_PAD_A16 —
0x001c IOMUXC_SW_MUX_CTL_PAD_A17 —
0x0020 IOMUXC_SW_MUX_CTL_PAD_A18 —
0x0024 IOMUXC_SW_MUX_CTL_PAD_A19 —
0x0028 IOMUXC_SW_MUX_CTL_PAD_A20 —
0x002¢c IOMUXC_SW_MUX_CTL_PAD_A21 —
0x0030 IOMUXC_SW_MUX_CTL_PAD_A22 —
0x0034 IOMUXC_SW_MUX_CTL_PAD_A23 —
0x0038 IOMUXC_SW_MUX_CTL_PAD_A24 —
0x003c IOMUXC_SW_MUX_CTL_PAD_A25 —
0x0040 IOMUXC_SW_MUX_CTL_PAD_EBO —
0x0044 IOMUXC_SW_MUX_CTL_PAD_EB1 —
0x0048 IOMUXC_SW_MUX_CTL_PAD_OE —
0x004c IOMUXC_SW_MUX_CTL_PAD_CSO0 —
0x0050 IOMUXC_SW_MUX_CTL_PAD_CS1 —
0x0054 IOMUXC_SW_MUX_CTL_PAD_CS4 —
0x0058 IOMUXC_SW_MUX_CTL_PAD_CS5 —
0x005¢ IOMUXC_SW_MUX_CTL_PAD_NF_CEO —
0x0060 IOMUXC_SW_MUX_CTL_PAD_ECB —
0x0064 IOMUXC_SW_MUX_CTL_PAD_LBA —
0x0068 IOMUXC_SW_MUX_CTL_PAD_BCLK —
0x006¢ IOMUXC_SW_MUX_CTL_PAD_RW —
0x0070 IOMUXC_SW_MUX_CTL_PAD_NFWE_B —
0x0074 IOMUXC_SW_MUX_CTL_PAD_NFRE_B —
0x0078 IOMUXC_SW_MUX_CTL_PAD_NFALE —
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Table 4-15. IOMUX_CTL Memory Map (continued)

Base Address Offset Register Name Comment
0x007¢c IOMUXC_SW_MUX_CTL_PAD_NFCLE —
0x0080 IOMUXC_SW_MUX_CTL_PAD_NFWP_B —
0x0084 IOMUXC_SW_MUX_CTL_PAD_NFRB —
0x0088 IOMUXC_SW_MUX_CTL_PAD_D15 —
0x008c IOMUXC_SW_MUX_CTL_PAD_D14 —
0x0090 IOMUXC_SW_MUX_CTL_PAD_D13 —
0x0094 IOMUXC_SW_MUX_CTL_PAD_D12 —
0x0098 IOMUXC_SW_MUX_CTL_PAD_D11 —
0x009c IOMUXC_SW_MUX_CTL_PAD_D10 —
0x00a0 IOMUXC_SW_MUX_CTL_PAD_D9 —
0x00a4 IOMUXC_SW_MUX_CTL_PAD_D8 —
0x00a8 IOMUXC_SW_MUX_CTL_PAD_D7 —
0x00ac IOMUXC_SW_MUX_CTL_PAD_D6 —
0x00b0 IOMUXC_SW_MUX_CTL_PAD_D5 —
0x00b4 IOMUXC_SW_MUX_CTL_PAD_D4 —
0x00b8 IOMUXC_SW_MUX_CTL_PAD_D3 —
0x00bc IOMUXC_SW_MUX_CTL_PAD_D2 —
0x00c0 IOMUXC_SW_MUX_CTL_PAD_D1 —
0x00c4 IOMUXC_SW_MUX_CTL_PAD_DO —
0x00c8 IOMUXC_SW_MUX_CTL_PAD_LDO —
0x00cc IOMUXC_SW_MUX_CTL_PAD_LD1 —
0x00d0 IOMUXC_SW_MUX_CTL_PAD_LD2 —
0x00d4 IOMUXC_SW_MUX_CTL_PAD_LD3 —
0x00d8 IOMUXC_SW_MUX_CTL_PAD_LD4 —
0x00dc IOMUXC_SW_MUX_CTL_PAD_LD5 —
0x00e0 IOMUXC_SW_MUX_CTL_PAD_LD6 —
0x00e4 IOMUXC_SW_MUX_CTL_PAD_LD7 —
0x00e8 IOMUXC_SW_MUX_CTL_PAD_LD8 —
0x00ec IOMUXC_SW_MUX_CTL_PAD_LD9 —
0x00f0 IOMUXC_SW_MUX_CTL_PAD_LD10 —
0x00f4 IOMUXC_SW_MUX_CTL_PAD_LD11 —
0x00f8 IOMUXC_SW_MUX_CTL_PAD_LD12 —
0x00fc IOMUXC_SW_MUX_CTL_PAD_LD13 —
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Table 4-15. IOMUX_CTL Memory Map (continued)

Base Address Offset Register Name Comment
0x0100 IOMUXC_SW_MUX_CTL_PAD_LD14 —
0x0104 IOMUXC_SW_MUX_CTL_PAD_LD15 —
0x0108 IOMUXC_SW_MUX_CTL_PAD_HSYNC —
0x010c IOMUXC_SW_MUX_CTL_PAD_VSYNC —
0x0110 IOMUXC_SW_MUX_CTL_PAD_LSCLK —
0x0114 IOMUXC_SW_MUX_CTL_PAD_OE_ACD —
0x0118 IOMUXC_SW_MUX_CTL_PAD_CONTRAST —
0x011c IOMUXC_SW_MUX_CTL_PAD_PWM —
0x0120 IOMUXC_SW_MUX_CTL_PAD_CSI_D2 —
0x0124 IOMUXC_SW_MUX_CTL_PAD_CSI_D3 —
0x0128 IOMUXC_SW_MUX_CTL_PAD_CSI_D4 —
0x012c IOMUXC_SW_MUX_CTL_PAD_CSI_D5 —
0x0130 IOMUXC_SW_MUX_CTL_PAD_CSI_D6 —
0x0134 IOMUXC_SW_MUX_CTL_PAD_CSI_D7 —
0x0138 IOMUXC_SW_MUX_CTL_PAD_CSI_D8 —
0x013c IOMUXC_SW_MUX_CTL_PAD_CSI_D9 —
0x0140 IOMUXC_SW_MUX_CTL_PAD_CSI_MCLK —
0x0144 IOMUXC_SW_MUX_CTL_PAD_CSI_VSYNC —
0x0148 IOMUXC_SW_MUX_CTL_PAD_CSI_HSYNC —
0x014c IOMUXC_SW_MUX_CTL_PAD_CSI_PIXCLK —
0x0150 IOMUXC_SW_MUX_CTL_PAD_I2C1_CLK —
0x0154 IOMUXC_SW_MUX_CTL_PAD_I2C1_DAT —
0x0158 IOMUXC_SW_MUX_CTL_PAD_CSPI1_MOSI —
0x015¢c IOMUXC_SW_MUX_CTL_PAD_CSPI1_MISO —
0x0160 IOMUXC_SW_MUX_CTL_PAD_CSPI1_SS0 —
0x0164 IOMUXC_SW_MUX_CTL_PAD_CSPI1_SS1 —
0x0168 IOMUXC_SW_MUX_CTL_PAD_CSPI1_SCLK —
0x016¢c IOMUXC_SW_MUX_CTL_PAD_CSPI1_RDY —
0x0170 IOMUXC_SW_MUX_CTL_PAD_UART1_RXD —
0x0174 IOMUXC_SW_MUX_CTL_PAD_UART1_TXD —
0x0178 IOMUXC_SW_MUX_CTL_PAD_UART1_RTS —
0x017c IOMUXC_SW_MUX_CTL_PAD_UART1_CTS —
0x0180 IOMUXC_SW_MUX_CTL_PAD_UART2_RXD —
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Table 4-15. IOMUX_CTL Memory Map (continued)

Base Address Offset Register Name Comment
0x0184 IOMUXC_SW_MUX_CTL_PAD_UART2_TXD —
0x0188 IOMUXC_SW_MUX_CTL_PAD_UART2_RTS —
0x018c IOMUXC_SW_MUX_CTL_PAD_UART2_CTS —
0x0190 IOMUXC_SW_MUX_CTL_PAD_SD1_CMD —
0x0194 IOMUXC_SW_MUX_CTL_PAD_SD1_CLK —
0x0198 IOMUXC_SW_MUX_CTL_PAD_SD1_DATAO0 —
0x019c IOMUXC_SW_MUX_CTL_PAD_SD1_DATA1 —
0x01a0 IOMUXC_SW_MUX_CTL_PAD_SD1_DATA2 —
0x01a4 IOMUXC_SW_MUX_CTL_PAD_SD1_DATA3 —
0x01a8 IOMUXC_SW_MUX_CTL_PAD_KPP_ROWO —
Ox01ac IOMUXC_SW_MUX_CTL_PAD_KPP_ROW1 —
0x01b0 IOMUXC_SW_MUX_CTL_PAD_KPP_ROW2 —
0x01b4 IOMUXC_SW_MUX_CTL_PAD_KPP_ROW3 —
0x01b8 IOMUXC_SW_MUX_CTL_PAD_KPP_COLO —
0x01bc IOMUXC_SW_MUX_CTL_PAD_KPP_COL1 —
0x01c0 IOMUXC_SW_MUX_CTL_PAD_KPP_COL2 —
0x01c4 IOMUXC_SW_MUX_CTL_PAD_KPP_COLS3 —
0x01c8 IOMUXC_SW_MUX_CTL_PAD_FEC_MDC —
0x01cc IOMUXC_SW_MUX_CTL_PAD_FEC_MDIO —
0x01d0 IOMUXC_SW_MUX_CTL_PAD_FEC_TDATAO —
0x01d4 IOMUXC_SW_MUX_CTL_PAD_FEC_TDATA1 —
0x01d8 IOMUXC_SW_MUX_CTL_PAD_FEC_TX_EN —
0x01dc IOMUXC_SW_MUX_CTL_PAD_FEC_RDATAO —
0x01e0 IOMUXC_SW_MUX_CTL_PAD_FEC_RDATA1 —
0x01e4 IOMUXC_SW_MUX_CTL_PAD_FEC_RX_DV —
0x01e8 IOMUXC_SW_MUX_CTL_PAD_FEC_TX_CLK —
0x01ec IOMUXC_SW_MUX_CTL_PAD_RTCK —
0x01f0 IOMUXC_SW_MUX_CTL_PAD_DE_B —
0x01f4 IOMUXC_SW_MUX_CTL_PAD_GPIO_A —
0x01f8 IOMUXC_SW_MUX_CTL_PAD_GPIO_B —
0x01fc IOMUXC_SW_MUX_CTL_PAD_GPIO_C —
0x0200 IOMUXC_SW_MUX_CTL_PAD_GPIO_D —
0x0204 IOMUXC_SW_MUX_CTL_PAD_GPIO_E —
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Table 4-15. IOMUX_CTL Memory Map (continued)

Base Address Offset Register Name Comment
0x0208 IOMUXC_SW_MUX_CTL_PAD_GPIO_F —
0x020c IOMUXC_SW_MUX_CTL_PAD_EXT_ARMCLK —
0x0210 IOMUXC_SW_MUX_CTL_PAD_UPLL_BYPCLK —
0x0214 IOMUXC_SW_MUX_CTL_PAD_VSTBY_REQ —
0x0218 IOMUXC_SW_MUX_CTL_PAD_VSTBY_ACK —
0x021c IOMUXC_SW_MUX_CTL_PAD_POWER_FAIL —
0x0220 IOMUXC_SW_MUX_CTL_PAD_CLKO —
0x0224 IOMUXC_SW_MUX_CTL_PAD_BOOT_MODEO —
0x0228 IOMUXC_SW_MUX_CTL_PAD_BOOT_MODE1 —
0x022c IOMUXC_SW_PAD_CTL_PAD_A13 SW_PAD_CTL register
0x0230 IOMUXC_SW_PAD_CTL_PAD_A14 —
0x0234 IOMUXC_SW_PAD_CTL_PAD_A15 —
0x0238 IOMUXC_SW_PAD_CTL_PAD_A17 —
0x023c IOMUXC_SW_PAD_CTL_PAD_A18 —
0x0240 IOMUXC_SW_PAD_CTL_PAD_A19 —
0x0244 IOMUXC_SW_PAD_CTL_PAD_A20 —
0x0248 IOMUXC_SW_PAD_CTL_PAD_A21 —
0x024c IOMUXC_SW_PAD_CTL_PAD_A23 —
0x0250 IOMUXC_SW_PAD_CTL_PAD_A24 —
0x0254 IOMUXC_SW_PAD_CTL_PAD_A25 —
0x0258 IOMUXC_SW_PAD_CTL_PAD_EBO —
0x025¢c IOMUXC_SW_PAD_CTL_PAD_EBI1 —
0x0260 IOMUXC_SW_PAD_CTL_PAD_OE —
0x0264 IOMUXC_SW_PAD_CTL_PAD_CS4 —
0x0268 IOMUXC_SW_PAD_CTL_PAD_CS5 —
0x026¢ IOMUXC_SW_PAD_CTL_PAD_NF_CEO —
0x0270 IOMUXC_SW_PAD_CTL_PAD_ECB —
0x0274 IOMUXC_SW_PAD_CTL_PAD_LBA —
0x0278 IOMUXC_SW_PAD_CTL_PAD_RW —
0x027c IOMUXC_SW_PAD_CTL_PAD_NFRB —
0x0280 IOMUXC_SW_PAD_CTL_PAD_D15 —
0x0284 IOMUXC_SW_PAD_CTL_PAD_D14 —
0x0288 IOMUXC_SW_PAD_CTL_PAD_D13 —
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External Signals and Pin Multiplexing

Table 4-15. IOMUX_CTL Memory Map (continued)

Base Address Offset Register Name Comment
0x028¢ IOMUXC_SW_PAD_CTL_PAD_D12 —
0x0290 IOMUXC_SW_PAD_CTL_PAD_D11 —
0x0294 IOMUXC_SW_PAD_CTL_PAD_D10 —
0x0298 IOMUXC_SW_PAD_CTL_PAD_D9 —
0x029c IOMUXC_SW_PAD_CTL_PAD_D8 —
0x02a0 IOMUXC_SW_PAD_CTL_PAD_D7 —
0x02a4 IOMUXC_SW_PAD_CTL_PAD_D6 —
0x02a8 IOMUXC_SW_PAD_CTL_PAD_D5 —
0x02ac IOMUXC_SW_PAD_CTL_PAD_D4 —
0x02b0 IOMUXC_SW_PAD_CTL_PAD_D3 —
0x02b4 IOMUXC_SW_PAD_CTL_PAD_D2 —
0x02b8 IOMUXC_SW_PAD_CTL_PAD_D1 —
0x02bc IOMUXC_SW_PAD_CTL_PAD_DO —
0x02c0 IOMUXC_SW_PAD_CTL_PAD_LDO —
0x02c4 IOMUXC_SW_PAD_CTL_PAD_LD1 —
0x02c8 IOMUXC_SW_PAD_CTL_PAD_LD2 —
0x02cc IOMUXC_SW_PAD_CTL_PAD_LD3 —
0x02d0 IOMUXC_SW_PAD_CTL_PAD_LD4 —
0x02d4 IOMUXC_SW_PAD_CTL_PAD_LD5 —
0x02d8 IOMUXC_SW_PAD_CTL_PAD_LD6 —
0x02dc IOMUXC_SW_PAD_CTL_PAD_LD7 —
0x02e0 IOMUXC_SW_PAD_CTL_PAD_LD8 —
0x02e4 IOMUXC_SW_PAD_CTL_PAD_LD9 —
0x02e8 IOMUXC_SW_PAD_CTL_PAD_LD10 —
0x02ec IOMUXC_SW_PAD_CTL_PAD_LD11 —
0x02f0 IOMUXC_SW_PAD_CTL_PAD_LD12 —
0x02f4 IOMUXC_SW_PAD_CTL_PAD_LD13 —
0x02f8 IOMUXC_SW_PAD_CTL_PAD_LD14 —
0x02fc IOMUXC_SW_PAD_CTL_PAD_LD15 —
0x0300 IOMUXC_SW_PAD_CTL_PAD_HSYNC —
0x0304 IOMUXC_SW_PAD_CTL_PAD_VSYNC —
0x0308 IOMUXC_SW_PAD_CTL_PAD_LSCLK —
0x030c IOMUXC_SW_PAD_CTL_PAD_OE_ACD —
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External Signals and Pin Multiplexing

Table 4-15. IOMUX_CTL Memory Map (continued)

Base Address Offset Register Name Comment
0x0310 IOMUXC_SW_PAD_CTL_PAD_CONTRAST —
0x0314 IOMUXC_SW_PAD_CTL_PAD_PWM —
0x0318 IOMUXC_SW_PAD_CTL_PAD_CSI_D2 —
0x031c IOMUXC_SW_PAD_CTL_PAD_CSI_D3 —
0x0320 IOMUXC_SW_PAD_CTL_PAD_CSI_D4 —
0x0324 IOMUXC_SW_PAD_CTL_PAD_CSI_D5 —
0x0328 IOMUXC_SW_PAD_CTL_PAD_CSI_D6 —
0x032c IOMUXC_SW_PAD_CTL_PAD_CSI_D7 —
0x0330 IOMUXC_SW_PAD_CTL_PAD_CSI_D8 —
0x0334 IOMUXC_SW_PAD_CTL_PAD_CSI_D9 —
0x0338 IOMUXC_SW_PAD_CTL_PAD_CSI_MCLK —
0x033c IOMUXC_SW_PAD_CTL_PAD_CSI_VSYNC —
0x0340 IOMUXC_SW_PAD_CTL_PAD_CSI_HSYNC —
0x0344 IOMUXC_SW_PAD_CTL_PAD_CSI_PIXCLK —
0x0348 IOMUXC_SW_PAD_CTL_PAD_I2C1_CLK —
0x034c IOMUXC_SW_PAD_CTL_PAD_I2C1_DAT —
0x0350 IOMUXC_SW_PAD_CTL_PAD_CSPI1_MOSI —
0x0354 IOMUXC_SW_PAD_CTL_PAD_CSPI1_MISO —
0x0358 IOMUXC_SW_PAD_CTL_PAD_CSPI1_SS0 —
0x035¢c IOMUXC_SW_PAD_CTL_PAD_CSPI1_SS1 —
0x0360 IOMUXC_SW_PAD_CTL_PAD_CSPI1_SCLK —
0x0364 IOMUXC_SW_PAD_CTL_PAD_CSPI1_RDY —
0x0368 IOMUXC_SW_PAD_CTL_PAD_UART1_RXD —
0x036¢c IOMUXC_SW_PAD_CTL_PAD_UART1_TXD —
0x0370 IOMUXC_SW_PAD_CTL_PAD_UART1_RTS —
0x0374 IOMUXC_SW_PAD_CTL_PAD_UART1_CTS —
0x0378 IOMUXC_SW_PAD_CTL_PAD_UART2_RXD —
0x037c IOMUXC_SW_PAD_CTL_PAD_UART2_TXD —
0x0380 IOMUXC_SW_PAD_CTL_PAD_UART2_RTS —
0x0384 IOMUXC_SW_PAD_CTL_PAD_UART2_CTS —
0x0388 IOMUXC_SW_PAD_CTL_PAD_SD1_CMD —
0x038c IOMUXC_SW_PAD_CTL_PAD_SD1_CLK —
0x0390 IOMUXC_SW_PAD_CTL_PAD_SD1_DATAO —
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External Signals and Pin Multiplexing

Table 4-15. IOMUX_CTL Memory Map (continued)

Base Address Offset Register Name Comment
0x0394 IOMUXC_SW_PAD_CTL_PAD_SD1_DATA1 —
0x0398 IOMUXC_SW_PAD_CTL_PAD_SD1_DATA2 —
0x039c IOMUXC_SW_PAD_CTL_PAD_SD1_DATA3 —
0x03a0 IOMUXC_SW_PAD_CTL_PAD_KPP_ROWO —
0x03a4 IOMUXC_SW_PAD_CTL_PAD_KPP_ROW1 —
0x03a8 IOMUXC_SW_PAD_CTL_PAD_KPP_ROW2 —
0x03ac IOMUXC_SW_PAD_CTL_PAD_KPP_ROW3 —
0x03b0 IOMUXC_SW_PAD_CTL_PAD_KPP_COLO —
0x03b4 IOMUXC_SW_PAD_CTL_PAD_KPP_COL1 —
0x03b8 IOMUXC_SW_PAD_CTL_PAD_KPP_COL2 —
0x03bc IOMUXC_SW_PAD_CTL_PAD_KPP_COLS3 —
0x03c0 IOMUXC_SW_PAD_CTL_PAD_FEC_MDC —
0x03c4 IOMUXC_SW_PAD_CTL_PAD_FEC_MDIO —
0x03c8 IOMUXC_SW_PAD_CTL_PAD_FEC_TDATAOQ —
0x03cc IOMUXC_SW_PAD_CTL_PAD_FEC_TDATA1 —
0x03d0 IOMUXC_SW_PAD_CTL_PAD_FEC_TX_EN —
0x03d4 IOMUXC_SW_PAD_CTL_PAD_FEC_RDATAOQ —
0x03d8 IOMUXC_SW_PAD_CTL_PAD_FEC_RDATA1 —
0x03dc IOMUXC_SW_PAD_CTL_PAD_FEC_RX_DV —
0x03e0 IOMUXC_SW_PAD_CTL_PAD_FEC_TX_CLK —
0x03e4 IOMUXC_SW_PAD_CTL_PAD_RTCK —
0x03e8 IOMUXC_SW_PAD_CTL_PAD_TDO —
0x03ec IOMUXC_SW_PAD_CTL_PAD_DE_B —
0x03f0 IOMUXC_SW_PAD_CTL_PAD_GPIO_A —
0x03f4 IOMUXC_SW_PAD_CTL_PAD_GPIO_B —
0x03f8 IOMUXC_SW_PAD_CTL_PAD_GPIO_C —
0x03fc IOMUXC_SW_PAD_CTL_PAD_GPIO_D —
0x0400 IOMUXC_SW_PAD_CTL_PAD_GPIO_E —
0x0404 IOMUXC_SW_PAD_CTL_PAD_GPIO_F —
0x0408 IOMUXC_SW_PAD_CTL_PAD_VSTBY_REQ —
0x040c IOMUXC_SW_PAD_CTL_PAD_VSTBY_ACK —
0x0410 IOMUXC_SW_PAD_CTL_PAD_POWER_FAIL —
0x0414 IOMUXC_SW_PAD_CTL_PAD_CLKO —
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External Signals and Pin Multiplexing

Table 4-15. IOMUX_CTL Memory Map (continued)

Base Address Offset Register Name Comment
0x0418 IOMUXC_SW_PAD_CTL_GRP_DVS_MISC SW_PAD_CTL_GRP register
0x041c IOMUXC_SW_PAD_CTL_GRP_DSE_FEC —
0x0420 IOMUXC_SW_PAD_CTL_GRP_DVS_JTAG —
0x0424 IOMUXC_SW_PAD_CTL_GRP_DSE_NFC —
0x0428 IOMUXC_SW_PAD_CTL_GRP_DSE_CSI —
0x042c IOMUXC_SW_PAD_CTL_GRP_DSE_WEIM —
0x0430 IOMUXC_SW_PAD_CTL_GRP_DSE_DDR —
0x0434 IOMUXC_SW_PAD_CTL_GRP_DVS_CCM —
0x0438 IOMUXC_SW_PAD_CTL_GRP_DSE_KPP —
0x043c IOMUXC_SW_PAD_CTL_GRP_DSE_SDHCA1 —
0x0440 IOMUXC_SW_PAD_CTL_GRP_DSE_LCD —
0x0444 IOMUXC_SW_PAD_CTL_GRP_DSE_UART —
0x0448 IOMUXC_SW_PAD_CTL_GRP_DVS_NFC —
0x044c IOMUXC_SW_PAD_CTL_GRP_DVS_CSI —
0x0450 IOMUXC_SW_PAD_CTL_GRP_DSE_CSPI1 —
0x0454 IOMUXC_SW_PAD_CTL_GRP_DDRTYPE —
0x0458 IOMUXC_SW_PAD_CTL_GRP_DVS_SDHCH1 —
0x045c IOMUXC_SW_PAD_CTL_GRP_DVS_LCD —
0x0460 IOMUXC_AUDMUX_P4_INPUT_DA_AMX_SELECT_INPUT SW_SELECT_INPUT register
0x0464 IOMUXC_AUDMUX_P4_INPUT_DB_AMX_SELECT_INPUT —
0x0468 IOMUXC_AUDMUX_P4_INPUT_RXCLK_AMX_SELECT_INPUT —
0x046¢c IOMUXC_AUDMUX_P4_INPUT_RXFS_AMX_SELECT_INPUT —
0x0470 IOMUXC_AUDMUX_P4_INPUT_TXCLK_AMX_SELECT_INPUT —
0x0474 IOMUXC_AUDMUX_P4_INPUT_TXFS_AMX_SELECT_INPUT —
0x0478 IOMUXC_AUDMUX_P7_INPUT_DA_AMX_SELECT_INPUT —
0x047c IOMUXC_AUDMUX_P7_INPUT_TXFS_AMX_SELECT_INPUT —
0x0480 IOMUXC_CAN1_IPP_IND_CANRX_SELECT_INPUT —
0x0484 IOMUXC_CANZ2_IPP_IND_CANRX_SELECT_INPUT —
0x0488 IOMUXC_CSI_IPP_CSI_D_0_SELECT_INPUT —
0x048c IOMUXC_CSI_IPP_CSI_D_1_SELECT_INPUT —
0x0490 IOMUXC_CSPI1_IPP_IND_SS3_B_SELECT_INPUT —
0x0494 IOMUXC_CSPI2_IPP_CSPI_CLK_IN_SELECT_INPUT —
0x0498 IOMUXC_CSPI2_IPP_IND_DATAREADY_B_SELECT_INPUT —
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External Signals and Pin Multiplexing

Table 4-15. IOMUX_CTL Memory Map (continued)

Base Address Offset Register Name Comment
0x049c IOMUXC_CSPI2_IPP_IND_MISO_SELECT_INPUT —
0x04a0 IOMUXC_CSPI2_IPP_IND_MOSI_SELECT_INPUT —
0x04a4 IOMUXC_CSPI2_IPP_IND_SS0_B_SELECT_INPUT —
0x04a8 IOMUXC_CSPI2_IPP_IND_SS1_B_SELECT_INPUT —
0x04ac IOMUXC_CSPI3_IPP_CSPI_CLK_IN_SELECT_INPUT —
0x04b0 IOMUXC_CSPI3_IPP_IND_DATAREADY_B_SELECT_INPUT —
0x04b4 IOMUXC_CSPI3_IPP_IND_MISO_SELECT_INPUT —
0x04b8 IOMUXC_CSPI3_IPP_IND_MOSI_SELECT_INPUT —
0x04bc IOMUXC_CSPI3_IPP_IND_SS0_B_SELECT_INPUT —
0x04c0 IOMUXC_CSPI3_IPP_IND_SS1_B_SELECT_INPUT —
0x04c4 IOMUXC_CSPI3_IPP_IND_SS2_B_SELECT_INPUT —
0x04c8 IOMUXC_CSPI3_IPP_IND_SS3_B_SELECT_INPUT —
0x04cc IOMUXC_ESDHC1_IPP_DAT4_IN_SELECT_INPUT —
0x04d0 IOMUXC_ESDHC1_IPP_DAT5_IN_SELECT_INPUT —
0x04d4 IOMUXC_ESDHC1_IPP_DAT6_IN_SELECT_INPUT —
0x04d8 IOMUXC_ESDHC1_IPP_DAT7_IN_SELECT_INPUT —
0x04dc IOMUXC_ESDHC2_IPP_CARD_CLK_IN_SELECT_INPUT —
0x04e0 IOMUXC_ESDHC2_IPP_CMD_IN_SELECT_INPUT —
0x04e4 IOMUXC_ESDHC2_IPP_DATO_IN_SELECT_INPUT —
0x04e8 IOMUXC_ESDHC2_IPP_DAT1_IN_SELECT_INPUT —
0x04ec IOMUXC_ESDHC2_IPP_DAT2_IN_SELECT_INPUT —
0x04f0 IOMUXC_ESDHC2_IPP_DAT3_IN_SELECT_INPUT —
0x04f4 IOMUXC_ESDHC2_IPP_DAT4_IN_SELECT_INPUT —
0x04f8 IOMUXC_ESDHC2_IPP_DAT5_IN_SELECT_INPUT —
0x04fc IOMUXC_ESDHC2_IPP_DAT6_IN_SELECT_INPUT —
0x0500 IOMUXC_ESDHC2_IPP_DAT7_IN_SELECT_INPUT —
0x0504 IOMUXC_FEC_FEC_COL_SELECT_INPUT —
0x0508 IOMUXC_FEC_FEC_CRS_SELECT_INPUT —
0x050c IOMUXC_FEC_FEC_RDATA_2_SELECT_INPUT —
0x0510 IOMUXC_FEC_FEC_RDATA_3_SELECT_INPUT —
0x0514 IOMUXC_FEC_FEC_RX_CLK_SELECT_INPUT —
0x0518 IOMUXC_FEC_FEC_RX_ER_SELECT_INPUT —
0x051c IOMUXC_I2C2_IPP_SCL_IN_SELECT_INPUT —
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External Signals and Pin Multiplexing

Table 4-15. IOMUX_CTL Memory Map (continued)

Base Address Offset Register Name Comment
0x0520 IOMUXC_I12C2_IPP_SDA_IN_SELECT_INPUT —
0x0524 IOMUXC_I2C3_IPP_SCL_IN_SELECT_INPUT —
0x0528 IOMUXC_I2C3_IPP_SDA_IN_SELECT_INPUT —
0x052c IOMUXC_KPP_IPP_IND_COL_4_SELECT_INPUT —
0x0530 IOMUXC_KPP_IPP_IND_COL_5_SELECT_INPUT —
0x0534 IOMUXC_KPP_IPP_IND_COL_6_SELECT_INPUT —
0x0538 IOMUXC_KPP_IPP_IND_COL_7_SELECT_INPUT —
0x053c IOMUXC_KPP_IPP_IND_ROW_4_SELECT_INPUT —
0x0540 IOMUXC_KPP_IPP_IND_ROW_5_SELECT_INPUT —
0x0544 IOMUXC_KPP_IPP_IND_ROW_6_SELECT_INPUT —
0x0548 IOMUXC_KPP_IPP_IND_ROW_7_SELECT_INPUT —
0x054c IOMUXC_SIM1_PIN_SIM_RCVD1_IN_SELECT_INPUT —
0x0550 IOMUXC_SIM1_PIN_SIM_SIMPD1_SELECT_INPUT —
0x0554 IOMUXC_SIM1_SIM_RCVD1_IO_SELECT_INPUT —
0x0558 IOMUXC_SIM2_PIN_SIM_RCVD1_IN_SELECT_INPUT —
0x055¢c IOMUXC_SIM2_PIN_SIM_SIMPD1_SELECT_INPUT —
0x0560 IOMUXC_SIM2_SIM_RCVD1_IO_SELECT_INPUT —
0x0564 IOMUXC_UART3_IPP_UART_RTS_B_SELECT_INPUT —
0x0568 IOMUXC_UART3_IPP_UART_RXD_MUX_SELECT_INPUT —
0x056¢ IOMUXC_UART4_IPP_UART_RTS_B_SELECT_INPUT —
0x0570 IOMUXC_UART4_IPP_UART_RXD_MUX_SELECT_INPUT —
0x0574 IOMUXC_UARTS5_IPP_UART_RTS_B_SELECT_INPUT —
0x0578 IOMUXC_UART5_IPP_UART_RXD_MUX_SELECT_INPUT —
0x057¢c IOMUXC_USB_TOP_IPP_IND_OTG_USB_OC_SELECT_INPUT —
0x0580 IOMUXC_USB_TOP_IPP_IND_UH2_USB_OC_SELECT_INPUT —

4.6 Daisy Chain List

Table 4-16 lists all the instances and ports which are involved in Daisy Chain, and also the corresponding
values of SW_SELECT_INPUT registers. SW_SELECT_INPUT registers follow the naming convention
of: IOMUXC_<Instance>_<Port>_SELECT INPUT.

For example, if pin EB1 need to work as the input port p4_input_da_amx of instance AUDMUX, then
configure pin EB1 to work in ALT4 mode, and configure register
IOMUXC_AUDMUX_P4_INPUT_DA_AMX_SELECT_INPUT to value 0x0 to solve Daisy Chain.
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Table 4-16. Daisy Chain List

External Signals and Pin Multiplexing

Instance Input Port Pin Mode SW_SELECT_INPUT Value
AUDMUX p4_input_da_amx EB1 ALT4 0x0
FEC_MDIO ALT2 0x1
p4_input_db_amx EBO ALT4 0x0
FEC_MDC ALT2 0x1
p4_input_rxclk_amx CS4 ALT4 0x0
FEC_TX_EN ALT2 0x1
p4_input_rxfs_amx CS5 ALT4 0x0
FEC_RDATAO ALT2 0x1
p4_input_txclk_amx OE ALT4 0x0
FEC_TDATAO ALT2 0x1
p4_input_txfs_amx RW ALT4 0x0
FEC_TDATA1 ALT2 0x1
p7_input_da_amx SD1_DATA1 ALT3 0x0
POWER_FAIL ALT4 0ox1
p7_input_txfs_amx SD1_DATAO ALT3 0x0
VSTBY_REQ ALT4 0x1
CAN1 ipp_ind_canrx FEC_RDATAO ALT4 0x0
GPIO_B ALT6 0x1
CAN2 ipp_ind_canrx FEC_RX_DV ALT4 0x0
GPIO_D ALT6 0x1
Csl ipp_csi_d[0] LDO ALT2 0x0
UART1_RTS ALTA1 0x1
KPP_ROW2 ALT3 0x2
ipp_csi_d[1] LD1 ALT2 0x0
UART1_CTS ALTA1 0x1
KPP_ROW3 ALT3 0x2
CSPH ipp_ind_ss3_b NF_CEO ALTA 0x0
VSTBY_ACK ALT2 0x1
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External Signals and Pin Multiplexing

Table 4-16. Daisy Chain List (continued)

Instance Input Port Pin Mode SW_SELECT_INPUT Value
CSPI2 ipp_cspi_clk_in LD14 ALT2 0x0
SD1_DATAO ALTAH 0x1
ipp_ind_dataready b LD15 ALT2 0x0
SD1_DATA1 ALTAH 0x1
ipp_ind_miso LD13 ALT2 0x0
SD1_CLK ALTAH 0x1
ipp_ind_mosi LD12 ALT2 0x0
SD1_CMD ALTAH 0x1
ipp_ind_ss0_b OE_ACD ALT2 0x0
SD1_DATA2 ALTAH 0x1
ipp_ind_ss1_b CONTRAST ALT2 0x0
SD1_DATA3 ALTAH 0x1
CSPI3 ipp_cspi_clk_in ECB ALT6 0x0
CSI_D4 ALT7 0x1
ipp_ind_dataready_b LBA ALT6 0x0
CSI_D5 ALT7 0x1
ipp_ind_miso CS5 ALT6 0x0
CSI_D3 ALT7 0x1
ipp_ind_mosi Cs4 ALT6 0x0
CSI_D2 ALT7 0x1
ipp_ind_ss0_b EBO ALT6 0x0
CSI_D6 ALT7 0x1
ipp_ind_ss1_b EB1 ALT6 0x0
CSI_D7 ALT7 0x1
ipp_ind_ss2_b CSI_D8 ALT7 0x0
GPIO_D ALT7 0x1
ipp_ind_ss3_b CSI_D9 ALT7 0x0
UART2_CTS ALT6 0x1
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Table 4-16. Daisy Chain List (continued)

External Signals and Pin Multiplexing

Instance Input Port Pin Mode SW_SELECT_INPUT Value
ESDHC1 ipp_dat4_in D12 ALT6 0x0
UART2_CTS ALTAH 0x1
ipp_dat5_in D13 ALT6 0x0
UART2_RTS ALTAH 0x1
ipp_dat6_in D14 ALT6 0x0
UART2_TXD ALTAH 0x1
ipp_dat7_in D15 ALT6 0x0
UART2_RXD ALTAH 0x1
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External Signals and Pin Multiplexing

Table 4-16. Daisy Chain List (continued)

Instance Input Port Pin Mode SW_SELECT_INPUT Value
ESDHC2 ipp_card_clk_in LD9 ALT6 0x0
CSI_D7 ALT2 0x1
FEC_MDIO ALTAH 0x2
ipp_cmd_in LD8 ALT6 0x0
CSI_D6 ALT2 0x1
FEC_MDC ALTA1 0x2
ipp_dat0_in LD10 ALT6 0x0
CSI_MCLK ALT2 0x1
FEC_TDATAO ALTA1 0x2
ipp_dat1_in LD11 ALT6 0x0
CSI_VSYNC ALT2 0x1
FEC_TDATA1 ALTA1 0x2
ipp_dat2_in LD12 ALT6 0x0
CSI_HSYNC ALT2 0x1
FEC_TX_EN ALTA1 0x2
ipp_dat3_in LD13 ALT6 0x0
CSI_PIXCLK ALT2 0x1
FEC_RDATAO ALTA1 0x2
ipp_dat4_in CSI_D2 ALT2 0x0
FEC_RDATA1 ALT2 0x1
ipp_dat5_in CSI_D3 ALT2 0x0
FEC_RX_DV ALT2 0x1
ipp_dat6_in CSI_D4 ALT2 0x0
FEC_TX_CLK ALT2 0x1
ipp_dat7_in CSI_D5 ALT2 0x0
RTCK ALT2 0x1
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Table 4-16. Daisy Chain List (continued)

External Signals and Pin Multiplexing

Instance Input Port Pin Mode SW_SELECT_INPUT Value
FEC fec_col A18 ALT7 0x0
LD9 ALT5 0x1
UART2_RTS ALT2 0x2
fec_crs A25 ALT7 0x0
CONTRAST ALT5 0x1
SD1_DATA3 ALT2 0x2
fec_rdata[2] A20 ALT7 0x0
LD11 ALT5 0x1
SD1_CMD ALT2 0x2
fec_rdata[3] A21 ALT7 0x0
LD12 ALT5 0x1
SD1_CLK ALT2 0x2
fec_rx_clk A24 ALT7 0x0
LD15 ALT5 0x1
SD1_DATA2 ALT2 0x2
fec_rx_er A19 ALT7 0x0
LD10 ALT5 0x1
UART2_CTS ALT2 0x2
12C2 ipp_scl_in FEC_RDATA1 ALTA 0x0
GPIO_C ALT2 0x1
12C2 ipp_sda_in FEC_RX_DV ALTA 0x0
GPIO_D ALT2 0x1
12C3 ipp_scl_in HSYNC ALT2 0x0
GPIO_A ALT4 0x1
GPIO_E ALTAH 0x2
12C3 ipp_sda_in VSYNC ALT2 0x0
CSPI1_SS1 ALTA1 0x1
GPIO_B ALT4 0x2
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External Signals and Pin Multiplexing

Table 4-16. Daisy Chain List (continued)

Instance Input Port Pin Mode SW_SELECT_INPUT Value
KPP ipp_ind_col[4] FEC_RDATA1 ALT6 0x0
GPIO_C ALT3 0x1
ipp_ind_col[5] FEC_RX_DV ALT6 0x0
GPIO_D ALT3 0x1
ipp_ind_col[6] LD14 ALT4 0x0
CSI_D8 ALTA1 0x1
ipp_ind_col[7] LD15 ALT4 0x0
CSI_D9 ALTA1 0x1
ipp_ind_row[4] FEC_TX_EN ALT6 0x0
GPIO_A ALT3 0x1
ipp_ind_row([5] FEC_RDATAO ALT6 0x0
GPIO_B ALT3 0x1
ipp_ind_row([6] LD12 ALT4 0x0
CSI_D6 ALTA1 0x1
ipp_ind_row([7] LD13 ALT4 0x0
CSI_D7 ALTA1 0x1
SIM1 pin_sim_rcvd1_in A19 ALT6 0x0
LD5 ALT4 0x1
pin_sim_simpd1 A18 ALT6 0x0
LD4 ALT4 0x1
sim_rcvd1_io A17 ALT6 0x0
LD3 ALT4 0x1
SIM2 pin_sim_rcvd1_in A25 ALT6 0x0
OE_ACD ALT4 0x1
pin_sim_simpd1 A24 ALT6 0x0
LSCLK ALT4 0x1
sim_rcvd1_io A23 ALT6 0x0
VSYNC ALT4 0x1
UARTS3 ipp_uart_rts_b CSPI1_SS1 ALT2 0x0
KPP_ROW2 ALTAH 0x1
ipp_uart_rxd_mux CSPI1_MOSI ALT2 0x0
KPP_ROWO ALTAH 0x1
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Table 4-16. Daisy Chain List (continued)

Instance Input Port Pin Mode SW_SELECT_INPUT Value
UART4 ipp_uart_rts_b LD10 ALT2 0x0
KPP_COL2 ALTAH 0x1
VSTBY_REQ ALT6 0x2
ipp_uart_rxd_mux LD8 ALT2 0x0
KPP_COLO ALTAH 0x1
GPIO_E ALT6 0x2
UART5 ipp_uart_rts_b CS5 ALT3 0x0
CSI_D4 ALTAH 0x1
ipp_uart_rxd_mux LBA ALT3 0x0
CSI_D2 ALTAH 0x1
USB_top ipp_ind_otg_usb_oc D10 ALT6 0x0
GPIO_B ALT2 0x1
ipp_ind_uh2_usb_oc D8 ALT6 0x0
PWM ALT6 0x1

4.7  Pin Multiplexing

This section shows pin muxing options. Both a high-level picture and detailed pin muxing options are
presented.

4.7.1 Pin Multiplexing Overview

Table 4-17 shows the main high-level pin muxing options.

Table 4-17. i.MX25 Simplified High-level Pin Muxing

i.MX25 | Default Mode Mux Mode
Pin Num ALTO ALTA1 ALT2 ALT3 ALT4 ALT5 ALT6 ALT7
21 LCDC SLCDC (16) CSl (8) PATA (21) SIM1 P1(6) GPIO |USBULPI(8)| GPIO_BOO
SIM2 P1(2) GPIO T(0)
UART4 (4) SSI-P3 (4) | FEC (9) | SDIO2 (6)
CSPI2 (4) KPP (4) SSI-P3 (2)
— 12C3 (2) SIM2P1(4) | GPIO |USBULPI(6)
SLCDC(2) CSPI2 (2) GPIO
GPT4 (2) — PWM (1) GPIO WDOG (1)
1 PWM1 — — — GPIO GPIO_BOO
T()
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Table 4-17. i.MX25 Simplified High-level Pin Muxing (continued)

i.MX25 | Default Mode Mux Mode
Pin Num ALTO ALT1 ALT2 ALT3 ALT4 ALT5 ALT6 ALT7
12 CSl UARTS5 (4) SDIO2 (6) ESAI (12) SIM1 PO (6) GPIO OTG ULPI CSPI3 (8)
12
KPP (4) SSI-P6 (2) — GPIO (12)
SSI-P6 (4) SDIO2 (4) SIM2 PO (6) GPIO GPIO_BOO
T (4)
2 12C1 — — — — GPIO SLCDC (12) —
6 CSPI1 — UARTS3 (4) — — GPIO ETM (6)
LCDC_D[16]| PWM2 (1) — — GPIO
(1)
12C3 (1) — — — GPIO
4 UART1 CSI_D[1:0] GPT3 (2) — — GPIO —
2
4 UART2 SDIO1 (4) FEC (9) GPT1 (2) EPIT2 (1) GPIO CSPI2/CSPI | DMA_EVT
3SS (2) (3)
6 SDIO1 CSPI2 (6) — — GPIO SLCDC (6) ETM (6)
8 KPP UARTS3 SSI-P5 — — GPIO — —
UART4 CSI_D[1:0] — GPIO — —
(@)
9 FEC SDIO2 (6) SSI-P4 (6) PATA (8) CAN1 GPIO KPP (4) LCDC (8)
12C2 (2) SDIO2 (3) CAN2 GPIO
PWMS3 (1) LCDC_D[16] — GPIO — —
(1)
6 GPIO PWM2 (1) usB KPP (4) 12C3 (2) — CANT1 (2) —
PWR/OC (2)
PWMS3 (1) — —
PWM4 (1) 12C2 (2) GPT2 (2) CSPI1 CAN2 (2) CSPI2 SS
SS (2) (1)
WDOG (1) — CSPI3 SS
1)
12C3 (1) LCDC_D[16] — SSI-P7 (4) — UART4 (4) ECT (2)
(1)
— LCDC_D[17] EPIT1 (1) —
(1)
11 CCM — CSPI1SS(1)| EPIT1 (1) GPIO -
1 TCU — — — — — — —
8 JTAG O-WIRE (1) | SDIO2 (1) — — — — —
30 DDR/SDRAM — — — — — — —
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Table 4-17. i.MX25 Simplified High-level Pin Muxing (continued)

i.MX25 | Default Mode Mux Mode
Pin Num ALTO ALT1 ALT2 ALT3 ALT4 ALT5 ALT6 ALT7
16 WEIM DATA | LCDC_DJ[23: — — — — eSDHC1 (4) —
16l — — — GPIO uSB —
PWR/OC (4)
26 WEIM ADDR — — — — GPIO | SIM1P1 (6) —
— — — — GPIO | SIM2P1 (6) —
7 WEIM CTL — — — SSI-P4(6) | GPIO | CSPI3 (6) —
7 WEIMCS | NFCCS (3) — — GPIO ETM (3)
CSPI1 SS — — — GPIO —
(1)
6 NFC — — — — GPIO — ETM
2 FS USBPHY — — — — — — —
5 HS USBPHY — — — — — — —
9 ADC — — — — — — —
7 DRYICE — — — — — — —
2 0SC24M — — — — — — —
4.7.2 Detailed Pin Multiplexing Description
Table 4-18 shows in detail the pin muxing and pad settings of each pin. The Pin Name column lists the

1.MX25 pins and the Instance column lists the instantiated on-chip IP modules. For each pin that supports
pin muxing, there is a related IOMUX cell for muxing control. Each IOMUX cell can support up to eight
muxing modes: ALTO-ALT7, where ALTO is the default mode. The Pad Settings column shows the pad

characteristic setting of each pin.

Following is an example to clarify Table 4-18.

Muxing Mode:

Pin A10 serves as the WEIM address pin of EMI module (ALT0O mode) or as a GPIO (ALTS mode).
Select the desired working mode by programing the SW_MUX_CTL register of pin A10, see
Section 4.2.1, “Software Mux Control Registers (SW_MUX_CTL).”

Pad Settings:
The A10 pin has following settings:

— Drive Strength—CFG (High), which means the default drive strength is set as high, and
software-configurable.

— Keeper—Enabled, which means internal keeper is enabled, and non-software-configurable.

