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About this book

This reference manual describes the MPC5121e microcontroller family for software and hardware
developers. Information regarding bus timing, signal behavior, and AC, DC, and thermal characteristics
are detailed in the device data sheet (MPC5121e Data Sheet).

The information in this book is subject to change without notice, as described in the disclaimers on the title
page. As with any technical documentation, the reader needs to make sure to use the most recent version
of the documentation.

To locate any published errata or updates for this document, visit the Freescale web site at
http://www.freescale.com/.

Audience

This manual is intended for system software and hardware developers and applications programmers who
want to develop products with the MPC5121e microcontroller family. It is assumed that the reader
understands operating systems, microprocessor system design, basic principles of software and hardware,
and basic details of the Power architecture.

Organization

Following is a summary and brief description of the major sections of this manual:

» Chapter 1, “Overview,” includes general descriptions of the modules and features incorporated in
the device while focusing on new features.

» Chapter 2, “System Configuration and Memory Map (XLBMEN + Mem Map),” describes the
memory map and configuration for the MPC5121e.

» Chapter 3, “Signal Descriptions,” summarizes the external signal functions, their static electrical
characteristics, and pad configuration settings for the MPC5121e.

» Chapter 4, “Reset,” describes the reset sources available on the MPC5121e, including details on
status flags and default configurations.

» Chapter 5, “Clocks and Low-Power Modes,” describes the various clock sources that are available
on the MPC5121e device.

» Chapter 6, “AXE System,” describes the Auxiliary Execution Engine (AXE) system on the
MPC5121e.

» Chapter 7, “Byte Data Link Controller (BDLC),” describes the BDLC, which is a Society of
Automotive Engineers (SAE) J1850-compatible serial network communication module.

» Chapter 8, “Clock Frequency Measurement (CFM),” describes the clock frequency measurement
module on the MPC5121e.
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Chapter 9, “CPU e300 Core Power Architecture,” describes the organization of the Power
processor core on the MPC5121e, and gives an overview of the programming models as they are
implemented on the device.

Chapter 10, “CSB Arbiter and Bus Monitor,” describes the Coherent Systems Bus (CSB) arbiter
and its configuration, control, and status registers.

Chapter 11, “Direct Memory Access (DMA),” describes the DMA controller implemented on the
MPC5121e.

Chapter 12, “Display Interface Unit (DIU),” describes the Display Interface Unit (DIU)
implemented on the MPC5121e.

Chapter 13, “DRAM Controller,” describes the multi-port DRAM controller that supports
Mobile-DDR, DDR-1, DDR-2, and SDR memories.

Chapter 14, “Multi-port DRAM Controller Priority Manager,” describes the priority manager for
the DRAM controller.

Chapter 15, “External Memory Bus (EMB),” describes how the LPC and the NFC share the
External Memory Bus.

Chapter 16, “Fast Ethernet Controller (FEC),” describes the feature set, operation, and
programming model of the FEC block.

Chapter 17, “General Purpose Timers (GPT),” describes eight independent timer channels that
perform general purpose timer and general purpose 1/0 (GP1O) functions.

Chapter 18, “General Purpose 1/0 (GPI0O),” describes the general purpose 1/0 module, including
pin descriptions, register settings and interrupt capabilities.

Chapter 19, “lIM/Fusebox,” describes the module that provides an interface for reading and
programming information stored in on-chip fuse elements.

Chapter 20, “Integrated Programmable Interrupt Controller (IP1C),” summarizes the software and
hardware interrupts for the MPC5121e device.

Chapter 21, “Inter-Integrated Circuit (12C),” describes the 12C module, including 12C protocol,
clock synchronization, and 1°C programming model registers.

Chapter 22, “1/0 Control,” describes the controls for the functional muxing and configuration of
the pads.

Chapter 23, “LocalPlus Bus Controller (LPC),” describes the external bus interface of the
MPC5121e.

Chapter 24, “MBX Graphics Controller,” describes the MBX graphics controller of the
MPC5121e.

Chapter 25, “MSCAN,” describes the CAN module, acommunication controller implementing the
CAN protocol according to Bosch Specification version 2.0B.

Chapter 26, “NAND Flash Controller (NFC),” describes the interface to standard NAND flash
memory devices.

Chapter 27, “Parallel Advanced Technology Attachment (PATA),” describes the PATA controller
and interface on the MPC5121e.

Chapter 28, “PCI Controller (PCI),” describes the PCI controller and interface on the MPC5121e.