— DDR Type—CFG(mDDR), which means the DDR type is set as mDDR mode at default, and
software-configurable.

i.MX25 Multimedia Applications Processor Reference Manual, Rev. 2

Freescale Semiconductor 4-39




g |

External Signals and Pin Multiplexing

Only characteristics with CFG (') are software-configurable, and then users can program SW_PAD_CTL

registers in IOMUX_CTL to select different setting values.
Table 4-18. i.MX25 Detailed Pin Muxing

Pin Name Mode Instance Port Pad Settings
AO No Muxing | EMI EIM_DA_L[0] Drive Strength—CFG (High)
(ALTO) Keeper—Enabled
Al EMI EIM_DA_L[1] DDR Type—CFG (mDDR)
A2 EMI EIM_DA_L[2]
A3 EMI EIM_DA_L[3]
Ad EMI EIM_DA_L[4]
A5 EMI EIM_DA_L[5]
A6 EMI EIM_DA_L[6]
A7 EMI EIM_DA_L[7]
A8 EMI EIM_DA_HI[8]
A9 EMI EIM_DA_HI[9]
A10 ALTO EMI EIM_DA_H[10] Drive Strength—CFG (High)
Keeper—Enabled
ALT5 GPIO4 GPIO[0] DDR Type—CFG (mDDR)
MA10 No Muxing | EMI MA10 Drive Strength—CFG (High)
(ALTO) Keeper—Disabled
DDR Type—CFG (mDDR)
A11 No Muxing | EMI EIM_DA_H[11] Drive Strength—CFG (High)
(ALTO) Keeper—Enabled
A12 EMI EIM_DA_H[12] DDR Type—CFG (mDDR)
A13 ALTO EMI EIM_DA_H[13] Drive Strength—CFG (High)
Keeper—CFG (Enabled)
ALT5 GPIO4 GPIO[1] DDR Type—CFG (mDDR)
ALT7 LCDC LCDC_CLS
Al4 ALTO EMI EIM_DA_H2[14] Drive Strength—CFG (High)
Keeper—CFG (Enabled)
ALT5 GPIO2 GPIO[0] DDR Type—CFG (mDDR)
ALT6 SIM1 CLK1
ALT7 LCDC LCDC_SPL
A15 ALTO EMI EIM_DA_H2[15] Drive Strength—CFG (High)
Keeper—CFG (Enabled)
ALTS GPIO2 GPIO[1] DDR Type—CFG (mDDR)
ALT6 SIM1 RST1
ALT7 LCDC LCDC_PS
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
A16 ALTO EMI EIM_A[16] Drive Strength—CFG (High)
Keeper—Disabled
ALT6 SIMA1 VENq1
ALT7 LCDC LCDC_REV
A17 ALTO EMI EIM_A[17] Drive Strength—CFG (High)
Keeper—CFG (Disabled)
ALT5 GPIO2 GPIO[3] DDR Type—CFG (mDDR)
ALT6 SIMA1 TX1
ALT7 FEC TX_ERR
A18 ALTO EMI EIM_A[18] Drive Strength—CFG (High)
Keeper—CFG (Disabled)
ALT5 GPIO2 GPIO[4] DDR Type—CFG (mDDR)
ALT6 SIMA1 PD1
ALT7 FEC COL
A19 ALTO EMI EIM_A[19] Drive Strength—CFG (High)
Keeper—CFG (Disabled)
ALT6 SIMA1 RX1
ALT7 FEC RX_ERR
A20 ALTO EMI EIM_A[20] Drive Strength—CFG (High)
Keeper—CFG (Disabled)
ALT6 SIM2 CLK1
ALT7 FEC RDATA[2]
A21 ALTO EMI EIM_A[21] Drive Strength—CFG (High)
Keeper—CFG (Disabled)
ALT5 GPIO2 GPIO[7] DDR Type—CFG (mDDR)
ALT6 SIM2 RST1
ALT7 FEC RDATA[3]
A22 ALTO EMI EIM_A[22] Drive Strength—CFG (High)
Keeper—Disabled
ALT6 SIM2 VENq1
ALT7 FEC TDATA[2]
A23 ALTO EMI EIM_A[23] Drive Strength—CFG (High)
Keeper—CFG (Disabled)
ALT6 SIM2 TX1
ALT7 FEC TDATA[3]
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
A24 ALTO EMI EIM_A[24] Drive Strength—CFG (High)
Keeper—CFG (Disabled)
ALT6 SIM2 PD1
ALT7 FEC RX_CLK
A25 ALTO EMI EIM_A[25] Drive Strength—CFG (High)
Keeper—CFG (Disabled)
ALT5 GPIO2 GPIO[11] DDR Type—CFG (mDDR)
ALT6 SIM2 RX1
ALT7 FEC CRS
SDO No Muxing | EMI DRAM_D[0] Drive Strength—CFG (High)
(ALTO) Keeper—Enabled
SD1 EMI DRAM_D(1] DDR Type—CFG (mDDR)
SD2 EMI DRAM_D|[2]
SD3 EMI DRAM_D[3]
SD4 EMI DRAM_D[4]
SD5 EMI DRAM_DI5]
SD6 EMI DRAM_DI6]
SD7 EMI DRAM_D[7]
SD8 EMI DRAM_DI8]
SD9 EMI DRAM_DI9]
SD10 EMI DRAM_D[10]
SD11 EMI DRAM_D[11]
SD12 EMI DRAM_D[12]
SD13 EMI DRAM_D[13]
SD14 EMI DRAM_D[14]
SD15 EMI DRAM_D[15]
SDBA1 No Muxing | EMI EIM_SDBA1 Drive Strength—CFG (High)
(ALTO) Keeper—Disabled
SDBAO EMI EIM_SDBAO DDR Type—CFG (mDDR)
DQMO EMI DRAM_DQMI0]
DQM1 EMI DRAM_DQMI[1]
RAS EMI DRAM_RAS
CAS EMI DRAM_CAS
SDWE EMI DRAM_SDWE
SDCKEO EMI DRAM_SDCKE[0]
SDCKEH1 EMI DRAM_SDCKE[1]
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
SDCLK No Muxing | EMI DRAM_SDCLK Drive Strength—CFG (High)
(ALTO) Keeper—Disabled
DDR Type—CFG (mDDR)
SDQS0 No Muxing | EMI DRAM_SDQSI0] Drive Strength—CFG (High)
(ALTO) Keeper—Enabled
SDQST EMI DRAM_SDQSI1] DDR Type—CFG (mDDR)
EBO ALTO EMI EIM_EBO_B Drive Strength—CFG (High)
Keeper—CFG (Disabled)
ALT4 AUDMUX AUD4_TXD DDR Type—CFG (mDDR)
ALT5 GPIO2 GPIO[12]
ALT6 CSPI3 SS0
EB1 ALTO EMI EIM_EB1_B
ALT4 AUDMUX AUD4_RXD
ALT5 GPIO2 GPIO[13]
ALT6 CSPI3 SS1
OE ALTO EMI EIM_OE Drive Strength—CFG (High)
Keeper—CFG (Disabled)
ALT4 AUDMUX AUD4_TXC DDR Type—CFG (mDDR)
ALT5 GPIO2 GPIO[14]
CSo ALTO EMI EIM_CSO0 Drive Strength—CFG (High)
Keeper—Disabled
ALT5 GPIO4 GPIO[2] DDR Type—CFG (mDDR)
Cs1 ALTO EMI EIM_CS1
ALTAH EMI NANDF_CE3
ALT5 GPIO4 GPIO[3]
CSs2 No Muxing EMI EIM_CS2
(ALTO)
CS3 EMI EIM_CSS3
CS4 ALTO EMI EIM_CS4 Hysteresis Enable—Enabled
Drive Strength—CFG (High)
ALT1 EMI NANDF_CET Pull/Keep Enable—CFG (Disabled)
ALT3 UART5 CTS Pull Up/Down Configure—CFG (100 KQ PD)
Open Drain Enable—Disabled
ALT4 AUDMUX AUD4_RXC Drive Voltage Select—CFG (1.8 V)
Pull/Keep Select—Pull
ALT5 GPIO3 GPIO[20] Slew Rate—CFG (FAST)
ALT6 CSPI3 MOSI
ALT7 ARM926P_PLATF | TRSYNC
ORM
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
CS5 ALTO EMI EIM_CS5 Hysteresis Enable—CFG (Disabled)
Drive Strength—CFG (High)
ALT1 EMI NANDF_CE2 Pull/Keep Enable—CFG (Disabled)
ALT2 EMI DTACK B Pull Up/Down Configuration—CFG (100 KQ
_ PD)
ALT3 UART5 RTS Open Drain Enable—Disabled
Drive Voltage Select—CFG (1.8 V)
ALT4 AUDMUX AUD4_RXFS Pull/Keep Select—Pull
ALT5 GPIO3 GPIO[21] Slew Rate—CFG (FAST)
ALT6 CSPI3 MISO
ALT7 ARM926P_PLATF | TRCLK
ORM
NF_CEO ALTO EMI NANDF_CEO Hysteresis Enable—Enabled
Drive Strength—CFG (High)
ALT1 CSPI SS3 Pull/Keep Enable—CFG (Disabled)
ALT5 GPIO3 GPIO[22] Pull Up/Down Configuration—100 KQ PU
Open Drain Enable—Disabled
ALT7 ARM926P_PLATF | TRACE[3] Drive Voltage Select—CFG (3.3 V)
ORM Pull/Keep Select—Pull
Slew Rate—CFG (FAST)
ECB ALTO EMI EIM_ECB Hysteresis Enable—CFG (Disabled)
Drive Strength—CFG (Nominal)
ALT3 UARTS TXD_MUX Pull/Keep Enable—CFG (Enabled)
ALT5 GPIO3 GPIO[23] Pull Up/Down Configuration—100 KQ PU
Open Drain Enable—Disabled
ALT6 CSPI3 SCLK Drive Voltage Select—CFG (1.8 V)
Pull/Keep Select—Pull
Slew Rate—SLOW
LBA ALTO EMI EIM_LBA Drive Strength—CFG (High)
Keeper—CFG (Disabled)
ALT3 UART5 RXD_MUX DDR Type—CFG (mDDR)
ALT5 GPIO3 GPI0[24]
ALT6 CSPI3 RDY
BCLK ALTO EMI EIM_BCLK Drive Strength—CFG (High)
Keeper—Disabled
ALT5 GPIO4 GPIO[4] DDR Type—CFG (mDDR)
RW ALTO EMI EIM_RW Drive Strength—CFG (High)
Keeper—CFG (Disabled)
ALT4 AUDMUX AUD4_TXFS DDR Type—CFG (mDDR)
ALT5 GPIO3 GPIO[25]
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
NFWE_B ALTO EMI NANDF_WE_B Hysteresis Enable—Disabled
Drive Strength—CFG (High)
ALTS GPIO3 GPIO[26] Pull/Keep Enable—Disabled
ALT7 ARM926P_PLATF | PIPESTAT[2] Pull Up/Down Configuration—100 KQ PU
ORM a Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
NFRE_B ALTO EMI NANDF_RE_B Pull/Keep Select—Pull
ALT5 GPIO3 GPIO[27] Slew Rate—FAST
ALT7 ARM926P_PLATF | PIPESTAT[1]
ORM
NFALE ALTO EMI NANDF_ALE
ALT5S GPIO3 GPI0O[28]
ALT7 ARM926P_PLATF | PIPESTAT[O]
ORM
NFCLE ALTO EMI NANDF_CLE
ALT5S GPIO3 GPIO[29]
ALT7 ARM926P_PLATF | TRACE[0]
ORM
NFWP_B ALTO EMI NANDF_WP_B
ALT5S GPIO3 GPIO[30]
ALT7 ARM926P_PLATF | TRACE[1]
ORM
NFRB ALTO EMI NANDF_RB Hysteresis Enable—Disabled
Drive Strength—CFG (Nominal)
ALTS GPIO3 GPIO[31] Pull/Keep Enable—CFG (Enabled)
ALT7 ARM926P_PLATF | TRACE[2] Pull Up/Down Configuration—100 KQ PU
ORM Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
Slew Rate—FAST
D15 ALTO EMI EIM_D[15] Hysteresis Enable—CFG (Disabled)
Drive Strength—CFG (High)
ALT1 LCDC LCDC_LD[16] Pull/Keep Enable—CFG (Enabled)
ALT5 GPIO4 GPIO[5] Pull Up/Down Configuration—CFG (100 KQ
PU)
ALT6 ESDHC1 DAT7 Open Drain Enable—Disabled

Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
Slew Rate—CFG (FAST)
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
D14 ALTO EMI EIM_D[14] Hysteresis Enable—CFG (Disabled)
Drive Strength—CFG (High)
ALT1 LCDC LCDC_LD[17] Pull/Keep Enable—CFG (Enabled)
ALT5 GPIO4 GPIO[6] Pull Up/Down Configuration—CFG (100 KQ
PU)
ALT6 ESDHC1 DAT6 Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
D13 ALTO EMI EIM_D[13] Pull/Keep Select—CFG (Keep)
ALT1 LCDC LCDC_LD[18] Slew Rate—CFG (FAST)
ALT5 GPIO4 GPIO[7]
ALT6 ESDHC1 DAT5
D12 ALTO EMI EIM_D[12]
ALTAH LCDC LCDC_LD[19]
ALT5 GPIO4 GPIO[8]
ALT6 ESDHC1 DAT4
D11 ALTO EMI EIM_D[11] Hysteresis Enable—Disabled
Drive Strength—CFG (High)
ALT1 LCDC LCDC_LD[20] Pull/Keep Enable—CFG (Disabled)
ALT5 GPIO4 GPIO[9] Pull Up/Down Configuration—CFG (100 KQ
PU)
ALT6 USB_TOP USBOTG_PWR Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
Slew Rate—CFG (FAST)
D10 ALTO EMI EIM_D[10] Hysteresis Enable—CFG (Disabled)
Drive Strength—CFG (High)
ALT1 LCDC LCDC_LD[21] Pull/Keep Enable—CFG (Enabled)
ALT5 GPIO4 GPIO[10] Pull Up/Down Configuration—CFG (100 KQ
PU)
ALT6 USB_TOP USBOTG_OC Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
Slew Rate—CFG (FAST)
D9 ALTO EMI EIM_DI[9] Hysteresis Enable—Disabled
Drive Strength—CFG (High)
ALT1 LCDC LCDC_LD[22] Pull/Keep Enable—CFG (Enabled)
ALT5 GPIO4 GPIO[11] Pull Up/Down Configuration—CFG (100 KQ
PU)
ALT6 USB_TOP USBH2_PWR Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
Slew Rate—CFG (FAST)
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
D8 ALTO EMI EIM_D[8] Hysteresis Enable—CFG (Disabled)
Drive Strength—CFG (High)
ALT1 LCDC LCDC_LD[23] Pull/Keep Enable—CFG (Enabled)
ALT5 GPIO4 GPIO[12] Pull Up/Down Configuration—CFG (100 KQ
PU)
ALT6 USB_TOP USBH2_0OC Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
Slew Rate—CFG (FAST)
D7 ALTO EMI EIM_D[7] Hysteresis Enable—Disabled
Drive Strength—CFG (High)
ALTS GPIO4 GPIO[13] Pull/Keep Enable—Enabled
D6 ALTO EMI EIM_DI6] Pull Up/Down Configuration—100 KQ PU
— Open Drain Enable—Disabled
ALT5 GPIO4 GPIO[14] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
D5 ALTO EMI EIM_D[5] Slew Rate—FAST
ALT5S GPIO4 GPIO[15]
D4 ALTO EMI EIM_D[4]
ALT5S GPIO4 GPIO[16]
D3 ALTO EMI EIM_D[3] Hysteresis Enable—Disabled
Drive Strength—CFG (High)
ALTS GPIO4 GPIO[17] Pull/Keep Enable—Enabled
D2 ALTO EMI EIM_D[2] Pull Up/Down Configuration—100 KQ PU
— Open Drain Enable—Disabled
ALT5 GPIO4 GPIO[18] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
D1 ALTO EMI EIM_D[1] Slew Rate—FAST
ALT5S GPIO4 GPIO[19]
DO ALTO EMI EIM_D[0]
ALT5S GPIO4 GPI0O[20]
LDO ALTO LCDC LCDC_LDI[0] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[0] Pull/Keep Enable—CFG (Disabled)
ALT2 csl CSI_D[0] Pull Up/Down Configuration—CFG (100 KQ
— PU)
ALT3 ATA DATA[O] Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
ALT4 SiM1 CLK1 Pull/Keep Select—CFG (Pull)
ALT5 GPIO2 GPIO[15] Slew Rate—SLOW
ALT6 USB_TOP USBH2_CLK
ALT7 CCM BT_MEM_CTRL][0]
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
LD1 ALTO LCDC LCDC_LDJ[1] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[1] Pull/Keep Enable—CFG (Disabled)
ALT2 csl CSI_D[1] ElLJJI; Up/Down Configuration—CFG (100 KQ
ALT3 ATA DATA[1] Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
ALT4 SIM1 RST1 Pull/Keep Select—CFG (Pull)
ALT5 GPIO2 GPIO[16] Slew Rate—SLOW
ALT6 USB_TOP USBH2_DIR
ALT7 CCM BT_MEM_CTRL][1]
LD2 ALTO LCDC LCDC_LD[2] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[2] Pull/Keep Enable—CFG (Disabled)
ALT2 csl CSI_D[15] Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ATA DATA[2] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 SIM1 VEN1 Slew Rate—CFG (SLOW)
ALT5 GPIO2 GPIO[17]
ALT6 USB_TOP USBH2_STP
ALT7 CCM BT_MEM_TYPE[O]
LD3 ALTO LCDC LCDC_LDI[3] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[3] Pull/Keep Enable—CFG (Disabled)
ALT2 csl CSI_D[14] Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ATA DATA[3] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 SIM1 T Slew Rate—SLOW
ALT5 GPIO2 GPIO[18]
ALT6 USB_TOP USBH2_NXT
ALT7 CCM BT_MEM_TYPE[1]
LD4 ALTO LCDC LCDC_LD[4] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[4] Pull/Keep Enable—CFG (Disabled)
ALT2 csl CSI_D[13] Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ATA DATA[4] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 SIM1 PD1 Slew Rate—CFG (SLOW)
ALT5 GPIO2 GPIO[19]
ALT6 USB_TOP USBH2_DATA[0]
ALT7 CCM BT_PAGE_SIZE[0]
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
LD5 ALTO LCDC LCDC_LD[5] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[5] Pull/Keep Enable—CFG (Disabled)
ALT2 csl CSI_D[12] Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ATA DATA[5] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 SIM1 RX1 Slew Rate—CFG (SLOW)
ALT5 GPIO1 GPIO[19]
ALT6 USB_TOP USBH2_DATA[1]
ALT7 CCM BT_PAGE_SIZE[1]
LD6 ALTO LCDC LCDC_LDI[6] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[6] Pull/Keep Enable—CFG (Disabled)
ALT2 csl CSI_D[11] Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ATA DATA[6] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 SIM2 CLK1 Slew Rate—CFG (SLOW)
ALT5 GPIO1 GPIO[20]
ALT6 USB_TOP USBH2_DATA[2]
ALT7 CCM BT_BUS_WIDTH|0]
LD7 ALTO LCDC LCDC_LDJ[7] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[7] Pull/Keep Enable—CFG (Disabled)
ALT2 csl CSI_D[10] Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ATA DATA[7] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 SIM2 RST1 Slew Rate—CFG (SLOW)
ALT5 GPIO1 GPIO[21]
ALT6 USB_TOP USBH2_DATA[3]
ALT7 CCM BT_BUS_WIDTH[1]
LD8 ALTO LCDC LCDC_LDI[8] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[8] Pull/Keep Enable—CFG (Disabled)
ALT2 UART4 RXD_MUX Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ATA DATA[8] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 AUDMUX AUD3_TXD Slew Rate—CFG (SLOW)
ALT5 FEC TX_ERR
ALT6 ESDHC2 CMD
ALT7 CCM BT_USB_SRCI0]
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
LD9 ALTO LCDC LCDC_LDI[9] Hysteresis Enable—CFG (Enabled)
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[9] Pull/Keep Enable—CFG (Disabled)
ALT2 UART4 TXD_MUX Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ATA DATA[9] Drive Voltage Select—CFG (3.3 V)
ALT4 AUDMUX AUD3_RXD g:g:l/vKFe{:feS_e('f%_(gfgv\(};“")
ALT5 FEC COL
ALT6 ESDHC2 CLK
ALT7 CCM BT_USB_SRCI[1]
LD10 ALTO LCDC LCDC_LD[10] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[10] | pyjl/Keep Enable—CFG (Disabled)
ALT2 UART4 RTS Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ATA DATA[10] Drive Voltage Select—CFG (3.3 V)
ALT4 AUDMUX AUD3_TXC gg&KFe{:feS_e('f%_(gfgv\(};“")
ALT5 FEC RX_ERR
ALT6 ESDHC2 DATO
ALT7 CCM BT_MLC_SEL
LD11 ALTO LCDC LCDC_LDJ[11] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[11] | pyii/Keep Enable—CFG (Disabled)
ALT2 UART4 CTS Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ATA DATA[11] Drive Voltage Select—CFG (3.3 V)
ALT4 AUDMUX AUD3_TXFS gg&KFe{:fes_eggé_(gfgv\(};“")
ALT5 FEC RDATA[2]
ALT6 ESDHC2 DAT1
ALT7 CCM BT_SPARE_SIZE
LD12 ALTO LCDC LCDC_LD[12] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[12] | pyl/Keep Enable—CFG (Disabled)
ALT2 CSPI2 MOSI Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—CFG (Disabled)
ALT3 ATA DATA[12] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 KPP ROWI6] Slew Rate—CFG (SLOW)
ALT5 FEC RDATA[3]
ALT6 ESDHC2 DAT2
ALT7 CCM BT_SRCI[0]
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
LD13 ALTO LCDC LCDC_LD[13] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[13] | pyl/Keep Enable—CFG (Disabled)
ALT2 CSPI2 MISO Pull Up/Dgwn Configuration—.CFG (100 KQ PU)
Open Drain Enable—CFG (Disabled)
ALT3 ATA DATA[13] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 KPP ROW[7] Slew Rate—CFG (SLOW)
ALT5 FEC TDATA[2]
ALT6 ESDHC2 DAT3
ALT7 CCM BT_SRCI[1]
LD14 ALTO LCDC LCDC_LD[14] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[14] | pl/Keep Enable—CFG (Disabled)
ALT2 CSPI2 SCLK Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—CFG (Disabled)
ALT3 ATA DATA[14] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT4 KPP COLg] Slew Rate—SLOW
ALT5 FEC TDATA[3]
ALT6 AUDMUX AUD3_RXC
ALT7 CCM BT_EEPROM_CFG
LD15 ALTO LCDC LCDC_LDI[15] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_DATA[15] | pyil/Keep Enable—CFG (Disabled)
ALT2 CSPI2 RDY Pull Up/D(?WI"I Configuration—.CFG (1 00 KQ PU)
Open Drain Enable—CFG (Disabled)
ALT3 ATA DATA[15] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 KPP coLr] Slew Rate—SLOW
ALT5 FEC RX_CLK
ALT6 AUDMUX AUD3_RXFS
ALT7 CCM BT_UART_SRCIO0]
HSYNC ALTO LCDC LCDC_HSYN Hysteresis Enable—Enabled
ALT2 12C3 SCL Drive Strength—CFG (Nominal)
Pull/Keep Enable—CFG (Disabled)
ALT3 ATA BUFFER_EN Pull Up/D(?Wh Configuration—.CFG (1 00 KQ PU)
Open Drain Enable—CFG (Disabled)
ALT4 SIM2 VENq1 Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT5 GPIO1 GPIO[22] Slew Rate—CFG (SLOW)
ALT6 USB_TOP USBH2_DATA[4]
ALT7 CCM BT_UART_SRCI[1]
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
VSYNC ALTO LCDC LCDC_VSYN Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT2 12C3 SDA Pull/Keep Enable—CFG (Disabled)
ALT3 ATA DMARQ Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—CFG (Disabled)
ALT4 SIM2 TX1 Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull
ALT5 GPIO1 GPIO[23] Slow R afe_CFG (SLOV\(,) )
ALT6 USB_TOP USBH2_DATA[5]
ALT7 CCM BT_UART_SRCI[2]
LSCLK ALTO LCDC LCDC_LSCLK Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_CS Pull/Keep Enable—CFG (Disabled)
ALT3 ATA DA_O Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT4 SIM2 PD1 Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull
ALT5 GPIO1 GPIO[24] Slow R afe_CFG (FASTg )
ALT6 USB_TOP USBH2_DATA[6]
ALT7 CCM BT_LPB_FREQ[0]
OE_ACD ALTO LCDC LCDC_OE_ACD Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 SLCDC SLCDC_RS Pull/Keep Enable—CFG (Disabled)
ALT2 CSPI2 ) Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ATA DA_1 Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 SIM2 RX1 Slew Rate—CFG (SLOW)
ALT5 GPIO1 GPIO[25]
ALT6 USB_TOP USBH2_DATA[7]
ALT7 CCM BT_LPB_FREQ[1]
CONTRAST ALTO LCDC LCDC_CONTRAST | Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 GPT4 CAPINT Pull/Keep Enable—CFG (Disabled)
ALT2 CSPI2 SS9 Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ATA DA_2 Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 PWM4 PWMO Slew Rate—SLOW
ALT5 FEC CRS
ALT6 USB_TOP USBH2_PWR
ALT7 WDOG WDOG_B
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
PWM ALTO PWMH1 PWMO Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 GPT4 CMPOUTH1 Pull/Keep Enable—CFG (Enabled)
ALT5 GPIO1 GPIO[26] Pull Up/Down Configuration—CFG (100 KQ PD)
Open Drain Enable—Disabled
ALT6 USB_TOP USBH2_0OC Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT7 CCM BT_LPB_FREQ[2] Slew Rate—SLOW
CSI_D2 ALTO CSl CSI_D[2] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 UARTS RXD_MUX Pull/Keep Enable—CFG (Enabled)
ALT2 ESDHC2 DAT4 Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ESAI SCKR Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
ALT4 SIM1 CLKo Slew Rate—CFG (FAST)
ALT5 GPIO1 GPIO[27]
ALT6 USB_TOP USBOTG_DATA[O]
ALT7 CSPI3 MOSI
CSI_D3 ALTO CSi CSI_DI[3] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 UARTS TXD_MUX Pull/Keep Enable—CFG (Enabled)
ALT2 ESDHC2 DATS Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ESAI FSR Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
ALT4 SIM1 RSTO Slew Rate—CFG (SLOW)
ALT5 GPIO1 GPIO[28]
ALT6 USB_TOP USBOTG_DATA[1]
ALT7 CSPI3 MISO
CSI_D4 ALTO CSi CSI_D[4] Hysteresis Enable—CFG (Enabled)
Drive Strength—CFG (Nominal)
ALT1 UARTS RTS Pull/Keep Enable—CFG (Enabled)
ALT2 ESDHC2 DAT6 Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ESAI HCKR Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
ALT4 SIM1 VENO Slew Rate—CFG (FAST)
ALT5 GPIO1 GPIO[29]
ALT6 USB_TOP USBOTG_DATA[2]
ALT7 CSPI3 SCLK
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
CSI_D5 ALTO CSi CSI_DI[5] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 UARTS CTs Pull/Keep Enable—CFG (Enabled)
ALT2 ESDHC2 DAT7 Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ESAI SCKT Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
ALT4 SIM1 TX0 Slew Rate—CFG (SLOW)
ALTS GPIO1 GPIO[30]
ALT6 USB_TOP USBOTG_DATA[3]
ALT7 CSPI3 RDY
CSI_D6 ALTO Csl CSI_D[6] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 KPP ROW[e] Pull/Keep Enable—CFG (Enabled)
ALT2 ESDHC?2 CMD Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—CFG (Disabled)
ALT3 ESAI FST Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
ALT4 SIM1 PDO Slew Rate—CFG (SLOW)
ALT5 GPIO1 GPIO[31]
ALT6 USB_TOP USBOTG_DATA[4]
ALT7 CSPI3 SSOo
CSI_D7 ALTO CsSi CSI_D[7] Hysteresis Enable—CFG (Enabled)
Drive Strength—CFG (Nominal)
ALT1 KPP ROW[7] Pull/Keep Enable—CFG (Enabled)
ALT2 ESDHC?2 CLK Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—CFG (Disabled)
ALT3 ESAI HCKT Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
ALT4 SIM1 RX0 Slew Rate—CFG (SLOW)
ALT5 GPIO1 GPIO[6]
ALT6 USB_TOP USBOTG_DATA[5]
ALT7 CSPI3 SSH
CSI_D8 ALTO Csl CSI_D[8] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 KPP COL[e] Pull/Keep Enable—CFG (Enabled)
ALT2 AUDMUX AUD6_RXC Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—CFG (Disabled)
ALT3 ESAI TX5_RX0 Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
ALT4 SIM2 CLKo Slew Rate—CFG (SLOW)
ALT5 GPIO1 GPIO[7]
ALT6 USB_TOP USBOTG_DATA[6]
ALT7 CSPI3 SS82
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
CSI_D9 ALTO CSl CSI_DI[9] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 KPP COL[7] Pull/Keep Enable—CFG (Enabled)
ALT2 AUDMUX AUD6_RXFS Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—CFG (Disabled)
ALT3 ESAI TX4_RX1 Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
ALT4 SIM2 RSTO Slew Rate—CFG (SLOW)
ALT5 GPI04 GPIO[21]
ALT6 USB_TOP USBOTG_DATA[7]
ALT7 CSPI3 SS3
CSI_MCLK ALTO CsSl CSI_MCLK Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 AUDMUX AUD6_TXD Pull/Keep Enable—CFG (Disabled)
ALT2 ESDHC?2 DATO Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ESAI TX3_RX2 Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 SIM2 VENO Slew Rate—CFG (FAST)
ALT5 GPIO1 GPIO[8]
ALT6 USB_TOP USBOTG_DIR
ALT7 CCM BT_RES[0]
CSI_VSYNC |ALTO CSi CSI_VSYNC Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 AUDMUX AUD6_RXD Pull/Keep Enable—CFG (Enabled)
ALT2 ESDHC?2 DATA Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ESAI TX2_RX3 Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
ALT4 SIM2 TX0 Slew Rate—CFG (SLOW)
ALT5 GPIO1 GPIO[9]
ALT6 USB_TOP USBOTG_STP
ALT7 CCM BT_RES[1]
CSI_HSYNC | ALTO CSi CSI_HSYNC Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 AUDMUX AUDG_TXC Pull/Keep Enable—CFG (Enabled)
ALT2 ESDHC?2 DAT2 Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ESAI X1 Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
ALT4 SIM2 PDO Slew Rate—CFG (SLOW)
ALT5 GPIO1 GPIO[10]
ALT6 USB_TOP USBOTG_NXT
ALT7 CCM BT_RES[2]
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
CSI_PIXCLK | ALTO CSsli CSI_PIXCLK Hysteresis Enable—CFG (Enabled)
Drive Strength—CFG (Nominal)
ALT1 AUDMUX AUDG_TXFS Pull/Keep Enable—CFG (Enabled)
ALT2 ESDHC2 DAT3 Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 ESAI TXO0 Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Keep)
ALT4 SiM2 RX0 Slew Rate—CFG (SLOW)
ALT5 GPIO1 GPIO[11]
ALT6 USB_TOP USBOTG_CLK
ALT7 CCM BT_RES|3]
12C1_CLK ALTO 12C1 SCL Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALTS GPIOT GPIO[12] Pull/Keep Enable—CFG (Enabled)
ALT6 SLCDC SLCDC_DATA[6] Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—CFG (Enabled)
Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
Slew Rate—SLOW
12C1_DAT ALTO 12C1 SDA Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALTS GPIOT GPIO[13] Pull/Keep Enable—CFG (Enabled)
ALT6 SLCDC SLCDC_DATA[7] Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—CFG (Enabled)
Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
Slew Rate—SLOW
CSPI1_MOSI | ALTO CSPI1 MOSI Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT2 UART3 RXD_MUX Pull/Keep Enable—CFG (Enabled)
ALT4 SDMA SDMA DBG EVT 0 |PullUp/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT5 GPIO1 GPIO[14] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT6 SLCDC SLCDC_DATA[12] Slew Rate—CFG (SLOW)
ALT7 ARM926P_PLATF | TRACE[4]
ORM
CSPI1_MISO |ALTO CSPI1 MISO Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT2 UART3 TXD_MUX Pull/Keep Enable—CFG (Enabled)
ALT4 SDMA SDMA DBG EVT 1 |PullUp/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT5 GPIO1 GPIO[15] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT6 SLCDC SLCDC_DATA[13] Slew Rate—CFG (SLOW)
ALT7 ARM926P_PLATF | TRACE[5]
ORM
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
CSPI1_SS0 ALTO CSPI1 SSO Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 LCDC LCDC_LD[16] Pull/Keep Enable—CFG (Enabled)
ALT2 PWM2 PWMO Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT4 SDMA SDMA_DBG_EVT_2 | Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT5 GPIO1 GPIO[16] Slew Rate—CFG (SLOW)
ALT6 SLCDC SLCDC_CS
ALT7 ARM926P_PLATF | TRACE6]
ORM
CSPI1_SS1 ALTO CSPI1 SS1 Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 12C3 SDA Pull/Keep Enable—CFG (Enabled)
ALT2 UART3 RTS Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—CFG (Disabled)
ALT4 SDMA SDMA_DBG_EVT_3 | Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT5 GPIO1 GPIO[17] Slew Rate—CFG (SLOW)
ALT6 SLCDC SLCDC_RS
ALT7 ARM926P_PLATF | TRACE[7]
ORM
CSPI1_SCLK |ALTO CSPI1 SCLK Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT2 UART3 CTs Pull/Keep Enable—CFG (Enabled)
ALT4 SDMA SDMA_DBG_EVT 4 Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT5 GPIO1 GPIO[18] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT6 SLCDC SLCDC_DATA[14] Slew Rate—CFG (SLOW)
ALT7 ARM926P_PLATF | TRACE[8]
ORM
CSPI1_RDY ALTO CSPI1 RDY Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALTA SDMA SDMA_DBG_EVT_5 | p|/Keep Enable—CFG (Enabled)
ALTS5 GPIO?2 GPIO[22] Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT6 SLCDC SLCDC_DATA[15] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT7 ARM926P_PLATF | TRACE[9] Slew Rate—CFG (SLOW)
ORM
UART1_RXD |ALTO UART1 RXD_MUX Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT3 UART2 DTR Pull/Keep Enable—CFG (Enabled)
ALT4 LCDC LCDC_CLS Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT5 GPIO4 GPIO[22] Drive Voltage Select—CFG (3.3 V)
ALT6 SLCDC SLCDC_DATA[8] PullKeep Select—Pull

Slew Rate—SLOW
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
UART1_TXD |ALTO UART1 TXD_MUX Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT3 UART2 DSR Pull/Keep Enable—CFG (Disabled)
ALT4 LCDC LCDC_SPL Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT5 GPIO4 GPIO[23] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT6 SLCDC SLCDC_DATA[9] Slew Rate—SLOW
UART1_RTS ALTO UART1 RTS Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 csl CSI_D[0] Pull/Keep Enable—CFG (Enabled)
ALT2 GPT3 CAPIN1 Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 UART2 DCD Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 LCDC LCDC_PS Slew Rate—SLOW
ALT5 GPIO4 GPIO[24]
ALT6 SLCDC SLCDC_DATA[10]
UART1_CTS |ALTO UART1 CTS Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 csl CsI_D[1] Pull/Keep Enable—CFG (Disabled)
ALT2 GPT3 CMPOUT1 Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 UART2 RI Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 LCDC LCDC_REV Slew Rate—SLOW
ALT5 GPIO4 GPIO[25]
ALT6 SLCDC SLCDC_DATA[11]
UART2_RXD |ALTO UART2 RXD_MUX Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 ESDHCT DAT7 Pull/Keep Enable—CFG (Enabled)
ALTS5 GPIO4 GPIO[26] Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
Slew Rate—FAST
UART2_TXD ALTO UART2 TXD_MUX Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 ESDHCT DATE Pull/Keep Enable—CFG (Disabled)
ALT2 FEC TX_ERR Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT5 GPIO4 GPIO[27] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT7 SDMA EXTDMA_O Slew Rate—CFG (SLOW)
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
UART2_RTS ALTO UART2 RTS Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 ESDHCT DATS Pull/Keep Enable—CFG (Enabled)
ALT2 FEC CoOL Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 GPT1 CAPINA1 Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 EPIT2 DO_EPITO Slew Rate—CFG (FAST)
ALT5 GPIO4 GPIO[28]
ALT6 CSPI2 SS3
ALT7 SDMA EXTDMA_1
UART2_CTS ALTO UART2 CTS Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 ESDHCT DAT4 Pull/Keep Enable—CFG (Disabled)
ALT2 FEC RX_ERR Pull Up/D(?Wh Configura.tion—CFG (100 KQ PU)
Open Drain Enable—Disabled
ALT3 GPT1 CMPOUTA1 Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT5 GPIO4 GPIO[29] Slew Rate—CFG (SLOW)
ALT6 CSPI3 SS3
ALT7 SDMA EXTDMA_2
SD1_CMD ALTO ESDHCA1 CMD Hysteresis Enable—Enabled
Drive Strength—CFG (High)
ALT1 CsPi2 MOSI Pull/Keep Enable—CFG (Enabled)
ALT2 FEC RDATA[2] Pull Up/DC.)WFI Configurgtion—CFG (47 KQ PU)
Open Drain Enable—Disabled
ALT4 SDMA SDMA_DBG_EVT_S | Drive Voltage Select—CFG (3.3 V)
EL Pull/Keep Select—CFG (Pull)
ALT5 GPIO2 GPIO[23] Slew Rate—CFG (FAST)
ALT6 SLCDC SLCDC_DATA[0]
ALT7 ARM926P_PLATF | TRACE[10]
ORM
SD1_CLK ALTO ESDHCA1 CLK Hysteresis Enable—CFG (Disabled)
Drive Strength—CFG (High)
ALT1 Cspi2 MISO Pull/Keep Enable—CFG (Enabled)
ALT2 FEC RDATA[3] Pull Up/Down Configuration—CFG (47 KQ PU)
Open Drain Enable—Disabled
ALT4 SDMA SDMA_DBG_STAT_O | Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT5 GPIO2 GPI0[24] Slew Rate—CFG (FAST)
ALT6 SLCDC SLCDC_DATA[1]
ALT7 ARM926P_PLATF | TRACE[11]
ORM
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
SD1_DATAO ALTO ESDHCA1 DATO Hysteresis Enable—Enabled
Drive Strength—CFG (High)
ALT1 CsPi2 SCLK Pull/Keep Enable—CFG (Enabled)
ALT2 FEC TDATA[2] Pull Up/Down Configuration—CFG (47 KQ PU)
Open Drain Enable—Disabled
ALT3 AUDMUX AUD7_TXFS Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 SDMA SDMA_DBG_STAT _1 Slew Rate—CFG (FAST)
ALT5 GPIO2 GPIO[25]
ALT6 SLCDC SLCDC_DATA[2]
ALT7 ARM926P_PLATF | TRACE[12]
ORM
SD1_DATA1 ALTO ESDHCA1 DAT1 Hysteresis Enable—Enabled
Drive Strength—CFG (High)
ALT1 Cspi2 RDY Pull/Keep Enable—CFG (Enabled)
ALT2 FEC TDATA[3] Pull Up/Down Configuration—CFG (47 KQ PU)
Open Drain Enable—Disabled
ALT3 AUDMUX AUD7_RXD Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 SDMA SDMA_DBG_STAT_2 Slew Rate—CFG (FAST)
ALT5 GPIO2 GPIO[26]
ALT6 SLCDC SLCDC_DATA[3]
ALT7 ARM926P_PLATF | TRACE[13]
ORM
SD1_DATA2 ALTO ESDHCH1 DAT2 Hysteresis Enable—Enabled
Drive Strength—CFG (High)
ALT1 CsPi2 SSo Pull/Keep Enable—CFG (Enabled)
ALT2 FEC RX CLK Pull Up/Down Configuration—CFG (47 KQ PU)
— Open Drain Enable—Disabled
ALT3 AUDMUX AUD7_RXC Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 SDMA SDMA_DBG_STAT_3 Slew Rate—CFG (FAST)
ALT5 GPIO2 GPI0[27]
ALT6 SLCDC SLCDC_DATA[4]
ALT7 ARM926P_PLATF | TRACE[14]

ORM
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
SD1_DATA3 ALTO ESDHCA1 DAT3 Hysteresis Enable—Enabled
Drive Strength—CFG (High)
ALT1 Cspi2 S8t Pull/Keep Enable—CFG (Enabled)
ALT2 FEC CRS Pull Up/Down Configuration—CFG (47 KQ PU)
Open Drain Enable—Disabled
ALT3 AUDMUX AUD7_RXFS Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALTS GPIO2 GPIO[28] Slew Rate—CFG (FAST)
ALT6 SLCDC SLCDC_DATA[5]
ALT7 ARM926P_PLATF | TRACE[15]
ORM
KPP_ROWO ALTO KPP ROWI[0] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 UART3 RXD_MUX Pull/Keep Enable—CFG (Enabled)
ALT4 UARTA DTR Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—CFG (Disabled)
ALT5 GPIO2 GPIO[29] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT6 SDMA SDMA_DBG_PC_0 Slew Rate—SLOW
KPP_ROW1 ALTO KPP ROWI1]
ALTH UART3 TXD_MUX
ALT4 UART1 DSR
ALT5 GPIO2 GPIO[30]
ALT6 SDMA SDMA_DBG_PC_1
KPP_ROW2 ALTO KPP ROWI[2] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 UART3 RTS Pull/Keep Enable—CFG (Enabled)
ALT2 AUDMUX AUD5 RXC Pull Up/Down Configuration—CFG (100 KQ PU)
— Open Drain Enable—CFG (Disabled)
ALT3 Csl CSI_D[0] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 UART1 DCD Slew Rate—SLOW
ALT5 GPIO2 GPIO[31]
ALT6 SDMA SDMA_DBG_PC_2
KPP_ROW3 | ALTO KPP ROWI3]
ALTAH UART3 CTS
ALT2 AUDMUX AUD5_RXFS
ALT3 Csl CSI_D[1]
ALT4 UART1 RI
ALT5 GPIO3 GPIO[0]
ALT6 SDMA SDMA_DBG_PC_3
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
KPP_COLO ALTO KPP COL[0] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 UART4 RXD_MUX Pull/Keep Enable—CFG (Enabled)
ALT2 AUDMUX AUD5 TXD Pull Up/Down Configuration—CFG (100 KQ PU)
_ Open Drain Enable—CFG (Enabled)
ALT5 GPIO3 GPIO[1] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT6 SDMA SDMA_DBG_PC_4 Slew Rate—SLOW
KPP_COLA1 ALTO KPP COL[1]
ALT1 UART4 TXD_MUX
ALT2 AUDMUX AUD5_RXD
ALT5 GPIO3 GPIO[2]
ALT6 SDMA SDMA_DBG_PC_5
KPP_COL2 ALTO KPP COL[2] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 UART4 RTS Pull/Keep Enable—CFG (Enabled)
ALT2 AUDMUX AUD5 TXC Pull Up/Down Configuration—CFG (100 KQ PU)
_ Open Drain Enable—CFG (Enabled)
ALT5 GPIO3 GPIO[3] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT6 SDMA SDMA_DBG_PC_6 Slew Rate—SLOW
ALT7 EMI M3IF_CHOSEN_MA
STER_1
KPP_COL3 ALTO KPP COL[3]
ALT1 UART4 CTS
ALT2 AUDMUX AUD5_TXFS
ALT5 GPIO3 GPIO[4]
ALT6 SDMA SDMA_DBG_PC_7
ALT7 EMI M3IF_CHOSEN_MA
STER_2
FEC_MDC ALTO FEC MDC Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 ESDHC2 CMD Pull/Keep Enable—CFG (Disabled)
ALT2 AUDMUX AUD4 TXD Pull Up/Down Configuration—CFG (100 KQ PU)
— Open Drain Enable—Disabled
ALT3 ATA DIOR Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALTS GPIO3 GPIO[5] Slew Rate—CFG (SLOW)
ALT6 SDMA SDMA_DBG_PC_8
ALT7 LCDC LCDC_LD[16]
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
FEC_MDIO ALTO FEC MDIO Hysteresis Enable—CFG (Enabled)
Drive Strength—CFG (Nominal)
ALT1 ESDHC2 CLK Pull/Keep Enable—CFG (Enabled)
ALT2 AUDMUX AUD4 RXD Pull Up/Down Configuration—CFG (22 KQ PU)
_ Open Drain Enable—Disabled
ALT3 ATA DIOW Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALTS GPIO3 GPIO[6] Slew Rate—CFG (SLOW)
ALT6 SDMA SDMA_DBG_PC_9
ALT7 LCDC LCDC_LD[17]
FEC_TDATAO |ALTO FEC TDATA[O] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 ESDHC2 DATO Pull/Keep Enable—CFG (Disabled)
ALT2 AUDMUX AUD4 TXC Pull Up/Down Configuration—CFG (100 KQ PU)
_ Open Drain Enable—Disabled
ALT3 ATA DMACK Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALTS GPIO3 GPIO[7] Slew Rate—CFG (SLOW)
ALT6 SDMA SDMA_DBG_PC_10
ALT7 LCDC LCDC_LD[18]
FEC_TDATA1 ALTO FEC TDATA[1] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 ESDHC2 DATT Pull/Keep Enable—CFG (Disabled)
ALT2 AUDMUX AUD4 TXFS Pull Up/Down Configuration—CFG (100 KQ PU)
_ Open Drain Enable—Disabled
ALT3 ATA RESET_B Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALTS GPIO3 GPIO[8] Slew Rate—CFG (SLOW)
ALT6 SDMA SDMA_DBG_PC_11
ALT7 LCDC LCDC_LD[19]
FEC_TX_EN ALTO FEC TX_EN Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 ESDHC2 DAT2 Pull/Keep Enable—CFG (Disabled)
ALT2 AUDMUX AUD4 RXC Pull Up/Down Configuration—CFG (100 KQ PU)
_ Open Drain Enable—CFG (Disabled)
ALT3 ATA IORDY Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 CANT TXCAN Slew Rate—CFG (SLOW)
ALT5 GPIO3 GPIO[9]
ALT6 KPP ROWI[4]
ALT7 LCDC LCDC_LDJ[20]
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
FEC_RDATAO |ALTO FEC RDATA[0] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 ESDHC2 DAT3 Pull/Keep Enable—CFG (Enabled)
ALT2 AUDMUX AUD4 RXFS Pull Up/Down Configuration—CFG (100 KQ PD)
_ Open Drain Enable—CFG (Disabled)
ALT3 ATA INTRQ Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 CANT RXCAN Slew Rate—CFG (FAST)
ALT5 GPIO3 GPIO[10]
ALT6 KPP ROWI5]
ALT7 LCDC LCDC_LD[21]
FEC_RDATA1 |ALTO FEC RDATA[1] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 12C2 SCL Pull/Keep Enable—CFG (Enabled)
ALT2 ESDHC?2 DAT4 Pull Up/Down Configuration—CFG (100 KQ PD)
Open Drain Enable—CFG (Disabled)
ALT3 ATA CSo Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 CAN2 TXCAN Slew Rate—CFG (SLOW)
ALT5 GPIO3 GPIO[11]
ALT6 KPP COL[4]
ALT7 LCDC LCDC_LD[22]
FEC_RX_DV ALTO FEC RX_DV Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 12C2 SDA Pull/Keep Enable—CFG (Enabled)
ALT2 ESDHC?2 DAT5S Pull Up/Down Configuration—CFG (100 KQ PD)
Open Drain Enable—CFG (Disabled)
ALT3 ATA CSt Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 CAN2 RXCAN Slew Rate—CFG (SLOW)
ALT5 GPIO3 GPIO[12]
ALT6 KPP COLJ[5]
ALT7 LCDC LCDC_LD[23]
FEC_TX_CLK |ALTO FEC TX_CLK Hysteresis Enable—CFG (Disabled)
Drive Strength—CFG (Nominal)
ALT1 PWM3 PWMO Pull/Keep Enable—CFG (Enabled)
ALT2 ESDHC?2 DAT6 Pull Up/Down Configuration—CFG (100 KQ PD)
Open Drain Enable—Disabled
ALT3 LCDC LCDC_LDJ[16] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT5 GPIO3 GPIO[13] Slew Rate—CFG (SLOW)
ALT6 SDMA SDMA_DBG_PC_12
ALT7 EMI M3IF_CHOSEN_MA
STER_O
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name

Mode

Instance

Port

Pad Settings

RTCK

ALTO

ARM926P_PLATF
ORM

RTCK

ALT1

OWIRE

LINE

ALT2

ESDHC2

DAT7

ALT5

GPIO3

GPIO[14]

ALT6

SDMA

SDMA_DBG_PC_13

Hysteresis Enable—Enabled

Drive Strength—CFG (High)

Pull/Keep Enable—CFG (Disabled)

Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—CFG (Disabled)

Drive Voltage Select—CFG (3.3 V)

Pull/Keep Select—CFG (Pull)

Slew Rate—CFG (SLOW)

TCK

No Muxing
(ALTO)

SJC

TCK

Hysteresis Enable—Enabled

Drive Strength—Nominal

Pull/Keep Enable—Enabled

Pull Up/Down Configuration—100 KQ PD
Open Drain Enable—Disabled

Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull

Slew Rate—NA

TMS

TDI

TDO

No Muxing
(ALTO)

SJC

TMS

SJC

TDI

Hysteresis Enable—Enabled

Drive Strength—Nominal

Pull/Keep Enable—Enabled

Pull Up/Down Configuration—47 KQ PU
Open Drain Enable—Disabled

Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull

Slew Rate—NA

SJC

TDO

Hysteresis Enable—Disabled

Drive Strength—CFG (High)

Pull/Keep Enable—Disabled

Pull Up/Down Configuration—47 KQ PU
Open Drain Enable—Disabled

Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull

Slew Rate—SLOW

TRSTB

No Muxing
(ALTO)

SJC

TRSTB

Hysteresis Enable—Enabled

Drive Strength—Nominal

Pull/Keep Enable—Enabled

Pull Up/Down Configuration—47 KQ PU
Open Drain Enable—Disabled

Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull

Slew Rate—NA

DE_B

ALTO

SJC

DE_B

ALT5

GPI102

GPI0[20]

Hysteresis Enable—Enabled

Drive Strength—CFG (Nominal)
Pull/Keep Enable—Enabled

Pull Up/Down Configuration—47 KQ PU
Open Drain Enable—Disabled

Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull

Slew Rate—SLOW
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
SJC_MOD No Muxing |SJC MOD Hysteresis Enable—Enabled
(ALTO) Drive Strength—Nominal
Pull/Keep Enable—Enabled
Pull Up/Down Configuration—100 KQ PU
Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
Slew Rate—NA
USBPHY1_VBUS USBPHY_UTMI |USBPHY1_VBUS —
USBPHY1_DP USBPHY_UTMI |USBPHY1_DP —
USBPHY1_DM USBPHY_UTMI |USBPHY1_DM —
USBPHY1_UID USBPHY_UTMI |USBPHY1_UID —
USBPHY1_RREF USBPHY_UTMI |USBPHY1_RREF —
USBPHY2_DM USBXCVR USBPHY2_DM —
USBPHY2_DP USBXCVR USBPHY2_DP —
GPIO_A ALTO GPIOA1 GPIOI[0] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 PWM2 PWMO Pull/Keep Enable—CFG (Disabled)
ALT2 USB TOP USBOTG PWR Pull Up/Down Configuration—CFG (100 KQ PD)
— — Open Drain Enable—CFG (Disabled)
ALT3 KPP ROWI4] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 12C3 SCL Slew Rate—SLOW
ALT6 CANT1 TXCAN
ALT7 OBSRV_MODUL |INT_MUX_OUT
E
GPIO_B ALTO GPIO1 GPIO[1] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 PWM3 PWMO Pull/Keep Enable—CFG (Enabled)
ALT2 USB TOP USBOTG OC Pull Up/Down Configuration—CFG (100 KQ PD)
— _ Open Drain Enable—CFG (Disabled)
ALT3 KPP ROWI[5] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 12C3 SDA Slew Rate—SLOW
ALT6 CAN1 RXCAN
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
GPIO_C ALTO GPIOA1 GPIO[2] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 PWM4 PWMO Pull/Keep Enable—CFG (Enabled)
ALT2 2C2 sCL Pull Up/Down Configuration—CFG (100 KQ PD)
Open Drain Enable—CFG (Disabled)
ALT3 KPP COL[4] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—CFG (Pull)
ALT4 GPT2 CAPIN1 Slew Rate—SLOW
ALT5 CSPH SS2
ALT6 CAN2 TXCAN
ALT7 CSPI2 SS2
GPIO_D ALTO GPIO1 GPIO[3] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 WDOG WDOG_B Pull/Keep Enable—CFG (Disabled)
ALT2 2C2 SDA Pull Up/Down Configuration—CFG (100 KQ PU)
Open Drain Enable—CFG (Disabled)
ALT3 KPP COLJ[5] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT4 GPT2 CMPOUT1 Slew Rate—SLOW
ALT6 CAN2 RXCAN
ALT7 CSPI3 SS2
GPIO_E ALTO GPIO1 GPIO[4] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 12C3 SCL Pull/Keep Enable—CFG (Enabled)
ALT2 LCDC LCDC_LD[16] Pull Up/Down Configuration—CFG (100 KQ PU)
_ Open Drain Enable—CFG (Enabled)
ALT4 AUDMUX AUD7_TXD Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT6 UART4 RXD_MUX Slew Rate—SLOW
ALT7 ECT CTI_TRIG_INO_6
GPIO_F ALTO GPIOA GPIO[5] Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT2 LCDC LCDC_LD[17] Pull/Keep Enable—CFG (Disabled)
ALT3 EPIT1 DO EPITO Pull Up/Down Configuration—CFG (100 KQ PU)
_ Open Drain Enable—Disabled
ALT4 AUDMUX AUD7_TXC Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT6 UART4 TXD_MUX Slew Rate—SLOW
ALT7 ECT CTI_TRIG_OUTO_6
EXT_ARMCLK |ALTO CCM EXT_ARMCLK Hysteresis Enable—Disabled
Drive Strength—Nominal
ALTS GPIO3 GPIO[15] Pull/Keep Enable—Disabled
UPLL_BYPCLK |ALTO CCM UPLL_BYPCLK Pull Up/Down Configuration—100 KQ PU
B _ Open Drain Enable—Disabled
ALT5 GPIO3 GPIO[16] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Keep
Slew Rate—FAST
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
VSTBY_REQ |ALTO CCM VSTBY_REQ Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT4 AUDMUX AUD7_TXFS Pull/Keep Enable—CFG (Disabled)
ALT5 GPIO3 GPIO[17] Pull Up/Down Configuration—100 KQ PU
Open Drain Enable—Disabled
ALT6 UART4 RTS Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
Slew Rate—SLOW
VSTBY_ACK |ALTO CCM HRESET_B Hysteresis Enable—Enabled
Drive Strength—CFG (Nominal)
ALT1 CcCM VSTBY_ACK Pull/Keep Enable—CFG (Enabled)
ALT2 CSPI1 SS3 Pull Up/Down Configuration—CFG (100 KQ PD)
Open Drain Enable—Disabled
ALT3 EPITH DO_EPITO Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
ALT5 GPIO3 GPIO[18] Slew Rate—SLOW
POWER_FAIL |ALTO CCM POWER_FAIL_INT
ALT4 AUDMUX AUD7_RXD
ALT5 GPIO3 GPIO[19]
ALT6 UART4 CTS
RESET_B No Muxing |CCM RESET_B Hysteresis Enable—Enabled
(ALTO) Drive Strength—Nominal
POR_B cCM POR_B Pull/Keep Enable—Enabled
Pull Up/Down Configuration—100 KQ PU
Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
Slew Rate—NA
CLKO ALTO CCM CLKO Hysteresis Enable—NA
Drive Strength—CFG (Max)
ALTS GPIO2 GPIO[21] Pull/Keep Enable—Disabled
Pull Up/Down Configuration—100 KQ PU
Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
Slew Rate—FAST
BOOT_MODEO |ALTO CCM BOOT_MODEJ0] Hysteresis Enable—Enabled
Drive Strength—Nominal
ALTS GPIO4 GPIO[30] Pull/Keep Enable—Enabled
BOOT_MODE1 |ALTO CCM BOOT_MODE[{] Pull Up/Down Configuration—100 KQ PD
Open Drain Enable—Disabled
ALT5 GPIO4 GPIO[31] Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
Slew Rate—NA
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Table 4-18. i.MX25 Detailed Pin Muxing (continued)

Pin Name Mode Instance Port Pad Settings
CLK_SEL No Muxing |CCM CLK_SEL Hysteresis Enable—Enabled
(ALTO) Drive Strength—Nominal
TEST_MODE TCU TEST_MODE Pull/Keep Enable—Enabled
Pull Up/Down Configuration—100 KQ PD
Open Drain Enable—Disabled
Drive Voltage Select—CFG (3.3 V)
Pull/Keep Select—Pull
Slew Rate—NA
OSC24M_EXTAL |No Muxing |OSC24M EXTAL24M —
ALTO
OSC24M_XTAL ( ) 0SC24M XTAL24M —
OSC32K_EXTAL DRYICE EXT32K —
OSC32K_XTAL DRYICE XTAL32K —
TAMPER_A DRYICE TAMPER_A —
TAMPER_B DRYICE TAMPER_B —
MESH_C No Muxing | DRYICE MESH_C —
(ALTO)
MESH_D DRYICE MESH_D —
OSC_BYP DRYICE OSC_BYP —

XP ADC XP —

XN ADC XN —

YP ADC YP —

YN ADC YN —
WIPER ADC WIPER —
INAUXO ADC INAUXO —
INAUX1 ADC INAUX1 —
INAUX2 ADC INAUX2 —

REF ADC REF —
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Chapter 5
Clock Distribution

This chapter covers clocking distribution for the 1.MX25 device.

Figure 5-1 shows a simplified block diagram of the clock distribution on the 1.MX25 device.

am src sel ARMSOLK

ARMdock

. , ABSCLK
SOV am_clk_div ahb_dk_div
AHB dock
D ToVH IPGSLK
IPGdock
PERdock
= ck_sel
S USB dock
EXT266M
20vH

=

The clock control module (CCM) generates the clocks for all the modules on .MX25. The CCM has the
following features:

Figure 5-1. i.MX25 Clock Distribution

* Low-power mode (LPM) entry/exit control
* Clock distribution

» [P Bus accessible registers

* Reset control to the cores and peripherals

* Boot mode control logic

5.1 External Clock Sources

The OSC24M oscillator provides a frequency reference using a 24 MHz crystal with its corresponding
integrated biasing resistor and loading capacitors. This oscillator is designed to supply the USBPHY which
has very strict jitter requirements. The 1.MX25 also uses this clock source as the primary PLL for the ARM
platform.
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The OSC32K oscillator provides a second frequency reference using a 32 kHz crystal with its
corresponding integrated biasing resistor and loading capacitors. This oscillator is designed to supply the
real time clock (RTC) in Drylce.

The 1.MX25 uses two clocks as the reference clocks in the system:

* CKIL - Real time clock. This clock must be active at all times. The frequency must be 32.768KHz.
CKIL must be present during reset.

* CKIH - High frequency input clock with a frequency between 13 MHz and 40 MHz. CKIH
generally is the 24 MHz output from the OSC24M and must be present for the .MX25 to come out
of reset.

5.2 PLLs

There are two PLLs in the 1.MX25 device as described in Table 5-1.
Table 5-1. i.MX25 PLLs

Reference Source Default Output
PLL Name Options Frequency (MH2) Comments Type Default State
Core PLL CKIH 400 ARM platform clocks | FracN, Dithering On
USB PLL CKIH 300 USB clock FracN, Dithering On

5.3 Clock Gating

Two levels of clock gating are implemented in the 1.MX25, as follows:
* Clock tree root, as implemented in the clock controller module (CCM)
* Clock tree leaf nodes, as implemented in the modules themselves

Clock tree roots are gated off by programming the CCM or by putting the domain into a low-power mode.

Clock tree branches are gated off as follows:
* Automatically, when the modules on a branch request its clock be disabled
* By programming the CCM, or putting the domain into a low-power mode

There is an override bit in the CCM modules for each clock branch, which forces the clock tree and branch
to remain on.

5.4 Core PLL Clock Generation

The core PLL (also denoted MPLL) creates the clocks for the ARM platform and the SDMA platform. The
high frequency bus (AHB) clock and the low frequency bus (IP) clock of the ARM platform are
synchronous to the AP core clock. The clock frequency limitations and clock ratio restrictions between the
core, AHB, and IP clocks frequencies are:

*  Maximum AP core clock frequency is 399 MHz
*  Maximum AHB bus frequency is 133 MHz
*  Maximum IP bus frequency is 66.5 MHz
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* Clock ratios must be integers between Core:AHB, Core:IP, AHB:IP
e AHB:IP clock ratio is fixed at 2:1

¢ Core:AHB and Core:IP clock ratio can be 3:1, 2:1, or 1:1

Some examples of allowable clock frequencies are shown in Table 5-2.

Table 5-2. Clock Frequency Examples

Example Core (MHz) AHB (MHz) IP (MHz)
1 399 133 66.5
2 266 133 66.5
3 133 133 66.5
4 133 66 66.5
5 300 100 50
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Chapter 6
Reset

This chapter describes the following:
* Reset types
* Reset sources
* Reset state machine
* Reset sequence

6.1 Reset Types

Table 6-1 summarizes the three reset types (Power-on reset (POR), cold and warm resets).

Table 6-1. Reset Types

Reset Type Reset I/0O Pin Impact Modules
Power-on reset POR_B ARM core, OSC24M, DPLLs, fusebox, CCM, test logic and all other peripheral
(POR) modules.
Cold reset RESET_B ARM core and all other peripheral modules.
Warm reset N/A ARM core and all other peripheral modules.

6.2 Reset Sources

Table 6-2 shows reset sources, qualification conditions, and resulting reset types. Qualified resets are
qualified on the unsynchronized CKIL clock.

Table 6-2. Reset Sources and Qualification Conditions

Reset Source Qualification Conditions | Resulting Reset Type
POR_B Unqualified Power-on reset (POR)
External low condition on RESET_B Qualified for 4 CKIL clocks. | Cold reset
External low condition on internal reset from WDOG Qualified for 1 CKIL clock. | Warm reset
Reset signal from the external JTAG connector Unqualified Warm reset
Software-initiated JTAG reset Unqualified Warm reset

6.3 Reset State Machine

The reset state machine requires the presence of the CKIL clock.The reset sequence uses the 1IM fuse-read
completion flag and EMI completion flag handshake signals to gate the progress of the state machine, to
ensure that these sequences complete before progressing.
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6.4 Reset Sequence

The reset module controls or distributes all of the system reset signals used by 1.MX25. Figure 6-1 gives a
simplified block diagram of the reset sequence. The signals and timing parameters shown in Figure 6-1 are
described in Table 6-3 and Table 6-4, respectively.

1M &
Fuse

Meu e Mit:jlres
DPLL Modules

0sC24M UsE EMI scc ARM
DPLL

-“me—

[ fo ty t2 [ t3 ty ts |

ipp_por_b

por_reset_b

emi_reset_b

scc_reset_b

hreset_b/per_reset_b

>

reset_in_b and wdog_reset_b
will be started here

Figure 6-1. Reset Module Clock Diagram

Table 6-3. Reset Module Signals

Signal Name Description
ipp_por_b Resets OSC24M, which is input from external source
por_reset_b Resets DPLLs, fusebox and I[IM
emi_reset_b Resets EMI module
scc_reset_b Resets SCC and security modules
hreset_b Resets ARM platform
per_reset Resets peripheral modules
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Table 6-4. Reset Module Timing Parameters

Reset

Timing Parameter Description
to Time for the power-up sequence of all the supplies. After t5, OSC24M starts to work.
t4 t; depends on boot mode:
* If boot mode is PROD mode (0b01) then t4 is 8 32-kHz cycles
* If boot mode is not PROD mode, then t4 is 256 32-kHz cycles
After t4, IIM, fusebox, and the DPLLs start to work
to 4 32-kHz cycles+ 1 HCLK cycle. After t,, EMI starts to work.
13 * For NAND boot, t5is 32 32-kHz cycles + 1 HCLK cycle
* Otherwise t3 is 4 cycles 32-kHz + 1 HCLK cycle
After t5, the security modules and SCC start to work.
t4 * 1 HCLK cycle for hreset_b
* 1ipg_clk cycle for per_reset_b
After t4, all other modules start to work
tg Out of reset
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Chapter 7
System Boot

7.1 Overview

This chapter describes the system boot sequence of the i.MX25 application processor, and describes the
various boot options.

The 1.MX25 out-of-reset boot sequence makes use of the High-Assurance Boot (HAB) library to provide
a secure boot environment. The HAB process utilizes a combination of hardware and software, including
a public key infrastructure (PKI) protocol to protect the system from executing unauthorized images or
programs. In order for the HAB to allow user code to run, the code must be signed by the private key holder
which matches with the public key on i.MX25. The HAB library in the i.MX25 boot ROM also provides
a number of API functions, which allow the user to authenticate any defined region and signature at
run-time.

The i.MX25 also supports a HAB-bypass mode or direct external boot, in which the processor boots
directly from external memory (as traditional microprocessors do).

The boot ROM also provides a mechanism to download and flash new code using a serial connection.
Typically, a downloader application is downloaded to RAM, which facilitates the flash programming. The
download is performed over either the USB or UART connection.

The boot capabilities differ between i.MX25 packages, depending on the HAB-type security
configuration. Full flexibility is supported in the development (or engineering) configuration, while
significant limitations are imposed on the production (or secure) configuration.

7.2 Boot Sources

The 1.MX25 boot process utilizes the following memory/device sources:

* NOR Flash memory through WEIM interface, chip select 0 (CS0):
— 16-bit slow asynchronous mode
— Supports muxed address/data modes
— 24-bit address is available for boot

e OneNAND memory through WEIM interface

» SLC (Binary) and MLC NAND Flash memory, through the NFC interface:
— 512-byte, 2-Kbyte and 4-Kbyte page sizes
— 4/8 bit ECC.

* LBA NAND devices through NFC interface (configured as SLC)

e SD/MMC cards through both eSDHC interfaces:

— Support for high capacity SD, eSD (Embedded SD, versions 2.0 and 2.1 Draft Rev. 0.3) and
MMC/eMMC (version 4.3 (MoviNAND), JEDSD84-A43) cards.

* EEPROMY/serial Flash devices boot through any SPI interface
« EEPROM boot through any 12C interface
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o ‘Streamed in’ (serial downloader) boot through USB OTG/UART interfaces.

7.3 Boot Modes

Three boot modes are supported in the i.MX25. Table 7-1 describes these boot modes in a summary.
Table 7-1. Boot Mode Summary

BOOT_MODE[1:0] Boot Typel Descriptions

00 Internal Boot When power-on reset, i.MX25 executes the boot ROM code to load the boot
image from different boot sources. See Section 7.3.3 for more details.

01 Reserved Reserved
10 External (Direct) Boot | Direct boot from WEIM interface, independent of boot ROM code. See
Section 7.3.4 for more details.
11 USB/UART Serial Load and execute code using serial devices:
Boot » USB OTG (Full-Speed, using integrated PHY or external PHY)
* UART

See Section 7.3.5 for more details.

1 Boot type is determined by the values of boot mode contacts BOOT_MODE[1:0] sampled during the out-of-reset sequence
and stored in the Clock Controller Module (CCM) Status Register (RCSR)

Other boot configuration settings are obtained from the programmable eFUSEs or by sampling the
contacts during the out-of-reset sequence. In the i.MX25, a fuse, GPIO_BT_SEL, is provided for
flexibility between these two configuration settings.

» If GPIO_BT_SEL is blown, all boot options are configured by eFUSEs as detailed in Table 7-2
below. Boot ROM software may read the values from the RCSR, or from the e-fuses, using the 1M
module. It is the recommended configuration for deployed products.

» IfGPIO_BT_SEL is left unblown, the various boot options are determined by sampling dedicated
contacts at out-of-reset. Every e-fuse option is associated with a dedicated pin(s), such that same
functionality is available for both boot options. For this case, regardless of fuse values, Boot ROM
code must read the options' values from RCSR register of the CCM module. Table 7-3 lists boot
option contacts.

7.3.1 Boot Configuration

This section lists the various boot modes and boot configurations as defined by the eFUSE values or
contacts sampled at out-of-reset.

7.3.1.1 eFUSE Configuration

eFUSE is described in detail in Chapter 30, “IC Identification Module (1IM).” In this section, only the part
related to boot is specifically listed here.

Table 7-2 shows the eFUSE settings used by the boot ROM code in the boot process.
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Table 7-2. Fuse Description

Settings:
eFUSE Definition Intact reads as 0
Blown reads as 1
BT_SRCJ1:0] Chooses the specific device for booting. If BT_MEM_CTL[1:0]==11 (Expansion card

device) && BT_MEM_TYPE[1:0]=00
(SD/MMC/MoviNAND) then

00 eSDHC-1

01 eSDHC-2

10 Reserved

11 Reserved

If BT_MEM_CTL[1:0]==11 (Expansion card
device) && BT_MEM_TYPE[1:0]=10 (Serial
ROM using I2C) then

00 I12C1

0l12C2

1012C3

11 Reserved

If BT_MEM_CTL[1:0]==11 (Expansion card
device) && BT_MEM_TYPE[1:0]=11 (Serial
ROM using SPI) then

00 CSPI1

01 CSPI2

10 CSPI3

11 Reserved

Otherwise Reserved

BT_UART_SRC[2:0]

Choosing the specific UART controller for
booting.

000 UART1
001 UART2
010 UART3
011 UART4
100 UARTS
Otherwise Reserved

BT_MLC_SEL

SLC/MLC NAND device.

0 SLC NAND device
1 MLC NAND device

BT_SPARE_SIZE?!

Specifies the size of spare bytes for 4-Kbyte
page size NAND Flash devices.

0 128 bytes spare (Samsung)
1 218 bytes spare (Micron, Toshiba)

BT_USB_SRCI[1:0]

USB boot source selection

00 USB OTG Internal UTMI PHY
01 USB OTG External ULPI PHY
10 Reserved
11 Reserved

BT_RES1, BT_RES2,
BT_RES3, BT _RES4

Reserved for boot options
Has a corresponded GPIO contact,
including a place in SRC SBMR register

BT_PAGE_SIZE[1:0]

NAND Flash page size. This field is used in
conjunction with the BT_MEM_CTL[1:0]
setting

If BT_MEM_CTL = NAND Flash then
00512 bytes

01 2 Kbytes

10 4 Kbytes

11 Reserved
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Table 7-2. Fuse Description (continued)

eFUSE

Definition

Settings:
Intact reads as 0
Blown reads as 1

BT_EEPROM_CFG

Selects whether EEPROM device is used
for load of device configuration data (DCD),
prior to boot from other devices (not
applicable when using EEPROM as boot
device)

0 Use EEPROM DCD
1 Don’t use EEPROM DCD

GPIO_BT_SEL

GPIO boot select. Determines, whether
certain boot fuse values are controlled from
GPIO contacts or fuses.

0 Boot mode configuration is set by contacts.
1 Boot mode configuration is set by fuses.

HAB_TYPE[2:0]

High assurance boot security type

001 Engineering—allows any code to be
flashed and executed, even if it has no
valid signature (default)

100 Security disabled

Others Production (Security On)

BT_MEM_TYPE[1:0]

Boot memory type.
Interpreted by boot ROM software
according to BT_MEM_CTL setting.

If BT_MEM_CTL = WEIM then
00 NOR

01 Reserved

10 OneNAND

11 Reserved

If BT_MEM_CTL = NAND Flash
00 3 address cycles

01 4 address cycles

10 5 address cycles

11 Reserved

If BT_MEM_CTL = Expansion Card Device
00 SD/MMC/MoviNAND

01 Reserved

10 Serial ROM using 12C

11 Serial ROM using SPI

BT_BUS_WIDTH[1:0]

Selects boot device bus mode.

BT_MEM_CTL[1:0] = NAND Flash

00 8-bit bus

01 16-bit bus

10 Reserved

11 Reserved

BT_MEM_CTL[1:0] = WEIM (NOR)

00 Reserved

01 16-bit address/data unmultiplexed interface
10 Reserved

11 Reserved

BT_MEM_CTL[1:0] = Expansion Device (SPI)
00 2-Address word SPI device (16-bit)

01 3-Address word SPI device (24-bit)

10 Reserved

11 Reserved
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Table 7-2. Fuse Description (continued)

Settings:
eFUSE Definition Intact reads as 0
Blown reads as 1

BT_MEM_CTL[1:0] Boot memory control type (memory device) | 00 WEIM

01 NAND Flash

10 Reserved

11 Expansion Device (SD/MMC/MoviNAND,
support high storage, EEPROMSs. See
BT_MEM_TYPE[1:0] settings for details).

DIR_BT_DIS Direct external memory boot disable 0 Direct boot from external memory is
allowed
1 Direct boot from external memory is not
allowed
SRK_HASH[255:0] Super root key hash Varies—used by high-assurance boot (HAB)
HAB_CUSJ[7:0] HAB customer code Varies—used by HAB
BT_LPB[1:0] Options for low power boot mode (for more | 00 Generic PMIC and one GPIO input (low
details see Section 7.6 battery detection)

01 Generic PMIC and two GPIO inputs (low
battery and charger detection)

10 Reserved

11 AP power management IC.

BT_LPB_FREQ[2:0] LPB ARM core frequency 000 133 MHz (Default)

001 CKIH
010 55.33 MHz
011 66 MHz
100 83 MHz
101 166 MHz
110 266 MHz
111 normal boot frequency

DIE-X-CORDINATE[7:0] Manufacturing Information. Varies—used by HAB

DIE-Y-CORDINATE[7:0] Used as 64-bit Unique part ID and Secure

WAFER_NOJ4:0] JTAG Challenge Value. Burnt by Freescale
LOT_NO_ENC?[42:0] during the tester stage. 43-hit

LOT_NO_ENC field encodes LOT ID STD
II, including FAB ID inside.

1 512-byte page devices have 16 bytes spare area size, 2-Kbyte page devices have 64 bytes spare area size.
2 Lot Number Encoded field is 43-bit value, contains encoded ‘STD II’ lot ID.

7.3.1.2 Boot Fuses and Associated Contacts

Table 7-3 lists fuses and associated contacts used for boot. The input contacts listed are latched during
POR; however, the value is stored once POR is released. It overrides fuse values when the GPIO_BT_SEL
fuse is unblown. Also listed are boot mode contacts, and the functionality of other boot-related fuses and
contacts.
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Table 7-3. Fuses and Associated Contacts Used for Boot

Contact Direction at Boot eFUSE Name Details
BOOT_MODE([1] Input N/A Boot Mode selection (See Table 7-1)
BOOT_MODEJ0]

VSYNC Input BT_UART_SRCJ[2] Boot Options, Contact value overrides fuse

HSYNG Input BT UART SRC[1] settings for GPIO_BT_SEL =0

LD15 Input BT_UART_SRC[0]
LD14 Input BT_EEPROM_CFG
LD[13:12] Input BT_SRC[1.0]
LD11 Input BT_SPARE_SIZE
LD10 Input BT_MLC_SEL

LD[9:8] Input BT_USB_SRCJ[1:0]

LD[7:6] Input BT_BUS_WIDTH[1:0]

LD[5:4] Input BT_PAGE_SIZE[1:0]

LD[3:2] Input BT_MEM_TYPE[1:0]

LD[1:0] Input BT_MEM_CTL[1:0]

PWM Input BT_LPB_FREQ[2]

OE_ACD Input BT_LPB_FREQ[1]

LSCLK Input BT_LPB_FREQ[0]
CSI_PIXCLK Input BT _RES4
CSI_HSYNC Input BT_RES3
CSI_VSYNC Input BT_RES2
CSI_MCLK Input BT_RES1

VSTBY_ACK Output N/A Toggle on this contacts indicates finish of

internal system reset. After reset, this contact
can be used for other purposes.

i.MX25 Multimedia Applications Processor Reference Manual, Rev. 2

7-6

Freescale Semiconductor




7.3.2 Boot Flow

Figure 7-1 shows the i.MX25 boot sequence flow. Color coding (see legend) indicates the controlling

Diagram

sources (hardware only, boot contacts, or eFUSES).

Security HW error?

No(or HAB_TYPE

USB/UAR
Bootloade!

= ENG)

WEIM MUX mode
selection

BT_WEIM_MUXEDI1: >
0]

Basic Config and
Obtain base addr
Of boot device

Code Barker
Valid?

A

WEIM and

ConfigureWEIM (CSO0) interface
and Copy initial 1kB of data to
ONENAND RAM

Configure NFC controller and copy initial

4k of data to NFC Buffer

PROD

Expansion Card
Device(SD/eSD/MMC /

Configure eSDHC1-eSDHC2 controller

and read initial 2k of data to IRAM

Boot Mem ctrl
CSPI/12C (EEPROM

Configure CSPI1-3/12C1-3(EEPROM)
And download initial 2k data to iRAM

}7

Initialize USB Driver

No

Configure IOMUX and PHY

ART/USB Securé
Download?

A 4

Configure 12C Read ADR/ Execute code
DATA pairs To iRAM (Check address validity)

(Wait for activity on one of
devices)

Figure 7-1. i.MX25 Boot Flow

I HAB checks

HAB_TYPE?

i.MX25 Multimedia Applications Processor Reference Manual, Rev. 2

Boot Modes

KEY
[ ] Boot Pins
[ | E- Fuses

[ Hardware

cute

Download image '—

A

Initialize RAM

UART ’7
P Initialize UART1

Freescale Semiconductor



Boot Modes

7.3.3 Internal Boot Mode (BOOT_MODE[1:0]=00)

Internal boot is selected by driving the value ‘00’ on the BOOT_MODE[1:0] contacts, at device power-up.
In this mode, the i.MX25 boots from internal boot ROM. The boot ROM code performs hardware
initialization, application image validation using the high-assurance boot (HAB) library, and then jumps
to an address derived from the application image. If any error occurs during internal boot the boot code
jumps to the UART/USB secure download.

Internal boot mode is the only mode in which a secure boot of the i.MX25 is possible.

7.3.3.1 Security Settings

External boot modes are considered non-secure by definition: the software in Flash is executed regardless
of its authenticity, and the SCC is automatically put into Non-Secure state so that it cannot be used to
decrypt information with the device-unique secret key.

Internal boot modes can have one of two security levels:

* Production: This level is intended for use with shipped products. All HAB functions are executed
and security hardware is initialized (the SCC enters Secure state), device configuration data (DCD)
is processed if present, and software in Flash or downloaded to RAM is authenticated by HAB
prior to its execution. (See Section 7.3.3.10, “Device Configuration Data (DCD),” for more
information.) The first error detected is logged, then the boot flow is aborted with control passing
to the download mode. With this level, execution does not leave the internal ROM unless the target
executable image has been authenticated.

» Engineering: This level is intended for use during the development phases of a product or if secure
boot is not required, but an internal boot to the ROM is still needed. All HAB functions are
executed as for a production device, security hardware is initialized (except the SCC is left in
Non-Secure state), DCD is processed if present, and software in Flash or downloaded to RAM is
authenticated by HAB prior to its execution. First error detected is logged, but without any change
to the boot flow. A Command Sequence File (CSF) must be present in this mode, even if it is
invalid or the pointer in the application header is NULL. See Section 7.3.3.9, “Flash Header,” for
more information. It is possible with this level to develop software without requiring that each
build be signed for HAB authentication, since the device will boot even if the code signatures are
missing.

7.3.3.2 Basic Initialization

On reset, the ARM has access to all shared peripherals.

By default, most of the module clocks are gated off in i.MX25. Table 7-4 shows the module clocks which
are enabled by default. All other modules’ clocks are enabled by ROM as described in Section 7.3.3.2.1,
“Normal Mode” and Section 7.3.3.2.2, “Low-Power Boot Mode.”
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Table 7-4. Module Clocks Enabled by Default

Module Clock Source
BROM, EMI, FEC AHB
NFC PER
FEC, IIM, SCC, Drylce, and SPBA IPG

Boot Modes

7.3.3.2.1 Normal Mode

Table 7-5 shows the clock configurations specified by ROM for normal mode.

Table 7-5. Normal Mode Clock Configuration

Clock Output Speed
MPLL 399 MHz
UPLL 240 MHz
ARM core 199.5 MHz
AHB 99.75 MHz
IPG 49.875 MHz

7.3.3.2.2 Low-Power Boot Mode

In low-power boot (LPB) mode, MPLL is used as the source of the ARM core clock, serial bus clock (12C,
CSPI, eSDHC, UART and so on), IPG, perclk_root, AHB bus clocks. ROM configures the ARM core
frequency value based on fuse BT_LPB_FREQ[2:0]. The maximal LPB ARM core frequency is
customized and stored in fuses BT_LPB_FREQ[2:0].

Table 7-6. ARM Core Frequency Encoding for BT_LPB_FREQ[2:0]

Code Value

133 MHz (Default)

CKIH

55.33 MHz

66 MHz

83 MHz

166 MHz

266 MHz

N[fo|lo| b~ W[N] L[| O

Normal boot frequency
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Table 7-7. Module Frequency List for LPB Frequencies

BT_LPB_FREQ[2:0] 0 1 2 3 4 5 6 7
PLL1 frequency 532 — 166 266 166 166 266 399
ARM frequency 133 24 55.33 66 83 166 266 199.5
ahb_clk_root 66.5 12 27.665 33 415 83 133 99.75
ipg_clk_root 33.25 6 13.8325 16.5 20.75 415 66.5 49.875
emi_slow_clk_root 66.5 12 27.665 33 415 83 133 99.75
nfc_clk_root 16.625 6 13.8325 16.5 10.375 | 13.8333 | 16.625 20
perclk_root 33.25 6 13.8325 16.5 20.75 415 66.5 49.875
esdhc_clk_root 16.625 3 6.91625 8.25 10.375 | 13.8333 | 16.625 | 49.875
cspi_clk_root 33.25 6 13.8325 16.5 20.75 415 66.5 49.875
i2c_clk_root 33.25 6 13.8325 16.5 20.75 415 66.5 49.875

7.3.3.3 External Device Selection

The i.MX25 supports the following devices for internal boot mode:
* NOR Flash with WEIM Interface, located on CS0, bus width of 16 bits.
e  OneNAND.

* MLC NAND and SLC NAND Flash with NFC interface. Page sizes of 512 bytes, 2KB or 4KB,
bus width of 8-bit or 16-bit.

* SD/MMC/eSD/eMMC using all eSDHC interface, supporting all types of cards.

* eSDFAST BOOT and eMMC Boot Mode (FAST BOOT) are supported using all the eSDHC ports.
« EEPROM boot using SPI and 12C.

» Serial Flash using SPI.

The selection of external flash device type is determined by BT _MEM_CTL[1:0] and
BT_MEM_TYPE[1:0] eFUSEs. See Table 7-2 for more details.

7.3.3.4 NAND Flash Support

Several MLC/SLC NAND Flash devices from different vendors are supported by the boot ROM. The error
correction and control (ECC) module is used to detect errors. Both 8-bit ECC and 4-bit ECC are supported.
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Table 7-8 shows the parameters used to configure the external NAND Flash. In particular, NAND Flash
boot requires that BT _MEM_CTL be set to 0b01. These parameters are either provided by eFUSESs or
sampled on input contacts during booting.

Table 7-8. Parameter Settings for External NAND Flash

Parameter

Definition

Settings

BT _MLC_SEL

SLC/MLC NAND device.

0 SLC NAND device
1 MLC NAND device

BT_SPARE_SIZE?

Specifies the size of spare bytes for 4-Kbyte page size NAND
Flash devices.

0 128 bytes spare (Samsung)
1 218 bytes spare (Micron, Toshiba)

BT_PAGE_SIZE[1:0]

NAND Flash page size. This field is used with conjunction with
the BT_MEM_CTL[1:0] setting

00 512 bytes
01 2 Kbytes
10 4 Kbytes

11 Reserved

BT_MEM_TYPE[1:0]

Boot memory type.

00 3 address cycles
01 4 address cycles
10 5 address cycles
11 Reserved

BT_BUS_WIDTH[1:0]

Selects boot device bus mode

00 8 bit bus

01 16 bit bus
10 Reserved
11 Reserved

BT_MEM_CTL[1:0]

Boot memory control type (memory device)

01 NAND Flash

1 512-byte page devices have 16 bytes spare area size, 2-Kbyte page devices have 64 bytes spare area size.

Since MLC NAND Flash devices do not guarantee error-free boot blocks, the i.MX25 boot code supports
boot redundancy to provide for the case when an unrecoverable error is detected within the first 4 Kbytes.
To make use of this feature, the user must duplicate the first 4 Kbytes of boot code (contained in NAND
Flash Block-0) to NAND Flash Block-1 in order to serve as a second-copy option.

The boot ROM code makes use of the duplicate boot code according to the following procedure:
* On device power-on, the boot ROM copies the first 4 Kbytes of boot code from the NAND Flash
to the NFC buffer.
» ECC checks the first 4 Kbytes of boot data from NAND Flash Block-0

— If no ECC errors are detected, the downloaded 4 Kbytes image as well as rest of the image is
copied to application destination pointer location (specified in the HAB header) and secure
boot is performed. The application image length is specified in the image header so the boot
ROM reads this to know how much image data to download.

— IfECC Error is detected in first 4 Kbytes of boot data from Block-0, the boot ROM code copies
the duplicated 4k boot data from the NAND flash block-1.

— Ifanerror is detected in the subsequent boot block, boot ROM code logs an error and jumps to
the USB/UART bootloader. The logged error can be queried using the serial protocol.

— If there is no error in the data copy, then the boot ROM performs secure internal boot.
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7.3.35 OneNAND Flash Boot Operation

OneNAND Flash devices are a 16-bit interface. The OneNAND Flash driver in boot ROM obtains the
device page size by issuing a software command and collecting the response from device.

At system power-up, OneNAND automatically copies the first 1 Kbyte of data from the Flash array (sector
0 and sector 1, page 0, block 0) to its internal RAM. This 1 Kbyte area in OneNAND’s internal RAM is
referred to in the following as “boot RAM”. The boot ROM copies the boot RAM contents to a destination
address determined by the app_dest_ptr entry of the application header (Section 7.3.3.9, “Flash Header”),
and decrements the length of the image to be read from OneNAND by 1 Kbyte. The boot RAM is
memory-mapped, and the copying operation is simple memory copying operation. The length of the image
to be read from the OneNAND device is specified in the Flash header structure shown in Table 7-10. Any
failure in the data load operation from OneNAND Flash forces the boot ROM to switch to USB
OTG/UART serial download.

At system power-up, the voltage detector in the device detects the rising edge of VVcc and activates the
internal power-on reset (POR) signal. This in turn triggers boot code loading, so the OneNAND’s boot
loader copies the first 1 Kbyte of the Flash array to boot RAM. The boot code copy operation starts 400 us
after POR activation, and takes about 70 us.The INT bit of Interrupt status register is then set on the
condition of ‘boot code copy done’ and RP rising edge.

In the OneNAND boot operation, the boot ROM instructs an on-chip General Purpose Timer (GPT) to
introduce a delay of around 500 ps, then waits for INT bit of the interrupt status register to be set. After
the INT bit is set, the boot ROM then proceeds with OneNAND initialization.

7.3.3.6 Serial ROM Support using SPI and 1°C

The i.MX25 supports boot from serial memory devices such as EEPROM, and Serial Flash using the SPI
(Chip Select #1) and 1°C interfaces.

The Boot ROM code determines the device type from the following parameters which are either provided
by eFUSEs or sampled on /O contacts during boot:
« BT_MEM_TYPE[1:0]—SPI/I’C select.

* For SPI, “BT_BUS_WIDTH?” selects between 2/3-address word devices. BT _SRC[1:0] selects
between CSPI1, CSPI2 and CSPI3.

« For I°C, BT_SRC[1:0] selects between 12C-1, 12C-2, or 12C-3.
See Table 7-3 for detailed settings.

7.3.3.6.1 CSPI Boot

Any of the CSPI modules can be used as boot device for booting from a serial device. The CSPI interface
is configured in Master mode. The serial device is connected to CSPI interface as slave.

CSPI boot proceeds as follows:

* Boot ROM copies 2 Kbytes of data from the serial device to internal RAM.
» DCD verification is attempted
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— If DCD verification is successful, the ROM code copies the initial 2 Kbytes of data as well as
the rest of image directly to the application destination, extracted from application image.

— If DCD verification fails, ROM code execution logs and error and jumps to USB/UART serial
downloader.

The CSPI can read data from the EEPROM using either 2- or 3-byte addressing, with a burst length of
32 bytes.
NOTE

The Serial ROM is required to reside on Chip Select #1 of the CSPI module.
Using SPI as boot device, the i.MX25 supports boot from both Serial
EEPROMS, and Serial Flash devices.

7.3.3.6.2 1C Boot

Any of the I2C modules can be used as boot device using the 1°C interface for serial EEPROM boot. The
I2C interface is configured to operate at speeds up to 389.6 Kbps.
The I2C boot flow proceeds as follows:

1. The boot ROM code reads from fuses BT_SRC[1:0] and BT_MEM_TYPE to determine that the
1°C interface is to be used for boot, and to specify which 1°C module is used.

2. The boot ROM then copies 2 Kbytes of data from the EEPROM device to internal RAM.
3. DCD verification is performed:

— If DCD verification is successful, the ROM code copies the initial 2 Kbytes of data as well as
the rest of image directly to application destination extracted from the application image.

— If DCD verification fails, ROM code execution logs the error and jumps to the USB/UART
serial downloader.

Table 7-9 shows the device select codes used by the i.MX25 to boot from EEPROM.
Table 7-9. EEPROM using I°C Device Select Code

Device Type Identifier Chip Enable Address! | RW

Bits 7 6 5 4 3 2 1 0

Device Select Code| 1 0 1 0 0 0 0 RW

1 These address bits, should be configured at the memory device, to match this ‘000’
value.

7.3.3.7 NOR Flash (using WEIM) Support

The i.MX25 device supports booting from the WEIM NOR Flash interface. The device configures the
NOR boot mode by hardware, due to existence of a direct NOR Flash boot option. The boot ROM code is
not required to change these options. The IOMUX settings at POR support NOR boot by default. The NOR
Flash interface works in asynchronous mode, and supports 16-bit muxed Address/Data and non-muxed
schemes, based on the BT_BUS_WIDTHI[1:0] fuse settings.
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24-bit address is available for boot. When booting, if there is no device contention on EIM[27:24], the
downloaded NOR driver can configure IOMUX to switch on 28-bit NOR address mode.

7.3.3.8 Expansion Card Device Support (SD/MMC)

The i.MX25 device supports booting from MMC and SD Card-compatible devices. Boot is also supported
for mass storage cards (high-capacity cards, SD and MMC version 4.3), SanDisk’s INAND cards, and new
eSD (Embedded SD, version 2.0 and 2.1 Draft Rev 0.2, June 20th 2007)—-type cards.

SD/MMC Boot can be performed using either eSSDHC-1 or eSDHC-2, based on the BT_SRCJ1:0] fuse
value or its associated input contact value at out-of-reset. See Table 7-2 for detailed settings. Low-voltage
devices (1.8 V) can also be supported using the application code, by control of the power supply level. This
task is not handled by the boot ROM code.

MMC/SD/eSD can be connected to either eSDHC-1 or eSDHC-2, and booting is done by copying first
2 Kbytes of data from MMC/SD/eSD device to internal RAM. After verifying the Barker value (0xB1)
from the boot image, the ROM code performs a DCD check. If successful, the ROM code then extracts the
destination pointer and the length of image to be copied to the RAM device where code execution occurs.

7.3.3.8.1 Secure Digital (SD) and Embedded Secure Digital (eSD) Cards)

The SD or eSD card frequency should be set to 311.71kHz for the negotiation phase. During negotiation
phase SD and eSD card voltage validation is performed. During voltage validation, boot code first checks
with high voltage settings and if it fails it checks with low voltage settings. Capacity of card is also
checked. Boot code supports high capacity and low capacity SD and eSD cards. After voltage validation,
card initialization is done. During card initialization boot code tries to set boot partition for both SD and
eSD device. If it fails, boot code assumes card as normal SD card otherwise as eSD card. After
initialization phase is over, boot code switches to a higher frequency, 16.625MHz. ROM also support
FAST_BOOT mode booting from eSD card. This mode can be selected by BT_SPARE_SIZE fuse.

The boot ROM uses 1-bit accesses to card. Application code can switch to 4- or 8-bit mode.
Figure 7-2 through Figure 7-4 show the SD/eSD boot flow.

7.3.3.8.2 MMC and eMMC

The MMC frequency is set to 311.71 kHz for the negotiation phase. During negotiation phase MMC, card
voltage validation is performed. During voltage validation, boot code first checks with high voltage
settings, if it fails it checks with Dual voltage settings and capacity of card is checked. Boot code supports
both high-capacity and low-capacity MMC cards. After voltage validation, card initialization is complete,
and boot code can switch to a higher frequency, 16.625 MHz.

eMMC is also interfaced using eSDHC and follows same flow as done by MMC. Boot partition can be
selected for eMMC cards, after the card initialization has been done. ROM reads the
BOOT_PARTITION_ENABLE field in the Ext CSD[179] to get the boot partition to be set. If there is no
boot partition mentioned in BOOT_PARTITION_ENABLE field or the user partition has been mentioned,
ROM boots from the user partition. eMMC device support special “Boot mode”, which can be initiated by
issuing CMDO with OXFFFFFFFA. If BOOT ACK is enabled, the eMMC device sends the BOOT ACK
using DATAO and ROM can read the BOOT ACK [S010E] to identify the eMMC device.
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eMMC device with “Boot mode” feature is supported using eSDHC-1 and eSDHC-2 with BOOT ACK

enabled. ROM waits for 50ms to get the BOOT ACK and if BOOT ACK is received by ROM, then only
eMMC is booted in “Boot mode”, otherwise eMMC boots as a normal MMC card from the selected boot
partition. This boot mode can be selected by BT_MLC_SEL fuse. Only 1-bit bus width is used in ROM.

MoviNAND is also interfaced using eSDHC and follows the same flow as the MMC.
Figure 7-2 through Figure 7-4 show the boot flow for MMC and eMMC.
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Flash Header

The Flash header is a data structure that the boot code reads from Flash which provides information about
the application. The Flash header must be located at a known fixed address depending on the type of
external Flash device connected to i.MX25. The Flash header is only required when an internal boot mode
is selected from BOOT_MODE[0:1]. The required offsets of the Flash header for each device type are

described in Table 7-10.

Table 7-10. Flash Header Offset

Flash Type Offset from Base Address
NOR 4 Kbyte = 0x1000 bytes
NAND 1 Kbyte = 0x400 bytes
OneNAND 256 bytes = 0x100 bytes
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Table 7-10. Flash Header Offset (continued)

Flash Type

Offset from Base Address

SD/eSD/MMC/eMMC

1 kbyte = 0x400 bytes

I2C/CSPI EEPROM

1 kbyte = 0x400 bytes

Flash Memory

Flash base

Flash Header offset *app_code_jump_vector

app_code_barker

*app_code_csf

**dcd_ptr_ptr

*super_root_key

*dcd_ptr

Dest. Memory

>

Flash Header offset | *app_code_jump_vector

app_code_barker

*app_code_csf
**dcd_ptr_ptr
*super_root_key
P *dcd_ptr

*app_dest_ptr

*app_dest_ptr

application

device configuration data

application

A 4

> device configuration data

External Flash hdr

External Flash hdr

super root key

certificates and csf data

4 super root key

TT%‘ A7 ]

> certificates and csf data

Figure 7-5. Flash Header Example for Devices Other Than NOR Flash

The Flash header must conform to the structure defined below:

typedef struct

{
UINT32 *app_code_jump_vector;
UINT32 app_code_barker;
UINT32 *app_code_csT;
DCD_T **dcd_ptr_ptr;
hab_rsa_public_key *super_root_key;
DCD_T *dcd_ptr;
UINT32 *app_dest_ptr;

3 FLASH_HDR_T;

where:
UINT32 is a 32 bit unsigned integer

DCD_T is a structure that defines the device configuration table (see below for details)
hab_rsa_public_key is a structure defines the super root key
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Table 7-11 shows the significance of the variables listed in the Flash header structure.

Table 7-11. Flash Header Structure Fields

Field Abbreviation

Significance

app_code_jump_vector pointer

Points to the address of the first instruction of the application

app_code_barker

A value that the ROM uses to determine that the Flash device has been programmed. For
i.MX25 the app_code_barker value must be set to 0x000000B1.

app_code_csf pointer

Points to the certificate and command sequence file data. This data is used by the High
Assurance Boot (HAB) library included in the ROM to verify that the application is authentic.
Should be set to 0x0 when not used in a non-secure boot.

dcd_ptr_ptr double pointer

This pointer must be set to point to the dcd_ptr also contained in the Flash header structure.

super_root_key

Pointer to the super root key data. Should be set to 0x0 when not used in a non-secure boot.
The super root key data should conform to the structure shown in the following code excerpt.
typedef struct

{
UINT8 rsa_exponent[MAX_EXP_SIZE]; /* RSA public exponent */
UINT8 *rsa_modulus; /* RSA modulus pointer */
UINT16 exponent_size; /* Exponent size in bytes */
UINT16 modulus_size; /* Modulus size iIn bytes*/
BOOLEAN init_flag; /* Indicates if key initialized
*/

} hab_rsa_public_key;

where:

UINT8 is an 8 bit unsigned integer

UINT16 is a 16 bit unsigned integer

BOOLEAN is an 8 bit flag indicating TRUE or FALSE
The variables in this code excerpt have significance as shown in the table:

Variable Significance

rsa_exponent | Exponent of the RSA key. Maximum exponent size is 4.

rsa_modulus | Pointer to the RSA key modulus.

exponent size | Exponent size in bytes. Must be less than or equal to the maximum
exponent size.

modulus size: | Modulus size in bytes. Must be greater than or equal to 128 and less than
or equal to 256.

dcd_ptr

Points to the device configuration data (DCD) table. See Section 7.3.3.10, “Device
Configuration Data (DCD),” for further details on the DCD table.

app_dest_ptr

Used by the ROM for NAND/MMC/eMMC/SD/eSD/SPI(EEPROM)/OneNAND boot. During
boot the ROM copies the application data from boot Flash memory to destination RAM. This
pointer defines the location of destination memory where the ROM copies the application.
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7.3.39.1 Flash Header for NAND Boot Devices

In the case of NAND boot, an additional Flash header must be defined as shown in the code example
below. This additional Flash header must be located immediately after the DCD table and contains the
length of the data to be read from boot device.

/* Flash Header Structure */
typedef struct {

UINT32 length; /* Length of data to be read */
} FLASH_CFG_PARMS_T;

where: UINT32 is a 32 bit unsigned integer.
In this Flash header structure, the parameter ‘length’ determines the length of image to copy to RAM.

Address Cycle Values for NAND Boot Devices

The Address cycle value for the connected NAND device is obtained from the BT_MEM_TYPE eFUSEs.
See Table 7-8 for more information.

Error Detection and Correction

NFC automatically generates an ECC code for both main and spare data during NFC data load/read
to/from NAND Flash, and NFC updates ECC in the ECC status Register. NFC performs error detection
and error correction. If the number of ECC errors does not exceed the allowable limit (four for 4-bit ECC,
eight for 8-bit ECC), then NFC corrects those errors.

On device power on, the copy of first 4 Kbytes boot data from NAND Flash device Block-0 to NFC buffer
is done by boot ROM. Since in NAND Flash devices there are possibility of getting errors while reading
first 4 Kbytes boot data from first block (NAND device Block-0), the user is required to duplicate the first
4 Kbytes boot code to the subsequent block (NAND device Block-1), to serve as a second copy option.

The boot ROM code utilizes the duplicate boot code according to the following flow:

1. If no ECC errors are detected in first boot block, boot execution performs the secure internal boot.

2. IfECC Error is detected in first 4 Kbytes boot data from the first block, the boot ROM code copies
the 4 Kbytes boot data from the subsequent block:

— If no error detected in the subsequent boot block, boot flow continues performing the secure
internal boot.

— Ifanerror is detected in the subsequent boot block, the boot ROM code logs an error and jumps
to USB/UART bootloader. The logged error can be queried using the serial protocol.

Figure 7-6 shows the arrangement of data in NAND Flash, in the case of duplicate boot code.
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Figure 7-6. Duplicate Boot Code Data in NAND Flash Device

7.3.3.9.2 Flash Header for SD/eSD/MMC/eMMC/MoviNAND Boot Devices

The SD/eSD/MMC/eMMC/MoviNAND boot block size is fixed at 2 Kbytes. An additional header must
be defined (just as in the NAND boot case), as described in Section 7.3.3.9.1, “Flash Header for NAND
Boot Devices.” See Figure 7-7. The header must be located immediately after the DCD table, and contains
the length of the data to be read from boot device. eSDHC automatically generates CRC code during
eSDHC data write/read to/from SD/eSD/MMC/eMMC/MoviNAND, and eSDHC updates the CRC in the
CRC status register. Boot software performs following operations:

1. Copy the 2 Kbytes boot block data into internal RAM.

2. Check the CRC for errors:

a) Ifno CRC error, then jump to address (base address plus the offset mentioned in Table 7-10 for
SD/eSD/MMC/eMMC/MoviNAND) of internal RAM to authenticate the application if

required.

b) If CRC error occurs, boot ROM code will log an error and jumps to USB/UART bootloader.
The logged error can be queried using the serial protocol.
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Figure 7-7. Representation of Data in SD/MMC Card

7.3.3.9.3 Flash Header for 12C/CSPI EEPROM Boot Devices

The 12C/CSPI EEPROM boot block size is fixed at 2 Kbytes. An additional header must be defined as in
the NAND boot case (described in Section 7.3.3.9.1, “Flash Header for NAND Boot Devices”): the header
is located immediately after the DCD table, and contains the length of the data to be read from the boot
device. Representation of image data in 1°C/CSPI EEPROM is as shown in Figure 7-8.

The boot software performs the following operations:
1. Copy the 2 Kbytes boot block data into internal RAM.

2. Check the error using the Barker value:

a) If noerror is found, then jump to the address (base address plus the offset described in
Table 7-10 for 1°C/CSPI EEPROM) of internal RAM to authenticate the application if required.

b) Ifanerrorisfound, then boot ROM code will log an error and jumps to USB/UART bootloader.
The logged error can be queried using the serial protocol.
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Figure 7-8. Representation of Data in I2C/CSPI EEPROM

7.3.3.94 Flash Header for OneNAND Boot Devices

In the OneNAND boot case, an additional header must be defined as for NAND boot (described in
Section 7.3.3.9.1, “Flash Header for NAND Boot Devices”). The header must be located immediately after
the DCD table, and contains the length of the data to be read from boot device.

The boot software performs the following operations:

1. At system power-up, OneNAND automatically copies 1 Kbyte data from the start of the Flash
array (sector 0 and sector 1, page 0, block 0) to its boot RAM, so that boot RAM contains the
OneNAND Flash header.

2. Boot ROM then copies the 1 Kbyte OneNAND boot RAM contents to the destination address
located in the app_dest_ptr entry of application header, and decrements length of the image to be
read from OneNAND by 1 Kbyte.

Boot RAM area is memory-mapped and copying operation will be simple memory copying
operation. The length of image to be read from OneNAND device is specified in the Flash header
structure described in Figure 7-9. Any failure in the data loading from OneNAND Flash forces the
processor boot ROM to switch to serial download.
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7.3.3.10 Device Configuration Data (DCD)

Some peripherals need to be configured before they can be used efficiently. The corresponding device
specific configuration data is called DCD.

Upon reset, the i.MX25 uses the default register values for all peripherals in the system. These settings
typically are not ideal for achieving optimal system performance.

For example, the EMI default settings allow core to interface to a NOR flash device immediately out of
reset. This allows to interface with any NOR flash device, but has the cost of slow performance. Besides
some peripherals like SDRAM etc. might require some sequence of register programming as part of
configuration before it's ready to be used. It is assumed that EMI registers and eSDRAMC registers will
be set up using DCD.

ROM bootstrap has a provision for accommodating solutions to above scenarios. To allow users to
configure for better performance, the ROM reads a DCD table from the flash device. The boot ROM
determines the location of the DCD table based on information located in the flash header shown in
Figure 7-5 above. This DCD table is an array of structures containing three elements (access type, address
and value) preceded by a barker code and length field. The number of DCD structure entries is limited to
60.
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Table 7-12. DCD Block Description

Field Name Description Size (Bytes) Value
DCD-barker Barker for sanity check 4 0xB17219E9
DCD-block-length The total length in bytes of theDCD block (excluding this length field as 4 —

well as the barker code)

Followed by an array of structures with following fields

DCD access type Type of pointer (byte=0x1 halfword=0x2, word=0x4) in the following 4 —
field

DCD-address The absolute address of the register to be programmed 4 —

DCD-value The value to be programmed at above address 4 —

Note: The DCD is read as 32-bit words, and must therefore be aligned on a word boundary.

The set of registers programmable with DCD must be restricted for security. Since the device configuration
block is only post-authenticated (that is. after it has already been used), the restriction has to be very tight.
ROM bootstrap performs boundary checking of DCD-address in the device configuration block against
the valid range of addresses. The register sets allowed by the device configuration block include the
following:

» Clock Controller Module (CCM)

 UART-1-5

» Universal Synchronous Bus (USB)

e IOMUX (only for the drive-strength registers SW_PAD_CTL)
* Watchdog (WDOG)

* NAND flash controller (NFC)

* Enhanced synchronous dynamic RAM controller (¢SDRAMC)
*  Wireless external interface module (WEIM)

» Enhanced SD host controller (eSDHC-1 and eSDHC-2)

« 1°C-1-3

» Configurable serial peripheral interface (CSPI) 1-3
+ CS0-4

+ CSDO-1

* Real Time Integrity Checker (RTIC)

ROM bootstrap has a look-up table of lower and upper addresses for each module allowed to be
programmed through the DCD. This table is utilized for verifying any attempt to configure a register. ROM
bootstrap determines the size of the block by reading DCD-block-length and copies it into IRAM. It is
considered to be an error if any of the following is true:

» Any register address is outside the pre-defined range.
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» The length of the DCD exceeds the maximum acceptable size. That is MAX_HW_CFG_SIZE (in
bytes). Assuming maximum of sixty elements for the array it amounts to seven hundred and twenty
bytes.

* Any other failure.

If successful, ROM bootstrap configures the HW registers and failure leads to non-initialization of the
intended modules. A DCD error (for example, writing to a non-supported address such as ROMPATCH)
causes the ROM boot code to enter the boot loader (serial download).

The DCD table must follow the structure below:

typedef struct

{

DCD_PREAMBLE_T preamble; /* Preamble */

/* Type / Address / data elements */

DCD_TYPE_ADDR_DATA_T type_addr_data[count]; /*where count would be some hardcoded value
less than 60*/

} DCD_T;

Where:

typedef struct

{

UINT32 barker; /* Barker for sanity check */

UINT32 length; /* Device configuration structure length (not including preamble) */
} DCD_PREAMBLE_T;

typedef struct

{

UINT32 type; /* Type of pointer (byte=0x1, halfword=0x2, word=0x4) */
UINT32 *addr; /* Address to write to */

UINT32 data; /* Data to write */

} DCD_TYPE_ADDR_DATA_T;

DCD_T typically contains the configuration data for WDOG, SDRAM, and EIM etc.