MPC5121e Microcontroller Reference Manual, Rev. 4

XXii

Freescale Semiconductor



Chapter 29, “Power Management Control Module (PMC),” describes the power blocks that
provide voltage control for the internal logic of the device.

Chapter 30, “Programmable Serial Controller (PSC),” describes the Programmable Serial
Controller’s UART, AC97, Codec, and 1S functionality.

Chapter 31, “PSC Centralized FIFO Controller (FIFOC),” describes the centralized FIFO
controller for the PSC modules.

Chapter 32, “Real Time Clock (RTC),” describes the real time clock.

Chapter 33, “SATA Controller (SATA),” describes the Serial Advanced Technology Attachment
(SATA) controller and interface on the MPC5121e.

Chapter 34, “Secure Digital Host Controller (SDHC),” describes the module that interfaces to
Multimedia Cards (MMC), Secure Digital (SD) memory cards, and 1/O cards.

Chapter 35, “Software Watchdog Timer (WDT),” describes the counter that guards against
software errors by periodically issuing a reset unless interrupted by software.

Chapter 36, “Sony/Philips Digital Interface (SPDIF),” describes the SPDIF interface on the
MPC5121e.

Chapter 37, “SRAM Memory (MEM),” describes the on-chip static RAM (SRAM)
implementation.

Chapter 38, “Temperature Sensor,” describes the module that monitors the internal temperature of
the MPC5121e.

Chapter 39, “Universal Serial Bus Interface with On-The-Go,” describes the universal serial bus
(USB) interface on the MPC5121e.

Chapter 40, “Video-In (VIU),” describes the video input unit on the MPC5121e.

Appendix A, “Memory Map,” provides a detailed listing of the memory-mapped registers for the
MPC5121e.

Suggested reading

This section lists additional reading that provides background for the information in this manual as well as
general information about Power Architecture.

General information

Useful information about the Power Architecture and computer architecture in general:

Programming Environments Manual for 32-Bit Implementations of the PowerPC™ Architecture
(MPCFPE32B)

Using Microprocessors and Microcomputers: The Motorola Family, William C. Wray, Ross
Bannatyne, Joseph D. Greenfield

Computer Architecture: A Quantitative Approach, Second Edition, by John L. Hennessy and David
A. Patterson.

Computer Organization and Design: The Hardware/Software Interface, Second Edition, David A.
Patterson and John L. Hennessy.
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Power Architecture documentation

Power Architecture documentation is available from the sources listed on the back cover of this manual,
as well as http://www.freescale.com/powerarchitecture.

Reference manuals (formerly called user’s manuals)—These books provide details about
individual Power Architecture implementations and are intended to be used in conjunction with the
PowerPC Programmers Reference Manual.

Addenda/errata to reference manuals—Because some processors have follow-on parts, an
addendum is provided that describes the additional features and functionality changes. Also, if
mistakes are found within a reference manual, an errata document will be issued before the next
published release of the reference manual. These addenda/errata are intended for use with the
corresponding reference manuals.

Data sheets—Data sheets provide specific information regarding pin-out diagrams, bus timing,
signal behavior, and AC, DC, and thermal characteristics, as well as other design considerations.
Product briefs—Each device has a product brief that provides an overview of its features. This
document is roughly equivalent to the overview (Chapter 1) of a device’s reference manual.

Application notes—These short documents address specific design issues useful to programmers
and engineers working with Freescale Semiconductor processors.

Additional literature is published as new processors become available. For a current list of Power
Architecture documentation, refer to http://www.freescale.com/powerarchitecture.

Conventions

This document uses the following notational conventions:
cleared/set When a bit takes the value zero, it is said to be cleared; when it takes a value of

one, it is said to be set.

reserved When a bit or address is reserved, it should not be written. If read, its value is

cannot be not guaranteed. Reading or writing to reserved bits or addresses may
cause unexpected results.

MNEMONICS In text, instruction mnemonics are shown in uppercase.
mnemonics In code and tables, instruction mnemonics are shown in lowercase.
italics Italics indicate variable command parameters.

Book titles in text are set in italics.

0bO0 Prefix to denote binary number (e.g., 0b0110_0111)

0x0 Prefix to denote hexadecimal number (e.g., OXFFFO_FFFC)

b Suffix to denote binary number (e.g., 0110_0111b)

d Suffix to denote decimal number (e.g., 12345d)

h Suffix to denote hexadecimal number (e.g., FFFO_FFFCh)

REG[FIELD] Abbreviations for registers are shown in uppercase. Specific bits, fields, or ranges

appear in brackets. For example, RAMBAR[BA] identifies the base address field
in the RAM base address register.
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nibble

byte
halfword
word
doubleword
X

|
OVERBAR

A 4-bit data unit
An 8-bit data unit
A 16-bit data unit!
A 32-bit data unit
A 64-bit data unit

In some contexts, such as signal encodings, x (without italics) indicates a “don’t
care” condition.