Example code:

DCD_T device_config_data =

{

{
IROM_DCD_BARKER, /* assuming this is pre-defined as macro */

(18 * sizeof(DCD_TYPE_ADDR_DATA_T))
¥

{
{0x00000002, (UINT32 *)0x53fdc000, OxO0003F7E}, /* WDOG WCR */

{0x00000002, (UINT32 *)0x53fdc004, 0x00005555}, /* WDOG WSR */

{0x00000002, (UINT32 *)0x53fdc004, 0x0000aaaa}, /* WDOG WSR */

{0x00000004, (UINT32 *)0xb8002000, 0x14110802}, /* EIM CTL H 0x11134722 */

{0x00000004, (UINT32 *)0xb8002004, 0x80330d01}, /* EIM CTL L -0x50331D01- 16 Bit */

{0x00000004, (UINT32 *)0xb8002008, 0x00000800}, /* EIM CTL A */

{0x00000002, (UINT32 *)0xa0002394, 0x00000060}, /* EIM CSO -6FOC- 16 Bit */

{0x00000002, (UINT32 *)0xa0002394, 0x00000003}, /* EIM CSO -6FOC- 16 Bit */

{0x00000002, (UINT32 *)0xa0000000, 0x000000ff}, /* EIM CSO - R/A - 16 Bit */

{0x00000004, (UINT32 *)0xb8001004, 0x000ac7a8}, /* SDRAM CSO CFGO - Timing */
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}
}:

{0x00000004, (UINT32 *)0xb8001000,
{0x00000004, (UINT32 *)0x80000400,
{0x00000004, (UINT32 *)0xB8001000,
{0x00000004, (UINT32 *)0x80000000,
{0x00000004, (UINT32 *)0x80000000,
{0x00000004, (UINT32 *)0xB8001000,
{0x00000001, (UINT32 *)0x80000033,
{0x00000004, (UINT32 *)0xB8001000,

The code above is based on Table 7-13.
Table 7-13. Valid DCD Address Range

0x92110080}, /*
0x00000000}, /*
0xa2110080}, /*
0x00000000}, /*
0x00000000}, /*
0xb2110080}, /*
0x00000000}, /*
0x82114c80}, /*

SDRAM
SDRAM
SDRAM
SDRAM
SDRAM
SDRAM
SDRAM
SDRAM

CSo
CSO
Cso
Cso
CSo
CSo
CSo
CSO

Address Range

Start Address

Length (in bytes)

CCM register set 0x53F80000 0x00004000
CSDO memory 0x80000000 0x10000000
CSD1 memory 0x90000000 0x10000000
WEIM register set 0xB8002000 0x00001000
NFC register set 0xBB000000 0x00002000
CS0 memory 0xA0000000 0x08000000
CS1 memory 0xA8000000 0x08000000
CS2 memory 0xB0000000 0x02000000
CS3 memory 0xB2000000 0x02000000
CS4 memory 0xB4000000 0x02000000
USB memory 0x53FF4000 0x00004000
IOMUXC registers 0x43FACO000 0x00004000
UART1 register 0x43F90000 0x00004000
UART2 register 0x43F94000 0x00004000
UART3 register 0x5000C000 0x00004000
UART4 register 0x50008000 0x00004000
UARTS5 register 0x5002C000 0x00004000
12C1 register 0x43F80000 0x00004000
12C2 register 0x43F98000 0x00004000
12C3 register 0x43F84000 0x00004000
CSPI1 register 0x43FA4000 0x00004000
CSPI2 register 0x50010000 0x00004000
CSPI3 register 0x50004000 0x00004000
WDOG register 0x53FDC000 0x00004000
eSDHCL1 register 0x53FB4000 0x00004000
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Table 7-13. Valid DCD Address Range

Address Range Start Address Length (in bytes)
eSDHC2 register 0x53FB8000 0x00004000
eSDRAM controller 0xB8001000 0x00001000
RTIC register 0x53FEC000 0x00004000

In the boot flow, the DCD data is used prior to being verified. The DCD data must be included as part of
the memory regions verified as indicated in one of the HAB CSF commands.

7.3.4 External Boot Mode (BOOT_MODE[1:0] = 10)

External boot is selected by driving value of ‘10" on the BMOD[1:0] pins at device power up and fuse

DIR_BT_DIS is not blown. This mode is non-secure mode. In this mode, the core boots directly from
external memory (in the case of WEIM) or running NAND-flash boot. The supported direct external flash
types include the following:

* NOR flash using WEIM
* NAND flash

7.34.1 NOR Flash using WEIM

1.MX25 supports either muxed or non-muxed address data boot from WEIM interface.
NOTE

The boot from WEIM is reserved for debugging/testing purposes, and the
WEIM signals are muxed with the display port. If still user’s uses this mode,
it is up to the loaded code, to switch back the 10 muxing to the display port,
on finish of boot.

7.3.4.2 NAND Flash

1.MX25 supports external boot from a NAND device. The initial 4 Kbytes of data is copied from the
Flash onto the NFC buffer and jumps to the base address of the NFC buffer to execute it.

7.3.5  UART/USB Serial Download Mode (BOOT_MODE[1:0]=11)

The UART/USB serial download mode is selected by driving a value of ‘11’ on the BOOT_MODE[1:0]
contacts at device power-up. Bootable UART is selected by BT_UART_SRCJ2:0] fuses. Selection
between UART and USB download boot device is made by polling the UART and USB controllers in turn.
Whichever device shows activity first is selected.

This mode is also invoked when the external Flash device is not programmed or when a failure is
encountered during the boot flow process. It is invoked in any of the following conditions:

« ROM is in internal boot and none of the fuses for external Flash are satisfied.

» Security hardware failure
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* Run time exception occurs
» Error returned by the HAB functions in production mode.

To determine the active serial port either UART or USB, the processor ROM polls UART and USB status
register for about 90 seconds. If there is no activity on either port within predefined polling loop time then
ROM will reset the device using WDOG. In USB/UART bootloader valid case the WDOG will be serviced
periodically. WDOG will expire and reset the device if the communication between the Host and the IC
hangs for more than 90 s or if the processor goes into an endless loop.

If UART1-5 (selected depending on the BT _UART_SRCJ1:0] eFUSE values) is selected as the
communication path then UART1-5 is configured for baud rate 115.2 kbps, parity disable, 1 stop bit and
8-bit TX-RX character length and data is downloaded using the serial protocol. Otherwise, if USB is
selected, then the USB core and either the internal or external transceiver are configured.

For the UART, activity is detected using the receive data ready (RDR) flag showing at least one character
has been read into the FIFO.

For the USB, either the integrated on-chip PHY or the external PHY (using ULPI interface) can be used.
Activity is detected using the setup endpoint status register showing that the setup transaction is received.

The USB/UART boot flow is shown in Figure 7-10.
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Figure 7-10. USB/UART Boot Flow

7.3.5.1 USB

The 1.MX25 USB support is provided by the USB module (high performance USB On-The-Go (OTG)
functionality, compatible with the USB 2.0 specification, the OTG supplement and the ULPI
specification). The module consists of 2 independent USB cores (OTG and HOST), each with Serial and
ULPI USB ports. The OTG core also supply the UTMI interface for the internal UTMI PHY.

USB OTG port is the bootable USB device. Additional USB hosts are intended for intra-platform
communication, and are not bootable.

Since boot image loading through USB interface takes negligible time, the boot using USB is supported
by USB Full Speed mode only.

To enumerate the ROM boot USB function the host PC needs a compatible windows driver and a specific
application “ADS Tool kit”. Once enumerated, the USB boot device uses a specific protocol “Download
protocol” to download an application, DCD block or command sequence file (CSF) and launch the
application.
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For USB boot, the USBOTG controller is used either with the integrated PHY (typical case) or using ULPI
interface to an external PHY: selection is determined either by fuses, or by sampling contacts at boot as
described in Table 7-15. The boot ROM USB driver configures the USB controller to function in Full
Speed mode. The control endpoints EPOIN and EPOOUT are configured for control transfer and for data
transfer in bulk mode. EP1OUT and EP2IN are configured as IN and OUT transactions respectively.

The supported transceivers are listed in Table 7-14.

Table 7-14. Supported Transceivers

Transceiver Boot Speed Interface USB Controller
Mode
Integral PHY Full Speed (FS) |UTMI FS Device
External PHY Full Speed (FS) | ULPI FS Device

7.3.5.1.1 USB Configuration Details
A full-speed low-level USB OTG function device driver is supported. Supported USB transceivers
include:
* USB OTG Internal PHY.
* USB OTG External ULPI PHY.
Table 7-15. USB BOOT mode fuse setting

BOOT MODE Senna Fuse
USB OTG Internal PHY BT_USB_SRC=00
USB OTG External ULPI PHY BT_USB_SRC=01
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The VID/PID and strings for USB device driver are listed in Table 7-16.
Table 7-16. VID/PID and Strings for USB Device Driver

Boot Modes

Descriptor

VID

PID

String Descriptorl
(iManufacturer)

String Descriptor2
(iProduct)

String Descriptor4

String Descriptor5

A typical USB boot flow is shown in Figure 7-11.
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Figure 7-11. USB Boot Flow

UART

All UART ports are bootable.

Once initialized, the UART boot device uses a specific protocol “Serial Downloader Protocol” to
download an application, DCD block or command sequence file (CSF) and launch the application.

The UART driver uses the communication parameters given in the Table 7-17 below.
Table 7-17. UART Configuration

Parameter Value
Baud rate 115.2 kbps
Parity check Disabled
Word size 8 bits
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Table 7-17. UART Configuration (continued)

Parameter Value
Stop bits 1 bit
RTS Ignored
CTS Controlled by host
Receive contact RxD
Transmit contact TxD

7.4  Exception Handling

No special interrupt handling routines are required during bootup. Instead, the iRAM exception table is
filled with the address of the USB/UART bootloader module, so that any exception or interrupt will result
in the RAM path being executed. Interrupts are disabled during boot ROM code execution, and can be
enabled after boot ROM code execution. Flash or RAM applications image are responsible for enabling of
interrupts as required.

7.5 Error Logging
All ROM errors are logged to address 0x7800_18D4.

7.6 USB Low-Power Boot Mode

1.MX25 supports low-power boot (LPB) mode with depleted or disconnected battery, from USB power
supply only.

ROM involvement in LPB is required to be minimal, while most required configuration operations are
performed by downloaded power management IC (PMIC) and USB drivers.

The platform current consumption during LPB ROM stage is less than 100 mA of VUSB. To meet this
requirement, the DRAM module can be disabled and the primary boot image downloaded to iIRAM.

The BT_LPB fuse settings determine the LPB mode as shown in Table 7-18.
Table 7-18. BT_LPB eFUSE Settings and Associated LPB Modes

BT_LPB[1:0] LPB Mode
00 LPB disabled
01 Generic PMIC and one GPIO input (low battery detection)
10 Generic PMIC and two GPIO inputs (low battery and charger detection)
11 Atlas AP PMIC

The PMICs indicate power conditions through the GPIO_C contact. For example, in the basic case
(BT_LPB[1:0]=01) where PMIC is used for low battery detection, then the signal is driven high is the
battery is ready for normal boot; the signal is driven low if the battery is low, depleted, or disconnected. In
the case where the PMIC is used for both battery and charger detection (BT_LPBJ[1:0]=01), then GPIO_F
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is used to indicate the charger status. For better flexibility, in BT _LPB[1:0]=01 mode, GPIO_F receives

an indication about charger presence in the system.

If the i.MX25 internal USB PHY has been selected (BT_USB_SRC=0), then the ROM receives a USB

charger indication from the internal USB PHY.

The BT_LPB_FREQ eFUSE settings determine the maximal LPB ARM frequency as shown in

Table 7-19.
Table 7-19. LPB_FREQ eFUSE Settings and Associated LPB ARM Frequencies
LPB_FREQ[2:0] Frequency (MHz)
000 133 (default)
001 CKIH
010 55.33
011 66
100 83
101 166
110 266
111 Normal boot frequency

ROM code supports all primary boot devices in LPB mode. However the assumption that UART and USB
boot devices will not be used by customers in LPB mode.
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The LPB negotiation flowchart is shown in Figure 7-12.
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Figure 7-12. USB Low-Power Boot Flow
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7.7  High Assurance Boot (HAB)

The boot flow handles all the security aspects, to ensure complete secure boot (based on fuse settings).
This includes handling HAB modes, performing various code checks and initializing the security hardware
secure real time clock (SRTC).

The high assurance boot (HAB) component of the ROM protects against the potential threat of attackers
modifying areas of code or data in programmable memory to make it behave in an incorrect manner. The
HAB also prevents attempts to gain access to features which should not be available. The integration of
the HAB feature with ROM code ensures that i.MX25 does not enter an operational state if the existing
hardware security modules have detected a condition that may be a security compromise, or if areas of
memory deemed to be important have been modified.

Figure 7-13 illustrates the components used during a secure boot. The processor security components are
RTICv3, Drylce and SCCv3. They are supported through the HAB Library. The HAB uses either the
RTICv3 hardware accelerator or its internal software implementation to support the SHA256 message
digest operations that are part of the signature authentication process.

RTICv3

M Flash

T
|
|
|
5 Core §| 8
rocessor w| 2 e
|
|
|

SCCv3, Drylce

‘ ’ RAM

Figure 7-13. Secure Boot Components

7.7.1 High-Assurance Boot (HAB) Security Types

The HAB requires the location of two components in the boot device: the starting address of the super root
key (SRK) data and the starting address of the command sequence file (CSF) data. Both of these
components are defined in the Flash header as illustrated in Figure 7-5. The SRK defined in the application
data located in the boot device is validated by the HAB. The HAB will perform a SHA-256 hash digest of
the SRK provided in the application data. It will then compare the computed hash with that stored in the
I.MX25 eFUSEs. If validation of the SRK is unsuccessful, the ROM will enter the serial bootloader.

The CSF provides the signature and certificate information of the piece of software to authenticate. The
CSF is generated by using a client/server code signing tool (CST). Contact your Freescale representative
for further information regarding code signing for HAB.
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The boot flow is influenced by the device’s HAB TYPE as specified in Table 7-20.
Table 7-20. HAB Security Types

HAB TYPE HAB_TYPE[2:0] Fuse Value Action

HAB_ENGINEERING 0x1(0b001) (default) Initialize secure hardware, execute DCD block and authenticate
applications prior to their execution. Any errors detected are logged,
but have no influence on the boot flow.

HAB_PRODUCT Any value in range Initialize secure hardware, execute DCD block and authenticate
0b000-0b111 except for applications prior to their execution. Any errors detected are logged
0b001 and 0b100 and control passes to the USB/UART Bootloader.

7.7.1.1  HAB_ENGINEERING Security Type

This level is intended for use during the development phases of a product. All HAB functions are executed
as for a production device—security hardware is initialized (except the SCC is left in non-secure state),
the DCD is processed if present, and the software in Flash or downloaded to RAM is authenticated by HAB
prior to its execution. Any errors detected are logged, but have no influence on the boot flow. With this
level it is possible to develop software without requiring that each build be signed for HAB authentication,
since the device will boot even if the code signatures are missing.

7.7.1.2 HAB_PRODUCTION Security Type

This level is intended for use with shipping products. All HAB functions are executed — security hardware
is initialized (the SCC enters Secure state), DCD is processed if present, and software in Flash or
downloaded to RAM is authenticated by HAB prior to its execution. Any errors detected are logged, and
the boot flow is aborted with control passing to the download mode. With this level, execution does not
leave the internal ROM unless the target executable image has been authenticated.

In HAB_PRODUCTION mode, all the ROM errors are logged to the pu_irom_error_status variable (see
Section 7.5, “Error Logging”). The address of pu_irom_error_status is 0x7800_18C0. All the HAB
errors/status can be found in Table 7-21.

Table 7-21. HAB Status Codes

Name Description Value
HAB_DATA_OUT_OF_BOUNDS Data specified is out of bounds. 0x8D
HAB_FAIL_ASSERT Error during Assert Verification. 0x55
HAB_FAIL_HASH_VERIFICATION Hash verification failed (including hash verification on certificates). 0x36
HAB_FAIL_PK_VER Certificate parsing failed, or the certificate contained an unsupported 0x33

key (including unsupported key length).
HAB_FAIL_SIG_VERIFICATION Signature verification failed (including signature verification on 0x35

certificate).

HAB_FAIL_SUPER_ROOT _INSTALL Super-Root key installation failed. 0x47
HAB_FAILURE Failure not matching any other description. 0x39
HAB_INVALID_CSF_COMMAND CSF Command Sequence contains an unsupported command identifier. | 0x4B
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Table 7-21. HAB Status Codes (continued)

Name Description Value

HAB_INVALID_CSF_HEADER Absence of expected CSF Header (including mismatched HAB Ox4E
Version).

HAB_INVALID_CSF_LENGTH CSF length is unsupported. 0x4D

HAB_INVALID_CSF_TYPE CSF TYPE does not match processor TYPE. Ox2E

HAB_INVALID_CSF_UID CSF UID does not match either processor UID or generic UID. 0x2D

HAB_INVALID_CSF_CODE CSF customer/product code does not match processor 0x3A

Customer/Product code.

HAB_INVALID_KEY_INDEX

Key index is either unsupported, or an attempt is made to overwrite the | 0x87

Super-Root key from a CSF command, or an attempt to write a non-CSF

subordinate key to HAB_CSF_KEY_INDEX

HAB_PASSED Successful operation completion. OxFO
HAB_SCC_NOT_SECURE SCC unexpectedly not in Secure State. 0x17
HAB_SECURE_RAM_BAD_KEY Secure RAM secret key invalid. Ox1E
HAB_SECURE_RAM_CLR_FAIL Secure RAM initialization failure. 0x1D
HAB_SECURE_RAM_FAIL Secure RAM Self Test failure. 0x1B
HAB_SCC_FAIL SCC unexpectedly not in Non-Secure State 0x53
HAB_SECURE_RAM_INT_ERR Secure RAM internal failure. 0x2b
HAB_SECURE_RAM_SEC_KEY Secure RAM secret key unexpectedly in use. 0x27
HAB_SAHARA_FAIL SAHARA failure. 0x3C
HAB_SAHARA_SCC_FAIL SAHARA/SCC connectivity failure. 0x59
HAB_RTIC_REGION_FAIL All RTIC regions are allocated. 0xA3
HAB_RTIC_SCC_FAIL RTIC/SCC connectivity failure. 0x93
HAB_RNG_SCC_FAIL RNG/SCC connectivity failure. 0x95
HAB_RNG_SELF_TEST_FAIL RNG self test failure. 0x99
HAB_DRYICE_BAD_RANDOM_KEY Drylce Random key test failure 0x9C
HAB_DRYICE_BAD_PROGRAMMED_KEY | Drylce Programmed key test failure 0x9A
HAB_DRYICE_REG_WRITE_FAIL Drylce register write fail OxAA
HAB_DRYICE_BAD_XOR_KEY Drylce XORed key test failure 0xA5
HAB_SHW_DISABLED SHW is not enabled. OxOF

HAB_UNINITIALISED_KEY_INDEX

An attempt is made to read a key from the list of subordinate public keys | 0x8B

at a location where no key is installed.

HAB_UNSUPPORTED_ALGORITHM

Algorithm type is either invalid or otherwise unsupported. Ox8E

HAB_INVALID_WRITE_REG

Write operation to register failed.

0x66
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71.7.2 Function Prototypes

The following three HAB functions are available to application code residing outside of the ROM. These
functions can be considered trustworthy since they are located in ROM and cannot be changed. Note that
the HAB API functions may only be called from external images that have not yet enabled the MMU.

7.7.2.1 pu_irom_boot_decision
Syntax:

void pu_irom_boot_decision(void)
Description:

Entry point for the serial downloader. Performs the check of whether to use UART or USB for the
serial bootloader.

Inputs:
None.

Returned Value:
None.

PreConditions/Assumptions:
GPIO for selecting USB Serial PHY and ULPI PHY is set appropriately.

Post Conditions:
None.

7.7.2.2 hab_csf_check

Syntax:

hab_result hab_csf_check(
UINTS8 cst _count,
UINT32  *csf_list);

Description
Performs integrity checks on software in programmable memory as instructed by CSFs.

Inputs:
The number of CSFs to be processed and their locations

Returned Value:

The structure:

typedef struct
{

unsigned char status; /* Status code */
unsigned char type; /* HAB type from Table 7-20 */
} hab_result;
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with processor TYPE and one of the following status codes:
 HAB_PASSED if all CSFs are valid and all verifications in all CSFs are satisfied.

« HAB_DATA OUT_OF BOUNDS if csf_count is 0, csf_count exceeds maximum length of CSF
chain or csf_list is NULL.

» Appropriate error code for other failures as stated in Table 7-21.
 HAB_FAILURE otherwise.

Pre Condition/Assumptions:

» Verified blocks list and subordinate keys list are initialized. That means the hab_health_check() has
been called prior to invoking hab_csf_check.

» The parameter csf_list points to a list of length csf_count.

Post Conditions:
» The subordinate keys list contains successfully validated subordinate keys.

» The verified blocks list contains the list of successfully verified data blocks, padded at the end of
the list to indicate that no more verified block is available. The list of verified block is verified
using hab_assert_verification.

7.7.2.3 hab_assert_verification

Syntax:

hab_result hab_assert_verification(
UINTS8 *block_start,
UINT32 block_length);

Description:

Perform only after a CSF Check. Determines if a block of data lies within the regions of the
pre-authenticated block or the regions verified during CSF Check. If SCC is supported, the state of
the SCC (if enabled and the processor TYPE is not engineering) is also tested to ensure that the
hardware is secure.

Inputs:
Starting address and length (in bytes) of the data block.

Returned Value:

The structure:

typedef struct
{

unsigned char status; /* Status code */

unsigned char type; /* HAB type from Table 7-20 */
} hab_result;
with processor TYPE and one of the following status codes:
— HAB_PASSED if all tests pass,

— HAB_FAIL_ASSERT if block is not pre-authenticated or in regions verified during CSF
Check,
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— HAB_SCC_NOT_SECURE if SCC supported and is not in the secure state and processor
TYPE is not engineering,

— HAB_FAILURE otherwise.

Pre Condition/Assumptions:

The verified blocks list contains (start, length) pairs of 32 bit values, padded at the end of the list
to indicate that no more verified block is available. If the given block has been verified or
pre-authenticated, it is assumed to lie wholly within the boundaries of a single block in the verified
blocks list.

Post Conditions:

None.

7.7.3 APl Jump Table Addresses

The address of the HAB functions are available using a jump table defined in the ROM. Table 7-22 lists
the functions and the associated jump table address.

Table 7-22. HAB APl Jump Table Addresses

HAB API Function Jump Table Address
hab_csf_check 0x88
hab_assert_verification 0x8C
pu_irom_boot_decision 0x00406968

7.7.4 Drylce Initialization

The Drylce module is initialized by the ROM as part of the HAB library. The Drylce secured registers
cannot be configured by non-secure software. Non-secure software is considered as an application image
executing after a secure boot that is not in supervisor mode and should not be confused with image data or
code verified by HAB.

A dedicated non-secure access (NSA) bit in the Drylce control register can allow unsecured software to
update the Drylce secured registers. This bit can only be set by secured software. In any case Dryice,
secured registers like Drylce key select, random key, programmed key, timer counter and monotonic
counter registers cannot be configured once the corresponding lock bits are set in Drylce control register.
The initialization steps performed by HAB as part of boot ROM depends on HAB_TYPE and Drylce state.
No Drylce programming is performed by the HAB when the HAB_TYPE is Engineering or Security
disabled.

For more information on the Drylce module, see your Freescale representative.

7.74.1 HAB Support for Drylce in Valid/Non-Valid State

Prior to exiting from the ROM, the HAB ensures that the Drylce is configured appropriately for the given
Drylce state.
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For secure applications HAB enables an image to configure the Drylce register settings. When the HAB
command sequence file included in the application includes the following WRITE_TO_REGISTER
(WTR) command:

WRITE_TO_REGISTER <Drylce General Purpose Reg (GPR)> 4 OXxCA69_3569

Then HAB will refrain from setting any of the lock bits in Drylce. However, if the CSF does not include
this specific WTR command, then the HAB does not allow Drylce to be configured by setting lock bits in
the Drylce control register prior to leaving the boot ROM.

Note that when using the above WTR command to leave the Drylce unlocked, it is recommended that this
be the first command in the CSF.

7.74.1.1 Normal Boot Support

For a normal application, the HAB always sets the soft lock bits for the timer and monotonic counter in
the Drylce control register. The HAB also sets other soft lock bits based on the value of the secure key
select (SKS) bit in the Drylce key select register.

» If SKS is set to random key or random key XORed with 1M key, the HAB sets the soft lock bits
for key select and random key.

» If SKSis set to programmed key or programmed key XORed with 11M key, the HAB sets the soft
lock bits for key select, programmed key read and programmed key write.

» If the above two conditions are not met, the default SKS is the 1M key. In this case, the HAB sets
the soft lock bit for key select.

7.7.4.1.2 External Boot Support

Direct (non-secure) boot modes (for example, direct NAND Flash boot) require the boot ROM to be
executed first. If the Drylce module is in the Valid/Non-Valid state, the HAB sets the SWR bit in the Drylce
control register which performs a POR on the Drylce. During the POR, the DryIce state is changed to the
FAIL state.

7.7.4.2 HAB Support for Dryice in Fail State
When Drylce is in the FAIL state, no specific Drylce Programming is performed by HAB.

7.8  Serial Download protocol

This section describes the serial download protocol used for all boot devices in the serial bootloader on
I.MX25.

Each stage in the protocol begins with a command issued by the host to the device, followed by a response
from the device to the host. For most commands, that completes the protocol stage. The exception is the
Write File command, which has an additional data stream sent from the host to the device after the
response. The protocol is terminated by the host issuing a Write File command with application file type.
After processing the Write File commands, the device interprets the next command as a Completed
command, and resumes execution of the boot flow in order to authenticate the downloaded application (if
required) and then execute it.
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7.8.1 Get Status

The Get Status command retrieves the error log stored during a failed boot (or the success code when the
serial bootloader is selected deliberately).

Table 7-23. Get Status Command

Command | 0x05 0x05 - - - _ _ _ _ _ B

Response SC SC SC SC SC

The fields have the following interpretation:
o SC = Status Code. Four copies of the status code are sent.
e —=Don’t Care (but must be present)

7.8.2 Read Memory

The Read Memory command reads a stream of bytes, half-words or words of data starting from a given
address in memory. At production-level security, this command is ignored.

Table 7-24. Read Memory Command

Command | O0x01 0x01 A[3:0] DS C[3:0] - - - - -
Response ACK]J3:0] Data stream starting from lowest address
(failure)
Response ACK[3:0]
(success)

The fields have the following interpretation:
» A[3:0] = Target address (most-significant byte first).

» DS = Data Size (0x08 = byte, 0x10 = half-word, 0x20 = word). Unsupported DS values result in
the failure response.

* C[3:0] = Number of data elements (bytes, half-words or words as appropriate) in data stream
(most-significant byte first).

* ACK]3:0] = 0x56, 0x78, 0x78, 0x56.

e —=Don’t Care (but must be present)
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7.8.3 Write Memory

The Write Memory command reads a byte, half-word, or word of data to a given address.
Table 7-25. Write Memory Command

Command | 0x02 | 0x02 A[3:0] DS - - - - D[3:0] -
Response ACK]J3:0] 0x12 Ox8A Ox8A 0x12
(failure)
Response ACK]3:0]
(success)

The fields have the following interpretation:
» AJ3:0] = Target address (most-significant byte first).
* DS = Data Size (0x08 = byte, 0x10 = half-word, 0x20 = word). Unsupported DS values result in
the failure response.

* DI[3:0] = Data to write (most-significant byte first). For DS = 0x08, only D[0] is used. For DS =
0x10, only D[1:0] is used.

» ACK[3:0] = 0x12, 0x34, 0x34, 0x12 for production-level security, and 0x56, 0x78, 0x78, 0x56
otherwise.

e —=Don’t Care (but must be present)

At production-level security, the address ranges that may be written are restricted to those listed for DCD.
Attempts to write outside of the valid ranges are ignored and result in the failure response. For other
security levels, no restrictions apply to the target address.

7.8.4 Re-enumerate

The re-enumerate command resets the USB connection with an updated descriptor.

Table 7-26. Re-Enumerate Command

Command | 0x09 | 0x09 - - - - - - - SN[3:0] -

Response 0x89 0x23 0x23 0x89

The fields have the following interpretation:
* SNJ3:0] = Serial number for enumeration descriptor.
e —=Don’t Care (but must be present)

7.8.5 Write File

The Write File command writes a stream of bytes to a given address in memory. The byte stream may be
assigned a file type in order to distinguish CSF, DCD and application files. An application file type leads
to the termination the serial download protocol, with the next command (whatever the command byte
values) being treated as the Completed command.
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Table 7-27. Write File Command

Command 0x04 0x04 A[3:0] - Q[3:0] - — — —

FT

Response ACK[3:0]

Data Byte stream with data for lowest address first

The fields have the following interpretation:
o AJ3:0] = Target address (most-significant byte first).
* C[3:0] = Number of bytes in data stream (most-significant byte first).

» FT=File Type (OXAA = application (terminates protocol), 0XCC = CSF, OXEE = DCD). With
unrecognized FT values, the file is still downloaded, but the pointers to the three essential files are

not modified.

e ACK]3:0] =0x12, 0x34, 0x34, 0x12 for production-level security, and 0x56, 0x78, 0x78, 0x56
otherwise.

e —=Don’t Care (but must be present)

» At production-level security, the address ranges which may be written are restricted to those listed

for DCD. Attempts to write outside of the valid ranges are ignored and result in the failure
response. For other security levels, no restrictions apply to the target address.

* In case of application file type, the Flash header should still be provided. It must be located with a
0x0 offset, meaning right before the application code that will be authenticated (if secure boot), and

executed.

7.8.6 Completed

The Completed command is required after the Write File command with application file type (OXAA) in
order to terminate the protocol. The content of the command is irrelevant, but a command must be sent.
This command triggers authentication and DCD processing (if required) followed by execution of the
application. At production-level security, if application authentication fails, the serial download protocol

resumes, with the status code for authentication failure available through the Get Status command.
Table 7-28. Completed Command

Command - - - - - - - - - -

Response 0x88 0x88 0x88 0x88

The fields have the following interpretation:
e —=Don’t Care (but must be present)
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Flash Code Image Detection

7.9 Flash Code Image Detection

7.9.1 Overview

If the HAB security type is set as HAB_ENGINEERING then any code to be flashed and executed, even
if it has no valid signature.

In the production process, there are two ways to flash an image into Flash memory:
» Flash the memory IC before it is installed on the PCB
* Use the .MX25 ROM’s serial downloader library.

In production, the serial downloader mode can not be entered using boot contact configuration. Instead,
the following code-flashing functionality is provided:

1. The ROM boot code first checks a known fixed Flash address for a Barker code.

2. If the Barker code is missing, the boot assumes an empty Flash and calls the serial downloader
routine.

7.9.2 Impact of Flash Code Image Detection

Flash code image detection has no impact on customers that are using secure parts, since they already have
to restructure the Flash image map to accommodate the HAB signature.

Customers that are not using security and do not want to use the external boot option are responsible to
ensure that the predefined address in Flash contains a Barker code.

7.10 Boot Image Redundancy on NAND Devices

Table 7-29 shows the address/command scheme implemented by the i.MX25 for accessing various types
of NAND devices. When using the redundancy feature, the image code is limited to a size of one block.

Table 7-29. NAND Device Accesses

Number of | Page Address
Device address Per Notes Command Command
cycles Block #1 #2 #3 #4 #5
1/2-Kbyte 4 32 |5LSB bits of Row1 give 0x00 Coll | Rowl | Row2 | Row3 | None None
page, offset in block & 13
SLC/MLC remaining bits choose

block number

2KB SLC 5 62 |6 LSB bits of Row1l give 0x00 Coll | Col2 | Rowl | Row2 | Row3 0x30
offset in block & 11
remaining bits choose
block number
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Table 7-29. NAND Device Accesses (continued)

Number of | Page Address
Device address Per Notes Command Command
cycles Block #1 #2 #3 #4 #5
2KB MLC 4 128 |7 LSB bits of Row1 give 0x00 Coll | Col2 | Rowl | Row2 | None 0x30

offset in block & 9

remaining bits choose

block number

4KB 5 128 |7 LSB bits of Row1 give 0x00 Coll | Col2 | Rowl | Row2 | Row3 0x30
SLC/MLC offset in block & 12
remaining bits choose
block number
Table 7-30 below provides details on block addressing:
Table 7-30. NAND Device Addressing
Device Pzngi?E)g?c?cLor Address Cycles
0.5-Kbyte Page SLC/MLC Page 1 0x00,0x00,0x00,0x00
Page 2 0x00,0x01,0x00,0x00
Page 3 0x00,0x02,0x00,0x00
Page 4 0x00,0x03,0x00,0x00
Page 5 0x00,0x04,0x00,0x00
Page 6 0x00,0x05,0x00,0x00
Page 7 0x00.0x06,0x00,0x00
Page 8 0x00,0x07,0x00,0x00
Next Block Accesses (upon Error)
Page 1 0x00,0x20,0x00,0x00
Page 2 0x00,0x21,0x00,0x00
Page 3 0x00,0x22,0x00,0x00
Page 4 0x00,0x23,0x00,0x00
Page 5 0x00,0x24,0x00,0x00
Page 6 0x00,0x25,0x00,0x00
Page 7 0x00.0x26,0x00,0x00
Page 8 0x00,0x27,0x00,0x00
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Table 7-30. NAND Device Addressing (continued)

Page Copying for

8 KByte Block Address Cycles

Device

2-Kbyte Page SLC | Page 1 0x00,0x00,0x00,0x00,0x00

Page 2 0x00,0x00,0x01,0x00,0x00

Next Block Accesses (upon Error)

Page 1 0x00,0x00,0x40,0x00,0x00

Page 2 0x00,0x00,0x41,0x00,0x00

2-Kbyte Page MLC Page 1 —

Page 2 —

Next Block Accesses (upon Error)

Page 1 —

Page 2 —

4-Kbyte Page SLC/MLC |Page 1 0x00,0x00,0x00,0x00,0x00

Next Block Accesses (Upon Error)

Page 1 0x00,0x00,0x80,0x00,0x00

7.11 Booting From a NAND Device

7.11.1 Overview

This section explains the eFUSE settings required for booting from a NAND device. The Boot ROM
copies only the Initial Program Loader (IPL), authenticates the IPL and jumps to execute the IPL. The IPL
is a small program responsible for downloading and executing the rest of the program image. Also a brief
description is given on the various components of the IPL (Initial Program Loader).

Download and
Jump

INITIAL PROGRAM
LOADER
(IPL)

BOOT ROM

SN~

Figure 7-14. ROM Copies The IPL And Jump To Execute It

The various components that needs to be present in the IPL is dependent on the HAB_TYPE[2:0] fuse
values. Figure 7-15 below shows the typical example about the IPL image layout.

» DCD DATA: Device configuration data. This block consist of the barker value (0xB17219E9),
length of the DCD, and the access-type address-value triplets.
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» External Flash Header: The Length of the IPL has to be present in this field. It is expected to be
present at the location where DCD data ends.

» APPLN: Customer application Code.

» Flash Header: This Block Contains the Information about the IPL.This is expected to be present at
a fixed offset. For NAND, this is at 0x400 byte offset from the base address.

» CSF DATA: Certificate and Command sequence file data
* SRK DATA: Super Root key data.
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The required IPL fields depend on the HAB_TYPE[2:0] fuse values. Figure 7-15 shows a typical layout

for the IPL image.

4

v

NAND
FLASH
Flash base
0x000
DCD DATA
External flash header
APPLN
Fash header
0x400 FLASH HEADER
CSF DATA
SRK DATA

app_start_addr

ded_ptr_ptr

app_dest_ptr

structure

DESTINATION
MEMORY
0x80000000
0x80000100
DCD DATA
External flash header
0x80000300
APPLN
0x80000400
FLASH HEADER ~»
0xB0000500
CSF DATA
0x80004F00
» SRK DATA
A 4
—————
Flash header

Figure 7-15. IPL Component Layout in Flash and Destination Memory
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Table 7-31 shows the significance of the fields shown in Figure 7-15.
Table 7-31. IPL Fields

Field Name Significance

DCD DATA | Device configuration data.This block consist of the Barker value (0xB172_19E9), length of the DCD, then the
access type- address -value triplets.

External flash | The length of the IPL must be present in this field, at the location where DCD data ends.
header

APPLN Customer application code

FLASH This block contains the information about the IPL.This is expected to be present at a fixed offset from the base
HEADER |address. For NAND the offset is 0x400, measured in bytes.

CSF DATA | Certificate and command sequence file (CSF) data

SRK DATA | Super Root key data

The IPL should consist of the following components for various HAB TYPE values:
» HAB TYPE = HAB_ENGEERING (0b001)
— FLASH HEADER
— APPLN
— CSF DATA—not mandatory
— SRK DATA—not mandatory
— DCD DATA—not mandatory

e Case 2: HAB TYPE = HAB_PRODUCTION (Any value from 0b000-0b111 other than 0b001 or
0b100)

— FLASH HEADER
— APPLN
— CSF DATA
— SRK DATA
— DCD DATA—not mandatory
» Case 3: HAB TYPE = HAB_SEC_DISABLED (0b100)
— FLASH HEADER
— APPLN

Table 7-32 shows eFUSE settings required for SLC NAND Flash (page size 512 bytes, bus width 8 bits, 3
address cycles, spare area 128 bytes).

Table 7-32. eFUSE Settings for SLC NAND Flash Boot

Field Name Setting
BT_MEM_CTL[1:0] 01
BT_MEM_TYPE[1:0] 00
BT_BUS_WIDTH[1:0] 00
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Table 7-32. eFUSE Settings for SLC NAND Flash Boot (continued)

Field Name Setting
BT_PAGE_SIZE[1:0] 00
BT_MLC_SEL 0
BT _SPARE_SIZE 0

In addition to the settings shown in Table 7-32, the HAB TYPE[2:0] eFUSEs and BOOT_MODE contacts
must be set according to the intended case.

For internal boot mode operation, the IPL for NAND must have the Flash header placed at an offset of
0x400 from the base address.

7.11.2 Flash Header Details

7.11.2.1 HAB_ENGEERING Mode

In internal boot mode with HAB security type HAB_ENGINEERING (BOOT_MODE[1:0] = 00 and
HAB TYPE[2:0] = 010), the Flash header needs to have a proper app_start_addr, app_barker
(0x0000_00B1), dcd_ptr_ptr, dcd_ptr, or app_dest_ptr. The other pointers in the Flash header can be
NULL.

The dcd_ptr_ptr must point to the ded_ptr in the Flash header structure, which in turn points to the DCD
data. The dcd_ptr_ptr field must be set to the FLASH_HEADER start address + 0x14; for example, if the
Flash header starts at 0x1000 2400, then the dcd_ptr_ptr setting must be 0x1000_2414).

The ROM copies the initial 4 Kbytes of data from the Flash to the NFC buffer, installs the DCD data, then
copies the initial 4 Kbytes of data from the NFC buffer to the destination address pointed to by the
app_dest_ptr. In the IPL, the IPL length field is expected at the end of the DCD table. The ROM uses this
field to copy the rest of the image from the NAND device to the destination RAM indicated by
app_dest_ptr. If the app_dest_ptr is an internal RAM address, then no DCD needs to be installed. In this
case, the DCD data can contain only the DCD Barker field and the DCD block length field, whose value
is equal to zero.

The format of the srk_ptr can be found from the Flash header section of the System boot chapter.

A typical Flash header structure for Engineering mode is shown in the following example code:

struct flash_hdr {

UINT32 app_start_addr;

UINT32 app_barker;

UINT32 csf_ptr;

UINT32 dcd_ptr_ptr;

const hab_rsa_public_key *srk_ptr;

UINT32 dcd_ptr;

UINT32 app_dest_ptr;
}const start_app = {0x80000300, 0x000000B1, 0x00, (0x80000400+0x14), 0x00,
0x80000100,0x80000000} ;
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7.11.2.2 HAB_PRODUCTION Mode

In internal boot mode with HAB security type HAB_PRODUCTION (BOOT_MODE[1:0] = 00 and HAB
TYPE[2:0] any value except 0b001 and 0b100),then all Flash header fields must be properly filled. The
ROM copies the initial 4 Kbytes data from the Flash to the NFC buffer, installs the DCD data, then copies
the initial 4 Kbytes data from the NFC buffer to the destination address indicated by app_dest_ptr.

In the IPL, the IPL length is expected by the ROM code at the end of the DCD table. The ROM uses this
field to copy the rest of the image from the NAND device to the RAM destination indicated by
app_dest_ptr. Then, the Security check is performed on the downloaded code.

The following regions in the IPL must be signed:
* Flash Header
» Application Code
» DCD data.

These regions must be included in the CSF certificate during the signing.
The SRK hash values must be blown onto the Fuses SRK_HASH[255:0].

The SCC key values must be blown onto the fuses SCC_KEY[0:163]. If unblown, then the SCC will move
to an insecure state, and the production test case fails.

The Unique ID UID[0:63] and Customer Code HAB_CUS[7:0] fuses also must be blown to appropriate
values that match with those included in the CSF file.

A typical Flash header structure for HAB_PRODUCTION mode is shown in the following code example:

struct flash_hdr {

UINT32 app_start_addr;

UINT32 app_barker;

UINT32 csf_ptr;

UINT32 dcd_ptr_ptr;

const hab_rsa_public_key *srk_ptr;

UINT32 dcd_ptr;

UINT32 app_dest_ptr;
}const start_app = {0x80000300, 0x000000B1, 0x80000500, (0x80000400+0x14)), 0x80004F00,
0x80000100,0x80000000} ;

7.11.2.3 HAB_SEC_DISABLED Mode

In internal boot mode with HAB security disabled (BOOT_MODE[1:0] = 00 and

HAB_TYPE[2:0] = 100), then the Flash header only requires the app_start_addr and the app_barker fields
(app_barker has value 0x0000_00B1). The ROM code first copies the initial 4 Kbytes of data to the NFC
buffer, checks the Barker value, then jumps to app_start_addr.

A typical flash header is as follows:
struct flash_hdr {

UINT32 app_start_addr;

UINT32 app_barker;

UINT32 csf_ptr;

UINT32 dcd_ptr_ptr;

const hab_rsa_public_key *srk_ptr;

UINT32 dcd_ptr;
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UINT32 app_dest_ptr;
}const start_app = {0OxBBO0O0O00O, 0x000000B1, Ox0, Ox0, 0x0, 0x0,0xBBOO0O0O0O};
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Chapter 8
Power Management

This chapter describes the power savings methodology, power supply requirements, and power-up and
power-down sequences for the device.

8.1 Power Domains

Power management for the device is organized into the following power domains:

* Digital logic domain. This includes the core logic domain and I/O domain.

* Analog domain, including the OSC24M, PLLs, USBPHY, fusebox, and touch-screen controller
(TSO).

8.1.1 Power-Supply Requirements

See the device datasheet’s “DC Operating Characteristics” for power supply requirements.

8.2 Power Saving Methodology

The clock-control module (CCM) supports several power management techniques to reduce active and
static power consumption, as follows:

* Active power savings, including clock gating, software controlled dynamic voltage and frequency
scaling (DVFS), dynamic process and temperature compensation (DPTC).

* Leakage power savings, including active well bias (AWB)
* Low-power modes, including wait, doze, stop, and sleep modes

8.2.1 Active Power Savings

Active power savings features include the following:

* Dynamic voltage and frequency scaling (DVFES) allows dynamic software control of voltage and
frequency scaling. The core clock domain frequency and chip voltage can be changed on-the-fly
while all modules (including the core) continue normal operation.

* Dynamic process and temperature compensation (DPTC) enables part-specific voltage reduction
in the digital domain. Voltage reduction for each part is determined by device characteristics that
vary due to manufacturing process variations and temperature.

* Two levels of clock gating of idle modules:
— Clock tree roots, as implemented in the clock controller module (CCM)
— Clock tree leaf nodes, as implemented in the modules themselves
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8.2.2 Leakage Power Saving

Active well bias (AWB) is used to control leakage in low-power modes. See the section on well bias
support in the CCM chapter.

8.2.3 Power Modes

Table 8-1 shows the device’s power modes.

Table 8-1. Power Modes

Power Mode Conditions

Run ARM core and platform are active
Well bias is off
Clocks are on

Modules are active

Wait ARM core is in wait-for-interrupt mode (clock off)
Well bias is off

Core PLLis on

USB PLL is off (optional)

0OSC24M is on

OSC32Kis on

All other modules are off (optional)

Note: Turning off the USB PLL and other modules makes the device use less power.

Doze * ARM platform clock is off

* Well bias is on

e Core PLLis on

* USB PLL is off (optional)

* OSC24Mis on

* OSC32K is on

* All the other modules are off (optional)

Note: Turning off the USB PLL and other modules makes the device use less power.

All PLLs are off

Well bias is on

OSC24M is off

OSC32K is on

All the other modules are off

Stop

All PLLs are off

Well bias is on

OSC24M is off

OSC32K is on

All the other modules are off
Core voltage is reduced to 1V

Sleep

8.2.3.1 SDRAM Operation in Low Power Modes

When the SDRAM controller SDRAMC) is enabled, the external SDRAM operates in distributed-refresh
mode or in self-refresh mode. The SDRAM wake-up latency is approximately 20 system clock cycles
(HCLK). The SDRAMC can send a command to wake up the SDRAM from self-refresh mode in an
SDRAM cycle and SDRAMC cannot access the SDRAM in at least the following two cycles or more,
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based on the device type. (based on device type, see the low power mode table in the SDRAMC block
guide.)

In wait, doze, and run modes, the power-down timers within the SDRAMC can be enabled to cause the
SDRAM to enter power-down mode if no activity is detected. The SDRAMC still controls the refresh, and
when necessary temporarily takes the SDRAM out of power-down mode to perform a refresh. In
power-down mode, the clock to the SDRAM is gated off and the CKE pin (SDRAM device input) goes
low.

When the system enters sleep mode, the SDRAM enters self-refresh mode. Self-refresh mode is exited
when the chip exits sleep mode and re-enables the CCM MPLL enable bit (MPEN).

8.3 Power-Up and Power-Down Sequence

Any 1.MX25 board design must comply with the power-up and power-down sequence guidelines given in
this section to ensure reliable operation of the device. Recommended power-up and power-down
sequences are given in the following subsections.

CAUTION

Deviations from the guidelines in this section may result in the following situations:
* Excessive current during power-up phase
* Prevention of the device from booting
* Irreversible damage to the .M X25 (worst-case scenario)

NOTE

For security applications, the coin battery must be connected during both power-up and power-down
sequences to ensure that security keys are not unintentionally erased.

8.3.1 Power-Up Sequence

The following power-up sequence is recommended:
1. Assert power on reset (POR).
2. Turn on digital logic domain and I/O power supplies VDD#n and NVCCix.

3. Turn on all other analog power supplies, including USBPHY 1_VDDA_BIAS,
USBPHY1_UPLL_VDD, USBPHY1_VDDA, USBPHY2_VDD, OSC24M_VDD,
MPPLL_VDD, UPLL_VDD, NVCC_ADC, and FUSEVDD (FUSEVDD is tied to GND if fuses
are not being programmed). The minimum time between turning on each power supply is the time
it takes for the previous supply to be stable.

4. Negate the POR signal.

NOTE

* The user is advised to connect FUSEVDD to GND except when fuses
are being programmed, in order to prevent unintentional blowing of
fuses.
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* Other power-up sequences may be possible; however, the above
sequence has been verified and is recommended.

* There is a 1-ms minimum time between supplies coming up, and a 1-ms
minimum time between POR_B assert and deassert.
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Chapter 9
1-Wire Module (1-Wire)

9.1 Overview

The 1-Wire module provides the communication link to a generic 1-Kbit add-only memory. The module
sends or receives one bit at a time with an option for software to manage the data using bytes. The required
protocol for accessing the generic 1-Wire device is defined by Maxim-Dallas. The generic 1-Wire device
holds battery characteristics information.

Figure 9-1 shows a block diagram of the 1-Wire module.
to Host

Peripheral Bus T

v

to Registers 1-Wire Bus Protocol Functions

Interrupt Generation Reset/Presence-Detect

Interrupt < or byte and SRA transfers only

—~
~

Bit Transfers ) » OWIRE_LINE
Main Clock > Clock Divider
¢ Byte Transfers
Time Base Search ROM Accelerator (SRA)
(1 MHz)

Figure 9-1. 1-Wire Module Block Diagram

9.1.1 Features

The 1-Wire module includes the following features:
* Performs the 1-Wire bus protocol to communicate with an external 1-Wire device.

* Provides a clock divider to a generate a 1-Wire bus reference clock (derived from the main clock
provided internally to the module).

* Supports byte transfers with optional interrupts for more efficient programming.
* Provides search ROM accelerator mode to speed the search ROM protocol.
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9.1.2 Modes of Operation

The 1-Wire module supports the following operations:
* Normal Operating Modes (See on page 9-8.)
— Bit or Byte Transfers
— Reset/Presence-detect Pulse
— Search ROM Accelerator Mode
* Low Power Mode (See on page 9-11.)

9.2 External Signals

Table 9-1 shows the signal that interfaces with a generic 1-Wire device.
Table 9-1. 1-Wire Module Signal

Signal /0 Function

OWIRE_LI (/O 1-Wire bus
NE Requires an external pull-up resistor. The recommended resistor value is specified by the generic 1-Wire
device used in a given system.

9.3 Memory Map and Register Definition

This section provides the module memory map and detailed descriptions of all registers.

9.3.1 Memory Map

Table 9-2 shows the 1-Wire memory map.
Table 9-2. 1-Wire Memory Map

Base Address Offset Register Access Reset Value Section/Page
0x0000 (CONTROL) Control register R/W 0x0000 9.3.2.1/9-3
0x0002 (TIME_DIVIDER) Time Divider register R/W 0x0000 9.3.2.2/9-4
0x0004 (RESET) Reset register R/W 0x0000 9.3.2.3/9-4
0x0006 (COMMAND) Command Register R/W 0x0000 9.3.2.4/9-5
0x0008 (TX/RX) Transmit/Receive Register R/W 0x0000 9.3.2.5/9-5
0x000A (INTERRUPT) Interrupt Register R 0x000E 9.3.2.6/9-6
0x000C (INTERRUPT_EN) Interrupt Enable Register R/W 0x0000 9.3.2.7/9-7

9.3.2 Register Descriptions

This section provides the detailed descriptions for the registers. All registers are byte-addressable.
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9.3.2.1

Control Register (CONTROL)

The control register is used to initiate the reset/presence-detect sequence and bit transfers. The register also

provides the presence-detect status and bit-read status.

Figure 9-2 shows the register. Table 9-3 describes the register fields.

Offset 0x0000 (CONTROL)

15

14

13

12

11

10

Access: User read/write

R 0

0

0

PST

RPP

WRO

WR1

RDST

RESET

0

0 0 0 0 0

0

0

0

0

Figure 9-2. Control Register

Table 9-3. Control Register Field Descriptions

Field

Description

15-8

Reserved

RPP

Reset/Presence-detect Pulse. This bit is self-clearing and is cleared after the presence or absence of an
external device is determined. See Section 9.4.1.1, “Reset/Presence-Detect Pulse.”

When writing:

0 Do nothing.

1 Generate Reset Pulse and sample the bus for the presence pulse from the external device.

When reading:
0 Reset pulse complete.
1 Sequence not complete.

PST

Presence Status. This bit is valid after the RPP bit is self-cleared.
0 Device is not present.
1 Device is present.

WRO

Write 0. This bit is self-clearing and is cleared when the write of the bit is complete. See Section 9.4.1.2.1,
“Write-0 Sequence.”

When writing:

0 Do nothing.

1 Write a 0 bit to the interface.

When reading:
0 Write sequence complete.
1 Sequence not complete.

WR1

Write 1 / Read. This bit is self-clearing and is cleared when the write sequence is complete. See
Section 9.4.1.2.2, “Write-1/Read Sequence.”

When writing:

0 Do nothing

1 Write a 1 bit to the interface and sample the bus.

When reading:
0 Sequence complete.

1 Sequence not complete.
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Table 9-3. Control Register Field Descriptions (Continued)
Field Description
3 Read Status. This bit is valid after the WR1 bit is self cleared.
RDST 0 A 0 has been sampled.
1 A1 has been sampled.
2-0 Reserved
9.3.2.2 Time Divider Register (TIME_DIVIDER)

The time divider register is used for dividing the main clock (ipg_clk) input down to 1 MHz to generate
the module’s time base.

Figure 9-3 shows the register. Table 9-4 describes the register fields.

Offset 0x0002 (TIME_DIVIDER) Access: User read/write

15 14 13 12 11 10 9 8 7 6 5 4 ‘ 3 2 1 0
R 0 0 0 0 0 0 0 0
DVDR
W
RESET 0 0 0 0 0 0 0 0 0 0 0 0 ‘ 0 0 0 0

Figure 9-3. Time Divider Register

Table 9-4. Time Divider Register Field Descriptions

Field Description

15-8 Reserved

7-0 Divider Factor. The internal clock divider uses this field to generate the required time base for the module.
DVDR See Section 9.4.3, “Clocks.”
0x00 1 (default)
0x01 2
OxFF 256

9.3.2.3 Reset Register (RESET)

The reset register is used to perform a software reset of the 1-Wire module. Figure 9-4 shows the register.
Table 9-5 describes the register fields.

Offset 0x0004 (RESET) Access: User read/write

15 14 13 12 11 10 8 1 0
R 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RST
w
RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 9-4. Reset Register
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Table 9-5. Reset Register Field Descriptions

Field Description
15-1 Reserved
0 Software Reset. See Section 9.4.4.2, “Software Reset.”
RST 0 Do not perform a software reset.
1 Initiate a software reset and hold the module in the software-reset state.

9.3.2.4 Command Register (COMMAND)

The 1-Wire module can be configured to run in Search ROM Accelerator mode using the command
register. See Section 9.4.1.4, “Search ROM Accelerator Mode.”

Figure 9-5 shows the register. Table 9-6 describes the register fields.

Offset 0x0006 (COMMAND) Access: User read/write

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SRA

RESET O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 9-5. Command Register

Table 9-6. Command Register Field Descriptions

Field Description
15-2 Reserved

1 Search ROM Accelerator. This bit is cleared when the reset-presence-pulse bit CONTROL[RPP] is set.
SRA 0 Deactivate the search ROM accelerator.

1 Switch to search ROM accelerator mode.

0 Reserved

9.3.2.5 Transmit/Receive Register (TX/RX)

Data sent and received from the 1-Wire module passes through the Transmit/Receive (TX/RX) register
location. The 1-Wire module is double-buffered with separate transmit and receive buffers connected to
the TX/RX register. See Section 9.4.1.3, “Byte Transfers.”

Figure 9-6 shows the register. Table 9-7 describes the register fields.

Offset 0x0008 (TX/RX) Access: User read/write

15 14 13 12 11 10 9 8 7 6 5 4 ‘ 3 2 1 0

R 0 0 0 0 0 0 0 0

RESET 0 0 0 0 0 0 0 0 0 0 0

Figure 9-6. Transmit/Receive Register
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Table 9-7. Transmit/Receive Register Field Descriptions

Field Description
15-8 Reserved
7-0 Data byte.
DATA When writing:
The data byte is written to the Transmit buffer.
When reading:
A data byte is read from the Receive buffer. The data is valid only when INTERRUPT[RBF] is set.
9.3.2.6 Interrupt Register (INTERRUPT)

Flags for the reset/presence-detect sequence and byte transfer operations are located in the Interrupt
Register. These flags can generate an interrupt if the corresponding enable bit is set in the Interrupt Enable
Register.

If interrupts are enabled, reading the Interrupt Register clears the interrupt even if all the current flags are
not cleared; the interrupt service routine should clear all pending flags during each routine call.

NOTE

When a byte is written to the Transmit/Receive Register, software then waits
for a Transmit Shift Register Empty (TSRE) interrupt to occur. When the
TSRE flag is set, the Receive Buffer Full (RBF) flag is also set. The RBF
flag does not trigger an interrupt, assuming it is disabled. However, software
should read the Transmit/Receive Register to clear the RBF flag in order to
give a proper status of the pending interrupts.

Figure 9-7 shows the register. Table 9-8 describes the register fields.

Offset 0x000A (INTERRUPT)

Access: User read

15 14 13 12 1 10 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0 0 0 |RSRF| RBF |TSRE| TBE | PDR | PD
w
RESET O 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
Figure 9-7. Interrupt Register
Table 9-8. Interrupt Register Field Descriptions
Field Description
15-6 Reserved
5 Receive shift register full. Hardware automatically clears this flag when data in the receive shift register
RSRF is transferred to the receive buffer.

0 The receive shift register is empty or currently receiving data.
1 A byte is waiting in the receive shift register to be transferred to the receive buffer.

i.MX25 Multimedia Applications Processor Reference Manual, Rev. 2

9-6

Freescale Semiconductor



Table 9-8. Interrupt Register Field Descriptions (Continued)

Field Description
4 Receive Buffer Full. This flag is cleared when software reads the byte from the TX/RX register. This flag
RBF prevents new data from being shifted into the receive buffer from the receive shift register.
0 No new data
1 A byte is waiting to be read from the TX/RX register.
3 Transmit Shift Register Empty. Hardware automatically clears this flag when data in the transmit buffer is
TSRE transferred to the transmit shift register.
0 Sending data
1 The transmit shift register is empty and is ready to receive the next byte from the Transmit buffer.
2 Transmit Buffer Empty. This flag is cleared when software writes a byte to the TX/RX register.
TBE 0 The Transmit buffer is currently sending data to the transmit shift register.
1 Nothing to transmit
1 Presence Detect Result. When a presence-detect (PD) interrupt occurs, this bit reflects the result of the
PDR presence-detect sequence. Note that this bit does not generate an interrupt.
0 Device found
1 Device not found
0 Presence Detect. After an 1-Wire reset has been issued, this flag is set after the appropriate amount of
PD time for a presence detect pulse to have occurred.
This flag is cleared when software reads the interrupt register.
0 A reset/presence-detect sequence has not been issued.
1 Reset/presence-detect sequence has completed. The result is provided in the PDR bit.
9.3.2.7 Interrupt Enable Register INTERRUPT_EN)

The Interrupt Enable Register allows the system programmer to specify the source of interrupts. During a

reset (hardware or software), all bits in this register are cleared, disabling all interrupt sources.

Figure 9-8 shows the register. Table 9-9 describes the register fields.

Offset 0x000C (INTERRUPT_EN)

Access: User read/write

15 14 13 12 1 10 8 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0 0 0
ERSF |ERBF |ETSE |ETBE| IAS |EPD
W
RESET O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 9-8. Interrupt Enable Register
Table 9-9. Interrupt Enable Register Field Descriptions
Field Description
15-6 Reserved
5 Enable receive shift register full interrupt.
ERSF 0 Disable interrupt.
1 Enable interrupt.
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Table 9-9. Interrupt Enable Register Field Descriptions (Continued)

Field Description

4 Enable Receive Buffer Full Interrupt.
ERBF 0 Disable interrupt.
1 Enable interrupt.

3 Enable Transmit Shift Register Empty Interrupt.
ETSE 0 Disable interrupt.
1 Enable interrupt.

2 Enable Transmit Buffer Empty Interrupt.
ETBE 0 Disable interrupt.
1 Enable interrupt.

1 Interrupt Trigger Active State. This bit determines the polarity for all interrupts. Note that this bit is not an
IAS interrupt-enable bit.
0 Active high interrupt
1 Active low interrupt

0 Enable Presence Detect.
EPD 0 Disable interrupt.
1 Enable interrupt.

9.4 Functional Description

The 1-Wire module interfaces with a generic 1-Kbit add-only memory, through a simple 1-bit bus.
Software uses the 1-Wire bus to program and read the 1-Kbyte memory.

The protocol involves first issuing one of four ROM function commands before the EPROM is accessible:
* Read ROM

e Match ROM
e Search ROM
» Skip ROM

Through the 1-Wire bus, the host software interfaces with the generic 1-Wire device and allows the
required commands to be issued to control the EPROM of a generic 1-Wire device. The host (through the
1-Wire interface) is the bus master, and the generic 1-Wire device(s) are the slave(s)

9.4.1 Normal Operating Modes

The 1-Wire module supports the following 1-Wire bus protocol functions:

* Reset/Presence-detect pulse using the control register (See Section 9.4.1.1,
“Reset/Presence-Detect Pulse”)

» Bit Transfers using the control register (See Section 9.4.1.2, “Bit Transfers”)
* Byte Transfers using the TX/RX register (See Section 9.4.1.3, “Byte Transfers”)

e Search ROM Accelerator Mode using the Command register and the TX/RX register (See
Section 9.4.1.4, “Search ROM Accelerator Mode”)
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9.4.1.1 Reset/Presence-Detect Pulse

The 1-Wire module provides for an automated initialization sequence for the 1-Wire bus. Software initiates
the initialization sequence by setting CONTROL[RPP]. The automated initialization sequence is as
follows:

1. Generate a reset pulse.
2. Listen for a response from an external device by sampling for the 1-Wire device presence bit.

3. After an amount of time determined by the 1-Wire standard, latch the presence bit (true or false) in
CONTROL[PST].

If an external device is detected (PST = 1), software can begin communications on the 1-Wire bus.

The presence pulse is used by the 1-Wire to determine if at least one generic 1-Wire device is connected.
Software determines if more than one generic 1-Wire device exists; see Section 9.4.1.1,
“Reset/Presence-Detect Pulse.”

9.4.1.2 Bit Transfers

After the initialization sequence (see Section 9.4.1.1, “Reset/Presence-Detect Pulse”), software can write
and read one bit at a time using the control register.

9.4.1.2.1 Write-0 Sequence

The Write-0 sequence writes a zero bit to the generic 1-Wire device. Setting the CONTROL[WRO] bit
initiates the Write-0 pulse sequence. Once the write is complete, the WRO bit is automatically cleared.
9.4.1.2.2 Write-1/Read Sequence

The Write-1 sequence writes a one bit to the generic 1-Wire device. Setting the CONTROL[WR1] bit
initiates the Write-1 pulse sequence. Once the write is complete, the WR1 bit is automatically cleared.

Because the Write-1 and Read timings are identical, this sequence also reads a bit from the bus. The
sampled value is stored in the read status bit CONTROL[RDST] and is valid after the WR1 bit is
self-cleared.

9.4.1.3 Byte Transfers

After the initialization sequence (see Section 9.4.1.1, “Reset/Presence-Detect Pulse”), software can
transfer a byte at a time using the TX/RX register. Writing to the register connects to the Transmit buffer;
reading to the register connects to the Receive buffer. See Figure 9-9.
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Figure 9-9. Byte Transfers

The Transmit buffer connects to an internal Transmit Shift Register where data is shifted serially onto the
bus LSB first. Similarly, the Receive buffer connects to an internal Receive Shift Register where data is
sampled serially from the bus.

Software can read a byte from the generic 1-Wire device as follows:

1. Write OxFF to the Transmit/Receive register location (connected to the Transmit buffer).

2. Wait for the receive-buffer-full INTERRUPT[RBF]) interrupt (or poll the flag bit directly if the
interrupt is disabled). During this time, the hardware is writing ones on the bus while sampling the
wired-AND of the data from the device. The read data is shifted into the Receive Shift Register.
When a byte is collected in the Receive Shift Register, the data is transferred to the Receive buffer,
and the RBF flag is set.

3. Read from the Transmit/Receive register location (connected to the Receive buffer) upon receiving
the RBF interrupt.

If the Receive buffer is full, new data is not shifted from the Receive Shift Register until the current data
is read. To prevent the loss of data, software must read the TX/RX register to clear the receive-buffer-full
flag AINTERRUPT[RBF]). This allows the Receive Shift Register to shift new data into the Receive buffer.

9.4.1.4 Search ROM Accelerator Mode

In search ROM accelerator mode, the 1-Wire module relieves software from having to perform single-bit
operations on the bus and helps to determine whether more than one generic 1-Wire device exists.

The host transmits the 16-byte search value based on the last ROM value found. These 16 bytes are 0x00
for the first run. The 16 bytes returned contain the new ROM code and are also used to generate the next
16 bytes to transmit. This process is repeated until serial numbers duplicate to find all devices.

The 1-Wire module enters search ROM accelerator mode when COMMAND([SRA] is set. This protocol
specifies that the bus master read two bits (a bit and its complement), then writes a bit to specify which
devices should remain on the bus for further processing. This mode requires that a reset followed by the
search ROM command (0xFO) has already been issued on the 1-Wire bus.

The 1-Wire module automatically exits search ROM accelerator mode if the 1-Wire bus is re-initialized;
see Section 9.4.1.1, “Reset/Presence-Detect Pulse.”
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9.4.2 Low Power Mode

The 1-Wire module automatically goes into low-power mode whenever it is not communicating with a
generic 1-Wire device. The main clock is gated off in low-power mode.

As soon as software writes to any register, the 1-Wire module exits low-power mode.

9.4.3 Clocks

The 1-Wire module takes a main clock as a module input and passes it through a clock divider. (See the
block diagram in Figure 9-1.) Software must program the divider factor to generate a 1-MHz clock that is
used as an internal time base for the module, as given by Equation 9-1.

time_base = main_clock + (TIME_DIVIDER[DVDR] + 1) Eqn. 9-1

For example, if the main clock frequency is 30 MHz, the value to write to the divider register is 29. If the
main clock input frequency is not an integer, the programmer must ensure the time base frequency is within
the range given by Equation 9-2.

0.98 MHz < time_base < 1.02 MHz Eqgn. 9-2

NOTE

A main clock frequency below 10 MHz causes improper function of the
module.

9.44 Reset

The 1-Wire module supports two levels of reset: hardware and software.

9.4.4.1 Hardware Reset

Whenever a device reset occurs, a hard reset is performed on the 1-Wire module, clearing all values written
to all registers.

9.4.4.2 Software Reset

Software initiates a software reset by setting the reset bit RESET[RST]. A software reset clears all data
written to the registers except for the command and interrupt registers (COMMAND, INTERRUPT).

Note that the reset register (RESET) itself is not cleared during a software reset. Software must clear the
RST bit to release the software reset.

9.4.5 Interrupts

The 1-Wire generates interrupts through the programming of the interrupt enable register; see
Section 9.3.2.7, “Interrupt Enable Register INTERRUPT_EN).” The 1-Wire can generate interrupts under
the following conditions:

* Receive shift register or buffer full
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* Transmit shift register or buffer empty

* Presence detect
Once any of these conditions are met, the Interrupt register (see Section 9.3.2.6, “Interrupt Register
(INTERRUPT)”) sets the corresponding bit and generates an interrupt if enabled in the interrupt enable

register. The IAS bit within the interrupt enable register determines if the interrupt generated is active low,
or active high. By default all interrupts are active high, and software should not modify IAS.
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Chapter 10
ARM9 Platform Overview

10.1 Introduction

The ARMO Platform consists of the ARM926EJ-S processor, ETM9, ETB9, a 5x5 Multi-Layer AHB
crossbar switch (MAX), and two internal AHB complexes. The instruction bus of the ARM926EJ-S
processor (I-AHB) is connected directly to MAX Master Port 0. The data bus of the ARM926EJ-S
processor (D-AHB) is connected directly to MAX Master Port 1. Three alternate bus master interfaces are
connected to MAX Master Ports 2, 3 and 4. The five slave ports of the MAX are AHB-Lite-compatible
buses. Slave Ports 0, 1 and 2 are designated for external platform accesses. Slave ports 3 and 4 are internal
to the platform. Slave port 3 has three slave connected to it: an AIPS(A) peripheral interface gasket, the
ROM controller and the ASIC interrupt module. Slave port 4 has two slaves connected to it: an AIPS(B)
peripheral interface gasket and the ROMPATCH configuration registers.

The ROMPATCH module supports external boot mechanism in addition to patching of ROM.

Internal MAXMUX modules reside on MAX slave ports 3 and 4 and provide address decoding, read data
muxing, bus watchdog timers and other miscellaneous functions for these AHB systems within the
platform. A clock control module (CLKCTL) is provided to support a power conscious design
methodology as well as implementation of several clock synchronization circuits and registers for use both
inside and outside the platform.

An ARM Abort Processing Engine (AAPE) sits on the ARM926EJ-S Instruction AHB and Data AHB to
ensure that aborted accesses on those busses are not filtered out by the instruction cache or data cache but
are in fact recognized by the core.
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ARM9 Platform Overview

A block diagram of the ARM9 Platform is shown in Figure 10-1.
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Figure 10-1. ARM9 Platform Block Diagram

10.2 ARM9 Platform Submodules

The submodules of the platform are listed below along with short functional descriptions.

10.2.1 ARM926EJ-S Processor

The ARM926EJ-S (ARM926) is a member of the ARM9 family of general-purpose microprocessors
targeted at multi-tasking applications. The ARM926 supports the 32-bit ARM and 16-bit THUMB
instructions sets. The ARM926 includes features for efficient execution of Java byte codes. A JTAG port
is provided to support the ARM Debug Architecture, along with associated signals to support the ETM9
real-time trace module. The ARM926EJ-S is a Harvard cached architecture including an ARM9EJ-S
integer core, a Memory Management Unit (MMU), separate instruction and data AMBA AHB interfaces,
and separate instruction and data caches.
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ARM9 Platform Overview

The ARM926EJ-S processor is a fully synthesizable macrocell, with a configurable memory system. Both
instruction and data caches are 16 Kbyte. The cache is virtually accessed and virtually tagged. The data
cache has physical tags as well. The MMU provides virtual memory facilities which are required to support
various platform operating systems such as Symbian OS, Windows CE and Linux. The MMU contains
eight fully associative TLB entries for lockdown and 64 set associative entries. See the ARM926EJ-S
Technical Reference Manual for more information.

10.2.2 ARM9 Embedded Trace Macrocell & Embedded Trace Buffer

The ARM9 platform includes an ARM9 Embedded Trace Macrocell (ETM9) and Embedded Trace Buffer
(ETB) supporting real-time instruction and data tracing. The ETM9/ETB external interface may run at the
ARMO926EJ-S clock frequency or at half the ARM926EJ-S clock frequency. The Embedded Trace Buffer
is sized at 2048x32 and can be used as general scratch pad memory when not being used for real-time
tracing. This scratch pad memory is accessible using the AIPSA, on platform slot 4. The ETB registers can
be accessed using the AIPSA, on platform slot 3. See the ETM9 and ETB technical reference manuals for
more information.

10.2.3 5x5 Multi-Layer AHB Crossbar Switch (MAX)

The ARM926EJ-S processor instruction and data buses and all alternate bus master interfaces arbitrate for
resources using a 5x5 Multi-Layer AHB Crossbar Switch (MAX). There are five (MO - M4) fully
functional master ports and five (SO - S4) fully functional slave ports. The MAX is unidirectional. All
master and slave ports are AHB-Lite-compatible. See Section 10.9.1, “Definition of AHB-L.ite,” for an
explanation of AHB-L.te.

The design of the crossbar switch allows for concurrent transactions to proceed from any master port to
any slave port. That is, it is possible for five slave ports to be active at the same time as a result of five
independent master requests. If a particular slave port is simultaneously requested by more than one master
port, arbitration logic exists inside the crossbar to allow the higher priority master port to be granted the
bus, while stalling the other requestor(s) until that transaction has completed. The slave port arbitration
schemes supported are fixed, programmable fixed, programmable default input port parking, and a round
robin arbitration scheme.

The Crossbar Switch also monitors the max_halt_request input which request a bus grant from all five
slave ports. The priority of the max_halt_request is programmable and defaults to the highest. Upon
receiving bus grants for all five output ports, the max_halted output asserts. At this point, the clock control
module can turn off hclk and be assured there are no outstanding AHB transactions in progress. Once the
CCM is granted a port, no other master receives a grant on that port until the CCM bus request
(max_halt_request) negates.

Brief descriptions below provide more detail on the MAX. For complete functionality, see the ARM9
Platform “Multi-Layer AHB Crossbar Switch” Module (MAX) specification.

10.2.3.1 MAX Configuration Registers

The Crossbar Switch has configuration and control registers accessible using the IPBus (on platform slot
1 of the AIPSA). Programmable registers exist to control arbitration schemes, bus parking, as well as other
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crossbar bus switch functionality. Alternate master priority registers exists within the MAX module for
each slave output port. The alternate priority register can be selected for use by the internal arbitration
logic.

A write-block sticky bit is implemented for those applications where it is desirable to prevent changes to
the MAX registers after boot. See the MAX module design specification for more details.

10.2.3.2 Master Ports

Master Port 0 of the MAX is connected directly to the ARM926EJ-S I-AHB. Master Port 1 of the MAX
is connected directly to the ARM926EJ-S D-AHB. The other three master ports exit the platform and are
connected to external alternate bus masters. Multiple external masters may be attached to a single alternate
bus master port using use of an external arbiter.

Master Port priorities are determined by the MAX priority register bit settings. See the MAX module
design specification for more details.

10.2.3.3 Slave Ports

Slave ports 0 through 4 are identical AHB-L.ite buses. Slave ports 0, 1 and 2 are secondary AHB slave
ports, are accessible off platform, and have no on platform slaves connected to them. Slave ports 3 and 4
are internal to the platform only.

10.2.3.4 Debug Support

In addition to the JTAG, ETM9 and ETB9 interfaces, several internal ARM926EJ-S signals have been
brought out of the platform. These signals, along with alternate bus master and secondary AHB signals
already available on the top-level of the platform, enable the user to gain insight into the operation of the
processor and the MAX.

10.2.4 ARM Abort Processing Engine (AAPE)

The ARM Abort Processing Engine (AAPE) ensures that cacheable or bufferable accesses that are aborted
(receive an AHB ERROR response) on the ARM926EJ-S I-AHB or D-AHB are recognized by the
ARM926EJ-S and not lost in the instruction cache or data cache. The registers of the AAPE can be
accessed using AIPS A on-platform slot 5.

Cacheable or bufferable accesses on the ARM926EJ-S D-AHB that are aborted result in the AAPE zeroing
out the data on the D-AHB and sending an abort signal directly to the ARM926EJ-S. Cacheable or
bufferable accesses on the ARM926EJ-S I-AHB that are aborted result in the AAPE overriding the I-AHB
data with a software interrupt appropriate for the current mode of operation (ARM, THUMB or JAVA).

See the AAPE specification for more details.
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10.2.5 ARM Simple Interrupt Controller (ASIC)

NOTE

The ARM simple interrupt controller (ASIC) module is the same one used
on the ARM9 platform (AVIC) with the vectoring feature removed for use
with an ARM9. This is Freescale IP.

The ARMO platform interrupt controller is called the ASIC and is accessible to the ARM926EJ-S only
using MAX slave port 3. It generates normal and fast interrupts to the ARM926EJ-S processor.

See the ASIC chapter for more details on ASIC operation.

10.2.6 ROM Controller and BIST Engine (ROMC)

The rom_connect input on the ARM9 Platform must be tied high if ROM exists on the ROMC interface.
The ROMC module supports a minimum of 1 Kbyte of ROM and a maximum of 4 Mbyte. Non
power-of-two sizes between 1 Kbyte and 4 Mbyte are supported by strapping the rom_size[11:0] inputs,
which correspond to slave port 3 AHB haddr[21:10]. The rom_wait input should be tied high at
integration time if a wait state is required to make read data timing on ROM accesses. A configurable BIST
engine is provided.

10.2.6.1 ROM Addressing

The first 16 Kbyte of ROM is always mapped starting at haddr[31:0]=0x0000_0000. Any ROM larger
than 16 Kbyte has the remainder of its space mapped starting at haddr[31:0]=0x0040_4000. Any ROM
size smaller than 16 Kbyte, is aliased throughout the 16 Kbyte region. Accesses to the “hole” between
these two regions are terminated with an ERROR response by the ROMC.

10.2.7 AHB <-> IP-Bus Interface (AIPS)

There are two AIPS modules instantiated in the ARMO9 platform (AIPS A and AIPS B). The AIPS module
design supports many configuration options so that it may be reused across multiple systems. This section
begins with a short description of the generic AIPS module, followed by specific implementation details
of the two AIPS instantiations used in the ARM9 platform.

10.2.7.1 Brief Description of the Generic AIPS Module

The AIPS module interfaces an AHB-L.ite 2.0 bus to the IP-Bus in order to foster reuse of SRS-compatible
peripherals. Each AIPS module requires a minimum of 2 hclk clocks for a read, and 3 hclk clocks for a
write. An AIPS module supports a maximum of 32 on-platform peripherals, 32 off-platform peripherals,
and two global external module enables. Each AIPS module occupies a total of 64 Mbytes of address
space. Each standard peripheral connected to an AIPS module consumes 16 Kbyte of the memory map
(ipsa_module_en[31:0]). The two global external IPS module enables are provided to support a 63-Mbyte
address space (ips_module_en_glbl[1] consumes 32 Mbytes; ips_module_en_glbl[0] consumes 31
Mbyte) for peripherals needing a larger slice of the memory map. Each AIPS module contains
programmable security access control registers for all downstream peripherals.
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10.2.7.2 AIPS Configuration on the ARM9 Platform

This section discusses the particular configuration of both AIPS modules (AIPS A and AIPS B) used
within the ARMO platform. Some of the configuration options are controlled during synthesis, and some
are handled with tie-offs in an AIPS wrapper.

The attributes common to both AIPS modules used in the ARM9 platform are as follows:

32-bit data path.

Write buffering is disabled.

Memory map option #1 is used.

The AIPS_DLY_CYCLE parameter is disabled.

The aips_byte _config[0] input is tied high and the aips_byte_config[1] input is tied to the
cfg_bigend output of the ARM926EJ-S so both Big Endian and Little Endian modes are supported.
The only “sideband” signal implemented in each AIPS module is the ips*_cacheable output.
Only hresp[0] is driven: hresp[2:1] are tied off within the wrapper.

The AIPS modules do not support 64-bit data accesses.

Although the AIPS modules on the ARM9 platform are designed for 32-bit operation on the IP-Bus
side, they support connection of 8-bit and 16-bit peripherals. However, the AIPS does not support
accesses of a larger size than the peripheral maximum width. This means a 32-bit access to a 16-bit
or 8-bit peripheral as well as a 16-bit access to an 8-bit peripheral are not supported and the AIPS
responds with hresp = ERROR to any such access attempt.

The aips_rstcfg[63:0] inputs control the reset configuration of the Master Privilege Register
(MPR) within the AIPS module. These inputs have been tied-off in the wrapper to configure the
AIPS to allow the ARM926EJ-S processor to be the default “trusted” master out of reset. All other
masters are non-trusted. Note the ARM926EJ-S can reprogram the MPR at any time after reset.

Table 10-1 shows the default (out of reset) privilege configuration of the ARM926EJ-S processor
(trusted). Table 10-2 shows the default (out of reset) privilege configuration for all bus masters other than
the ARM926EJ-S processor (non-trusted).

Table 10-1. AIPS MPR Reset Configuration for Trusted Master (ARM9)

Default (out of reset) ARM926EJ-S Trusted Master Privileges (hmaster = 0x1)

Master Buffered Writes: No buffered Writes

Master Trusted for Reads: Yes - Trusted

Master Trusted for Writes: Yes - Trusted

Master Privilege Level: Supervisor accesses are NOT downgraded to User accesses

Table 10-2. AIPS MPR Configuration for Non-Trusted Masters

Default (out of reset) Non-Trusted Master Privileges (hmaster != 0x1)

Master Buffered Writes: No buffered Writes

Master Trusted for Reads: No - Not Trusted
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Table 10-2. AIPS MPR Configuration for Non-Trusted Masters (continued)

Default (out of reset) Non-Trusted Master Privileges (hmaster != 0x1)

Master Trusted for Writes: No - Not Trusted

Master Privilege Level: Supervisor accesses ARE downgraded to User accesses

10.2.7.3 AIPS A Peripheral Support

AIPS A shares MAX slave port 3 with the ROM controller (ROMC) and the ARM simple interrupt
controller (ASIC). AIPS A is configured to support 16 standard (16 Kbyte) external peripherals, as well as
the two global external module enables (31 Mbyte and 32 Mbyte). AIPS A also supports 5 on-platform
peripherals as shown in Table 10-3.

Table 10-3. On-platform IP-Bus Peripherals (AIPS “A”)

On-platform Peripheral AIPS “A” On-platform Slot

MAX Configuration Registers 1

CLKCTL (General Purpose Registers)

ETB Memory

2
ETB Registers 3
4
5

AAPE Registers

10.2.7.4 AIPS B Peripheral Support

AIPS B shares MAX slave port 4 with the ROMPATCH. AIPS B is configured to support 32 standard (16
Kbyte) external peripherals, as well as the two global external module enables (31 Mbyte and 32 Mbyte).
AIPS B does not support any on-platform peripherals.

10.2.7.5 Peripheral Summary

Table 10-4 is a summary of the total ARM9 platform internal (on-platform) and external (off-platform)
peripherals which are supported.

Table 10-4. Summary of ARM9 Platform Peripheral Support

AIPS Module Number qf On-Platform | Number o'f Off-Platform | Number of Off-platform Global Module Enables
Peripherals Peripherals (31MB, 32MB)
AIPS A 5 16 1,1
AIPS B None 32 1,1
Total 5 48 2,2
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10.2.7.6 Register Reset Summary
Table 10-5 is a summary of the reset state of the registers for AIPSA.

Table 10-5. Summary of ARM9 Platform AIPSA Register Reset State

Register Reset Value

Master Privilege Register (0-7) 0x07000000

Master Privilege Register (8—15) 0x00000000

Peripheral Access Control Register (0-7) 0x54444400
Peripheral Access Control Register (8—15) 0x00000000
Peripheral Access Control Register (16-23) 0x00000000
Peripheral Access Control Register (24-31) 0x00000000

Off Platform Peripheral Access Control Register (0-7) 0x44444444
Off Platform Peripheral Access Control Register (8—15) 0x44444444
Off Platform Peripheral Access Control Register (16—23) 0x00000000
Off Platform Peripheral Access Control Register (24—-31) 0x00000000
Off Platform Peripheral Access Control Register (32—-33) 0x44000000

Table 10-6 is a summary of the reset state of the registers for AIPSB.

Table 10-6. Summary of ARM9 Platform AIPSB Register Reset State

Register Reset Value

Master Privilege Register (0-7) 0x07000000

Master Privilege Register (8—15) 0x00000000

Peripheral Access Control Register (0-7) 0x50000000
Peripheral Access Control Register (8—15) 0x00000000
Peripheral Access Control Register (16-23) 0x00000000
Peripheral Access Control Register (24-31) 0x00000000

Off Platform Peripheral Access Control Register (0-7) 0x44444444
Off Platform Peripheral Access Control Register (8—15) 0x44444444
Off Platform Peripheral Access Control Register (16—23) 0x44444444
Off Platform Peripheral Access Control Register (24—31) 0x44444444
Off Platform Peripheral Access Control Register (32—33) 0x44000000

10.2.8 MAX Internal Slave Port Muxes (MAXMUX)

There are two instantiations of the MAXMUX module in the ARM9 platform. The first instantiation
resides on MAX slave port 3 and handles the AHB infrastructure for the AIPS A, ASIC and ROMC
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modules. The second instantiation resides on MAX slave port 4 and handles the AHB infrastructure for
the AIPS B and ROMPATCH modules.

10.2.8.1 Peripheral Bus Timeout Monitors

The ARMO platform MAX module returns an AHB hresp = ERROR termination status on attempted
accesses to undefined regions of memory. Likewise, the AIPS module returns and AHB hresp = ERROR
termination status on attempted accesses to unpopulated regions of the peripheral space. The memory
controller (ROMC) is, by design, either zero or one wait state responders. The ASIC and ROMPATCH are
also single wait state responders (CHECK). However, the danger still exists that peripherals residing on
the AIPS module’s (2) IP-Buses could hang and not properly terminate an access. Therefore, the ARM9
platform supports AHB bus timeout monitors on each internal MAX slave port. The timeout monitors are
implemented in each instantiation of the MAXMUX module.

The timeout interval for both modules are set by the bmon_timeout[1:0] inputs which are statically tied
off at integration time. The timeout monitors both share a single enable bit in the general purpose register
of the CLKCTL module. When the timeout monitors are enabled, and AHB access to either internal MAX
slave port that does not terminate within the time it takes for the bus monitor to reach zero are terminated
by the timeout monitor in the MAXMUX module. The timeout monitor terminates a “hung” access by
forcing an hresp = ERROR and hready termination. The bus timeout clock counts for the
bmon_timeout[1:0] encoding is shown in Table 10-7.

Table 10-7. Bus Monitor Timeout Interval

bmon_timeout[1:0] Timeout Interval
00 31 clocks
01 127 clocks
10 511 clocks
11 2047 clocks
NOTE

The ARMO platform does not include timeout monitors for MAX slave
ports 0, 1 and 2.

10.2.9 ROM Patch (ROMPATCH)

The ROM patch module (ROMPATCH) is used to patch errant ROM code. The registers of the
ROMPATCH are programmed by the ARM926EJ-S using MAX slave port 4. The ROMPATCH only
patches accesses to the ROMC. The ROMPATCH module can be used to patch source code or data tables.
The module supports 16 patches.

10.2.9.1 External Boot

An external boot feature exists in the ROMPATCH module which allows patching of the reset vector fetch
(address = 0x0000_0000) if the boot_int signal is negated. This mechanism causes the ARM926EJ-S to,
in effect, fetch the reset vector from the address indicated by the ext_boot_addr[31:2] inputs.
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10.2.10 Clock Control Module (CLKCTL)

The Clock Control Module (CLKCTL) performs module level clock gating and ARM926EJ-S JTAG
synchronization. Additionally, the CLKCTL module is a 32-bit peripheral connected to AIPS A
on-platform IP-Bus slot 2. The IP-Bus interface allows access to a general purpose control register and a
read only TAPID register. Four of the general purpose control outputs, a9p_gp_cntrl[3:0], are ported to
the top-level of the ARM9 platform. The upper 12 bits are used internally and are not brought to the
top-level. Additionally a TAPID version, tapid_ver[3:0], is brought in from the top-level.

TAPID_VER[3:0]
< (external to ARM926P)

< AIPS A IP-Bus > A9P_GP_CNTRL[3:0]
CLKCTL P (external to ARM926P)

(Slot 2) CLKCTL_GP_CNTRL[15:4]

» (internal to ARM926P)

Figure 10-2. CLKCTL General Purpose Register Interface

10.2.10.1 CLKCTL Registers

The CLKCTL module is connected to AIPS A IP-Bus on-platform slot 2 as a 32-bit peripheral. The
registers residing in the CLKCTL module are shown in Table 10-8.

Table 10-8. CLKCTL Registers

AIPSA_ADDR[4:2] Register Name Register Definition Width
3’b000 GP_CNTRL General Purpose Control Register [15:0]
3'b001 GP_SER General Purpose Set Enable Register [15:0]
3'b010 GP_CER General Purpose Clear Enable Register [15:0]
3'b100 TAPID TAPID Register (Read Only) [31:0]

10.2.10.1.1 GP_CNTRL, GP_SER and GP_CER Registers

The GP_CNTRL register is write/read. All bits in the CP_CNTRL register are cleared on reset. All bits of
the GP_CNTRL register may be written concurrently by writing directly to the GP_CNTRL register. To
prevent the need to perform a read-modify write operation when the user wishes to set or clear a single bit
in the GP_CNTRL register the GP_SER and GP_CER registers have been added. A single bit may be set
in the GP_CNRL register by writing a one to the relative bit location in the Set Enable Register (GP_SER).
Similarly, a single bit may be cleared by writing a one to the relative bit location in the Clear Enable
Register (GP_CER). Reading the GP_SER or GP_CER registers returns all zeros.
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Table 10-9 details the functions of all the bits in the CLKCTL module General Purpose Control Register.
Table 10-9. CLKCTL General Purpose Control Bit (GP_CNTRL) Usage

GP_CNTRL Register Bit Reset Value Description
[3:0] 4’b0000 Driven off-platform for use at the SoC level.
[4] 1’b0 When set, enables the peripheral bus timeout monitors. See
Section 10.2.8.1, “Peripheral Bus Timeout Monitors,” for more
information.
[5] 1’b0 Reserved for future use.
[6] 1’b0 When set, this bit enables clocks to the ETB. Clocks to the

ETB are automatically issued when a debugger is connected
(dbgen asserted). However, if the ETB memory is to be used
as general purpose memory, this bit must be set. This bit
should not be set in a non-debug mode environment if the ETB
memory is not going to be used.

[7] 1’b0 When set this bit allows a9p_clk_off to assert even when
debug activity is present.

[10:8] 3’b000 Reserved for future use.
[11] 1’b0 When set, this bit enables the MAX Slave Port Sharing Widget
(SPSW).
[15:12] 4’b0000 Reserved for future use.

10.2.10.1.2 TAPID Register

The TAPID register is provided for software to determine the version of the platform. These bits
correspond to the static state of the tapid[31:0] signals which include the tapid_ver[3:0] platform inputs.
See Section 10.4, “JTAG ID Register,” for more details.

10.2.10.2 JTAG Synchronization

The CLKCTL module synchronizes the external JTAG interface to the ARM926EJ-S clock (clk). The
inputs and outputs of the synchronization circuit are connected to the JTAG interface on the ARM926EJ-S,
ETM9 and ETB9 modules.

10.2.11 Just Another Module (JAM)

The JAM (Just Another Module) implements miscellaneous logic with the platform. Functionality within
the JAM includes muxing of BIST outputs from the instruction cache memory, data cache memory, MMU
memory, ETB memory and ROMC memory.

10.2.12 Test Wrapper

The ARMO Platform test architecture is composed primarily of two functions: scan and BIST. The test
module (ARM926P_TEST) includes a test control unit which decodes primary test mode input signals and
places the platform into various test modes including scan, ac path testing, BIST, and safe state. These test
modes support the ability to test a deeply embedded platform.
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10.3 ARM9 Platform Hierarchy
The first two levels of the ARM9 Platform design hierarchy are shown in Figure 10-3.

ARM9P PLATFORM

ARM926P_CORE ARM926P_TEST
ARM926P_DEBUG ARM926P_WRAPPER
ETM9
ARM926EJ-S ARM926P_TCU
ETBY
ARM926P_ROUTER
AAPE CLKCTL
MAX

(CROSSBAR SWITCH) JAM

MAXMUX_S3 MAXMUX_S4
AIPS A AIPS B

ROMC ROMPATCH

ASIC

Figure 10-3. ARM9 Platform Hierarchy

10.4 JTAG ID Register

The ARM926EJ-S processor has a 32-bit input bus which corresponds to the JTAG ID register. This 32-bit
register is defined as shown in Table 10-10. ARM requires bits [31:12] be set in accordance with their
general rules such that Multi-ICE can auto-detect the device type.
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Table 10-10. ARM926EJ-S JTAG ID Register Definition

tapid[31:28] tapid[27:12] tapid[11:8] tapid[7:1] tapid[0]
Version Part Number Manufacturing ID 1
0x0 0x7926 tapid_ver[3:0] 0b010_0000 1

Normally, the Freescale Manufacturing ID is 0OXO0E. However, since ARM uses all of the available bits

that are usually used to track platform level revisions, the top 4 bits of the manufacturing ID are brought
out for use at the system level (tapid_ver[3:0]), and the rest of the manufacturing ID is used to indicate
platform revisions.

JTAG ID register bits [11:8] (tapid_ver[3:0] on the platform 1/O) are incremented by the system
integration team as appropriate throughout the life of the system.

JTAG ID register bits [7:1] are incremented by the ARM9 platform team as appropriate to indicate
platform revisions.

10.5 System Memory Map

The memory map decode is based on haddr[31:27] on the MAX master ports, which is decoded to
determine which slave port has been selected. Five bits are used, which is more than optimal; however,
this is necessary to try and keep the ARM9 platform memory map consistent with that of the ARM9
platform. Table 10-11 shows a simplified breakdown of the regions decoded within the 4GB address space.

Table 10-11. ARM9 Platform High Level Address and Location Map

haddr[31:27] Size Usage Location

0000x 256 Mbyte ROM MAX Slave Port 3
0001x 256 Mbyte Reserved —

001xx 512 Mbyte Reserved —

0100x 256 Mbyte AIPS A MAX Slave Port 3
0101x 256 Mbyte AIPS B MAX Slave Port 4
01100 128 Mbyte ROMPATCH MAX Slave Port 4
01101 128 Mbyte ASIC MAX Slave Port 3
0111x 256 Mbyte Secondary AHB MAX Slave Port 2
10xxx 1 Gbyte Secondary AHB MAX Slave Port 1°
11XxX 1 Gbyte Secondary AHB MAX Slave Port 02

T If MAX slave port sharing is disabled accesses to haddr[31:30] = 2’b10 are steered to MAX slave port 1 only. If MAX slave
port sharing is enabled accesses to haddr[31:30] = 2’b10 can potentially be steered to MAX slave port 0 in addition to MAX

slave port 1.

2 If MAX slave port sharing is disabled accesses to haddr[31:30] = 2’b11 are steered to MAX slave port 0 only. If MAX slave
port sharing is enabled accesses to haddr[31:30] = 2’b11 can potentially be steered to MAX slave port 1 in addition to MAX

slave port 0.
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10.5.1

ARM?9 Platform Memory Map

Table 10-12 shows the complete ARM9 Platform memory map.
Table 10-12. ARM9 Platform Detailed Memory Map

Address Range Size Use
0000_0000 - 0000_3FFF 16 Kbyte ROM: First 16 Kbyte
0000_4000 - 0040_3FFF 4 Mbyte Reserved
0040_4000 - 007F_FFFF 4080 Kbyte ROM: Exceeding 16 Kbyte
0080_0000 - OFFF_FFFF 248 Mbyte Reserved
1000_0000 - 3FFF_FFFF 768 Mbyte Reserved
4000_0000 - 41FF_FFFF 32 Mbyte AIPS A Off platform global module enable 0
4200_0000 - 43EF_FFFF 31 Mbyte AIPS A Off platform global module enable 1
43F0_0000 - 43F0_3FFF 16 Kbyte AIPS A Control Registers (on platform slot 0)
43F0_4000 - 43F0_7FFF 16 Kbyte AIPS A - MAX Registers (on platform slot 1)
43F0_8000 - 43F0_BFFF 16 Kbyte AIPS A - CLKCTL (on platform slot 2)
43F0_CO000 - 43F0_FFFF 16 Kbyte AIPS A - ETB Registers (on platform slot 3)
43F1_0000 - 43F1_3FFF 16 Kbyte AIPS A - ETB Memory (on platform slot 4)
43F1_4000 - 43F1_7FFF 16 Kbyte AIPS A - AAPE Registers (on platform slot 5)
43F1_8000 - 43F7_FFFF 416 Kbyte Reserved (AIPS A Unused on platform slots [31:6])
43F8_0000 - 43FB_FFFF 256 Kbyte AIPS A Off platform slots [15:0]
43FC_0000 - 43FF_FFFF 256 Kbyte Reserved (AIPS A Unused off platform slots [31:16])
4400_0000 - 4FFF_FFFF 192 Mbyte Reserved (Aliased AIPS A Space)
5000_0000 - 51FF_FFFF 32 Mbyte AIPS B Off platform global module enable 0
5200_0000 - 53EF_FFFF 31 Mbyte AIPS B Off platform global module enable 1
53F0_0000 - 53F0_3FFF 16 Kbyte AIPS B Control Registers (on platform slot 0)
53F0_4000 - 53F7_FFFF 496 Kbyte Reserved (AIPS B Unused on platform slots [31:1])
53F8_0000 - 53FF_FFFF 512 Kbyte AIPS B Off platform slots [31:0]
5400_0000 - 5FFF_FFFF 192 Mbyte Reserved (Aliased AIPS B Space)
6000_0000 - 67FF_FFFF 128 Mbyte ROMPATCH (Aliased throughout entire region)
6800_0000 - 6FFF_FFFF 128 Mbyte ASIC (Aliased throughout entire region)
7000_0000 - 7FFF_FFFF 256 Mbyte Secondary AHB (MAX Slave Port 2)
8000_0000 - BFFF_FFFF 1 Gbyte Secondary AHB (MAX Slave Port 1)"
C000_0000 - FFFF_FFFF 1 Gbyte Secondary AHB (MAX Slave Port 0)?

T If MAX slave port sharing is disabled accesses to haddr[31:30] = 2’b10 are steered to MAX slave port 1 only. If MAX
slave port sharing is enabled accesses to haddr[31:30] = 2’b10 can potentially be steered to MAX slave port 0 in addition
to MAX slave port 1.
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2 If MAX slave port sharing is disabled accesses to haddr[31:30] = 2’b11 are steered to MAX slave port 0 only. If MAX
slave port sharing is enabled accesses to haddr[31:30] = 2’b11 can potentially be steered to MAX slave port 1 in addition
to MAX slave port 0.

10.5.2 External Boot

When the boot_int input signal is asserted, the ARM926EJ-S boots internal from ROM on slave port 3
AHB. When boot_int is negated, the ARM926EJ-S reset vector fetch is routed to an address indicated by
the ext_boot_addr[31:2] input pins. This vectoring is done by the ROMPATCH module, which monitors
accesses to the ROMC and over-rides the reset vector fetch.

NOTE

When boot_int is negated and the ARM926EJ-S boots externally the
ARMO Platform is placed in an insecure state.

10.5.3 Memory Map Considerations

» Accesses to non-aliased “Reserved” locations in Table 10-12 result in an AHB error response.

» Accesses to unsupported address locations through the MAX result in an AHB error response and
the access does not pass through the MAX.

» Accesses to address locations on either internal AHB bus (MAX slave ports 3 or 4) which do not
map to a specific module time-out in 128 AHB clock cycles.

» Accesses to unimplemented locations within the ARM simple interrupt controller (ASIC) and
ROMPATCH register space are terminated without a bus-error. Writes have no effect and reads
return all zeros.

» Accesses to the ASIC and ROMPATCH are restricted to the ARM926EJ-S. Any master other than
the ARM926EJ-S attempting to access the ASIC or the ROMPATCH receive an immediate AHB
error response.

10.6 Platform Clocking

This section describes some of the clocking considerations within the ARM9 Platform. The circuits
contained in the ARM9 Platform to address most of these issues are implemented within the Clock Control
Module (CLKCTL).

10.6.1 ARM926EJ-S Clock Considerations

The ARM926EJ-S processor design uses a single clock, clk. In many systems, it is desirable for the
ARMO926EJ-S processor to run at a higher frequency than the AHB system bus (which runs on hclk). To
support this, ARM926EJ-S requires a separate AHB clock enable for each of the two bus masters. dhclken
is used to signify the rising edge of hclk for the system in which the data BIU is the bus master. ihclken
is used to signify the rising edge of hclk for the system in which the instruction BIU is the bus master.

Figure 10-4 shows the relationship between clk, hclk and dhclken/ihclken. The ARM9 Platform provides
asingle hclken_early input pin that is fed to CLKCTL module, wherein it gets synchronized with respect
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to clk (hclken). hclken is fed to both the dhclken and ihclken inputs on the ARM926EJ-S. If hclk and
clk are the same frequency, the hclken_early input to the platform must be tied high.

ax LTI LT LT LA LT L LT
helken L | I|II u'l: I —

DHCLKENTHCLKEN | _| | |
HCLK I'., \ﬂ

AHE cutputs “L‘\>< |
from ARMI26ET-S s

AHB inputs to A
ARMOD6ELS e

Figure 10-4. AHB Clock Relationship

clk and hclk must be synchronous and the skew between clk and hclk to the ARM9 Platform should be
minimized. This requires some synchronization inside the chip clock control module.

10.6.2 ARM926EJ-S JTAG Port Clocking Considerations

The ARM926EJ-S does not support direct connection to the JTAG interface. The JTAG interface must be
synchronized to the clk domain. This synchronization takes place within the platform CLKCTL module.
See the ARM9 Platform CLKCTL design specification for more detail.

10.6.2.1 JTAG_TCK

The jtag_tck clock must be less than 1/8 the frequency of the clk input in order for the JTAG port and
synchronizer to function properly. Note that the frequency of clk can vary when executing low-power
code. Therefore, care must be taken such that jtag_tck is less than 1/8 the lowest possible frequency of clk.

10.6.3 External Alternate Bus Master Interfaces

Both alternate bus master ports on the ARM9 Platform must have the AHB synchronized to hclk external
to the platform. All alternate bus master AHB inputs and outputs to/from the ARM9 Platform are
synchronous to hclk. The Baseband processor, for instance, may be running at 66 MHz. Synchronization
off platform must be implemented such that the alternate bus master interface to the ARM9 Platform
would run at the hclk frequency.
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10.6.4 External Secondary AHB Ports

All three secondary AHB ports inputs and outputs to and from the ARM9 Platform must be synchronous
to the hclk and runs at the hclk frequency.

10.7 Platform Resets

This section describes the various ARM9 Platform reset inputs. Figure 10-5 shows the reset paths within
the ARM9 Platform.

ARM9 Platform

ARM926P_TEST ARM926P_CORE
hreset_b ARM926EJ-S
- ™\ tcu_hreset_b hreset_b
| »| HRESETn
%
p-| DBGNTRST
ETM9
—m{ NRESET
CLKCTL
p| NTRST
por
OR dbg_clear_b ETB9
jtag_trst_b &
sync — 1 HRESETn
clk > nTRST
p| NRESET
hreset_b
(to all other platform modules)

Figure 10-5. ARM9 Platform Resets

10.7.1 hreset b

The hreset_b input is the asynchronous system reset for both the clk and hclk domains. It is gated with a
test mode signal in the scan wrapper, and is then buffered for distribution throughout the platform.

10.7.2 POR and JTAG_TRST_B

The power-on-reset (por) and the JTAG reset (jtag_trst_b) are combined in the CLKCTL module to drive
the dbg_clear_b signal to the ARM926EJ-S and ETM9 modules. The dbg_clear_b output of the
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CLKCTL module can be considered as the JTAG or debug reset of the platform. The dbg_clear_b signal
asserts asynchronously when either por or jtag_trst_b asserts, and negates synchronously to clk (through
a synchronizer).

10.8 Power Management

10.8.1 Register Level Clock Gating

Under normal operating conditions, clocks internal to the platform are only issued to registers or banks of
flops that need a rising edge for proper functionality. Otherwise, the clocks are held low.

10.8.2 Block Level Clock Gating

Clocks to individual modules within the platform are enabled only when necessary. On the internal AHBs
for example, the CLKCTL module only enables hclk to a slave module when the current AHB access is
addressed to that module. Slaves can also drive a signal to the CLKCTL if it requires its hclk to run for
any other reason. See the CLKCTL module design specification for more detail.

10.8.3 External Clock Gating

The ARM926EJ-S processor may be put into a low-power state by the wait-for-interrupt instruction. This
instruction switches the ARM926EJ-S into a low-power state until either an interrupt (NIRQ/nFIQ) or a
debug request occurs. The switch into the low-power state is indicated by the assertion of the
arm_standbywfi output signal. If arm_standbywfi is asserted then it is guaranteed that all ARM926EJ-S
external interfaces are in an IDLE state. The arm_standbywfi signal is intended to be used to shut down
clocks to the other parts of the system, such as external coprocessors, which do not need to be clocked if
the ARMO926EJ-S is idle. The ARM926EJ-S clk must not be stopped during wait-for-interrupt mode if an
external debugger is connected to the JTAG port. An active clk is required to be able to write values into
the ARM9EJ-S debug control register, which is required for a debugger to be able to force
wait-for-interrupt mode to be exited. It should also be noted that the ARM926EJ-S needs clk to run in order
for an interrupt to cause the negation of arm_standbywfi.

The JTAG synchronizer in the CLKCTL module needs to have an “always” clock running to it in order to,
at any time, detect JTAG activity and thereby determine that a debugger is connected to the JTAG port.
The presence of an active JTAG debugger is detected by monitoring the JTAG TMS signal. After por (or
trst_b) assertion, a low state on TMS coincident with a rising-edge on tck transitions the JTAG
tap-controller from the test-logic-reset state to the run-test-idle state. The dbgen signal is asserted, and
held asserted, whenever the tap-controller is not in the test-logic-reset state. Once dbgen asserts, an active
trst_b or por is required to clear it (that is, once a debugger is detected to be connected, it is assumed to
stay connected).

When asserted, the a9p_clk_off output of the platform indicates to an external clock control module that
clk and hclken_early should be turned off at the earliest opportunity. However, in order to assure that no
alternate bus masters are in the middle of a transaction, the external clock control module must assert the
max_halt_request input of the crossbar switch. This requests ownership of all AHB Output Ports. Once
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max_halted is asserted, the external clock control module is then free to gate off hclk as all transactions
on both the internal and secondary AHB.

Low power entry and exit sequences are described in the ARM simple interrupt controller (ASIC) chapter.

10.8.4 Well Biasing

A well bias clamp enable input, wt_en, is driven by an external clock control module to the ARM9
Platform. When asserted, Vg is shorted to VDD and Vgg_ is shorted to GND.