With italics, used to express an undefined alphanumeric value (e.g., a variable in
an equation); or a variable alphabetic character in a bit, register, or module name
(e.g., DSPI_x could refer to DSPI_A or DSPI_B).

Used to express an undefined numerical value; or a variable numeric character in
a bit, register, or module name (e.g., EIFn could refer to EIF1 or EIFO0).

NOT logical operator

AND logical operator

OR logical operator

Field concatenation operator

An overbar indicates that a signal is active-low.

Register figure conventions

This document uses the following conventions for the register reset values in register figures:

U

[signal_name]

Bit value is undefined at reset.
Bit value is unchanged by reset. Previous value preserved during reset.
Reset value is determined by the polarity of the indicated signal.

The following descriptions are used in register bit field description tables:

R|O
W

Py
[En

Indicates a reserved bit field in a memory-mapped register. These bits are always read as 0.

FIELDNAME

R | FIELDNAME

Indicates a reserved bit field in a memory-mapped register. These bits are always read as 1.

Indicates a read/write bit in a memory-mapped register.

Indicates a read-only bit field in a memory-mapped register.

1. The only exceptions to this appear in the discussion of serial communication modules that support variable-length data
transmission units. To simplify the discussion these units are referred to as words regardless of length.
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R
W

FIELDNAME

FIELDNAME

wilc

FIELDNAME

ric

0

FIELDNAME

Indicates a write-only bit field in a memory-mapped register.

Write 1 to clear: indicates that writing a 1 to this bit field clears it.

Read to clear: indicates that reading this bit field clears it, regardless of its returned value.

Indicates a self-clearing bit.

Acronyms and Abbreviations

Table i lists some acronyms and abbreviations used in this document.

Table i. Acronyms and Abbreviated Terms

Term Meaning
ADC Analog-to-digital converter
ALU Arithmetic logic unit
BDM Background debug mode
BIST Built-in self test
BSDL Boundary-scan description language
CODEC Code/decode
DAC Digital-to-analog conversion
DMA Direct memory access
DSP Digital signal processing
EA Effective address
FIFO First-in, first-out
GPIO General-purpose 1/0
1°c Inter-integrated circuit
IEEE Institute for Electrical and Electronics Engineers
IFP Instruction fetch pipeline
IPL Interrupt priority level
JEDEC Joint Electron Device Engineering Council
JTAG Joint Test Action Group
LIFO Last-in, first-out
LRU Least recently used
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
LSB Least-significant byte

LVI Low-voltage interrupt

Isb Least-significant bit

MAC Multiply accumulate unit, also Media access controller
MSB Most-significant byte

msb Most-significant bit

Mux Multiplex

NOP No operation

OEP Operand execution pipeline

PC Program counter

PLIC Physical layer interface controller

PLL Phase-locked loop

POR Power-on reset
RISC Reduced instruction set computing

Rx Receive

SOF Start of frame

TAP Test access port

TTL Transistor transistor logic

TX Transmit
UART Universal asynchronous/synchronous receiver transmitter
uUSB Universal serial bus
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Terminology Conventions

Table ii shows terminology conventions used throughout this document.

Table ii. Notational Conventions

Instruction Operand Syntax
Opcode Wildcard
cc Logical condition (example: NE for not equal)
Register Specifications
An Any address register n (example: A3 is address register 3)
Ay,AX Source and destination address registers, respectively
Dn Any data register n (example: D5 is data register 5)
Dy,Dx Source and destination data registers, respectively
Rc Any control register (example VBR is the vector base register)
Rm MAC registers (ACC, MAC, MASK)
Rn Any address or data register
Rw Destination register w (used for MAC instructions only)
Ry,Rx Any source and destination registers, respectively
Xi Index register i (can be an address or data register: Ai, Di)
Miscellaneous Operands
#<data> Immediate data following the 16-bit operation word of the instruction
<ea> Effective address
<ea>y,<ea>X Source and destination effective addresses, respectively
<label> Assembly language program label
<list> List of registers for MOVEM instruction (example: D3-DO0)
<shift> Shift operation: shift left (<<), shift right (>>)
<size> Operand data size: byte (B), word (W), longword (L)
bc Instruction and data caches
dc Data cache
ic Instruction cache
# <vector> Identifies the 4-bit vector number for trap instructions
<> identifies an indirect data address referencing memory
<XXX> identifies an absolute address referencing memory
dn Signal displacement value, n bits wide (example: d16 is a 16-bit displacement)
SF Scale factor (x1, x2, x4 for indexed addressing mode, <<1n>> for MAC operations)

MPC5121e Microcontroller Reference Manual, Rev. 4

XXViii

Freescale Semiconductor



g |

Table ii. Notational Conventions (continued)

Instruction Operand Syntax
Operations

+ Arithmetic addition or postincrement indicator

- Arithmetic subtraction or predecrement indicator

X Arithmetic multiplication

/ Arithmetic division

~ Invert; operand is logically complemented

& Logical AND

| Logical OR

A Logical exclusive OR
<< Shift left (example: DO << 3 is shift DO left 3 bits)
>> Shift right (example: DO >> 3 is shift DO right 3 bits)
- Source operand is moved to destination operand

“«——> Two operands are exchanged

sign-extended

All bits of the upper portion are made equal to the high-order bit of the lower portion

If <condition>
then <operations>
else <operations>

Test the condition. If true, the operations after then are performed. If the condition is false and the optional
else clause is present, the operations after else are performed. If the condition is false and else is omitted,

the instruction performs no operation. Refer to the Bcc instruction description as an example.

Subfields and Qualifiers

{ Optional operation
0 Identifies an indirect address
dy Displacement value, n-bits wide (example: dg is a 16-bit displacement)
Address Calculated effective address (pointer)
Bit Bit selection (example: Bit 3 of DO)
Isb Least significant bit (example: Isb of DO)
LSB Least significant byte
LSW Least significant word
msb Most significant bit
MSB Most significant byte
MSW Most significant word
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Chapter 1
Overview

1.1 Introduction

The MPC5121e integrated processor provides an exceptional computing platform for multimedia and
infotainment vehicle applications for OEM, aftermarket, and commercial products. The MPC5121e is also
excellent for any embedded solution that requires graphics, a graphical user-interface, and network
connectivity. The MPC5121e has automotive qualification; therefore, all customers can expect
competitive cost, quality, reliability, and availability for years to come. The MPC5121e uses the e300 CPU
core based on the Power Architecture™ instruction set.

The MPC5121e has an integrated graphics engine, the PowerVR® MBX Lite IP core licensed from
Imagination Technologies, which supports 3D acceleration (not available in MPC5123). With a 128-bit
interface, this graphics engine has incredible performance. A separate 32-bit RISC auxiliary acceleration
engine (AXE) provides additional processing power. This engine has been optimized for audio
applications and acceleration of popular media formats including MP3, AAC, WMA, Ogg Vorbis, and
others. The AXE can also support sample rate conversion important to speech recognition.

The MPC5121e integrated processor includes multiple cores and multiple buses, helping to avoid high
clock rates to obtain high performance. The excellent balance between operating power consumption and
performance allows for lower system cost and higher reliability. The low standby power consumption also
makes the product suitable for portable applications.

The flexibility of the MPC5121e provides customers a platform for a variety of product applications. Its
rich set of integrated peripherals include PCI, SATA, PATA, Ethernet, USB 2.0, CAN, twelve

programmable serial controllers, and numerous others. The integrated display controller (DIU) allows for
cost-effective support of thin film transistor (TFT) LCD panel displays with up to 1280 x 720 resolution.

Again, the MPC5121e uses the e300 CPU core, with 32 KB instruction cache and 32 KB data cache, based
on the Power Architecture instruction set. Wide support of RTOS, software drivers, middleware, and
application solutions from mobileGT alliance members is planned when samples become available. This
can greatly reduce development lead times and expense while improving software quality.

The many embedded memory buffers help ensure balanced system performance and system bus
throughput. The performance of the MPC5121e is enhanced by having well-balanced system resources for
the integrated core, graphics and audio engines.