10.9 Platform AHB Interfaces

This sections describes the major bus interfaces of the ARM9 Platform and the crossbar switch. A simple
block diagram of the bus connections to the platform is shown in Figure 10-1. A definition of AHB-L.ite,
a functional description of the alternate bus master ports, and finally a description of the multi-layer
crossbar switch slave ports follows.

10.9.1 Definition of AHB-L.ite

All master and slave ports of the Multi-Layer AHB Crossbar switch are AHB-Lite-compatible. Therefore
all AHBs connected externally to the ARM9 Platform must be AHB-Lite-compatible.
The definition of “AHB-Lite” for the ARM9 Platform is as follows:

* AHB split and retry protocols are not supported within the ARM9 Platform. This means that all
slaves connected to AHB-L.ite ports (input or output) are prohibited from requesting a split or a
retry. This also means there is only one response signal, hresp0.

» AMBA bus request and bus grant are not supported on the AHB-L.ite interfaces.

» Bursts are supported. The default configuration of the Crossbar Switch (MAX) insures no early
fixed length burst terminations due to the switch arbiter.

10.9.2 Alternate Bus Master Ports

There are three alternate bus master ports (ABM) on the ARM9 Platform which are connected directly to
the Multi-Layer AHB Crossbar Switch. These three ABM interfaces are AHB-Lite-compatible.

10.9.2.1 hmaster

Alternate bus masters external to the ARM9 Platform should be aware that two values of the hmaster field
are used by bus masters internal to the platform. The reserved and available hmaster encoding is shown
in Table 10-13.

Table 10-13. hmaster Encodings

hmaster Use
0x0 Reserved: MAX default
0ox1 Reserved: ARM926EJ-S |-AHB and D-AHB
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Table 10-13. hmaster Encodings (continued)

hmaster Use
0x9 RTIC
Oxb eSDHC2
Oxc SDMA
Oxd USB OTG

10.9.2.2 Bus Error

A slave two cycle ERROR response (hresp0 = HIGH) allows for a bus master to cancel the remaining
transfers in a burst. However, this is not an AHB requirement, and it is acceptable for the master to
continue the remaining transfers of the burst.

AHB error responses generated on accesses to cacheable or bufferable memory address on the I-AHB and
D-AHB interfaces of the ARM926EJ-S are normally ignored by the processor. In the ROMPATCH
module, a feature can be enabled which, on the above described accesses, gates 0°s onto hrdata[31:0] on
data reads, and SWI opcodes onto hrdata[31:0] for instruction prefetches. At the same time, the
ROMPATCH module generates an abort which guarantees entry into the ARM926EJ-S abort exception
handler.

10.9.2.3 Halt Request (max_halt_request)

Care must be taken to ensure that the Halt Low Priority bit is not changing as the Clock Control Module
Halt request is asserted. This results in unpredictable behavior. This can be avoided by not modifying this
bit in the Slave General Purpose Control Register or in the Alternate Slave General Purpose Control
register in software where Halt could be requested. Also, the Halt Low Priority bit should be programmed
the same in both the Slave General Purpose Control Register and the Alternate Slave General Purpose
Control Register, if it is likely the MAX can change between the General Purpose and Alternate registers
during the time Halt could be requested.

Care should also be taken to ensure that the Clock Control Module Halt request is not asserted until at least
two clock cycles after the last locked access performed by any master connected to the MAX.
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Chapter 11
ARM9 Platform AAPE

11.1 Introduction

The ARM926EJ-S ARM Abort Processing Engine (AAPE) is a 32-bit IP Bus peripheral which monitors
the Instruction AHB (I-AHB) and the Data AHB (D-AHB) to ensure that when bufferable or cacheable
accesses receive AHB ERROR responses, the cache controller does not mask them off, thereby allowing
the acknowledgement and processing of the ERROR response.

11.1.1 Overview

The AAPE module provides the following features:

* Concurrent and separate monitoring of the I-AHB (instruction bus) and the D-AHB (data bus) of
ARMO926EJ-S core

* D-AHB abort generation and address tracking

* D-AHB data override for aborted READs separately enabled from abort generation
* [-AHB data override for aborted instruction prefetches

* [P Bus Register Interface
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The block diagram of the AAPE is shown in Figure 11-1.

aape_dabort

dhrdata
30 aape_dhrdata
D-AHB control ﬁ
—> 32'b0 32
I-AHB control ||
—
aape_swigen aape_rdata_mux

dhaddr

_>

ihrdata

A

30 aape_ihrdata

32'b0

q

aape_regqisters

read_enables write_enables

ips bus
aape_address_decode

Figure 11-1. AAPE Block Diagram

11.1.2

When enabled, the AAPE tracks cacheable/bufferable accesses on the D-AHB bus that terminate in an
ERROR response, and forces data aborts in the ARM926EJ-S. The address of the aborted accesses are
latched to allow subsequent processing by software. The AAPE can also be enabled to override the data of
the aborted reads with zeros. The abort generation and data override features can be enabled separately.
One scenario which makes use of the separate enablements is one in which illegal accesses to secure

memory should yield zeroed out data, but not necessarily cause the ARM926EJ-S to enter the ABORT
mode.

Features
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Abort tracking can also be enabled separately on the -AHB. When enabled, The AAPE overrides aborted
instruction fetches with the SWI (Software Interrupt) instruction or the Undefined Java byte code.
However, no abort forcing is done by the AAPE for instruction fetches that terminate in AHB error
responses. There is no latching of the address that has the AHB ERROR response.

11.2 Memory Map and Register Definition

The AAPE module has three registers: the control register, the status register, and the abort address register
(read-only). The registers are IP bus compliant. Read and write transfers both require one IP bus clock
cycle. The registers can only be accessed in supervisor mode. Additionally, these registers can only be read
from or written to by 32-bit accesses. User mode, byte and half-word accesses result in a transfer error.

The registers are fully decoded. Write accesses to unimplemented locations within the AAPE result in a
transfer error. Read accesses to unimplemented locations within the AAPE do not return an error response
but return all Os as read data.

This section includes the module memory map and detailed descriptions of all registers. For the base
address of a particular module instantiation, see the system memory map.

11.2.1 Memory Map

The memory map for the AAPE program-visible registers is show in Table 11-1.
Table 11-1. AAPE Memory Map

Base Address Register Access | Reset Value Section/Page
Offset
0x000 Abort Control Register (ABCNTL) R/W 0x0000_0000 11.2.3.1/11-5
0x004 Abort Status Register (ABSR) R/W 0x0000_0000 11.2.3.2/11-6
0x008 Abort Address Register (ABDADR) R 0x0000_0000 11.2.3.3/11-7
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11.2.2 Register Summary

Table 11-2 is the register summary table.

Table 11-2. AAPE Register Summary

Name 31 26 25 24 17| 16 |15 10 9 8 7 1 0

ABCNTL
($BASE+|R| 0O |0O|O|O|0O]|O o(ojojojojofojojf o (of0|j0j0|0O|O 0(oj0|0|0|0OfO| O
0x000) IAOEN DAOEN | DAGEN

ABSR
($BASE+|R|0|0|0|0|l0|0| 0 |0]|0|0|O|O|O|O]|O o|lolololo|o]| o o |o|lololo|o]o]o
0x004) IAB DAB

ABDADR
($BASE + | R DABORTADDR

0x008)

11.2.3 Register Descriptions
This section provides detailed descriptions of the AAPE registers.

Register conventions: Figure 11-2 and Table 11-3 explain conventions used in register diagrams and
tables.

Always| 1 | Always| 0 | R/W BIT Read- | BIT | Write- Write 1| BIT Read| rtc |Self-clear| 0 |[N/A
reads 1 reads 0 bit only bit only bit BIT |0 clear wic to clear BIT bit BIT

Figure 11-2. Register Field Conventions

Table 11-3. General Register Conventions

Convention Description

Depending on its placement in the read or write row, indicates that the bit is not readable or not writable.

BIT Bit or field name. lts presence in the read or write row indicates that it can correspondingly be read or written.

Register Field Types

R Read only. Writing this bit has no effect.

w Write only.
R/W Standard read/write bit. Only software can change the bit’s value (other than a hardware reset).
rwm A read/write bit that may be modified by hardware in some fashion other than by a reset.
wic Write one to clear. A status bit that can be read, and is cleared by writing a one.

rtc Read to clear. A read-only status bit that is automatically cleared when read.

Self-clearing bit | Writing a one has some effect on the module, but it always reads as zero. (Previously designated slfclr)
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Table 11-3. General Register Conventions (continued)

Convention Description

Reset Values

0 Resets to 0 (zero).

1 Resets to 1 (one).

— Undefined at reset.

u Unaffected by reset.

[signal_name] | Reset value is determined by polarity of indicated signal.

11.2.3.1  Abort Control Register (ABCNTL)

The AAPE abort control register (ABCNTL) enables the abort tracking logic and data override for the
I-AHB and D-AHB busses. Figure 11-3 shows the register. Table 11-4 describes the register fields.

Offset 0x0000 Access: Supervisor read / write’
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Rl O 0 0 0 0 0 ||AOE| O 0 0 0 0 0 0 0 0
w N

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R O 0 0 0 0 0 |DAOE|DAGE| O 0 0 0 0 0 0
w N N

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 11-3. ABCNTL Register Diagram

Table 11-4. ABCNTL Register Field Description

Field Description

31-26 Reserved

25 I-AHB Aborted RDATA Override Enable. This bit is cleared by Reset or by writing a 0 to the bit. Setting this bit
IAOEN enables the I-AHB abort tracking engine and the override of the RDATA bus when a I-AHB abort of
cacheable/bufferable data occurs.

For an aborted cacheable/bufferable fetch the value sent to the I-Cache depends on the operating mode of
the ARM926EJ-S core. In THUMB mode, the value sentis a THUMB SWI #16 (0xDF10) on both halves of the
aape_ihrdata bus. In ARM mode, the value sent is an ARM SWI #16 (OxEF000010). In Java mode, the value
sent is the byte code OxFF on both halves of the aape_ihrdata bus

0 I-AHB abort tracking and aborted RDATA Override disabled.

1 I-AHB abort tracking and aborted RDATA Override enabled.

24-10 Reserved
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Table 11-4. ABCNTL Register Field Description (continued)

Field Description

9 D-AHB Aborted RDATA Override Enable. This bit is cleared by Reset or by writing a 0 to the bit. Setting this
DAOCEN bit enables the D-AHB abort tracking engine, and drive 0s on the aape_dhrdata bus when a D-AHB abort of
cacheable/bufferable data occurs, but does not enable the assertion of aape_dabort.

For an aborted cacheable/bufferable access the value sent to the D-Cache is all O’s.
0 D-AHB abort tracking and aborted RDATA Override disabled.
1 D-AHB abort tracking and aborted RDATA Override enabled.

8 D-AHB Abort Cache Override Enable. This bit is cleared by Reset or by writing a 0 to the bit. Setting this bit
DAGEN enables the D-AHB abort tracking engine. The AAPE generates assert aape_dabort which is ORed with the
abort from the D-Cache when a D-AHB abort occurs on a cacheable/bufferable access.

0 D-AHB abort tracking disabled.
1 D-AHB abort tracking and abort forcing enabled.

7-0 Reserved

11.2.3.2 Abort Status Register (ABSR)

The AAPE abort status register (ABSR) has two bits to flag the occurrence of ERROR responses on the
I-AHB and D-AHB busses. The IAB status bit is set when an ERROR response occurs on the I-AHB bus
for a bufferrable/cacheable read access, provided that bit IAOEN of the ABCNTL register is set. Once set,
IAB stays set until cleared by a Reset condition or by writing a 1 to the bit.

Similarly, the DAB status bit is set when an ERROR response occurs on the D-AHB bus for a
bufferable/cacheable read access, provided that either DAOEN or DAGEN bit or both in the ABCNTL
register is set. Once set DAB stays set until cleared by a Reset condition or by writing a 1 to the bit.
Figure 11-4 shows the register. Table 11-5 describes the register fields.

Offset 0x0004 Access: Supervisor read / write’
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 IAB
w wic

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 DAB
W wic

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 11-4. ABSR Register Diagram
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Table 11-5. ABSR Field Descriptions

Field Description
31-16 Reserved
16 I-AHB Abort indicator. Indicates that a cacheable or bufferable abort occurred on the I-AHB. Reset and writing
IAB a 1 to this bit clears it.
0 Normal
1 I-AHB cacheable or bufferable access abort occurred
15-1 Reserved
0 D-AHB Abort indicator. Indicates that a cacheable or bufferable abort occurred on the D-AHB. Reset and
DAB writing a 1 to this bit clears it.
0 Normal
1 D-AHB cacheable or bufferable access abort occurred
11.2.3.3 Abort Address Register (ABDADR)

The D-AHB Abort Address Register (ABDADR) records the address of D-AHB cacheable or bufferable
accesses that terminate with an AHB ERROR response when either or both DAOEN or DAGEN bits of
the ABCNTL register is set. It can only be updated with an address that generated the abort if the DAB
flag in the ABSR register is in the cleared state when the aborted access occurs. Once the address is
captured (the DAB flag in ABSR is also set then), it remains until the DAB flag in the ABSR register is
cleared by software writing a 1 to it. After the DAB flag is cleared this register is then allowed to latch the
address of the next aborted access. This register reads Os when the DAB bit is cleared. Writing to this
register has no effect. This read-only register is cleared on reset. Figure 11-5 shows the register. Table 11-6
describes the register fields.

Offset 0x0008

31 30 29 25 24 ‘ 23 22
R DABORTADDR([31:16]

Access: Supervisor read

20 ‘ 19 18 17 16

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 11-5. ABDADR Register Diagram

Table 11-6. ABDADR Field Description

Name Description
31-0 D-AHB Abort Address. Address of the first D-AHB aborted access before the DAB bit in the ABSR register
DABORTADDR |is set. The address can only be latched if either or both DAOEN or DAGEN bits in ABCNTL is set and the

DAB flag in ABSR register is cleared.
This value remains until the DAB bit is cleared. When DAB is cleared, these bits read as 0s until the next
occurrence of an abort data access, when the corresponding address is latched.
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11.3 AAPE Functional Description

11.3.1 D-AHB Abort Tracking, Abort Forcing, and Data Override

Abort tracking on the D-AHB is enabled by setting either the DAOEN or DAGEN bit in the ABCNTL
register. Abort forcing is enabled by setting the DAGEN bit. Setting the DAOEN bit enables the data
override function on the D-AHB.

11.3.1.1 D-AHB Abort Tracking

The AAPE performs abort tracking on the D-AHB by:
* Identifying “taken” cacheable and/or bufferable accesses on D-AHB through the decoding of
dhprot[3:2] (either or both signals asserted), dhtrans[1] (asserted), and dhready (asserted),
* Identifying whether the access terminates with AHB ERROR monitoring the assertion of dhresp0,
* Setting the DAB abort flag DAB in the ABSR if an AHB ERROR occurs,

» Updating the ABDADR register with the address of the “taken” and aborted data access. A new
address can only be latched if the DAB bit has been cleared previously.

11.3.1.2 Abort Forcing On Aborted D-AHB Accesses

If abort forcing is enabled and abort tracking indicates a D-AHB ERROR response, the AAPE asserts the
aape_dabort signal until the ARM926EJS recognizes the abort and enters the abort mode. The abort
handler software can subsequently read the ABDADR register to obtain the address of the aborted data
access. The handler should also check the setting of DAB status flag, then clear it by writing a 1 to this bit.
Clearing the DAB bit allows a subsequent aborted address to be latched in the ABDADR register. Reading
the ABDADR register has no effect on the DAB status bit.

11.3.1.3 D-AHB Abort Data Override

If the data override function is enabled and abort tracking indicates a D-AHB ERROR response, the AAPE
drives zeros on the aape_dhrdata bus, that is, returning zeros to the aborted read access. This data
conforms to the normal set up and hold timing of the D-AHB bus. For reads that terminate normally, the
AAPE allows the value on the dhrdata data bus to flow through to the aape_dhrdata bus.

11.3.2 |-AHB Abort Tracking and Data Override

The abort tracking and data override functions on the I-AHB is enabled by setting the IAOEN in the
ABCNTL register.
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11.3.2.1 I-AHB Abort Tracking

The AAPE performs abort tracking on the I-AHB by the following:

* Identifying cacheable and/or bufferable accesses on I-AHB through the decoding of ihprot[3:2]
(either or both signals asserted), ihtrans[1] (asserted), and ihready (asserted),

* Identifying whether the access terminates with AHB ERROR monitoring the assertion of ihresp0,
* Setting the IAB abort flag in the ABSR register.

11.3.2.2 |I-AHB Abort Data Override

If abort tracking indicates an [-AHB ERROR response, the AAPE drives an SWI instruction on the
aape_ihrdata bus. Depending on the current mode of the ARM926EJ-S, a 32- bit SWI (ARM mode), two
16-bit SWI instructions for the upper and lower half words (THUMB), or four undefined instructions
(OxFF) are generated for each byte lane.

The ARM SWTI has the opcode value OXEF occupying bits [31:24], and a value of 16 in the comment field
(bits [23:0]. The THUMB SWI has the opcode value OxDF occupying bits [15:8], and a value of 16 in the
comment field (bits [7:0]). When the SWI is eventually executed, the handler software loads the SWI
instruction and extract the comment value to identify an instruction fetch abort and branch to the proper
handler for further processing.

The following two code snippets illustrate how the SWI might be processed. The difference between the
two examples is due to the presence or absence of the ROMPATCH module which also makes use of the
SWI mechanism to perform opcode patching operations. The comment field values used by the
ROMPATCH range from O to 15.

11.3.2.2.1 Software Response to I-AHB Abort (No ROMPATCH Present)

stmfd sp!, {rO-r1,Ir}@ push register onto SWI stack

mrs rO, spsr @ get saved status register

tst ro, #0x20@ check if call was in THUMB mode

Idrneh  rO, [Ir,#-2]0@ yes: load opcode half-word and

bicne ro, r0, #OxFFOO@ yes: extract THUMB comment

Idreq rO, [Ir,#-4]@ no: load opcode word and

biceq rO, r0, #0xFFO00000@ no: extract ARM comment
@ now rO has comment field

cmp rO, #16 @ compare to 16

ldreq rl, =iahb_abort_hdler@ = 16: pointer to I-AHB abort handler

Idrne rl, =swi_hdler@ '= 16: pointer to standard SWI

@ handler
mov Ir, pc @ !'= 16: set link register
bx rl @ '= 16: jump to standard SWI
@ handler

ldmfd sp!, {rO-rl,pc}™@ '= 16: pop registers from stack

11.3.2.2.2 Software Response to I-AHB Abort (ROMPATCH Present)

stmfd sp!, {rO-r1,Ir}@ push register onto SWI stack
mrs rO, spsr @ get saved status register

tst ro, #0x20@ check if call was in THUMB mode
Idrneh  rO, [Ir,#-2]0@ yes: load opcode half-word and
bicne ro, r0, #OxFFOO@ yes: extract THUMB comment
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Idreq
biceq

cmp
ldrit

Idrit

strit

Idmltfd

Idreq
ldrgt

mov
bx

Idmfd

ro,
ro,

ro,
Ir,

rl,

ril,

sp!

[Ir,#-4]@ no: load opcode word and

r0, #OxFFOO0000@ no: extract ARM comment
@ now rO has comment field

#16 @ compare to 16

=rompatch_tbl_prt@ < 16: get top of current ROMPATCH
@ table; global variable which is
@ changeable per context

[Ir, rO Isl #2]@ < 16: read function pointer from
@ table assumed an array of pointers
@ patch functions

[sp, #8]@ < 16: store function pointer onto
@ stack in position of link register

, {ro-rl,pc}™@ < 16: "fake" return from SWI, will
@ vector core to appropriate patch
@ function and set core back to previous
@ mode of operating

rl, =iahb_abort_hdler@ = 16: pointer to I-AHB abort handler

rl,

Ir,

ri

sp

=swi_hdler@ > 16: pointer to standard SWI
@ handler

pc @ > 16: set link register
@ > 16: jump to standard SWI
@ handler

I, {rO-rl,pc}™@ > 16: pop registers from stack
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Chapter 12
Advanced Technology Attachment (ATA)

12.1 Overview

The ATA block is an AT attachment host interface, which is compatible with the ATA-6 standard. Its main
use is to interface with IDE hard disc drives and ATAPI optical disc drives. It interfaces with the ATA
device over a number of ATA signals.

See Figure 12-1 for the block diagram of the ATA interface.
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- —»ata_reset_b
Timing ATA - ata_dior
Parameters Protocol | g ata_diow
Engine -y ata_cs1
— = ata_csO
—» ata_da2
Control —» ata_dat
DMA Register | | —» ata_da0
Bus | > <€«— ata_dmargq
Bus | Interrupt » ata_dmack
Interface <& |nterface -€—ata_intrq
<€— ata_iordy
(B?PU ) FIFO <> ata_data[15:0]
us control —» ata_buffer_en
<—|_> FIFO
128 bytes
<>  ADMA V V
control <>
AHB AHB
Slave® > Interface AHB_DMACTRL_INF
> DMA ke
control

Figure 12-1. ATA Interface Block Diagram

In Figure 12-1, the CPU and DMA buses communicate with the host processor and host DMA unit,
respectively. The AHB bus enables direct transfers to and from external memory. All internal registers are
visible from both the CPU and DMA buses, allowing smart DMA access to program the interface.

Two access modes are possible over the ATA bus: PIO mode and DMA mode. There are also two types of
DMA mode: DMA slave mode (controlled by the host DMA) and DMA master mode (controlled by the
internal DMA master). See Section 12.1.2, “Modes of Operation,” for more information about these access
modes.
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12.1.1 Features

The ATA interface includes the following features:
» Programmable timing on the ATA bus. Works with a wide range of bus frequencies.
Compatible with ATA-6 specification

— Supports PIO modes 0-4
— Supports multiword DMA (MDMA) modes 0, 1, and 2
— Supports ultra DMA (UDMA) modes 0-4 with a bus clock of at least 50 MHz
— Supports ultra DMA (UDMA) mode 5 with a bus clock of at least 80 MHz
» 128-byte FIFO included within the interface
* FIFO receive, transmit, and end-of-transmission alarms to DMA unit
o Zero-wait cycles transfer between DMA bus and FIFO (enables fast FIFO reads/writes)
» Supports AMBA 2.0 specification
* Supports 32-bit system memory addressing
* Supports DMA reads/writes by IPS bus (DMA slave mode)
» Supports single DMA reads and writes by the AHB bus (DMA master mode)
» Supports scatter-gather (ADMA) DMA reads and writes by the AHB bus (DMA master mode)
» Supports 4-words burst length set by software

12.1.2 Modes of Operation

The interface offers two alternative modes of operation, PIO mode and DMA mode (which includes DMA
slave and DMA master modes).

12.1.2.1 PIO Mode

An access to the ATA bus in PIO mode occurs whenever an ATA PI1O register is read or written to by the
host CPU or the host (smart) DMA unit. During a PIO transfer, the incoming IP bus cycle is translated to
an ATA PIO bus cycle by the ATA protocol engine. No buffering of data occurs, so the host CPU or host
DMA cycle is stalled until the ATA bus read data is available on read, or is stalled until the IP bus data can
be put on the ATA bus during a write.

P10 accesses can be made at any time, even during a running ATA DMA transfer. In this case, the DMA
transfer is paused, the PIO cycle is completed, and the DMA transfer is resumed.

12.1.2.2 DMA Mode

In DMA mode, data is transferred between the ATA bus and the FIFO. Two different DMA protocols are
supported on the ATA bus: ultra DMA (UDMA) mode and multiword DMA (MDMA) mode. These are
described in more detail in the sections indicated below.

In DMA mode transfers, data is transferred between the ATA bus and the FIFO. Either the host smart DMA
unit or the internal DMA master is responsible to write/read data to/from the FIFO to keep the transfer
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going. The case where the smart DMA unit is responsible is designated as DMA slave mode; while the
case where the internal DMA master is responsible is designated as DMA master mode.

In DMA slave mode, the fifo_rcv_alarm and fifo_tx_alarm signals are sent to the host DMA unit to avoid
FIFO overflow and underflow, respectively. An additional alarm signal (fifo_txfer_end_alarm) signals the
end of the transfer to the smart DMA, which then completes the transfer and informs the CPU. Further
details on these alarm signals are given in Section 12.4.3.6, “FIFO Alarm Register (FIFO_ALARM).”

In DMA master mode, prior to transfer, the DMA master must be programmed with the burst length, DMA
system start base address or ADMA descriptor table start address (if a descriptor table has been prepared),
and DMA mode. DMA transfer to the AHB bus is initiated when the DMA master receives the
sys_dma_req signal. Further details on DMA master mode operation are given in Section 12.5.6, “Using
DMA Master Mode to Receive Data From the ATA Bus,” and Section 12.5.7, “Using DMA Master Mode
To Transmit Data to the ATA bus.”

The typical packet size is 32 bytes (8 32-bit words), but other packet sizes can also be handled.

Further details on DMA mode may be found in the following sections:
* Section 12.5.4, “Receiving Data from ATA Bus in DMA Slave Mode”
» Section 12.5.5, “Transmitting Data to ATA Bus in DMA Slave Mode”
e Section 12.5.6, “Using DMA Master Mode to Receive Data From the ATA Bus”
e Section 12.5.7, “Using DMA Master Mode To Transmit Data to the ATA bus”

12.2 External Signal Description

Table 12-1 lists the signals between this module and peripherals within the chip.
Table 12-1. Signal Properties

Name Function Reset State Type
ata_reset_b ATA bus reset signal. Active low. If active, the ATA device is reset’. 0 out
ata_dior ATA bus read strobe 1 out
ata_diow ATA bus write strobe 1 out
ata_cs1 ATA bus chip select 1 1 out
ata_csO ATA bus chip select 0 1 out
ata_da2 ATA bus address line 2 0 out
ata_da1 ATA bus address line 1 0 out
ata_da0O ATA bus address line 0 0 out
ata_dmarq ATA bus DMA request — in
ata_dmack ATA bus DMA acknowledge 1 out
ata_intrq ATA bus interrupt request — in
ata_iordy ATA bus iordy — out
ata_data[15:0] | ATA data bus (little-endian) Hi-z tristate in-out
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This signal is a standard ATA bus signal. It conforms with the ATA specification.

12.2.1 Signal Descriptions
For a detailed description of the ATA bus signals, see the ATA-6 specification.

12.2.1.1 ata_reset_b (out)

When negated, the ATA reset signal indicates the ATA bus is in reset state. The ATA bus is in reset
whenever the appropriate bit in the control register is cleared. After system reset, the ATA bus is reset.
12.2.1.2 ata_dior (out)

During PIO and MDMA transfers, the DIOR ATA signal functions as a read strobe. During UDMA data
in bursts, it functions as HDMARDY. During UDMA data out burst mode, it functions as host strobe.
12.2.1.3 ata_diow (out)

During P10 and MDMA transfers, the DIOW ATA signal functions as a write strobe. During UDMA burst
mode, it is used by the host terminate running UDMA transfers.

12.2.1.4 ata_cs0, ata_cs1, ata_da2, ata_dal, ata_da0 (out)

The address group of the ATA bus consists of the chip selects ata_cs0 and ata_cs1, and the address lines
ata_da2, ata_dal, and ata_da0. All five lines follow the same timing.

12.2.1.5 ata_dmarq (in)

The ATA bus device DMA request is pulled high by the device if it wants to transfer data using MDMA
or UDMA mode.

12.2.1.6 ata_dmack (out)

The ATA bus host DMA acknowledge is pulled low by the host when it grants the DMA request.

12.2.1.7 ata_intrq (in)
The ATA bus interrupt request is pulled high by the device whenever it wants to interrupt the host CPU.

12.2.1.8 ata_iordy (in)

The ATA bus IORDY line has three functions:
* IORDY—Active low, wait during PI1O cycles
« DDMARDY—Active low, device ready during UDMA out-transfers
* DSTROBE—Device strobe during UDMA in-transfers
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12.2.1.9

ata_data[15:0] (infout—tristate)

The ATA data bus signal carries data to/from the ATA device.

12.2.1.10 ata_buffer_en

When the buffer direction control signal is asserted, data is driven outward to the device; when negated,
data is driven inward to the host.

12.2.2 ATA Bus Timing

This section describes the ATA bus timing and explains how to ensure that the ATA interface meets timing
requirements. Timing diagrams and timing relation equations are provided.

12.2.2.1

Timing Parameters

Table 12-2 shows the ATA timing parameters and their determining factors. Determining factors include
the system design, the bus buffer used, the cable delay and the cable skew.

Table 12-2. Timing Parameters

Name Meaning Controlled by
T Bus clock period clock generator
ti_ds Set-up time ata_data to ata_iordy edge (UDMA-in only) top level design
ti_dh hold time ata_iordy edge to ata_data (UDMA-in only) top level design
tco propagation delay bus clock L-to-H to top level design
ata_cs0, ata_cs1, ata_da2, ata_da1, ata_da0, ata_dior, ata_diow, ata_dmack, ata_data,
ata_buffer_en
tsu set-up time ata_data to bus clock L-to-H top level design
tsui set-up time ata_iordy to bus clock H-to-L top level design
thi hold time ata_iordy to bus clock H to L top level design
tskew1 Max difference in propagation delay bus clock L-to-H to any of following signals top level design
ata_cs0, ata_cs1, ata_da2, ata_da1, ata_da0, ata_dior, ata_diow, ata_dmack, ata_data (write),
ata_buffer_en
tskew?2 Max difference in buffer propagation delay for any of following signals transceiver
ata_cs0, ata_cs1, ata_da2, ata_da1, ata_da0, ata_dior, ata_diow, ata_dmack, ata_data (write),
ata_buffer_en
tskew3 Max difference in buffer propagation delay for any of following signals ata_iordy, ata_data (read) | transceiver
touf Max buffer propagation delay transceiver
tcable1 cable propagation delay for ata_data cable
tcable2 cable propagation delay for control signals ata_dior, ata_diow, ata_iordy, ata_dmack cable
tskew4 Max difference in cable propagation delay between ata_iordy and ata_data (read) cable
i.MX25 Multimedia Applications Processor Reference Manual, Rev. 2
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Table 12-2. Timing Parameters (continued)

Name Meaning Controlled by

tskew5 Max difference in cable propagation delay between (ata_dior, ata_diow, ata_dmack) and cable
ata_cs0, ata_cs1, ata_da2, ata_dal, ata_da0, ata_data (write)

tskew6 Max difference in cable propagation delay without accounting for ground bounce cable

12.2.2.2 PIO Mode Timing

12.2.2.2.1 PIO Read Mode Timing

A timing diagram for PIO read mode is given in Figure 12-2.

Lot tor 9

ADDR _ N i
(See note 1)

DIOR

" 4,16
READ Data(15:0) PRI

IORDY 777777
IORDY AN ./I: rd

Figure 12-2. PIO Read Mode Timing

To meet timing requirements, a number of timing parameters must be controlled. Table 12-2 shows
relations between different timing parameters, and identifies parameters in the ATA timing registers which
may be programmed by the user to satisfy timing constraints (see Section 12.4.3.2, “Timing Registers”).

In Table 12-2 (and Table 12-3 below), the first column lists parameters from the ATA specification; the
second column refers to timing parameters shown in Figure 12-2; the third column shows the relation
between these timing parameters and programmable values; and the fourth column identifies the registers
that may be programmed to meet the timing relations.

Table 12-3. Timing Parameter Relations for PIO Read

ATA PIO Read
Mode Timing Relation Programmable Register
Parameter 1
Parameter
t1 t1 t1(min) =time_1 * T - (tskew1 + tskew2 + tskew5) time_1
t2 (read) t2r t2(min) = time_2r * T - (tskew1 + tskew2 + tskew5) time_2r
t9 t9 t9(min) =time_9 * T - (tskew1 + tskew2 + tskew6) time_9
t5 t5 t5(min) = tco + tsu + tbuf + tbuf+ tcable1 + tcable2 time_2 (affects tsu and tco)
tA tA tA(min) = (1.5 + time_ax) * T - (tco + tsui + tcable2 + tcable2 + 2*tbuf) | time_ax
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Table 12-3. Timing Parameter Relations for PIO Read (continued)

ATA PIO Read
Mode Timing Relation Programmable Register
Parameter 1
Parameter
trd trd1 trd1(max) = (-trd)+ (tskew3 + tskew4) time_pio_rdx
trd1(min) = (time_pio_rdx - 0.5)*T - (tsu + thi)
(time_pio_rdx - 0.5) * T > tsu + thi + tskew3 + tskew4
t0 — tO(min) = (time_1 + time_2r+ time_9) * T time_1, time_2r, time_9

1 See Figure 12-2.

12.2.2.2.2

PIO Write Mode Timing

A timing diagram for PIO write mode is given in Figure 12-3.

ADDR
(See note 1)

o

DIOR \Xl
DIOW
buffer_en N
Write Data(15:0) B
ton
tA 1B [t4|toff| t1

IORDY /

IORDY VWA NN

Figure 12-3. PIO Write Mode Timing

Table 12-4 shows relations between timing parameters, and identifies parameters in the ATA timing
registers which may be programmed by the user to meet timing constraints (see Section 12.4.3.2, “Timing

Registers™).
Table 12-4. Timing Parameters Relations for PIO Write
ATA PIO Write Mode Timing . Programmable
1 Relation
Parameter Parameter Value
t t1 t1(min) =time_1 * T - (tskew1 + tskew2 + tskew5) time_1
t2 (write) 2w t2(min) = time_2w * T - (tskew1 + tskew2 + tskew5) time_2w
19 t9 t9(min) =time_9 * T - (tskew1 + tskew2 + tskew6) time_9
13 — t3(min) = (time_2w - time_on)* T - (tskew1 + tskew2 +tskew5) if not met,
increase
time_2w
t4 t4 t4(min) = time_4 * T - tskew1 time_4
tA tA tA = (1.5 + time_ax) * T - (tco + tsui + tcable2 + tcable2 + 2*tbuf) | time_ax
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Table 12-4. Timing Parameters Relations for PIO Write (continued)

ATA PIO Write Mode Timing . Programmable
1 Relation
Parameter Parameter Value
t0 — to(min) = (time_1 + time_2 + time_9) * T

time_1,time_2r,
time_9

Avoid bus contention when switching buffer on by making ton
long enough

Avoid bus contention when switching buffer off by making toff
long enough

T See Figure 12-3.

12.2.2.3 Timing in Multiword DMA (MDMA) Mode
Figure 12-4 and Figure 12-5 show read and write timings respectively for MDMA mode.

—

k1

DMARQ / \
ADDR o
(See note 1) A%Y, M
DMACK
DIOR —

READ Data(15:0)

_\_/ N S
‘tm‘ td Ekjn

XX

tk
Rl
te XX
tor tfr

Figure 12-4. MDMA Read Timing

—
~
-

DMARQ _ /

ADDR ,,
(See note 1) VA%Y,

DMACK

buffer_en

DIOW

tm | ton td1

tkjn

Write Data(15:0)

Figure 12-5. MDMA Write Timing

To meet timing requirements for MDMA mode, a number of timing parameters must be controlled.
Table 12-5 shows the relations between different timing parameters, and identifies parameters in the ATA
timing registers which may be programmed by the user to satisfy timing constraints (see Section 12.4.3.2,

“Timing Registers”).
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In Table 12-5, the first column lists parameters from the ATA specification; the second column refers to
timing parameters shown in Figure 12-4 and Figure 12-5; the third column shows the relation between

these timing parameters and programmable values; and the fourth column identifies the registers which
may be programmed to meet timing constraints.

Table 12-5. Timing Parameter Relations for MDMA Read and Write

toff

toff = time_off * T - tskew1

ATA MDMA Read Timing' and . Programmable
Parameter MDMA Write Timing? Relation Value
tm, ti tm tm(min) = ti(min) = time_m * T - (tskew1 + tskew2 + tskew5) |time_m
td td, td1 td1(min) = td(min) = time_d * T - (tskew1 + tskew2 + tskew6) |time_d
tk tk3 tk(min) = time_k * T - (tskew1 + tskew2 + tskew6) time_k
t0 — tO(min) = (time_d + time_k) * T time_d, time_k
tg (read) tgr tgr(min-read) = tco + tsu + tbuf + tbuf + tcable1 + tcable2 time_d
tgr(min-drive) = td - te(drive)
tf (read) tfr tfr(min) =5 ns (met by design)
tg(write) — tg(min-write) = time_d * T -(tskew1 + tskew2 + tskew5) time_d
tf(write) — tf(min-write) = time_k * T - (tskew1 + tskew?2 + tskew6) time_k
tL — tL(max) = (time_d + time_k-2)*T - (tsu + tco + 2*tbuf + time_d, time_k*
2*tcable2)
tn, {j tkjn tn=tj= tkjn = time_jn * T - (tskew1 + tskew2 + tskew6) time_jn
— ton ton =time_on * T - tskew1 —

1 See Figure 12-4.
2 See Figure 12-5.
3 tk1 in the MDMA figures (Figure 12-4 and Figure 12-5) equals (tk -2*T)
4 tk1 in the MDMA figures equals (tk -2*T)
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12.2.2.4 Timing for Ultra DMA (UDMA) Data In-Transfers
Figure 12-6 shows timing for the start of a UDMA data in-transfer.

tack

oo

DMARQ

DMACK

tenv

DIOR
DIOW

tcl tc1

IORDY

DATA READ X X XX
S tdh

td
Figure 12-6. Timing for Start of UDMA Data In-transfer

Figure 12-7 shows timing for host termination of a UDMA data in-transfer.

ADDR
DMARQ tack

DMACK

DIOR .

DIOW

te1 | tel | tx1 . mhi
IORDY )
tmli
DATA READ XX XX < >
tds tdh tzah
| tzah | ‘ton‘t‘dzf§ ‘tcvh ‘IAtoff‘I

DATA WRITE F—L

buffer_en

Figure 12-7. Timing for Host Termination of UDMA Transfer
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Figure 12-8 shows timing for device termination of a UDMA data in-transfer.

ADDR
DMARQ

DMACK

tack

DIOR

DIOW

IORDY
DATA READ

DATA WRITE

buffer_en

tmli

el tel tss1| HiS

X:X X:X . tmli N

tdh tzah

tds

ton tdzfs toff

tcvh O |

tzah |

Figure 12-8. Timing for Device Termination of a UDMA Transfer

—

Timing parameters for UDMA data in-bursts are listed in Table 12-6. The UDMA in-burst timing
parameters listed in the second column refer to Figure 12-6 through Figure 12-8.

Table 12-6. Timing Parameter Relations for UDMA Data In-Bursts

ATA Parameter TilrJ|1[i)r':ngAPI:r-:rLrl|‘:tter Relation Prog\r,:lrlr;r:able
tack tack tack(min) = (time_ack * T) - (tskew1 + tskew?2) time_ack
tenv tenv tenv(min) = (time_env * T) - (tskew1 + tskew2) time_env

tenv(max) = (time_env * T) + (tskew1 + tskew2)

trp trp trp(min) = time_rp * T - (tskew1 + tskew2 + tskew6) time_rp

— tx11 (time_rp * T) - (tco + tsu + 3T + 2 *tbuf + 2*tcable2) > trfs (drive) | time_rp

tmli tmlil tmli1(min) = (time_mlix + 0.4) * T time_mlix
tzah tzah tzah(min) = (time_zah + 0.4) * T time_zah
tdzfs tdzfs tdzfs = (time_dzfs * T) - (tskew1 + tskew2) time_dzfs
tcvh tcvh tcvh = (time_cvh *T) - (tskew1 + tskew2) time_cvh

— ton ton =time_on * T - tskew1 —

toff? toff = time_off * T - tskew1

! Thereisa special timing requirement in the ATA host that requires the internal DIOW to go only high three clocks after the last
active edge on the DSTROBE signal. The equation given on this line tries to capture this constraint.

2 Make ton and toff big enough to avoid bus contention.
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12.2.2.5 Timing for UDMA Data Out-Transfers
Figure 12-9 shows the timing for the start of a UDMA data out-transfer.

tack
ADDR :)E—
DMARQ
DMACK
tenv
DIOW

DIOR (
buffer_en tcyc |teyc

ton tdzfs tdvs ftdvh tdvs ‘

DATA WRITE ‘—(;(XX' - >k‘ t

IORDY e+t — —
S

Figure 12-9. Timing of Start of UDMA Data Out-Transfer

Figure 12-10 shows the timing for host termination of a UDMA data out-transfer.

ADDR
DMARQ tack

DMACK
tss y
DIOW >
DIOR
tcyc |
tli2
tcyc tdzfs_mli | tcvh | toff

DATA WRITE X X

IORDY 1 ti3

buffer_en

N—

Figure 12-10. Timing of Host Termination of UDMA Data Out-Transfer
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Figure 12-11 shows timing for device termination of a UDMA data out-transfer.

ADDR
DMARQ fack |
ti2 RS
DMACK

DIOW
DIOR
P tcyc
tris] tdzfsﬁmlii tcvh toffV
DATA WRITE X X
IORDY
buffer_en -

Figure 12-11. Timing for Device Termination of UDMA Data Out-Transfer

Timing parameters and relations for UDMA data out-bursts are listed in Table 12-7. The UDMA out-burst
timing parameters listed in the second column refer to Figure 12-9, Figure 12-10, and Figure 12-11.

Table 12-7. Timing Parameters and Relations for UDMA Out-Burst

ATA Parameter Tlljlz:\:g g::;bmuerts; r Timing Relation Prog\rlaar;:lr:able
tack tack tack(min) = (time_ack * T) - (tskew1 + tskew2) time_ack
tenv tenv tenv(min) = (time_env * T) - (tskew1 + tskew?2) time_env

tenv(max) = (time_env * T) + (tskew1 + tskew2)
tdvs tdvs tdvs = (time_dvs * T) - (tskew1 + tskew?2) time_dvs
tdvh tdvh tdvs = (time_dvh * T) - (tskew1 + tskew2) time_dvh
tcyc tcyc tcyc =time_cyc * T - (iskew1 + tskew?2) time_cyc
t2cyc — t2cyc =time_cyc*2* T time_cyc
trfs1 trfs trfs = 1.6 * T + tsui + tco + tbuf + tbuf —
— tdzfs tdzfs = time_dzfs * T - (tskew1) time_dzfs
tss tss tss =time_ss * T - (tskew1 + tskew2) time_ss
tmli tdzfs_mli tdzfs_mli =max(time_dzfs, time_mli) * T - (tskew1 + tskew2) —
tli tli1 ti1 >0 —
tli tli2 ti2 >0 —
tli ti3 ti3 > 0 —
tcvh tcvh tcvh = (time_cvh *T) - (tskew1 + tskew2) time_cvh
— ton ton =time_on * T - tskew1 —
toff toff = time_off * T - tskew1
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12.3 Advanced DMA in DMA Master Mode

Two optional DMA algorithms are supported for the Host Controller in DMA master mode:

* Single DMA (SDMA): After an SDMA transfer command is completed, a DMA interrupt is
generated and the new system address is programmed by the Host Driver. The 32-bit System
Address Register is used as a data pointer and limited to 32-bit system memory addressing.

* Advanced DMA (ADMA): ADMA defines a programmable descriptor table in the system
memory. The Host Driver can calculate the system address at the sector boundary and programs
the descriptor table before executing ADMA. This reduces the frequency of interrupts to the host
system, and higher speed DMA transfer is realized because a Host CPU intervention is not needed
during a long DMA-based data transfer. Furthermore, ADMA can support 32-bit or 64-bit system
memory addressing. In ADMA, the 64-bit ADMA System Address Register is used as a Descriptor
pointer instead of the 32-bit System Address Register.

System Address Register is used as Descriptor Pointer.
System Memory
Advanced UMA Descriptor Table
7 i i A /Ler
| System Address Register : Descriptor Pointer ddress/Length Aftributes
Address Tran
| Data Length (Hidden) | Address Tran
Address Link
| Data Address (Hidden) |
DMA INT Address/Length Attnbutes
Address Tran
St t SDMA Transfer complete Data Length Sel
ate z —
3 Block Gap Event Address Tran End
Machine
__.| Page Data |
4 Page Data |
.,JI Page Data |

Figure 12-12. Host Controller Block Diagram
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Address/Page Field Reserved Attribute Filed
31 12 | 11 06 05 04 03 02 01 00
Address or Data Length | 000000 Act2 | Act1 0 Int End | Valid
Act2 Actl Symbol Comment 31-28 | 27 12
1] 0 Nop No Operation Don't Care
0 1 Set Set Data Length 0000 ] Data Length
1 0 Tran Transfer Data Data Address
1 1 Link Link Descriptor Descriptor Address

+«—  20-bit —

Valid Valid=1 indicates this line of descriptor is effective. If Valid=0
generate ADMA Error Interrupt and stop ADMA.
End End=1 indicates to terminate transfer and generates Transfer

Complete Interrupt when this transfer is completed.

Int

INT=1 generates DMA Interrupt when this transfer is completed.

Figure 12-13. 32-Bit Descriptor Table Definition

NOTE

Data length is specified in the same way as the transfer Sector Size of the
Sector Size Register. For example, 0x0001 indicates 1 byte, 0x0200
indicates 512 bytes, and so on. The data length should be a multiple of the

sector size.

| Driver set SYS_ADR |

Power On or Reset or Error /Stop DMN

TFC=1&
(End=1 or STOP=1

Data Transfer

Transfer Data

TFC=
End=08STOP=0

1&

ST STO/ Command Reg. Write or Continue

‘ DAT_LEN=4KB (Com. Reg. Write)

End=18&
Tran=0 Valid=0

Fetch Descn ptor

\T TFR

Terminate transfer when transfer data
length reach to DAT_LEN.
And then set flag TFC=1.

SYS_ADR : System Address Register
SYS_ADR++ : Point to next line.

DAT_ADR : Data Address Register

DAT_LEN : Data Length Register

75 )

Generate ADMA
Error Interrupt

Aahdﬂ

Set Register from Descriptor

Change Address Set > Set DAT_LEN

Always - Set Attributes, TFC=0

Tran or Link > Set DAT_ADR

\ST CAE&

Link >: SYS_ADR=DAT_ADR
others > SYS_ADR++

Figure 12-14. State Diagram for ADMA
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12.4 Memory Map and Register Definitions

1241
Table 12-8 shows the ATA memory map.

Memory Map

Table 12-8. ATA Memory Map

Address Register Description Access C:Ii eet Section/Page
Offset: 00 (TIME_OFF) TIME_OFF transceiver timing parameter. Controls | R/W 0x01 | 12.4.3.2.1/12-24
toff
Offset: 01 (TIME_ON) TIME_ON transceiver timing parameter. Controls R/W 0x01 | 12.4.3.2.2/12-24
ton
Offset: 02 (TIME_1) TIME_1 PIO timing parameter. Controls t1 R/W 0x01 | 12.4.3.2.3/12-25
Offset: 03 (TIME_2W) TIME_2W PIO timing parameter. Controls t2 R/W 0x01 | 12.4.3.2.4/12-25
during write cycles
Offset: 04 (TIME_2R) TIME_2R PIO timing parameter. Controls t2 R/W 0x01 | 12.4.3.2.5/12-25
during read cycles
Offset: 05 (TIME_AX) TIME_AX PIO timing parameter. Controls tA R/W 0x01 | 12.4.3.2.6/12-25
Offset: 06 (TIME_PIO_RDX) TIME_PIO_RDX PIO timing parameter. Controls trd R/W 0x01 | 12.4.3.2.7/12-26
Offset: 07 (TIME_4) TIME_4 PIO timing parameter. Controls t4 R/W 0x01 | 12.4.3.2.8/12-26
Offset: 08 (TIME_9) TIME_9 PIO timing parameter. Controls t9 R/W 0x01 | 12.4.3.2.9/12-26
Offset: 09 (TIME_M) TIME_M MDMA timing parameter. Controls tm R/W 0x01 | 12.4.3.2.10/12-26
Offset: OA (TIME_JN) TIME_JN MDMA timing parameter. Controls tn R/W 0x01 |12.4.3.2.11/12-27
and {j
Offset: 0B (TIME_D) TIME_D MDMA timing parameter. Controls td R/W 0x01 |12.4.3.2.12/12-27
Offset: 0C (TIME_K) TIME_K MDMA timing parameter. Controls tk R/W 0x01 |12.4.3.2.13/12-27
Offset: 0D (TIME_ACK) TIME_ACK UDMA timing parameter. Controls tack | R/W 0x01 |12.4.3.2.14/12-27
Offset: OE (TIME_ENV) TIME_ENV UDMA timing parameter. Controls tenv| R/W 0x01 | 12.4.3.2.15/12-28
Offset: OF (TIME_RPX) TIME_RPX UDMA timing parameter. Controls trp | R/W 0x01 | 12.4.3.2.16/12-28
Offset: 10 (TIME_ZAH) TIME_ZAH UDMA timing parameter. Controls tzah| R/W 0x01 | 12.4.3.2.17/12-28
Offset: 11 (TIME_MLIX) TIME_MLIX UDMA timing parameter. Controls tmli | R/W 0x01 | 12.4.3.2.18/12-28
Offset: 12 (TIME_DVH) TIME_DVH UDMA timing parameter. Controls tdvh | R/W 0x01 | 12.4.3.2.19/12-29
Offset: 13 (TIME_DZFS) TIME_DZFS UDMA timing parameter. Controls tdzfs | R/W 0x01 |12.4.3.2.20/12-29
Offset: 14 (TIME_DVS) TIME_DVS UDMA timing parameter. Controls tdvs | R/W 0x01 |12.4.3.2.21/12-29
Offset: 15 (TIME_CVH) TIME_CVH UDMA timing parameter. Controls tcvh | R/W 0x01 | 12.4.3.2.22/12-29
Offset: 16 (TIME_SS) TIME_SS UDMA timing parameter. Controls tss | R/W 0x01 |12.4.3.2.23/12-30
Offset: 17 (TIME_CYC) TIME_CYC UDMA timing parameter. Controls tcyc | R/W 0x01 | 12.4.3.2.24/12-30

and t2cyc
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Table 12-8. ATA Memory Map (continued)

Address Register Description Access C:I‘Z eet Section/Page
Offset: 1C (FIFO_DATA_16) FIFO_DATA_16 16 bit wide data port to/from FIFO R/W 0x00 | 12.4.3.3.1/12-30
Offset: 18 (FIFO_DATA_32) FIFO_DATA_32 32 bit wide data port to/from FIFO R/W | 0x000 | 12.4.3.3.1/12-30
0

Offset: 20 (FIFO_FILL) FIFO_FILL FIFO filling in halfwords Read | 0x00 | 12.4.3.3.2/12-31
only

Offset: 24 (ATA_CONTROL) ATA_CONTROL ATA interface control register R/W 0x00 12.4.3.4/12-31

Offset: 28 INTERRUPT_ Interrupt pending register Read | Ox1-'| 12.4.3.5.1/12-33

(INTERRUPT_PENDING) PENDING only

Offset: 2C INTERRUPT_ Interrupt enable register RW | 0x0-" | 12.4.3.5.2/12-34

(INTERRUPT_ENABLE) ENABLE

Offset: 30 INTERRUPT_CLEAR Interrupt clear register Write | Ox—' | 12.4.3.5.3/12-35

(INTERRUPT_CLEAR) only

Offset: 34 (FIFO_ALARM) FIFO_ALARM FIFO alarm threshold R/W 0x00 12.4.3.6/12-36

Offset: 38 . Read | 0x00 12.4.3.7/12-36

(ADMA_ERR_STATUS) ADMA_ERR_STATUS ADMA error status register only

Offset: 3C single DMA transfer start base R/W 0x00 12.4.3.8/12-37

(SYS_DMA_BADDR) SYS_DMA_BADDR address

Offset: 40 . R/W 0x00 12.4.3.9/12-38

(ADMA_SYS_ADDR) ADMA_SYS_ADDR | ADMA descriptor table start address

Offset: 48 (BLOCK_CNT) BLOCK_CNT sector number for DMA transfer R/W 0x00 | 12.4.3.10/12-39

Offset: 4C burst length for a burst transfer on R/W 0x10 | 12.4.3.11/12-39

(BURST_LENGTH) BURST_LENGTH AHB

Offset: 50 (SECTOR_SIZE) SECTOR_SIZE sector size for device R/W | 0x200 | 12.4.3.12/12-39

Offset: AO? (DRIVE_DATA) DRIVE_DATA drive data register 16-bit — 12.4.3.13/12-40
RW

Offset: A4 DRIVE_FEATURES drive features register R/W — 12.4.3.13/12-40

(DRIVE_FEATURES)

Offset: A8 DRIVE_SECTOR_CO drive sector count register R/W — 12.4.3.13/12-40

(DRIVE_SECTOR_COUNT) UNT

Offset: AC DRIVE_SECTOR_NU drive sector number register R/W — 12.4.3.13/12-40

(DRIVE_SECTOR_NUM) M

Offset: BO DRIVE_CYL_LOW drive cylinder low register R/W — 12.4.3.13/12-40

(DRIVE_CYL_LOW)

Offset: B4 DRIVE_CYL_HIGH drive cylinder high register R/wW — 12.4.3.13/12-40

(DRIVE_CYL_HIGH)

Offset: B8 DRIVE_DEV_HEAD drive device head register R/W — 12.4.3.13/12-40

(DRIVE_DEV_HEAD)

Offset: BC® DRIVE_COMMAND drive command register Write — 12.4.3.13/12-40

(DRIVE_COMMAND) only
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Table 12-8. ATA Memory Map (continued)
. - Reset .
Address Register Description Access Value Section/Page
Offset: BC DRIVE_STATUS drive status register Read — 12.4.3.13/12-40
(DRIVE_STATUS) only
Offset: D8* DRIVE_ALT_STATUS Drive alternate status register Read — 12.4.3.13/12-40
(DRIVE_ALT_STATUS) only
Offset: D8 DRIVE_CONTROL Drive control register Write — 12.4.3.13/12-40
(DRIVE_CONTROL) only

Dashes in “Reset Value” column indicate that some bits in the register have no reset value.
An access at offset AO reads or writes the 16-bit drive data register.

The drive command and drive status registers are both at offset BC. A write at offset BC accesses the drive command register,
while a read at the same offset accesses the drive status register.

The drive alternate status and drive control registers are both at offset D8. A write at offset D8 accesses the drive control register,
while a read at the same offset accesses the drive alternate status register.

12.4.2 Register Summary

Figure 12-15 shows the key to the register fields and Table 12-9 shows the register figure conventions.

Always| 1 | Always| 0 |R/W|BIT| Read-| BIT | Write- Write 1| BIT |Self-clear| 0 | N/A

reads 1 reads 0 bit only bit only bit to clear bit
BIT wic BIT

Figure 12-15. Key to Register Fields

Table 12-9. Register Figure Conventions

Convention Description

Depending on its placement in the read or write row, indicates that the bit is not readable or not writable.

FIELDNAME | Identifies the field. Its presence in the read or write row indicates that it can be read or written.

Register Field Types

r Read only. Writing this bit has no effect.

w Write only.

Standard read/write bit. Only software can change the bit’s value (other than a hardware reset).

rwm A read/write bit modified by a hardware in some fashion other than by a reset.
wic Write one to clear. A status bit that can be read, and is cleared by writing a one.
sifclr Self-clearing bit. Writing a one has some effect on the module, but it always reads as zero.

Reset Values

0 Resets to zero.

1 Resets to one.

— Undefined at reset.
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Table 12-9. Register Figure Conventions (continued)

Convention

Description

u

Unaffected by reset.

[signal_name]

Reset value is determined by polarity of indicated signal.

Table 12-10 summarizes the ATA registers. The registers at offsets A0 through D8 are addressable, but not
present in the ATA interface module. These registers are not included in Table 12-10—they are described
in Section 12.4.3.13, “Drive Registers Connected to ATA Bus.”

Table 12-10. ATA Register Summary

Name 7

6 5 4 3 1 0

Offset: 00 (TIME_OFF) R TIME_OFF[7:0]
w

Offset: 01 (TIME_ON) R TIME_ON([7:0]
w

Offset: 02 (TIME_1) R TIME_1[7:0]
w

Offset: 03 (TIME_2W) R TIME_2W[7:0]
w

Offset: 04 (TIME_2R) R TIME_2R[7:0]
w

Offset: 05 (TIME_AX) R TIME_AX[7:0]
w

Offset: 06 (TIME_PIO_RDX) R TIME_RDX[7:0]
w

Offset: 07 (TIME_4) R TIME_4[7:0]
w

Offset: 08 (TIME_9) R TIME_9[7:0]
w

Offset: 09 (TIME_M) R TIME_M[7:0]
w

Offset: 0A (TIME_JN) R TIME_JN[7:0]
w

Offset: 0B (TIME_D) R TIME_D[7:0]
w
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Table 12-10. ATA Register Summary (continued)

Name 7 6 5 4 3 2 1 0
Offset: 0C (TIME_K) R TIME_K][7:0]
w
Offset: 0D (TIME_ACK) R TIME_ACK]7:0]
w
Offset: OE (TIME_ENV) R TIME_ENV[7:0]
w
Offset: OF (TIME_RPX) R TIME_RPX[7:0]
w
Offset: 10 (TIME_ZAH) R TIME_ZAH[7:0]
w
Offset: 11 (TIME_MLIX) R TIME_MLIX[7:0]
w
Offset: 12 (TIME_DVH) R TIME_DVH[7:0]
w
Offset: 13 (TIME_DZFS) R TIME_DZFS[7:0]
w
Offset: 14 (TIME_DVS) R TIME_DVS[7:0]
w
Offset: 15 (TIME_CVH) R TIME_CVH][7:0]
w
Offset: 16 (TIME_SS) R TIME_SSJ[7:0]
w
Offset: 17 (TIME_CYC) R TIME_CYC[7:0]fifo_data[15:0]
w
Name 15 | 14 | 13 | 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
Offset: 1C R
(FIFO_DATA_16) W fifo_data[15:0]

i.MX25 Multimedia Applications Processor Reference Manual, Rev. 2

Freescale Semiconductor 12-21



Advanced Technology Attachment (ATA)

Table 12-10. ATA Register Summary (continued)

Name 7 6 5 4 3 2 1 0
31 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 20 | 19 | 18 | 17 | 16
Name
15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0
Offset: 18 R _
(FIFO_DATA_32) W fifo_data[23:16]
R
fifo_data[15:0]
w
Name 7 6 5 4 3 2 1 0
Offset: 20 (FIFO_FILL) R FIFO_FILL[7:0]
w
Name 15 14 13 12 11 10 9 8
Offset: 24 (ATA_CONTROL) R dma_st
dma_sr dma_e
dma_sel art_sto
W st b nable
7 6 5 4 3 2 1 0
R fifo_rst | ata_rst | fifo_tx_ | fifo_rcv dma_ | dma_ul dma_ | iordy_
b b en en | Pend- jtrase-| .0 en
U - - ing | lected
Name 7 6 5 4 3 2 1 0
Offset: 28 (INTERRUPT_PENDING) fifo_ fifo_ | controll dma_tr
ata_ ata_ |dma_er
R intra under- | over- er_ irtrq2 ] ans_ov
A | fow | flow | idle q er
w
Offset: 2C (INTERRUPT_ENABLE) R fifo_ fifo_ | controll dma_tr
ata_ ata_ |[dma_er
intrad under- | over- er_ irtra2 ] ans_ov
w | Intrq flow flow idle q er
Offset: 30 (INTERRUPT_CLEAR) R
fifo_ fifo_ dma_er | dma_tr
W underfl | overflo r ans_ov
ow w er
Offset: 34 (FIFO_ALARM) R FIFO_ALARM[7:0]
w
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Table 12-10. ATA Register Summary (continued)

Name 7 6 5 4 3 2 1 0
adma_|
Offset: 38 (ADMA_ERR_STATUS) en_mis | adma_err_state
w match
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Name
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Offset: 3C R
(SYS_DMA_BAD sys_dma_baddr[15:0]
DR) W
R
sys_dma_baddr[31:16]
w
Offset: 40 R
(ADMA_SYS_AD adma_sys_addr[15:0]
DR) W
R
adma_sys_addr[31:16]
w
Name 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Offset: 48 R
(BLOCK_CNT) block_cnt
w
Offset: 4C R
(BURST_LENGT burst_length[5:0]
H) w
Offset: 50 R _
(SECTOR_SIZE) W sector_size

12.4.3.1

Byte Order

The ATA interface works both in little-endian or big-endian mode. The addresses of all registers are the
same in either mode. The 16-bit and 32-bit registers represent strings of 2 or 4 bytes. The byte order in the
16-bit or 32-bit register is dependent on the mode selection.

» Little-endian mode, 16- or 32-bit register:

— bits [7:0]: byte O
— bits [15:8]: byte 1

12.4.3 Register Descriptions

This section contains the detailed register descriptions for the ATA registers.
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— bits [23:8]: byte 2

— bits [31:24]: byte 3
» Big-endian mode, 32-bit register

— bits [31:24]: byte O
— bits [23:16]: byte 1
— bits [15:8]: byte 2

— bits [7:0]: byte 3
* Big-endian, 16-bit register

— bits [15:8]: byte O
— bits [7:0]: byte 1

12.4.3.2 Timing Registers

The registers at offsets 0x00 through 0x17 contain timing parameters. These timing parameters control the
timing on the ATA bus.

Every timing parameter is 8 bits wide and can assume valid values between 0x01 and OXFF. The reset value
for all registers is 0x01.

12.4.3.2.1 TIME_OFF Register

Figure 12-16 shows the valid bits in the TIME_OFF register, and Table 12-8 describes the bit fields.

Offset: 00 (TIME_OFF) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_OFF[7:0]
w
RESET 0 0 0 o | o 0 0 1

Figure 12-16. TIME_OFF Register

12.4.3.2.2 TIME_ON Register
Figure 12-17 shows the valid bits in the TIME_ON register, and Table 12-8 describes the bit fields.

Offset: 01 (TIME_ON) Access: User read/write
7 6 5 4 3 2 1 0
R TIME_ON([7:0]
W
RESET 0 0 0 0 0 0 0 1

Figure 12-17. TIME_ON Register
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12.4.3.2.3 TIME_1 Register
Figure 12-18 shows the valid bits in the TIME_1 register, and Table 12-8 describes the bit fields.

Offset: 02 (TIME_1) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_1[7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-18. TIME_1 Register

12.4.3.2.4 TIME_2W Register
Figure 12-19 shows the valid bits in the TIME_2W register, and Table 12-8 describes the bit fields.

Offset: 03 (TIME_2W) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_2W([7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-19. TIME_2W Register

12.4.3.2.5 TIME_2R Register
Figure 12-20 shows the valid bits in the TIME_2R register, and Table 12-8 describes the bit fields.

Offset: 04 (TIME_2R) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_2R[7:0]
w
RESET 0 0 0 o | o 0 0 1

Figure 12-20. TIME_2R Register

12.4.3.2.6 TIME_AX Register
Figure 12-21 shows the valid bits in the TIME_AX register, and Table 12-8 describes the bit fields.

Offset: 05 (TIME_AX) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_AX][7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-21. TIME_AX Register

i.MX25 Multimedia Applications Processor Reference Manual, Rev. 2

Freescale Semiconductor 12-25



Advanced Technology Attachment (ATA)

12.4.3.2.7 TIME_PIO_RDX Register
Figure 12-22 shows the valid bits in the TIME_PIO_RDX register, and Table 12-8 describes the bit fields.

Offset: 06 (TIME_PIO_RDX) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_RDX[7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-22. TIME_PIO_RDX Register

12.4.3.2.8 TIME_4 Register
Figure 12-23 shows the valid bits in the TIME_4 register, and Table 12-8 describes the bit fields.

Offset: 07 (TIME_4) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_4[7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-23. TIME_4 Register

12.4.3.2.9 TIME_9 Register
Figure 12-24 shows the valid bits in the TIME_9 register, and Table 12-8 describes the bit fields.

Offset: 08 (TIME_9) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_9[7:0]
w
RESET 0 0 0 o | o 0 0 1

Figure 12-24. TIME_9 Register

12.4.3.2.10 TIME_M Register
Figure 12-25 shows the valid bits in the TIME_M register, and Table 12-8 describes the bit fields.

Offset: 09 (TIME_M) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_M[7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-25. TIME_M
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12.4.3.2.11 TIME_JN Register
Figure 12-26 shows the valid bits in the TIME_JN register, and Table 12-8 describes the bit fields.

Offset: OA (TIME_JN) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_JNJ[7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-26. TIME_JN Register

12.4.3.2.12 TIME_D Register
Figure 12-27 shows the valid bits in the TIME_D register, and Table 12-8 describes the bit fields.

Offset: 0B (TIME_D) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_DI[7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-27. TIME_D Register

12.4.3.2.13 TIME_K Register
Figure 12-28 shows the valid bits in the TIME_K register, and Table 12-8 describes the bit fields.

Offset: 0C (TIME_K) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_K[7:0]
w
RESET 0 0 0 o | o 0 0 1

Figure 12-28. TIME_K Register

12.4.3.2.14 TIME_ACK Register
Figure 12-29 shows the valid bits in the TIME_ACK register, and Table 12-8 describes the bit fields.

Offset: OD (TIME_ACK) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_ACK]7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-29. TIME_ACK Register
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12.4.3.2.15 TIME_ENV Register
Figure 12-30 shows the valid bits in the TIME_ENV register, and Table 12-8 describes the bit fields.

Offset: OE (TIME_ENV) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_ENVI[7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-30. TIME_ENV Register

12.4.3.2.16 TIME_RPX Register
Figure 12-31 shows the valid bits in the TIME_RPX register, and Table 12-8 describes the bit fields.

Offset: OF (TIME_RPX) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_RPX][7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-31. TIME_RPX Register

12.4.3.2.17 TIME_ZAH Register
Figure 12-32 shows the valid bits in the TIME_ZAH register, and Table 12-8 describes the bit fields.

Offset: 10 (TIME_ZAH) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_ZAH][7:0]
w
RESET 0 0 0 o | o 0 0 1

Figure 12-32. TIME_ZAH Register

12.4.3.2.18 TIME_MLIX Register
Figure 12-33 shows the valid bits in the TIME_MLIX register, and Table 12-8 describes the bit fields.

Offset: 11 (TIME_MLIX) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_MLIX[7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-33. TIME_MLIX
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12.4.3.2.19 TIME_DVH Register
Figure 12-34 shows the valid bits in the TIME_DVH register, and Table 12-8 describes the bit fields.

Offset: 12 (TIME_DVH) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_DVH[7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-34. TIME_DVH Register

12.4.3.2.20 TIME_DZFS Register
Figure 12-35 shows the valid bits in the TIME_DZFS register, and Table 12-8 describes the bit fields.

Offset: 13 (TIME_DZFS) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_DZFS[7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-35. TIME_DZFS Register

12.4.3.2.21 TIME_DVS Register
Figure 12-36 shows the valid bits in the TIME_DVS register, and Table 12-8 describes the bit fields.

Offset: 14 (TIME_DVS) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_DI[7:0]
w
RESET 0 0 0 o | o 0 0 1

Figure 12-36. TIME_DVS

12.4.3.2.22 TIME_CVH Register
Figure 12-37 shows the valid bits in the TIME_CVH register, and Table 12-8 describes the bit fields.

Offset: 15 (TIME_CVH) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_CVH[7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-37. TIME_CVH Register
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12.4.3.2.23 TIME_SS Register
Figure 12-38 shows the valid bits in the TIME_SS register, and Table 12-8 describes the bit fields.

Offset: 16 (TIME_SS) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_SSJ[7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-38. TIME_SS Register

12.4.3.2.24 TIME_CYC Register
Figure 12-39 shows the valid bits in the TIME_CY C register, and Table 12-8 describes the bit fields.

Offset: 17 (TIME_CYC) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R TIME_CYCI7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 1

Figure 12-39. TIME_CYC
12.4.3.3 FIFO Data Registers

12.4.3.3.1 FIFO_Data Register in 16-bit and 32-bit Modes (FIFO_DATA_16,
FIFO_DATA_32)

The FIFO_DATA register is used to read or write data to the internal FIFO. It can be accessed as a 16-bit
register or as a 32-bit register. Word writes (respectively long writes) put two bytes (respectively four
bytes) into the FIFO. Word reads (respectively long reads) read two bytes (respectively four bytes) from
the FIFO.

Figure 12-40 shows the valid bits in the FIFO_Data Register in 16-bit mode.

Offset: 1C (FIFO_DATA_16) Access: User read/write
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
FIFO_DATA[15:0]
W
RESET — — — — — — — — — — — — — — — —

Figure 12-40. FIFO_Data Register In 16-bit Mode
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Figure 12-41 shows the valid bits in the FIFO_Data Register in 32-bit mode.

Offset: 18 (FIFO_DATA_32) Access: User read/write
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R
FIFO_DATA[32:16]
w
RESET — — — — — — — — — — — — — — — —
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
FIFO_DATA[15:0]
w
RESET — — — — — — — — — — — — — — — —

Figure 12-41. FIFO_Data Register in 32-bit Mode
12.4.3.3.2 FIFO Fill Register (FIFO_FILL)
FIFO_FILL is a read-only register. Any read returns the current number of halfwords present in the FIFO.
Figure 12-42 shows the valid bits in the FIFO_FILL register.

Offset: 20 (FIFO_FILL) Access: User read-only
7 6 5 4 3 2 1 0
R FIFO_FILL[7:0]
w
RESET 0 0 0 0 0 0 0 0

Figure 12-42. FIFO_FILL Register

12.4.3.4 ATA Control Register (ATA_CONTROL)
Figure 12-43 shows the valid bits in the ATA control register, and Table 12-11 describes the bit fields.

Offset: 24 (ATA_CONTROL) Access: User read/write
15 14 13 12 11 10 9 8
R dma_start_s
dma_srst dma_select N —~ |dma_enable
wW top
RESET: 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R .
fifo_rst_b ata_rst_b | fifo_tx_en | fifo_rcv_en dma__pend dma_ultra_s dma_write iordy_en
w ing elected

RESET: 0 0 0 0 0 0 0 0
Figure 12-43. ATA Control Register
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Table 12-11. ATA Control Register Field Descriptions

Field Description
15-13 N/A
Reserved
12 This field controls if internal DMA controller is in reset or enabled
dma_srst 0 > internal DMA controller normal operation
1 > internal DMA controller reset
11-10 This field controls DMA mode selected
dma_select 00 > Single DMA select
01 > 32-bit ADMA select
10 > 64-bit ADMA select
11 > reserved
9 This field controls DMA master start or stop

dma_start_stop

0 > stop DMA master
1 > start DMA master

8 This field controls DMA master enable
dma_enable 0 > DMA master is disable
1 > DMA master is enable
7 This field controls the internal FIFO reset
fifo_rst_b 0 FIFO reset
1 FIFO normal operation
6 This bit controls the level on the ata_reset_b pin, which controls the reset of the internal ATA
ata_rst_b protocol engine.
0 ata_reset_b =0, ATA drive is reset, and internal protocol engine reset.
1 ata_reset_b =1, ATA drive is not reset; internal protocol engine normal operation.
5 FIFO transmit enable. This bit controls whether the FIFO makes transmit data requests to the DMA.
fifo_tx_en If enabled, the FIFO requests the DMA to refill it whenever the FIFO level drops below the alarm
threshold.
0 FIFO refill by DMA disabled
1 FIFO refill by DMA enabled
4 FIFO receive enable. This bit controls whether the FIFO makes receive data requests to the DMA.
fifo_rcv_en If enabled, the FIFO requests the DMA to empty it whenever the FIFO level meets or exceeds the
alarm threshold.
0 FIFO empty by DMA disabled
1 FIFO empty by DMA enabled
3 DMA pending bit. This bit controls whether the ATA interface responds to a DMA request originating

dma_pending

in the drive. If this bit is set, the ATA interface starts a MDMA or UDMA burst whenever the drive
asserts the ata_dmarq signal.

0 ATA interface does not start DMA burst

1 ATA interface starts MDMA or UDMA burst whenever drive asserts dmarq

2

dma_ultra_selected

This bit determines the protocol (UDMA or MDMA) for any new DMA burst
1=UDMA protocol is used
0=MDMA protocol is used

i.MX25 Multimedia Applications Processor Reference Manual, Rev. 2

12-32

Freescale Semiconductor



Advanced Technology Attachment (ATA)

Table 12-11. ATA Control Register Field Descriptions (continued)

Field Description
1 This bit determines the data direction on any new DMA burst
dma_write 1=DMA out burst, ATA interface writes to drive

0=DMA in burst, ATA interface reads from drive

0 This bit determines whether ata_iordy handshake is used during PIO mode
iordy_en 1=IORDY handshake is used
0=IORDY is disregarded

12.4.3.5 Interrupt Registers

The three interrupt registers control the interrupt interface between the ATA module and the CPU/DMA.
Two interrupts (ipbus_int and fifo_txfe_end_alarm) are controlled by these registers, as follows:

* The ipbus_int interrupt is controlled by bits 1,2,3,4,5 and 6 of the interrupt registers. It is asserted
if one of the 6 bits is set in the interrupt_pending register, while the same bit is set in the
interrupt_enable register. This interrupt goes to the CPU.

» The fifo_txfer_end_alarm interrupt is controlled by bit 7 of the interrupt registers. If ata_intrgl is
set in both the interrupt enable and interrupt pending register, then fifo_txfer_end_alarm is
asserted. The purpose of this interrupt is to inform the DMA that the running data transfer has
ended. This interrupt goes to the smart DMA.

12.4.3.5.1 Interrupt Pending Register INTERRUPT_PENDING)
Figure 12-44 shows the valid bits in the interrupt pending register, and Table 12-12 describes the bit fields.

Offset: 28 (INTERRUPT_PENDING) Access: User read-only
7 6 5 4 3 2 1 0
. fifo_ fifo_ controller_ . dma_trans
R ata_intrq underflow | overflow idle ala_irtrq2 | dma_err _over
w
RESET (1} 0 0 1 0 0 0 —

Figure 12-44. Interrupt_Pending Register
1 Interrupts ata_intrq1 and ata_intrg2 only reset to O if during reset the interrupt input is low.

Table 12-12. Interrupt Pending Register Field Description

Field Description
7 ATA interrupt request 1. This bit reflects the value of the ata_intrq interrupt input. It is set in the
ata_intrg1 when the drive interrupt is pending, and cleared otherwise. The interrupt clear register has no
influence on this bit.

6 FIFO underflow. This bit reports FIFO underflow. Sticky bit. It is set when there is a FIFO underflow
fifo_underflow condition. It is cleared by writing a ‘1’ to this bit in the interrupt clear register.

5 FIFO overflow. This bit reports FIFO overflow. Sticky bit. It is set when there is a FIFO overflow
fifo_overflow condition. It is cleared by writing a ‘1’ to this bit in the interrupt clear register.
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Table 12-12. Interrupt Pending Register Field Description (continued)

Field

Description

4
controller_idle

Controller Idle. This bit reports controller idle. It is set when the ATA protocol engine is idle, there
is no activity on the ATA bus. It is cleared when there is activity on the ATA bus. The interrupt clear
register has no influence on this bit.

3 ATA interrupt request 2. This bit reflects the value of the ata_intrq interrupt input. It is set when the
ata_intrg2 drive interrupt is pending, and cleared otherwise. It has exactly same functioning as ata_intrq1, but
this bit affects ipbus_int, while the other affects interrupt to the DMA.
2 DMA error. This bit reflects Single DMA error or ADMA error interrupt.lt is set in the interrupt
dma_err pending register when AHB bus response error, ADMA read or write error and ADMA length

mismatch error happen. When the bit is set in the interrupt pending register, and the same bit is
set in the interrupt enable register, ipbus_int is active, signaling interrupt to the CPU. It is cleared
by writing a ‘1’ to this bit in the interrupt clear register

1
dma_trans_over

DMA transfer over. This bit reflects Single DMA or ADMA read or write transfer over. It is set in the
interrupt pending register when Single DMA or ADMA transfer is over without error. When the bit
is set in the interrupt pending register, and the same bit is set in the interrupt enable register,
ipbus_int is active, signaling interrupt to the CPU. It is cleared by writing a ‘1’ to this bit in the
interrupt clear register.

0
Reserved

N/A

12.4.3.5.2

Interrupt Enable Register INTERRUPT_ENABLE)

Figure 12-45 shows the valid bits in the interrupt enable register, and Table 12-13 describes the bit fields.

Offset: 2C (INTERRUPT_ENABLE)

Access: User read/write

7 6 5 4 3 2 1 0
R . fifo_ fifo_ controller_ . dma_trans
ata_intrgq1 . ata_irtrq2 | dma_err
w underflow | overflow idle _over
RESET 0 0 0 0 0 0 0 —
Figure 12-45. Interrupt_Enable Register
Table 12-13. Interrupt Enable Register Field Description
Field Description
7 ATA interrupt request 1. If this bit is set, then fifo_txfer_end_alarm is driven to the DMA when the
ata_intrg1 corresponding bit is set in the interrupt enable register. This informs the DMA that the current
transfer is finished. The interrupt clear register has no influence on this bit.
6 FIFO underflow. If this bit is set, then ipbus_int is driven to the CPU when the corresponding bit is

fifo_underflow

set in the interrupt enable register.

5 FIFO overflow. If this bit is set, then ipbus_int is driven to the CPU when the same bit is set in the
fifo_overflow interrupt enable register.
4 Controller Idle. If this bit is set, then ipbus_int is driven to the CPU when the same bit is set in the

controller_idle

interrupt enable register. The interrupt clear register has no influence on this bit.
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Table 12-13. Interrupt Enable Register Field Description

Field Description
3 ATA interrupt request 2. This bit reflects the value of the ata_intrg interrupt input. If this bit is set,
ata_intrg2 then ipbus_int is driven to the CPU when the same bit is set in the interrupt enable register. This
informs the CPU that the drive is requesting attention. The interrupt clear register has no influence
on this bit.
2 DMA error. This bit reflects Single DMA error or ADMA error interrupt.lt is set in the interrupt
dma_err pending register when AHB bus response error, ADMA read or write error and ADMA length

mismatch error happen. When the bit is set in the interrupt pending register, and the same bit is
set in the interrupt enable register, ipbus_int is active, signaling interrupt to the CPU. It is cleared
by writing a ‘1’ to this bit in the interrupt clear register

1 DMA transfer over. This bit reflects Single DMA or ADMA read or write transfer over. Itis setin the
dma_trans_over interrupt pending register when Single DMA or ADMA transfer is over without error. When the bit
is set in the interrupt pending register, and the same bit is set in the interrupt enable register,
ipbus_int is active, signaling interrupt to the CPU. It is cleared by writing a ‘1’ to this bit in the
interrupt clear register.

0 N/A
Reserved

12.4.3.5.3 Interrupt Clear Register INTERRUPT_CLEAR)
Figure 12-46 shows the valid bits in the interrupt clear register, and Table 12-14 describes the bit fields.

Offset: 30 (INTERRUPT_CLEAR) Access: User write-only
7 6 5 4 3 2 1 0
R
W fifo_ fifo_ dma_err |dma_trans
underflow | overflow _overf
RESET — — — — — — — —

Figure 12-46. Interrupt_Clear Register

Table 12-14. Interrupt Clear Register Field Description

Field Description
7 N/A
Reserved
6 FIFO underflow. Writing ‘1’ to this bit clears the corresponding bit in the interrupt pending register.
fifo_underflow
5 FIFO overflow. Writing ‘1’ to this bit clears the corresponding bit in the interrupt pending register.
fifo_overflow
4-3 N/A
Reserved
2 DMA error. Writing ‘1’ to this bit clears the corresponding bit in the interrupt pending register.
dma_err
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Table 12-14. Interrupt Clear Register Field Description (continued)

Field Description
1 DMA transfer over. Writing ‘1’ to this bit clears the corresponding bit in the interrupt pending
dma_trans_over register.
0 N/A
Reserved

12.4.3.6 FIFO Alarm Register (FIFO_ALARM)
This register contains the threshold (in 16-bit halfword units) which triggers fifo_rcv_alarm or
fifo_tx_alarm signals to the DMA interface.

» If the fifo_rcv_en bit is set in the ATA control register and fifo_fill > fifo_alarm, then the
fifo_rcv_alarm signal is asserted to request the DMA to empty the FIFO.

» If the fifo_tx_en bit is set in the ATA control register and fifo_fill < fifo_alarm), then the
fifo_tx_alarm signal is asserted to request the DMA to refill the FIFO.

For single DMA and ADMA transfers, the recommended value for FIFO_ALARM is 0x20.
Figure 12-47 shows the valid bits in the FIFO alarm register.

Offset: 34 (FIFO_ALARM) Access: User read/write
7 6 5 4 ‘ 3 2 1 0
R FIFO_ALARM[7:0]
W
RESET 0 0 0 0 ‘ 0 0 0 0

Figure 12-47. FIFO Alarm Register

12.4.3.7 ADMA_ERR_STATUS Register

Figure 12-48 shows the valid bits in the ADMA_ERR_STATUS register.
Offset: 38 (ADMA_ERR_STATUS)

7 6 5 4 3 2 1 0
R adma_len_m
reserved . adma_err_state
w ismatch
RESET: 0 0 0 0 0 0 0 0

Figure 12-48. ADMA_ERR_STATUS Register

This register indicates what kind of error has happened. When an ADMA error interrupt occurs, the
ADMA error states field in this register holds the ADMA state, and the ADMA system address register
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holds the address around the error descriptor. For recovering the error, the host driver requires the ADMA
state to identify the error descriptor address as given in Table 12-15.

Table 12-15. ADMA Error States Register Field Descriptor

Fields

Descriptor

7-3
uncommitted

N/A

2
adma_len_mismatch

adma_len_mismatch. Total data length in descriptor table does not match the total sector data set by
command

1-0
adma_err_state

adma_err_state. ADMA state when error occurs.

00 ST_STOP—Previous location set in the ADMA system address register is the error descriptor
address.

01 ST_FDS—Current location set in the ADMA system address register is the error descriptor address.
10 ST_CARD—This state is never set because it only increments the descriptor pointer and does not
generate an ADMA error.

11 ST_TFR—Previous location set in the ADMA system address register is the error descriptor address.

12.4.3.8 SYS_DMA_BADDR Register

See Figure 12-49 for illustration of valid bits in the SYS_ DMA_BADDR register.
Offset: 3C (SYS_DMA_BADDR)

7 6 5 4 3 2 1 0

sys_dma_baddr[7:0]

0
15 14 13 12 11 10 9 8

sys_dma_baddr[15:8]

0
23 22 21 20 19 18 17 16

sys_dma_baddr[23:16]

0
31 30 29 28 27 26 25 24

sys_dma_baddr[31:24]

0
Figure 12-49. SYS_DMA_BADDR Register

This register contains the system memory address for a DMA transfer. When the host controller stops a
DMA transfer, this register points to the system address of the next contiguous data position. It can be
accessed only if a transaction is executing (that is, after a transaction has stopped). Read operations during
transfers may return an invalid value. The host driver initializes this register before starting a DMA
transaction. After DMA has stopped, the system address of the next contiguous data position can be read

from this register.
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12.4.3.9 ADMA_SYS_ADDR Register

See Figure 12-50 for an illustration of valid bits in the ADMA_SYS_ADDR register.
Offset: 40 (ADMA_SYS_ADDR)

7 6 5 4 3 2 1 0
VF:l adma_sys_addr[7:0]
RESET: 0
15 14 13 12 11 10 9 8
VF:l adma_sys_addr[15:8]
RESET: 0
23 22 21 20 19 18 17 16
VF:l adma_sys_addr[23:16]
RESET: 0
31 30 29 28 27 26 25 24
VF:I adma_sys_addr[31:24]
RESET: 0
39 8 37 36 35 34 33 32
VF:I adma_sys_addr[39:32]
RESET: 0
47 46 45 44 43 42 41 40
VF:I adma_sys_addr[47:40]
RESET: 0
55 54 53 52 51 50 49 48
VF:l adma_sys_addr[55:48]
RESET: 0
63 62 61 60 59 58 57 56
VF:l adma_sys_addr[63:56]
RESET: 0

Figure 12-50. ADMA_SYS_ADDR Register

This register holds the byte address of the executing command of the descriptor table. The 32-bit descriptor
uses the lower 32 bits of this register (only the 32-bit descriptor is supported). At the start of ADMA, the
host driver sets the starting address of the descriptor table. The ADMA engine increments this register
address on every fetch of a descriptor command. When the ADMA is stopped at the block gap, this register
indicates the address of the next executable descriptor command. When the ADMA error interrupt is
generated, this register holds the valid descriptor address depending on the ADMA state.
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12.4.3.10 BLOCK_CNT Register

See Figure 12-51 for an illustration of valid bits in the BLOCK_CNT register.
Offset: 48 (BLOCK_CNT)

7 6 5 4 3 2 1 0
R
W block_cnt[7:0]
RESET: 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
R
W block_cnt[15:8]

RESET: 0 0 0 0 0 0 0 0
Figure 12-51. BLOCK_CNT Register

This register is block number set for a DMA transfer command. It can support 1 to 65535 blocks.

12.4.3.11 BURST_LENGTH Register

This register controls the burst length and may be set by software. Only burst lengths of 4 words are
supported, so this register must be set to 4.

Figure 12-52 shows the valid bits in the BURST_LENGTH register.
Offset: 4C (BURST_LENGTH)

7 6 5 4 3 2 1 0
V'TI burst_length[5:0]
RESET: 0 0 0 1 0 0 0 0

Figure 12-52. BURST_LENGTH Register

Table 12-16. BURST_LENGTH Register Field Descriptor

Field Descriptor
7-6 N/A
Uncommitted
5-0 Burst_length:
burst_length 000001 =1 words

00001x = 2 words
0001xx = 4 words
001xxx = 8 words
01xxxx = 16 words
1xxxxx = 32 words

12.4.3.12 SECTOR_SIZE Register

This register is for sector size set. The default value is 512 bytes.
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Figure 12-53 shows the valid bits in the SECTOR_SIZE register.
Offset: 50 (SECTOR_SIZE)

7 6 5 4 3 2 1 0
R .
W sector_size
RESET: 0 0 1 0 0 0 0 1

Figure 12-53. SECTOR_SIZE Register

12.4.3.13 Drive Registers Connected to ATA Bus

Some drive registers are addressable but are not present in the ATA interface module. These are listed in
Table 12-17. If aread or write access is made to one of these registers, the read or write is mapped to a PIO
read or write cycle on the ATA bus, and the corresponding register in the device attached to the ATA bus
is accessed. No description of these registers is given here; consult the ATA specification for information
on these registers.

If the drive_data register is accessed while the ATA interface operates in big-endian mode, the bytes
to/from the ATA bus are swapped. No swaps occur in little-endian mode or for the other registers.

Table 12-17. Drive Registers connected to ATA Bus

Address Name Description Access
Offset: AO (DRIVE_DATA) drive_data Drive data register R/W
Offset: A4 (DRIVE_FEATURES) drive_features Drive features register R/W
Offset: A8 (DRIVE_SECTOR_COUNT) drive_sector_count Drive sector count register R/W
Offset: AC (DRIVE_SECTOR_NUM) drive_sector_num Drive sector number register R/W
Offset: BO (DRIVE_CYL_LOW) drive_cyl_low Drive cylinder low register R/W
Offset: B4 (DRIVE_CYL_HIGH) drive_cyl_high Drive cylinder high register R/W
Offset: B8 (DRIVE_DEV_HEAD) drive_dev_head Drive device head register R/W
Offset: BC (DRIVE_COMMAND) drive_command Drive command register Write-only
Offset: BC (DRIVE_STATUS) drive_status Drive status register Read-only
Offset: D8 (DRIVE_ALT_STATUS) drive_alt_status Drive alternate status register Read-only
Offset: D8 (DRIVE_CONTROL) drive_control Drive control register Write-only

12.5 Functional Description
The ATA interface provides two alternative modes for communication with the ATA peripherals connected
to the ATA bus:
* PIO mode read/write operations through the ATA bus
» DMA transfers through the ATA bus, including:
— DMA slave mode transfers between host and FIFO, which utilize the IPS bus
— DMA master mode transfers between external memory and FIFO, which utilize the AHB bus
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The operation of the peripheral under these two modes is described in detail in subsequent sections.

12.5.1 Resetting the ATA Bus

The ATA bus reset ata_reset_b is asserted whenever ata_rst_b (bit #6) of the ATA control register is cleared
(see Section 12.4.3.4, “ATA Control Register (ATA_CONTROL)”). Clearing the bit also resets the ATA
protocol engine. When the bit is set, the reset is released.

12.5.2 Programming ATA Bus Timing and iordy_en

The timing of the ATA interface is programmable using the 24 timing registers described in Section 12.4,
“Memory Map and Register Definitions.” Programming the registers requires that the ATA bus be idle, so
before reprogramming the user should ensure the following:

a) Thedma_pending bit in the ATA control register is cleared (see Section 12.4.3.4, “ATA Control
Register (ATA_CONTROL)").

b) The controller_idle bit in the interrupt pending register is set (see Section 12.4.3.5.1, “Interrupt
Pending Register INTERRUPT_PENDING)”).

These two conditions can be met by first clearing dma_pending and then waiting until controller_idle is
set before reprogramming the timing parameters. If dma_pending was set before the reprogramming
started, it should be set again after the new timing is in effect to allow the drive to finish the current DMA
transfer.

The bus timing should only be reprogrammed during an ongoing DMA transfer when the operating system
requires a change in the bus clock (for example, in dynamic voltage frequency scaling).

The controller_idle bit must be set before reprogramming the bus timing: otherwise, the new timing values
may affect a bus cycle that is still running and cause an error. PIO reads or writes to the ATA bus terminate
after the bus cycle with the CPU has been terminated.

The iordy_en bit in the ATA control register determines whether the ATA interface responds to the drive’s
IORDY signal. Just as with timing registers, it should only be reprogrammed when dma_pending is
cleared and controller_idle is set.

12.5.3 Access to ATA Bus in PIO Mode

Before accessing the ATA bus in PIO mode, the user must do the following:
a) Setthe ata_rst_b bit in the ATA control register
b) Program the timing parameters

The drive is accessed in P1IO mode simply by reading or writing to the correct drive register. The bus cycle
is translated to an ATA cycle, and the drive is accessed.

Reads and writes to the drive are not possible while the ATA bus is in reset; the attempted operation fails
and is discarded.
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12.5.4 Receiving Data from ATA Bus in DMA Slave Mode

In DMA receive slave mode, the protocol engine transfers data from the drive to the FIFO using the
multiword DMA (MDMA) or ultra DMA (UMDMA) protocol. The transfer pauses when any of the
following conditions occur:

* The FIFO is full.
* The drive negates its DMA request signal ata_dmarq.
» The dma_pending bit in the ata_control register is cleared.
When the condition is removed, the transfer restarts. At the end of the transfer, the drive signals the host

by asserting the ata_intrqg signal. Alternatively, the host can read the device status register, which also
indicates when the transfer has ended.

The transfer of data from FIFO to memory is handled by the host system DMA. DMA data transfers from
device to host are set up as follows:

1. Make sure the ATA bus is not in reset and all timing registers are programmed.
2. Make sure the FIFO is empty by reading it until empty or by resetting it.

3. Initialize the DMA channel connected to fifo_rcv_alarm. Every time the fifo_rcv_alarm is high,
the DMA should read <packetsize> 32-bit words from the FIFO, and store them in main memory
(here “packetsize” is defined as the number of 32-bit words in a packet; typically, packetsize = 8).
This keeps the transfer going while avoiding FIFO overrun.

4. Write 2*<packetsize> to the FIFO alarm register (note that this setting corresponds to one packet
of data, because the alarm threshold is specified in units of 16-bit halfwords). Thus the FIFO
notifies the DMA when there is at least one packet ready for transfer.

5. Ensure the FIFO is out of reset by setting the fifo_rst_b bit in the ATA control register (see
Section 12.4.3.4, “ATA Control Register (ATA_CONTROL)”).

6. Set the fifo_rcv_en bit in the ATA control register. This enables the DMA to empty the FIFO.

7. Set the dma_pending bit, and clear the dma_write bit. Also, program ultra_mode_selected=0 (for
MDMA) or ultra_mode_selected=1 (for UDMA).

Steps (1-7) have prepared the host side of the DMA.

8. Send commands to the drive in PIO mode that cause it to request DMA transfer on the ATA bus
(consult the ATA specification for the specifics of this operation).

9. Atthis point, when the drive requests a DMA transfer by pulling ata_dmarq high, the ATA interface
acknowledges with ata_dmack, and the transfer starts. Data is transferred automatically to the
FIFO, and from there to the host memory.

10. During the transfer, the host can monitor for end of transfer by reading some device ATA registers.
These reads cause the running DMA to pause; after the read is complete, the DMA resumes.
Alternatively, the host can wait until the drive asserts ata_intrg, which also indicates end of transfer.

11. When the transfer ends, the host or host DMA should wait until the controller_idle bit is set in the
ATA control register, then read the remaining halfwords from the FIFO and transfer these to
memory. Note that there may be less than <packetsize> remaining 32-bit words, in which case the
transfer is not performed automatically by the DMA.
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12.5.5 Transmitting Data to ATA Bus in DMA Slave Mode

In DMA transmit mode, the protocol engine transfers data from the FIFO to the drive using the multiword
DMA (MDMA) or ultra DMA (UDMA) protocol. The transfer pauses when one of following conditions
occurs:

* The FIFO is empty
* The drive negates its DMA request signal ata_dmarq
* The dma_pending bit in the ata_control register is cleared
When the condition is removed, the transfer restarts. At the end of the transfer, the drive signals the host

by asserting the ata_intrqg signal. Alternatively, the host can read the device status register, which also
indicates when the transfer has ended.

The transfer of data from FIFO to memory is handled by the host system DMA. DMA data transfers from
host to device are set up as follows:

1. Make sure the ATA bus is not in reset, and all timing registers are programmed.

2. Make sure the FIFO is empty by reading it until empty or by resetting it.

3. Initialize the DMA channel connected to fifo_tx_alarm. Every time the fifo_tx_alarm signal is
high, the DMA should read <packetsize> 32-bit words from the main memory and write them to
the FIFO (typical packetsize is 8 32-bit words). Program the DMA so that it does not transfer more
than <sectorsize> 32-bit words total.

4. Write FIFO_SIZE - 2 x <packetsize> to the FIFO alarm register. In this way, FIFO notifies the
DMA when there is room for at least one additional packet. FIFO_SIZE is given in 16-bit
halfwords: the typical value is 64 halfwords, or 128 bytes.

5. Prepare the ATA for a DMA transfer from host to device as follows:

a) Make sure the FIFO is out of reset by setting bit fifo_rst_b in the ATA control register (see
Section 12.4.3.4, “ATA Control Register (ATA_CONTROL)”).

b) Program fifo_tx_en=1 in the ATA control register. This enables the FIFO to be filled by DMA.
c) Program dma_pending =1 and dma_write=1. Also, program ultra_mode_selected =0 (for
MDMA) or ultra_mode_selected=1 (for UDMA).
Steps (1-5) have prepared the host side of the DMA.

6. Send commands to the drive in PIO mode that cause it to request a DMA transfer on the ATA bus
(consult the ATA specification for the specifics of this operation).

7. Atthis point, when the drive requests a DMA transfer by pulling ata_dmarq high, the ATA interface
acknowledges with ata_dmack, and the transfer starts. Data is transferred automatically from the
FIFO, and also from host memory to FIFO.

8. During the transfer, the host can monitor for end of transfer by reading some device ATA registers.
These reads cause the running DMA to pause; after the read is completed, the DMA resumes.
Alternatively, the host can wait unit the drive asserts ata_intrqg, which also indicates end of transfer.

When the transfer ends, no additional FIFO manipulations are needed.
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12.5.6 Using DMA Master Mode to Receive Data From the ATA Bus

In DMA master mode for receiving data from the ATA bus, the internal DMA engine initializes a burst
data write transfer on the AHB bus when the internal signal sys_dma_req is asserted.

Sys_dma_req is asserted when these conditions occur:

» fifo_rcv_alarm in DMA read

* InaDMA read, the data left in the FIFO is not enough to trigger the fifo_alarm, but the sector word
counter has not reached a sector boundary

Sys_dma_req is negated when these conditions occur:

e A burst transfer ends
» DMA start is set
e The host is not active

For single DMA, burst length is the minimum set by software, FIFO alarm, and left data number in the last
sector word counter.

For ADMA, burst length is the minimum set by software, FIFO alarm, left data number in the last sector
word counter, and left data number indicated in a descriptor pair.

The following list describes the steps in setting up a DMA data transfer from the device to external
memory:

1. Make sure that the ATA bus is not in reset, and that all timing registers are programmed.
2. Make sure the FIFO is empty by reading it until empty, or by resetting it.
3. To make the ATA ready for a DMA transfer from device to host, do the following:
a) Make sure the FIFO is out of reset by setting the bit fifo_rst_b to 1 in the ata_control register.

b) Program fifo_rcv_en=1 in the ata_control register. This enables the FIFO to by emptied by the
DMA.

c) Program dma_pending =1, dma_write=0, ultra_mode_selected=0/1 in the ata_control register.
ultra_mode_selected should be 1; it should be 0 if you want to transfer data using MDMA
mode.

4. To make the internal DMA controller ready for a DMA transfer, do the following:

a) Program fifo_alarm, burst_length, block_cnt, DMA system start base address (data buffer start
address) for single DMA mode, or ADMA system address (descriptor table start address) for
ADMA mode.

b) Program dma_en =1, dma_select=01 (if you select ADMA mode), dma_start_stop=1. If you
select ADMA mode, make sure that the descriptor table is ready before starting a DMA
transfer.

5. Now the host side of the DMA is ready. Send commands to the drive in PIO mode that cause it to
request a DMA transfer on the ATA bus. The nature of these commands is beyond the scope of this
document. See the ATA specification for information on communicating with the drive.
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6. When the drive requests a DMA transfer by pulling ata_dmarq high, the ATA interface
acknowledges with ata_dmack, and the transfer starts. Data is transferred automatically to the
FIFO, and then to the external memory.

7. Whensys_dma_req is asserted, the DMA engine will write burst length data from FIFO to external
memory.

8. During the transfer, the host can detect end of transfer by waiting for a dma_trans_over interrupt.
After the end of transfer is detected, the host must reset dma_start_stop to 0.

12.5.7 Using DMA Master Mode To Transmit Data to the ATA bus

In DMA master mode for transmitting data to the ATA bus, the internal DMA engine initializes a burst
data read transfer on the AHB bus when the internal signal sys_dma_req is asserted.

Sys_dma_req is asserted when these conditions occur:
» fifo_tx_alarm in DMA write
Sys_dma_req is negated when these conditions occur:

e A burst transfer ends
« DMA start is set
* The host is not active

For Single DMA, burst length is the minimum set by software and the FIFO alarm.

For ADMA, burst length is the minimum set by software, the FIFO alarm, and the left data number
indicated in a descriptor pair.

The following list describes the steps in setting up a DMA data transfer from external memory to the
device:

1. Make sure the ATA bus is not in reset, and all timing registers are programmed.

2. Make sure the FIFO is empty by reading it until empty, or by resetting it.

3. To make the ATA ready for a DMA transfer from host to device, do following:
a) Make sure the FIFO is out of reset by setting bit fifo_rst_b to 1 in the ATA control register.
b) Program fifo_tx_en=1 in ata_control register. This enables the FIFO to be filled by DMA.

c) Program dma_pending =1, dma_write=1, ultra_mode_selected=0/1 in ata_control register.
ultra_mod_selected should be 1 if you want to transfer data using UDMA mode, it should be 0
if you want to transfer data using MDMA mode.

4. To make the internal DMA controller ready for a DMA transfer, do the following:

a) Program fifo_alarm, burst_length, block cnt, and the DMA system start base address (data
buffer start address) for single DMA mode, or ADMA system address (descriptor table start
address) for ADMA mode.

b) Program dma_en =1, dma_select=01(if select ADMA mode), dma_start_stop=1. If select
ADMA mode, it is necessary to make sure descriptor table is ready before start DMA transfer.
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5. When sys _dma_req is asserted, DMA engine will read a burst length data from external memory
to FIFO.

6. Now, the host side of the DMA is ready. Send commands to the drive in PIO mode that cause it to
request DMA transfer on the ATA bus. The nature of these commands is beyond the scope of this
document. You should consult the ATA specification to know how to communicate with the drive.

7. When the drive now requests DMA transfer by pulling ata_dmarq high, the ATA interface
acknowledges with ata_dmack, and the transfer starts. Data is transferred automatically from the
FIFO if FIFO is not empty.

8. During the transfer, the host can detect end of transfer by waiting for ata_intrg2 interrupt. After the
end of transfer is detected, the host must reset dma_start_stop to 0.

12.6 |Initialization and Application of ATA

If the host asserts RESET, the ATA device executes the hardware reset protocol, regardless of power
management mode. For more details about the power-on and hardware reset protocol, see the ATA
specification).

The host issues an IDENTIFY DEVICE command after the power-on reset or hardware reset protocol is
complete, in order to determine the current status of features implemented by the device.
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Chapter 13

Digital Audio Multiplexer (AUDMUX)

This chapter describes a module integrated into an SoC. The chapter is intended for a module driver

software developer. It describes module-level operation and programming. To understand how the module
is integrated at the SoC level, a system software developer should see discussions of the module in the
appropriate SoC-level chapter(s).

Table 13-1 defines terms used in this chapter.

Table 13-1. Definition Of Terms

Term Definition
PTCR Port Timing Control Register
PDCR Port Data Control Register
CNMCR CE Bus Network Mode Control Register
FSPOL Frame sync polarity
CLKPOL Clock polarity
TFSDIR Transmit Frame Sync Direction Control
TCLKDIR Transmit Clock Direction Control
RFSDIR Receive Frame Sync Direction Control
RCLKDIR Receive Clock Direction Control
TFSEL Transmit Frame Sync Port Select
RFSEL Receive Frame Sync Port Select
TCSEL Transmit Clock Port Select
RCSEL Receive Clock Port Select
RXDSEL Receive Data Port Select
INMMASK Internal Network Mode Masking
CE Bus Consumer Electronic Bus
CEN CE Bus Enable
CNTHI CE Bus disable signal High Period Count
CNTLO CE Bus disable signal Low Period Count
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13.1 Overview

The Digital Audio Mux (AUDMUX) provides a programmable interconnect device for voice, audio, and
synchronous data routing between host serial interfaces (such as SSI) and peripheral serial interfaces (that
is, audio and voice CODECS, also known as coder-decoders). The AUDMUX interconnections allow
multiple, simultaneous, audio/voice/data flows between the ports in point-to-point or point-to-multipoint
configurations. This section includes a top level diagram that shows the functional organization of the
module, including all off-chip signals.

The AUDMUX allows the audio system connectivity to be modified through programming (as opposed to
altering the PCB schematics of the system). Figure 13-1 shows the block diagram. The full description of
the module is in Section 13.4, “Functional Description.”
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Figure 13-1. AUDMUX Block Diagram
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13.1.1 Features

Key features of the module include the following:
e Three internal ports
* Four external ports
* Full 6-wire SSI interfaces for asynchronous receive and transmit
* Configurable 4-wire (synchronous) or 6-wire (asynchronous) peripheral interfaces
* Independent Tx/Rx Frame sync and clock direction selection for host or peripheral

* Each host interface’s capability to connect to any other host or peripheral interface in a
point-to-point or point-to-multipoint (network mode)

* Transmit and Receive Data switching to support external network mode
* CE Bus network mode to provide synchronous switching on RxD

13.1.2 Modes of Operation

Each AUDMUX port can be configured to operate in the following modes:
* Normal mode—the port is connected point-to-point to a single other port
* Internal network mode—the port is connected point-to-multipoint to multiple other ports

* CE bus network mode—the port receives data from the CE bus port (port 7) and one other port as
selected by software.

Additionally, each port can operate in synchronous or asynchronous timing modes.

Modes of operation are described in more detail in Section 13.1.2, “Modes of Operation”.

13.2 External Signal Description

Table 13-2 lists AUDMUX pin-level signals for the external ports, where:
* Pnis P4, through P7
* m=n-3.
The port is configured as an external port by a static system-level signal input prn_int_ext_select.
Table 13-2. Off-Chip Module Signals

Name Module Port 110 Function Reset State Pull-up
AUDmM_TXD Pn I/0 Transmit Data from Pn 1 Active
AUDmM_RXD Pn I/0 Receive Data at Pn 1 Active
AUDmM_TXC Pn 1/0 Transmit Clock input/output at Pn 1 —
AUDmM_RXC Pn 1/0 Receive Clock input/output at Pn 1 —
AUDmM_TXFS Pn 1/0 Transmit Frame sync input/output at Pn 1 —
AUDmM_RXFS Pn 1/0 Receive Frame sync input/output at Pn 1 —
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13.3 Memory Map and Register Definitions

This section includes the module memory map and detailed descriptions of all registers. For the base
address of a particular module instantiation, see the system memory map.

13.3.1  Memory Map

The AUDMUX memory map is shown in Table 13-3.
Table 13-3. AUDMUX Memory Map

Address Register Access Reset Value Section/Page
0x0000 (PTCR1) Port Timing Control Register 1 RW 0xAD40_0800 | 13.3.3.4/13-8
0x0004 (PDCR1) Port Data Control Register 1 RW 0x0000_A000 | 13.3.3.5/13-10
0x0008 (PTCR2) Port Timing Control Register 2 RW 0xA500_0800 13.3.3.4/13-8
0x000C (PDCR2) Port Data Control Register 2 RW 0x0000_8000 | 13.3.3.5/13-10
0x0010 (PTCR3) Port Timing Control Register 3 RwW 0x9CCO0_0800 13.3.3.4/13-8
0x0014 (PDCRS3) Port Data Control Register 3 RW 0x0000_6000 | 13.3.3.5/13-10
0x0018 (PTCR4) Port Timing Control Register 4 RW 0x0000_0800 13.3.3.4/13-8
0x001C (PDCR4) Port Data Control Register 4 RW 0x0000_4000 | 13.3.3.5/13-10
0x0020 (PTCRS5) Port Timing Control Register 5 RwW 0x0000_0800 13.3.3.4/13-8
0x0024 (PDCR5) Port Data Control Register 5 RW 0x0000_2000 | 13.3.3.5/13-10
0x0028 (PTCR®6) Port Timing Control Register 6 RwW 0x0000_0800 13.3.3.4/13-8
0x002C (PDCR®6) Port Data Control Register 6 RW 0x0000_0000 | 13.3.3.5/13-10
0x0030 (PTCR?7) Port Timing Control Register 7 RwW 0x0000_0800 13.3.3.4/13-8
0x0034 (PDCR7) Port Data Control Register 7 RW 0x0000_C000 | 13.3.3.5/13-10
0x0038 (CNMCR) CE Bus Network Mode Control Register (CNMCR) RW 0x0003_1010 | 13.3.3.6/13-12

13.3.2 Register Summary

Table 13-4 shows the control register and address mapping for the AUDMUX.
Table 13-4. Register Summary

Address' 3 |30 | 20 | 28 |27 | 26 | 25 | 24 | 23 | 22 | 21 |20 | 19| 18 | 17 | 16
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R TSF oL . —
pi | TFSELE0l | KDI TCSEL[3:0] DR RFSEL(3:0] KDI
[(n-1)x8]+oxo000 W] o R -
PTCRn
R syl 0o |O0o]Oo|] o0 |O0O|O|O|O/ OO
- RCSEL[3:0]
W N
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Table 13-4. Register Summary (continued)

1 31 | 30 | 29 | 28 | 27 | 26 25 24 23 22 21 | 20 | 19 18 17 | 16
Address
15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1
Rl O|J0|0O0O]|] 0] O 0 0 0 0 0 0 0 0 0 0 0
[(n- 1) x 8] + 0x0004 w
PDCRn R T™X| 0 0
— RXDSEL[2:0] | RX MODE([1:0] INMMASK]7:0]
W EN
R ojo|O0O]O0]|O 0 0 0 0 0 0 0 0 FS CLK
CEN | PO POL
w L
0x0038 (CNMCR)
R
] CNTHI[7:0] CNTLOWI7:0]
w
Tn ranges from 1 through 7.

13.3.3 Register Descriptions

There are two configuration registers for each port. There is also a separate register for CE Bus Network
mode control. Each pair of configuration registers is identical for each port; however, the default values
following a reset differ as shown in Table 13-3.

* Section 13.4.3.1, “Default Port Configuration,” describes the default configuration of the ports.

* Section 13.4.3.2, “Default CE Bus Configuration,” describes the default configuration of the CE
Bus.

13.3.3.1 Default Port Configuration

After a reset, each port defaults to normal mode (PDCRn[MODE] = 00) with synchronous timing mode
(PTCRn[SYN] = 1) enabled.
The default port-to-port connections are as follows:
* Port 1 to Port 6
— Port 6 provides the clock and frame sync.
* Port 2 to Port 5
— Port 5 provides the clock and frame sync.
* Port 3 to Port 4
— Port 4 provides the clock and frame sync.
* Port 7 to Port 7 (in data loopback mode)
— Clock and frame syncs are inputs.
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13.3.3.2 Default CE Bus Configuration

The default configuration of all the ports is to set the MODE field to normal mode (that is, no port selects
CE Bus network mode). Correspondingly, the default configuration of the CEN field in the CNMCR is
clear. To minimize AUDMUX setup for audio testing, the rest of the CNMCR fields default to the
following configuration:

* FSPOL is set.

e CLKPOL is set.

e (CNTHI is set to 16.

e CNTLOW is set to 16.

This configuration uses a frame sync that is logic high when asserted.

The clock is driven by the transmitter on the rising edge and is sampled by the receiver on the falling edge.
The AUDMUX switches between devices on the rising edge; this provides a buffer of one-half clock period
between the moment data is sampled and when the AUDMUX switches between devices. Refer to
Figure 13-16 for a timing diagram where FSPOL and CLKPOL are both set.

CNTHI and CNTLOW are set to 16 to allow CE Bus to drive data during timeslot 1 and the other device
to drive data during timeslots 0, 2,..., N-1 where N is the number of timeslots used and each timeslot has
16 bits.

13.3.3.3 Register Conventions

Figure 13-2 and Table 13-5 explain conventions used in register diagrams and tables.

Always| 1 | Always| 0 |R/W Read- | BIT | Write- Write 1| BIT Read| rtc |Self-clear| 0 |N/A
reads 1 reads 0 bit | BIT only bit only bit gy | to clear to clear [ g1 bit ' g1

wic

Figure 13-2. Register Field Conventions

Table 13-5. General Register Conventions

Convention Description

Depending on its placement in the read or write row, indicates that the bit is not readable or not writable.

BIT Bit or field name. lts presence in the read or write row indicates that it can correspondingly be read or written.

Register Field Types

R Read only. Writing this bit has no effect.

w Write only.
R/W Standard read/write bit. Only software can change the bit’s value (other than a hardware reset).
rwm A read/write bit that may be modified by hardware in some fashion other than by a reset.
wic Write one to clear. A status bit that can be read, and is cleared by writing a one.

rtc Read to clear. A read-only status bit that is automatically cleared when read.

Self-clearing bit | Writing a one has some effect on the module, but it always reads as zero. (Previously designated slfclr)
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Table 13-5. General Register Conventions (continued)

Convention

Description

Reset Values

0

Resets to 0 (zero).

1

Resets to 1 (one).

Undefined at reset.

u

Unaffected by reset.

[signal_name]

Reset value is determined by polarity of indicated signal.

13.3.3.4 Port Timing Control Register n (PTCRn)

PTCRn is the Port Timing Control Register for Port n, where n ranges from 1 through 7.

Offset 0x0000 (PTCR1)
0x0008 (PTCR2)
0x0010 (PTCR3)
0x0018 (PTCR4)
0x0020 (PTCRS5)
0x0028 (PTCR6)
0x0030 (PTCR?)

Access: User read/write

‘ 27 26 25 ‘ 22 21 20 ‘ 17 16

31 30
R| TFs ) TCLK ] RFS ] RCLK
wl bR TFSEL[3:0] DIR TCSEL[3:0] DIR RFSEL[3:0] DIR
Reset (See Table 13-3 for reset values.)
15 12 11 10 ‘ ‘ 0
R
RCSEL[3:0] SYN —
w
Reset (See Table 13-3 for reset values.)
Figure 13-3. Port Timing Control Register for Port n
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Table 13-6. Port Timing Control Register Field Descriptions

Field

Description

31
TFS DIR

Transmit Frame Sync Direction Control. This bit sets the direction of the TxFS pin of the interface as an
output or input. When set as an input, the TFSEL settings are ignored. When set as an output, the TFSEL
settings determine the source port of the frame sync.

0 TxFSis an input.

1 TxFSis an output.

30-27
TFSEL[3:0]

Transmit Frame Sync Select. Selects the source port from which TxFS is sourced.
Oxxx Selects TxFS from port.

1xxx Selects RxFS from port.

x000 Port 1

x110 Port7
x111 Reserved

26
TCLKDIR

Transmit Clock Direction Control. This bit sets the direction of the TxClk pin of the interface as an output or
input. When set as an input, the TCSEL settings are ignored. When set as an output, the TCSEL settings
determine the source port of the clock.

0 TxClkis an input.

1 TxClk is an output.

25-22
TCSEL[3:0]

Transmit Clock Select. Selects the source port from which TxCIk is sourced.
Oxxx Selects TxCIk from port.

1xxx Selects RxClk from port.

x000 Port 1

x110 Port 7
x111 Reserved

21
RFS DIR

Receive Frame Sync Direction Control. This bit sets the direction of the RxFS pin of the interface as an
output or input. When set as an input, the RFSEL settings are ignored. When set as an output, the RFSEL
settings determine the source port of the frame sync.

0 RxFSis an input.

1 RxFS is an output.

20-17
RFSEL[3:0]

Receive Frame Sync Select. Selects the source port from which RxFS is sourced. RxFS can be sourced
from TxFS and RxFS from other ports.

Oxxx Selects TxFS from port.

1xxx Selects RxFS from port.

x000 Port 1

x110 Port 7
x111 Reserved

16
RCLKDIR

Receive Clock Direction Control. This bit sets the direction of the RxCIk pin of the interface as an output or
input. When set as an input, the RCSEL settings are ignored. When set as an output, the RCSEL settings
determine the source port of the clock.

0 RxCIkis an input

1 RxClk is an output
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Table 13-6. Port Timing Control Register Field Descriptions (continued)

Field Description

15-12 Receive Clock Select. Selects the source port from which RxClk is sourced. RxClk can be sourced from
RCSEL[3:0] |TxClk and RxClk from other ports.
Oxxx Selects TxCIk from port.
1xxx Selects RxClk from port.

x000 Port 1
x110 Port7
x111 Reserved
11 Synchronous/Asynchronous Select. When SYN is set, synchronous mode is chosen and the transmit and
SYN receive sections use common clock and frame sync signals (that is, the port is a 4-wire interface). When

SYN is cleared, asynchronous mode is chosen and separate clock and frame sync signals are used for the
transmit and receive sections (that is, the port is a 6-wire interface).

0 Asynchronous mode

1 Synchronous mode (default)

10-0 Reserved

13.3.3.5 Port Data Control Register n (PDCRn)
Figure 13-4 PDCRu~ is the Port Data Control Register for Port n, where n ranges from 1 through 7.

Offset 0x0004 (PDCR1) Access: User Read/Write
0x000C (PDCR2)

0x0014 (PDCR3)
0x001C (PDCR4)
0x0024 (PDCRS5)
0x002C (PDCRS)
0x0034 (PDCR?7)

31 16
R
w
Reset (See Table 13-3 for reset values.)
15 13 12 11 10 9 8 7 ‘ 0
R —
W RXDSEL[2:0] T)éEX MODE[1:0] INMMASK]7:0]
Reset (See Table 13-3 for reset values.)

Figure 13-4. Port Data Control Register for Port n
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Table 13-7 lists the PDCRn register field descriptions.

Table 13-7. PDCR (Port n) Field Descriptions

Field Description

31-16 Reserved

15-13 Receive Data Select. Selects the source port for the RxD data. RXDSEL is ignored if MODE = 01 (that is,
RXDSEL[2:0] |Internal Network Mode is enabled).

xxx Port number for RxD

000 Port 1

110 Port7

111 Reserved

12 Transmit/Receive Switch Enable. Swaps the transmit and receive signals.
TXRXEN 0 No switch (Transmit Pin = Transmit, Receive Pin = Receive)
1 Switch (Transmit Pin = Receive, Receive Pin = Transmit)
11-10 Reserved
9-8 Mode Select. This field selects the mode in which the port is to operate. The modes of operation include the
MODE[1:0] following:

* Normal mode, in which the RxD from the port selected by RXDSEL is routed to the port.

¢ Internal Network mode in which RxD from other ports are ANDed together. RXDSEL is ignored. INMMASK
determines which RxD signals are ANDed together.

» CE Bus Network mode, in which the port receives data from CE Bus port (Port 7) and any other port as
selected by RXDSEL[3:0] in different time slots within a frame. The ce_bus_dis signal routes the data from
the CE Bus port if low; otherwise, data from the other port (as selected by RXDSEL) is routed to the port.

00 Normal mode

01 Internal Network mode

10 CE Bus Network mode

11 Reserved

7-0 Internal Network Mode Mask. Bit mask that selects the ports from which the RxD signals are to be ANDed
INMMASK]7:0] |together for internal network mode. Bit 6 represents RxD from Port 7 and bit0 represents RxD from Port 1.

0 Includes RxDn for ANDing
1 Excludes RxDn from ANDing
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13.3.3.6 CE Bus Network Mode Control Register (CNMCR)

Figure 13-5 shows the CE bus network mode control register.

Offset 0x0038 (CNMCR) Access: User Read/Write
31 ‘ ‘ ‘ 19 18 17 16
R FSPO|CLKP
W — CEN |' 7/ oL
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 1 1

15
R
W CNTHI[7:0] CNTLOW][7:0]
Reset 0 0 0 1 \ 0 0 0 0 0 0 0 1 \ 0 0 0 0

Figure 13-5. CE Bus Network Mode Control Register (CNMCR)

Table 13-8 shows the CNCMR field descriptions.

Table 13-8. CNMCR Field Descriptions

Field Description
31-19 Reserved
18 CE Bus enable. This signal controls the generation of ce_bus_dis signal. If set, the ce_bus_dis signal is
CEN generated as per the CNTHI and CNTLOW settings.
0 CE Bus disable signal is held low.
1 CE Bus disable signal is generated.
17 Frame Sync Polarity Select. This field selects the frame sync polarity of the CE Bus port (Port 7) used for the
FSPOL generation of ce_bus_dis signal.
0 Polarity 0
1 Polarity 1
16 Clock Polarity Select. This field selects the bit clock polarity of the CE Bus port (Port 7) used for generation
CLKPOL of ce_bus_dis signal.
0 Polarity 0
1 Polarity 1
15-8 CE Bus disable signal high period count. This field selects the number of bit clocks for which the CE Bus
CNTHI[7:0] disable signal ce_bus_dis is to remain high following the detection of the frame sync, that is, when CE Bus

is not transferring data. This allows the user to specify the time until the CE Bus starts transmitting (with
respect to the beginning of timeslot 0).

00000000 O bit clock period

00000001 1 bit clock period

00000010 2 bit clock period

11111111= 255 bit clock period

* If operating in 4-wire mode (SYN is set), the clock used for ce_bus_dis generation is selected by the
TCSEL[3:0] field of Port 7’s control register PTCR7. The frame sync used for ce_bus_dis generation is
selected by the TFSEL[3:0] field of Port 7’s control register PTCR7.

If operating in 6-wire mode (SYN is clear), the clock used for ce_bus_dis generation is selected by the

RCSEL[3:0] field of Port 7’s control register PTCR7. The frame sync used for ce_bus_dis generation is

selected by the RFSEL[3:0] field of Port 7’s control register PTCR?7.
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Table 13-8. CNMCR Field Descriptions (continued)

Field Description

7-0 CNTLOW - CE Bus disable signal low period count. This field selects the number of bit clocks for which the
CNTLOWT(7:0] |CE Bus disable signal ce_bus_dis is to remain low, that is, when CE Bus is transferring data.
00000000 = 0 bit clock period
00000001 = 1 bit clock period
00000010 = 2 bit clock period

11111111 = 255 bit clock period

* If operating in 4-wire mode (SYN is set), the clock used for ce_bus_dis generation is selected by the
TCSEL[3:0] field of Port 7’s control register PTCR7. The frame sync used for ce_bus_dis generation is
selected by the TFSEL[3:0] field of Port 7’s control register PTCR7.

If operating in 6-wire mode (SYN is clear), the clock used for ce_bus_dis generation is selected by the

RCSEL[3:0] field of Port 7’s control register PTCR7. The frame sync used for ce_bus_dis generation is

selected by the RFSEL[3:0] field of Port 7’s control register PTCR?7.

13.3.3.6.1 CE_Bus_dis Signal Generation Limitations

Certain restrictions are in place for the utilization of CE Bus network mode. They are as follows:
*  Only early frame syncs are supported.
* CE Bus data transfers only take place in contiguous time slots.
* Only one port can be connected to the CE Bus port at a time.
* CE Bus Network mode can be used for only two ports (Port 7 and one other port).
Transmission of data by CE bus and frame sync generation by the master (CE bus/port) occurs on the same

clock edge. This assures a 1/2-bit delay between the moment the RxD lines are switched inside the
AUDMUX (as driven by ce_bus_dis) and the moment the receive data is sampled by the serial interface.

13.4 Functional Description

This section provides a complete functional description of the AUDMUX module. Figure 13-1 shows the
AUDMUX block diagram.

13.4.1 AUDMUX Ports Overview

There is no functional difference among Ports 1 through 7. The main difference is whether a port is
connected to an on-chip serial interface (for example, SSI) or connected to the chip’s pads to connect to
off-chip serial devices (that is, any 4-wire or 6-wire external SSI, voice, 12S, or AC97 CODEC).

Port 7 can be physically connected to any of the peripherals previously mentioned, as well as the CE Bus.
The limitation of connecting CE Bus only at Port 7 is because of data selection in CE bus network mode
at Ports 1 to 7. Ports 1 to 6 communicate with CE Bus devices by being configured to connect to Port 7.

All ports can be configured as four- or six-wire interfaces. When configured as a six-wire interface, the
additional RFS and RCLK signals of the interface enable the serial interface to be used in asynchronous
mode with separate receive and transmit clocks.
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All ports have a Tx/Rx switch to provide flexibility in supporting network mode configurations. The Tx/Rx
switch enables the transmit and receive data lines to be swapped so that mastership of the serial bus can be
passed among multiple external devices connected to a single port.

In addition to supporting the default (point-to-point) normal mode, all ports also support two special types
of network mode—internal network mode and CE bus network mode. With internal network mode, a
point-to-multipoint network configuration with an arbitrary number of slaves can be supported if the
external slaves are put into the high-impedance state (as defined in the SSI network mode protocol) and
have pull-up resistors on their TxD contacts. (Alternatively, this can be viewed as requiring a pull-up
resistor on the corresponding AUDMUX RxD contact.) With CE bus network mode, a point-to-multipoint
network with two slaves can be supported; the slaves do not have to put the TxD line into high-impedance
state, and they do not require any pull-up resistors.

Bit clock direction selection enables each port to be configured as a master or slave in the flow.

Possible scenarios include:

* SSI (internal port) drives a voice CODEC and a BT (Blue tooth) CODEC (both on external Port 6)
and the Bottom Connector (on external Port 7) simultaneously using network mode. SSI is the
master.

* An external processor (external port - Port 5) drives a voice CODEC and a BT CODEC (both on
external Port 6) and the Bottom Connector (on Port 7) simultaneously using network mode. The
external processor is the master.

13.4.2 Operating Modes

The following terms are used in the descriptions of AUDMUX operating modes:

* Network mode—Time-division multiplexed protocol for sending unique data to multiple devices
on a serial bus.

* Internal network mode—Physical bus configuration where multiple serial buses are effectively
connected within the AUDMUX using digital logic to create point-to-multipoint connectivity. An
arbitrary number of devices are supported. Devices must be put into the high-impedance state as
specified by the network mode protocol. TXDATA lines of devices must be pulled high.

» External network mode—Physical bus configuration where multiple serial buses are electrically
connected together on a printed circuit board (that is, external to the AUDMUX). Devices must put
their TXDATA lines into the high-impedance state as specified by the network mode protocol.

* CE bus network mode—Physical bus configuration where multiple serial buses are effectively
connected within the AUDMUX using digital logic in order to create point-to-multipoint
connectivity. This mode can only utilize three AUDMUX ports simultaneously. One of the ports
must be Port 7. Devices do not have to be put into the high-impedance state, nor do they require
pull-up resistors on their TXDATA contacts.
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13.4.2.1 Port Receive Data Modes

Each port has logic to select which data lines are used to create the RxD line for the corresponding host
interface. Figure 13-6 shows the logic used to create the RxD line for Port 1. This logic has the following
modes of operation (as determined by MODE[1:0]):

¢ Normal mode—see Section 13.4.2.1.1, “Normal Mode,” for more information
¢ CE bus network mode—see Section 13.4.2.1.3, “CE Bus Network Mode,” for more information
¢ Internal network mode—see Section 13.4.2.1.2, “Internal Network Mode,” for more information

INMMASK][7:0]

L
-

| |
| |
| |
| Signal selection for |
I |
| |
| |

AUDMUX boundary

internal network mode

RxD g |l
(Port x)

TxD1_in
TxD2_in
TxD3_in
TxD4_in
TxD5_in
TxD6_in
——TxD7_in

-

MODE B
-

|

|

|

RXDéEL[zO]

Figure 13-6. Receive Data Logic for Port n

13.4.2.1.1 Normal Mode

In normal mode (MODE = 00), the port is connected in a point-to-point configuration (as a master or a
slave) and the RXDSEL[2:0] setting selects the transmit signal from any port. In normal mode, any data
format can be used (that is, SSI normal mode, SSI network mode, AC-97, and others.

13.4.2.1.2 Internal Network Mode

In internal network mode (MODE = 01), the output of the AND gate is routed (using the output of the port)
to the RxD signal of the corresponding host interface. The INMMASK bit vector selects the transmit
signals of the ports that are to be connected in network mode. The transmit signals received at the
AUDMUX ports (TxDn_in) are ANDed together to form the output. In internal network mode, only one
device can be transmitting in its predesignated timeslot and all other transmit signals must remain high (be
in high-impedance state and pulled-up). Therefore, non-active signals in the selection will be high and do
not influence the output of the AND gate.
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Network mode is a protocol where a master SSI is connected to more than one slave SSI device and
communication occurs on a time-slotted frame. Though network mode can allow master-slave and
slave-slave communication, internal network mode supports only master-slave communication.
There are two scenarios where internal network mode can be used with external network mode:

1. Slave-only devices are attached to an external port.

2. A master device is attached to an external port and all slave devices connected to the same external

port are disabled.
NOTE

When internal network mode is enabled at an external port, RXDSEL[3:0]
for RxDn_obe selection is ignored and RxD_obe is always driven high (that
is, asserted for all timeslots). All slave devices connected to the same port

must be disabled.

Internal Network Mode Example 1

SSI_m and SSI_n are used with Port 4 in internal network mode as shown in Figure 13-7. No pull-up
resistors are required because the interfaces combined in internal network mode are on-chip interfaces.

AUDMUX
Device
Port 1
Port 5 r——-—=---=-=- a
| KEY |
SSI_m Port2 |-g— I Internal I
| Heli® 8 Network Mode |
| Enabled |
Port 6

I I
| Port x| Active |

SSI_n Port 3 47
I I
Port 7 I Port x | Inactive I
I I
L — — — — — — — d

Figure 13-7. Block Diagram For Example 1

See Figure 13-8 for the timing diagram of Example 1. The clock and frame sync signals show the bit and
frame timing for the serial bus. The vertical dashed lines divide the frame into four timeslots.

The data lines for SSI_m and SSI_n (as well as their output enables) are shown. The on-chip interfaces
drive a logic ‘1’ when their output enables are logic ‘0’. The combined TxDATA line, which is the logical
AND of the individual TXxDATA lines, is used for Port 4’s TxDATA line.
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Figure 13-8. Example Using Internal Ports for Transmit Data
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Internal Network Mode Example 2

Figure 13-9 shows the case where SSI, port 4, and port 5 are used with port 6 in internal network mode.
Port 4 and port 5 are external ports so pull-up resistors are required on the port 4 RxDATA and port 5
RxDATA contacts. This example shows the timing associated with using adjacent timeslots for the SSI,
Port 4, and Port 5.

- sistor On
AUDMUX ?)L(‘BKPAF}:?G(I}UICI)’G&)
—» Port 4 Device
- ss'l—gi_r n
SSlI Port1 |-— )L(‘BKPAFi:?eauﬁ'e
Port 5 Device
r—— - - |
Port 2 I KEY I
I Internal I
Devi | e la @l  Network Mode |
evice | Enabled |
Port 3 I I
I Port n| Active I
Port 7 I I
I Port n| Inactive I
I I
L — — — — — — — d

Figure 13-9. Block Diagram for Example 2

The resistance value of the pull-up resistors must be sufficiently high such that a value of 0 can be pulled
up to logic 1 within half of a period of the bit clock. The required resistance must be no larger than:

Rpax =172 x fp. x O)
where:
fpe 1s the frequency of the bit clock
C is the total system capacitance (including capacitance of ICs, board traces, and so on)
Figure 13-10 shows the timing diagram for this example. The clock and frame sync signals show the bit

and frame timing for the serial bus. The vertical dashed lines divide the frame into four timeslots. Adjacent
timeslots are allocated to SSI, port 4, port 5, and port 4, respectively.

The data lines for the SSI, port 4, and port 5 are shown. The SSI transmits a logic 1 when its corresponding
output enable is a logic 0. The data lines from port 4 and port 5 at the contact are pulled high by pull-up
resistors when they are in the high-impedance state. The data lines from port 4 and port 5 at the AUDMUX
are pure digital signals and are constantly driven. The combined TxDATA line, which is the logical AND
of the SSI, port 4, and port 5’s TxDATA lines, is used for port 6’s TxXDATA line.

The highlighted areas in Figure 13-10show the transition time that occurs while a TXDATA line is being
pulled high. In this example, this transition time is a maximum of half the period of the serial bit clock.
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This prevents corruption of the first data bit of the next timeslot. It is critical that the pull-up resistance is
sufficient for the given bit clock frequency and system capacitance.

Hysteresis must be enabled at port 4’s RXDATA contact and port 5’s RXDATA contact to prevent the digital
signals created by the contact from toggling rapidly during the pull-up period. The contacts typically
require a transition within 25 ns unless hysteresis is enabled. Instead of using hysteresis, one could select
a pull-up resistor sufficiently high to pull-up the signal at the contact within 25 ns; however, that would
result in a higher resistance value and higher current drain.

SSI TxD

SSIOE

Port 4 TxD
(At SoC Contact)

Port 4 TxD
(At AUDMUX)

Port 5 TxD
(At SoC Contact)

Port 5 TxD
(At AUDMUX)

Combined TxD
(Port 6 RxD)

< TO >' T T2

1/2 Bit

T3

1/2 Bit

i | .
@ K ;@)

@ | T | K = >

HiZ

HiZ | T2 l u

| T2

<

To > T

\
> o< >

Figure 13-10. Example Using External Ports for Transmit Data in Consecutive Timeslots
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Internal Network Mode Example 3

Figure 13-11 shows the case where SSI and port 4 are used with port 6 in internal network mode. Since
port 4 is an external port, a pull-up resistor is required on the port 4 TXDATA contact. This example shows
the timing associated with inserting empty timeslots after the timeslots have been used by external ports.

- ist
AUDMUX l?)l(JBAlPA%?gésu%g n
— Port 4 Device
Ssi Port1 |<—

Port 5
r—-—— - - - - - A
Port 2 | KEY [
| Internal I
Devi I @l Network Mode |
evice | Enabled |
Port 3 | [
| Portn| Active |
Port 7 | |
I Port n| Inactive I
| |
L - - e e = = = 4

Figure 13-11. Block Diagram for Example 3

The resistance value of the pull-up resistor must be sufficiently high such that a logic 0 can be pulled up
to logic 1 by the time that the next occupied timeslot occurs. This allows a much weaker pull-up to be used
as compared to Example 2. The required resistance must be no larger than:

Ruu=@Gxn+1)/2xfp.xC)
where:
n is the number of bits per timeslot
fpe 18 the frequency of the bit clock
C is the total system capacitance (ICs, board traces, and so on)
Figure 13-12 shows the timing diagram for this example. The clock and frame sync signals show the bit

and frame timing for the serial bus. The vertical dashed lines divide the frame into four timeslots. In this
example, empty timeslots are inserted after the timeslots have been used by external ports.

The data lines for the SSI and Port 4 are shown. The SSI transmits a logic 1 when its corresponding output
enable is a logic 0. The data line from Port 4 at the contact is pulled high by a pull-up resistor when they
are in the high-impedance state. The data line from Port 4 at the AUDMUX is a pure digital signal and is
constantly driven. The combined TxDATA line, which is the logical AND of the SSI and Port 4’s TxDATA
lines, is used for Port 6’s RxDATA line.
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The highlighted areas in Figure 13-12show the transition time that occurs while port 4’s TxDATA line is
being pulled high. In this example, this transition time is a maximum of two timeslots plus 1/2 the period
of the serial bit clock. This prevents corruption of the first data bit of the next timeslot. It is critical that the
pull-up resistance is sufficient for the given bit clock frequency and system capacitance.

Hysteresis must be enabled at port 4’s RxDATA contact to prevent the digital signal created by the contact
from toggling rapidly during the extended pull-up period. The contacts typically require a transition within
25 ns unless hysteresis is enabled.

\
FS | | |
\
\
SSI TxD < TO >‘ T1

T2 T3

- )g . J/)

SSI OE
1/2 Bit |
) |
Port 4 TxD ~ Hiz |<
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\ \ \
|
Port 4 TxD |< T1 :{ | )
(At AUDMUX) ‘ ‘
\
| \ \
. \ \ i
Combined TxD < T0 X T > | |

(Port 6 RxD)
| | |

Figure 13-12. Example Using External Ports for Transmit Data in Nonconsecutive Timeslots

13.4.2.1.3 CE Bus Network Mode

To support network mode with devices connected to CE bus, a special network mode has been added. In
CE bus network mode (MODE[1:0] = 10), a 2 x 1 multiplexer is used to synchronously switch between
two ports (that is, network slaves) as determined by a signal called ce_bus_dis, which is generated by the
AUDMUX. CE bus network mode supports switching between two ports. One of the ports is the CE bus
port (Port 7) and the other port is selected by RXDSEL[2:0]. In contrast to internal network mode, external
ports do not require pull-up resistors, as the CE bus network mode logic switches data lines according to
the timeslot timing.
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ce_bus_dis Signal Generation

The AUDMUX uses clock and frame sync timing to generate the ce_bus_dis signal (and thus drive the
synchronous multiplexer used in CE bus network mode). The CE bus controls a contiguous block of
timeslots. In addition, each timeslot is controlled by one of the two ports. For example, Port 7 (CE bus)
could transmit in timeslots 1-2 and Port 6 could transmit in timeslots O and 3.

If the CEN bit is set, the ce_bus_dis signal generation logic is enabled. Otherwise, the signal generation
logic is disabled and the ce_bus_dis signal remains low.

The CNTLOW[7:0] field controls the number of bit clock periods for which the ce_bus_dis signal is held
low. This establishes the length of the CE Bus port’s timeslot(s).

The CNTHI[7:0] field controls the number of bit clock periods for which the ce_bus_dis signal is held high
after frame sync detection. This establishes the number of bits between the frame sync detection and the
start of the CE bus port’s timeslot(s). The internal counter used to determine the deassertion of the
ce_bus_dis signal is reset on every frame sync. This assures that the number of bit clock periods during
which the ce_bus_dis signal is held high after the assertion of frame sync is always correct.

The Port 7 control register PTCR7 selects the frame sync used to generate the ce_bus_dis signal. If the
SYN bit is set, then frame sync is determined by the TFSDIR and TFSEL[3:0] fields of PTCR7. If the SYN
bit is clear (that is, Port 7 is 6-wire), then TXFS is determined by the TFSDIR and TFSEL[3:0] and the
RxFS is determined by the RFSDIR and RFSEL[3:0] fields.

Similarly, the Port 7 control register PTCR7 determines the bit clock used for counting the low and high
periods of the ce_bus_dis signal. If the SYN bit is set, then the bit clock is determined by the TCLKDIR
and TCSEL]3:0] fields of PTCR7. If the SYN bit is clear (that is, Port 7 is 6-wire), then TxCLK is
determined by the TCLKDIR and TCSEL[3:0] and the RxCLK is determined by RCLKDIR and
RCSEL[3:0] fields of PTCR7.

The FSPOL and CLKPOL fields of the CNMCR determine the frame sync and bit clock polarities used
for frame sync detection. Different scenarios with combinations of frame sync and bit clock polarities are
shown in Figure 13-13 through Figure 13-17. For all these scenarios, CEN is set to 1. In RxDn_in, n can
be any number from 1 and 6.

The CE bus network mode control register CNMCR is used to control the generation of the ce_bus_dis
signal. See Section 13.3.3.6, “CE Bus Network Mode Control Register (CNMCR),” for complete details
on the CNMCR.

i.MX25 Multimedia Applications Processor Reference Manual, Rev.2

13-22 Freescale Semiconductor



Digital Audio Multiplexer (AUDMUX)
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Figure 13-13. ce_bus_dis Signal Timing for FSPOL=0, CLKPOL=0, CNTLOW=3, CNTHI=0
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Figure 13-14. ce_bus_dis Signal Timing with FSPOL=0, CLKPOL=1, CNTLOW=0b11, CNTHI=0b11

FS

N RERERE R RENE NS

RxDATA1 RxDn_in CE bus data RxDn_in

ce_bus_dis

Figure 13-15. ce_bus_dis Signal Timing with FSPOL=1, CLKPOL=0, CNTLOW=0b11, CNTHI=0
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Figure 13-16. ce_bus_dis Signal Timing with FSPOL=1, CLKPOL=1, CNTLOW=0b11, CNTHI=0b11
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Figure 13-17. ce_bus_dis Signal Timing with FSPOL=1, CLKPOL=1, CNTLOW=0b110, CNTHI=0

13.4.2.2 Transmit Data Output Enable Assertion

The TxDATA line from the internal network mode master (connected at any internal port) is put into the
high-impedance state at the contact depending upon the assertion or negation of TxD_obe. Its
corresponding output enable is generated by the network mode master.

In the case of an external network mode master (connected at an external port), the corresponding
TxD_obe is always asserted after the port data register configuration.

13.4.2.3 Tx/Rx Switch and External Network Mode

External network mode is the traditional network mode connection. It is called external network mode to
differentiate from the internal network mode. In external network mode, devices are connected to a single
external port in a star or multi-drop configuration.

In network mode, there can be only one master (driving the frame sync and clock source) with the other
devices configured in normal slave mode or network slave mode. Unlike internal network mode, both
master-slave and slave-slave communication can take place in external network mode. CODEC devices
transmit on a single timeslot while processor serial interfaces (that is, SSI) can process more than one
timeslot of data while in network master or slave mode.
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Figure 13-18 shows the Tx/Rx data switch. RxD_obe is the output buffer enable signal and RxD_out is the
data transmit signal from the serial interface. The TxD_in signal is the receive data signal going towards
the RXDSEL multiplexers of all ports.

D_TxRx is the data contact that serves as the chip-level transmit data contact when the TxRx switch is not
enabled. D_RxTx is the data contact that serves as the chip-level receive data contact when the TxRx
switch is not enabled. The roles of these contacts are reversed when the TxRx switch is enabled.

When TXRXEN is disabled (TXRXEN=0), RxD_out is routed to D_TxRx and D_RxTXx is routed to
TxD_in. The output buffer enable, selected by RXDSEL[2:0], is routed to Db_obe.

When the Tx/Rx switch is enabled (TXRXEN=1), RxD_out is routed to D_RxTx and D_TxRx is routed
to TxD_in. The output buffer enable, selected by RXDSEL[2:0], is routed to Da_obe.

If the RXDSELRn[2:0] field for any port n is configured to select data from an internal port, the output buffer
enable is selected by RXDSELn[2:0] and is routed to Dan_obe / Dbn_obe. In the case when the
RXDSELR[2:0] field for port n is configured to select data from an external port, the output buffer enable
is always high and routed to Dan_obe / Dbn_obe, depending on the TXRXEN# switch configuration.

AUDMUX BOUNDARY Contact Interface Boundary
TXRXEN
Db_obe
RxD_obe
—P
" IOPAD
| | D_TxRx
Db_out N
RxD_out B |
— Db _in | |
Da obe L — — |— — -
" oo
I | D_RxTx
Da_out | -
TxD_in Da_In !_ _!
I -
TX/RX SWITCH

Figure 13-18. Tx/Rx Switch
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13.4.2.4 Timing Modes

The AUDMUX ports are constructed as 6-wire interfaces. However, they can be used either in synchronous
or asynchronous modes as determined by the SYN bit.

13.4.2.4.1 Synchronous Mode (4-Wire Interface)

In synchronous mode, the port has a 4-wire interface (that is, RxD, TxD, TxCLK, TxFS). The receive data
timing is determined by TxCLK and TxFS.

As shown in Figure 13-19, port n signals can be routed to port m, producing 6-wire to 4-wire port
connectivity.

TFS_in, RFS_in, TCLK_in, and RCLK _in are the input frame sync and bit clocks from the serial interface
(port n) with their corresponding output buffer enable signals (_obe). TFS_out, RFS_out, TCLK_out, and
RCLK_out are the frame sync and bit clocks that are transmitted to the serial interface from the other ports.

The TFS_out and TCLK_out are selected at port n by the TFSEL and TCSEL multiplexer settings,
respectively. RFS_out and RCLK_out are selected at port n by the RFSEL and RCSEL multiplexer
settings, respectively. Similarly, in the external direction, port m is configured as a 4-wire port; TFSEL
selects the FS_obe and FS_out signals. In this mode, the configuration of RFSEL and RCSEL is not used,
since the RFS_out and RCLK_out contacts at port m are not available.
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Figure 13-19. Frame Sync and Clock Routing When External Port Is 4-Wire

13.4.2.4.2 Asynchronous Mode (6-Wire Interface)

In asynchronous mode, the port has a 6-wire interface (including RxD, TxD, TxCLK, TxFS, RxCLK, and
RxFS). This mode has additional receive clock (RxCLK) and frame sync (RxFS) signals as compared to
the synchronous or 4-wire interface.

As shown in Figure 13-20 and Figure 13-21, port n signals can be routed to port m, producing 6-wire to
6-wire port connectivity.

TFS_in, RFS_in, TCLK_in, and RCLK__in are input frame sync and bit clocks from the serial interface
(port n) with their corresponding output buffer enable signals (_obe). TFS_out, RFS_out, TCLK_out, and
RCLK _out are the frame sync and bit clocks that are transmitted to the serial interface from the other ports.
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TFS_out and TCLK_out are selected by the TFSEL and TCSEL multiplexer settings, respectively.
RFS_out and RCLK_out are selected by the RFSEL and RCSEL multiplexer settings, respectively.
Similarly, in the external direction, the TFSEL selects the TxFS_obe and TxFS_out signals and TCSEL
selects the TXCLK_obe and TxClk_out signals. The RFSEL selects the RxXFS_obe and RxFS_out signals
and RCSEL selects the RxCLK_obe and RxCLK_out signals.

NOTE

Since FS_in and CLK in from external interfaces are also routed to the
TFSEL and TCSEL multiplexers of the external ports, respectively, these
signals do not have corresponding buffer enable signals. Consequently, their
corresponding inputs to the TFSEL and TCSEL multiplexer of the external
ports have to be tied high.
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- ¢ RFS_ouﬁ |
RFS_obe RFS.n > | I I B
- L 1
RFS_in IOPAD
RFS_out
- g
TFSEL‘X[SZO] TFSx_obe, TFSx_in, RFS}lx_ob‘e
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Figure 13-20. Frame Sync Routing When External Port is 6-Wire
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AUDMUX Boundary
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13.4.3 AUDMUX Default Configuration

The AUDMUX reverts back to its default settings following a reset. Section 13.4.3.1, “Default Port

Configuration,” and Section 13.4.3.2, “Default CE Bus Configuration,” describes the default configuration
of the ports and CE Bus, respectively.

13.4.3.1

Default Port Configuration

L _— 1
IOPAD

Contact Boundary

TxCLK
g

RxCLK

|

Figure 13-21. Clock Routing When External Port is 6-Wire

After a reset, each port defaults to normal mode (PDCRn[MODE] = 00) with synchronous timing mode
(PTCRn[SYN] = 1) enabled.
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The default port-to-port connections are as follows:

* Port 1 to Port 6

— Port 6 provides the clock and frame sync.
e Port 2 to Port 5

— Port 5 provides the clock and frame sync.
* Port 3 to Port 4

— Port 4 provides the clock and frame sync.
* Port 7 to Port 7 (in data loopback mode)

— Clock and frame syncs are inputs.

13.4.3.2 Default CE Bus Configuration

The default configuration of all the ports is to set the MODE field to normal mode (that is, no port selects
CE Bus network mode). Correspondingly, the default configuration of the CEN field in the CNMCR is
clear. To minimize AUDMUX setup for audio testing, the rest of the CNMCR fields default to the
following configuration:

e FSPOL is set.

e CLKPOL is set.

e (CNTHI is set to 16.

e CNTLOW is set to 16.

This configuration uses a frame sync that is logic high when asserted.

The clock is driven by the transmitter on the rising edge and is sampled by the receiver on the falling edge.
The AUDMUX switches between devices on the rising edge; this provides a buffer of one-half clock period
between the moment data is sampled and when the AUDMUX switches between devices. See

Figure 13-16 for a timing diagram where FSPOL and CLKPOL are both set.

CNTHI and CNTLOW are set to 16 to allow CE Bus to drive data during timeslot 1 and the other device
to drive data during timeslots 0, 2, ..., N-1 where N is the number of timeslots used and each timeslot has
16 bits.

13.4.4 Connectivity Between Ports

Four basic types of connections are provided by the AUDMUX:
* Internal port to external port
* External port to external port
* Internal port to internal port
* Loopback
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13.4.4.1 Internal Port to External Port Connectivity

The internal port is connected to a processor’s serial interface. TxD_obe is the buffer enable signal from
the serial interface, TxD_in is the input transmit data from the serial interface to the AUDMUX, and
RxD_out is the receive data output from the AUDMUX to the serial interface.

RXDSEL][2:0] of the external port selects the buffer enable signal (TxD_obe) and transmit data output
(TxD_out) signal from the TxD_obe and RxD_in signals. RXDSEL[2:0] is a common signal to both
selection MUXes.

NOTE

Since buffer TxD_in signals from external interfaces do not have
corresponding buffer enable signals, their buffer enable signals into the
selection multiplexer are tied high. This ensures that selection of TxD_in, as
RxD_out also drives the RxD_obe output high.

Transmit Data from the serial interface goes into the RXDSEL data multiplexer and comes out as
RxD_out. RxD_out is routed to Da_TxRx when TXRXEN is disabled and to D_RxTx when TXRXEN is
enabled. Similarly, D_RxTx is routed to TxD_in when TXRXEN is disabled and D_TxRx is routed to
TxD_in when TXRXEN is enabled. The routing of frame syncs is shown in Figure 13-20 and the routing
of interface clocks is shown in Figure 13-21.

If internal network mode is disabled, then RXDSEL selects the TxD _in, which is sent from the AUDMUX
to the serial interface connected at port n. When the internal network mode is selected, RxD_out is
constructed by ANDing selected TxD_in signals from the ports (as determined by INMMASK).

If there is more than one device attached to the external port at D_TxRx and D_RxTx and one of the
devices is a network master, then following conditions must be observed:

1. When the external master is enabled in network mode, then the serial interface at port » must be
configured as a slave (normal or network mode). No Tx/Rx switching is required.

2. When the external master is disabled and the serial interface at port n and other slave devices must
communicate, then the serial interface at port n must be configured as a network mode master and
the Tx/Rx switch at port m must be enabled (TXRXEN=1). This ensures that the transmit and
receive paths are connected appropriately.

To communicate with more than one port, internal network mode can be enabled at port x. In internal
network mode, it is possible to communicate with any device attached to the other ports. Internal network
mode shall be enabled at the port that is the SSI network mode master.

It is also possible for a port to communicate with two (and only two) ports by enabling CE Bus network
mode at Port . It is then possible to communicate with any device attached to two enabled ports; one of
which is Port 7 and the other is selected by RXDSELn[2:0]. CE Bus network mode is enabled at the port
that is the SSI network mode master.
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13.4.4.2 External Port to External Port Connectivity

External ports can communicate with external ports directly. External ports can communicate together in
the following ways:

1.

Each port’s receive logic is configured in normal mode (MODE = 00). Each port’s RXDSEL[2:0]
field is configured to select the other port’s transmit data. Bit fields associated with clock/frame
sync selection and direction are configured for each port. Either port can be the master.

One port is configured in internal network mode (MODE = 01). All desired data lines are combined
by the AND gate as determined by INMMASK][7:0]. Since an external port is being used as the
internal network mode master, all other devices on the same AUDMUX port as the internal network
mode master must be disabled. This configuration can be used with a combination of internal and
external ports. All external ports must have a pull-up resistor on its RXDATA pin. Bit fields
associated with clock/frame sync selection and direction are configured for each port. Any port can
be the master.

One port is configured in CE Bus network mode (MODEJ0:1] = 10) to receive and/or transmit data
from and to the CE Bus connected to Port 7 and one other port. The ce_bus_dis signal is generated
by the AUDMUX depending upon the CNMCR register configuration. Bit fields associated with

clock/frame sync selection and direction are configured for each port. Any of the three ports can

be the master.

13.4.4.3 Internal Port to Internal Port Connectivity

Internal ports can communicate with other internal ports directly, thereby providing a means for
synchronous interprocessor communication. Internal ports can communicate together in three ways:

1.

Each port’s receive logic is configured in normal mode (MODE = 00). Each port’s RXDSEL[2:0]
field is configured to select the other port’s transmit data. Bit fields associated with clock/frame
sync selection and direction are configured for each port. Either port can be the master.

One port is configured in internal network mode (MODE = 01). All desired data lines are combined
by the AND gate as determined by INMMASK][7:0]. This configuration can be used with a
combination of internal and external ports. All external ports must have a pull-up resistor on its
RxDATA pin. Bit fields associated with clock/frame sync selection and direction are configured for
each port. Any port can be the master.

One port is configured in CE Bus network mode (MODEJ0:1] = 10) to receive and/or transmit data
from and to the CE Bus connected at Port 7 and one other port. The ce_bus_dis signal is generated
by the AUDMUX depending upon the CNMCR register configuration. Bit fields associated with
clock/frame sync selection and direction are configured for each port. Any of the three ports can

be the master.

13.4.4.4 Loopback Connectivity

AUDMUX ports can communicate with themselves in order to provide loopback functionality. Port n can
route its TXDATA signal to its own RxD_out signal by setting RXDSEL#[2:0] to its own port number. This
is supported by all ports in the AUDMUX.
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In addition, ports can provide loopback support in internal network mode as well as CE Bus network mode.
With internal network mode, the internal network mode master can loop its TxDATA signal (combined
with those of other ports, if desired) back into its RxD_out signal. Port n’s INMMASK must be set such
that bit (n - 1) is clear in order to enable the loopback.

With CE Bus network mode, the CE Bus network mode master can loop its TxDATA signal (combined
with CE Bus’s TxDATA) back into its RxD_in signal. RXDSELn[2:0] must be set to select port n.

13.4.5 AUDMUX Clocking

This section provides information about AUDMUX clocking including clock inputs and the clock

diagram.

13.4.5.1 AUDMUX Clock Inputs

The IP Bus read/write clock— peripheral clock—is an input to the AUDMUX. It is used for all AUDMUX
register accesses. It is driven only when there is an AUDMUX access on the IP bus.

The AUDMUX uses the selected Tx/Rx bit clock to drive the synchronous switching of the CE Bus
Network mode. Specifically, this clock is used to drive the ce_bus_dis signal generation logic. The bit
clock used for this function can come from either internal serial interfaces or external codecs. The clock
used for CE bus network mode is determined by PTCR7. See “ce_bus_dis Signal Generation” for more
details of the clock selection for CE bus network mode.

13.4.5.2 AUDMUX Clock Diagram
Figure 13-22 shows the clocking used in the AUDMUX.

F o o Jf BN BN BN BN BN BN BN BN BN BN BN Bw
FE ===y [ | [ ] [ | [ |
| | ips_module_en_audmux 1 AIPS i | AUDMUX |
| | 1 1 | |
o = md
| | | |
| | BN BN BN BN BN BN OE N | |
| | ] LPG 1 | |
| | ] | | |
Low Power Gate
| | ] 1 | |
I CCM | 1 1 I I
. . i i I IP Interface .
i i ] Clock _I 1 » Registers i
| | | Gating 1 Peripheral dbck [ |
i i L, ca i I i
| B Peripheral Biock | | |
| | | | | |
| | | | | |
o m wm I s s s o= md W W NN NN NNENNNRWN.

Figure 13-22. AUDMUX Clocking Scheme
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13.4.5.3 Clocking Restrictions

Since the AUDMUX requires only peripheral clock, the AUDMUX places no restrictions on the bus
frequency. All registers in the AUDMUX are control registers so their values do not change frequently.
Their values are programmed when changing between use cases (not during use cases).
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Chapter 14
ARM926EJ-S Simple Interrupt Controller (ASIC)

14.1 Introduction
The ARM926EJ-S Simple Interrupt Controller (ASIC) is a 32-bit peripheral which collects interrupt
requests from up to 64 sources and provides an interface to the ARM926EJ-S core. The ASIC includes:
» Hardware acceleration of normal and fast interrupts
» Software-controlled priority levels for normal interrupts.

Figure 14-1 provides a block diagram of the ASIC.

14.1.1 Features
The ASIC module includes the following features:

» Supports up to 64 interrupt sources

e Supports fast and normal interrupts

» Selects normal or fast interrupt request for any interrupt source

* Indicates pending interrupt sources using a register for normal and fast interrupts

» Indicates highest priority interrupt number using register (can be used a table index)

* Independently enable or disable any interrupt source

* Provides a mechanism for software to schedule an interrupt

» Supports up to 16 software controlled priority levels for normal interrupts and priority masking

» Single bit disabling of all normal interrupts and of all fast interrupts, used in enabling of secure
operations
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Figure 14-1. ASIC Block Diagram

14.2 Overview

The interrupt controller consists of a set of control registers and associated logic to perform interrupt
masking, priority support, and hardware acceleration of normal interrupts.

The control registers are summarized as follows:

The interrupt source registers (INTSRCH and INTSRCL) reflect the status of up to 64 interrupt
sources.

The interrupt force registers (INTFRCH and INTFRCL) are used to assert interrupt requests
corresponding to the different interrupt sources.

The interrupt enable registers (INTENABLEH and INTENABLEL) allow individual bit masking
of the interrupt source registers.

The interrupt type registers (INTTYPEH and INTTYPEL) determine the interrupt type (normal or
fast) associated with each interrupt source.

The normal interrupt pending registers (NIPNDH and NIPNDL) indicate pending normal interrupt
requests. These registers are equivalent to the logical AND of the interrupt source and enable
registers INTENABLEH / INTENABLEL), together with the NOT of the interrupt type registers.
(corresponding to the “nipend” signal in Figure 14-1) The NIPNDH and NIPNDL registers are
bitwise NORed together to form the nIRQ signal (avic_irg_b in Figure 14-1), which is routed to
the ARM926EJ-S core and is maskable by the normal interrupt disable bit in the processor status
register (CPSR). 