Figure 1-1 shows a top-level block diagram of the MPC5121e.
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Figure 1-1. MPC5121e Block Diagram

<
-

Chip-Level Features

e300 Power Architecture processor core

Power modes include doze, nap, sleep, deep sleep, and hibernate
Auxiliary Execution Engine (AXE)

MBX Lite — 2D/3D graphics engine (not available in MPC5123)
Display interface unit (DIU)

-«
3
-«
-

DDR1, DDR2, and low-power mobile DDR (LPDDR)/mobile-DDR SDRAM memory controller

128 KB on-chip SRAM

USB 2.0 OTG controller with integrated physical layer (PHY)
DMA subsystem

Flexible multi-function external memory bus (EMB) interface
NAND flash controller (NFC)

LocalPlus interface (LPC)

10/100Base Ethernet

PCI interface, version 2.3
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1.3

Parallel ATA (PATA) integrated development environment (IDE) controller
Serial ATA (SATA) controller with integrated physical layer (PHY)
MMC/SD/SDIO card host controller (SDHC)

PSC — Programmable serial controller

Inter-integrated circuit (12C) communication interfaces

Serial audio interface (S/PDIF)

Controller area network (CAN)

J1850 byte data link controller (BDLC) interface

Video input unit (VIU), ITU-656 compliant

On-chip real-time clock (RTC)

On-chip temperature sensor

IC Identification module (1IM)

Module Features

The following provides more details of modules implemented on the device:

131

1.3.2

1.3.3

e300 Processor Core

Power Architecture instruction set

32 KB instruction cache

32 KB data cache

High-performance, superscalar processor core with a four-stage pipeline

Dual-issue processor with integrated floating-point unit and dual integer units

Dynamic power management

MBX Lite graphics block

Dedicated hardware graphics coprocessor

Superior 2D and 3D graphics performance

Operating system with application programmer interface and drivers
Not available on MPC5123

Display Interface Unit (DIU)

Supports LCD display resolution as high as 1280 x 720
Supports refresh rate as high as 60 Hz

Color depth as high as 24 bits per pixel

Hardware n-plane accelerated blending

MPC5121e Microcontroller Reference Manual, Rev. 4
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Overview

1.34 Video Interface Unit (VIU)

e Support from QVGA to XVGA 8-bit/10-bit ITU656 video input
* YUV to RGB888/565 conversion
» Internal DMA engine for data transfering to memory

1.35 AXE processor

» 32-bit RISC coprocessor

» 8 KB instruction cache, 48-bit fixed point arithmetic, and multiply-accumulate (MAC)

e Supports MP3 encode speed as fast as 4x

» Software available for many compressed audio formats such as MP3, AAC, Ogg Vorbis, and WMA

1.3.6 USB Controller

» Two on-chip USB controllers with On-The-Go (OTG) host/device capability

» Each supports high-speed (480 Mbps), full-speed (12 Mbps), and low-speed (1.5 Mbps)
* One USB controller with integrated on-chip physical interface (PHY)

* Both USB controllers accessible through the ULPI interface

1.3.7 Direct Memory Access (DMA) Controller

* 64-channel on-chip DMA engine with advanced capabilities
» Supports channel linking and scatter/gather processing
» Support for external DMA requests

1.3.8 DDR SDRAM Memory Controller

» Supports 16-bit wide and 32-bit wide DDR1, DDR2, and LPDDR/mobile-DDR SDRAM devices
at speeds as fast as 200 MHz

1.3.9 128 KB on-chip SRAM

» Usable as e300 core scratch pad memory

1.3.10 PCl interface

» PCI specification revision 2.3 compliant (Host mode only)
» 32-bit PCI interface support

* On-chip arbitration supports three external PCI bus masters
» Support for external DMA requests

MPC5121e Microcontroller Reference Manual, Rev. 4
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1.3.11 Serial ATA controller (SATA) with integrated PHY

o Compliant with SATA 1.0a spec
* Supports 1.5 Gbps

1.3.12 Parallel ATA controller (PATA)

» Compliant with ATA-6 specification
» Supports PIO mode 0 to 4

* Supports MDMA mode 0 to 2

e Supports UDMA mode 0 to 4

1.3.13 Fast Ethernet Controller (FEC)

e Supports 100 Mbps/10 Mbps IEEE 802.3 Ml
e Supports 10 Mbps 7-wire interface
» IEEE 802.3 full duplex flow control

1.3.14 NAND Flash Interface

» Supports NAND flash with 8-bit or 16-bit data width

» Supports booting from NAND flash

» Supports 512 byte/2 KB/4 KB page NAND devices

» Supports four chip selects

» Correction and detection up to eight erroneous symbols

1.3.15 Local Plus Bus (LPC) Interface

» Interface to external memory-mapped or chip-selected devices
* 32-bit address bus

* 32-bit data bus

» Eight chip selects

» Supports burst mode flash

* Supports 32-bit ALE-muxed interface

e Supports as many as 42-bit non-muxed interfaces

» Supports large-packet DMA transfers

1.3.16 SD/SDIO/MMC card interface

e Compliant with SD and SDIO specification version 1.x
o Compliant with MMC card specification
* 100 Mbps data rate in 4-bit mod
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1.3.17 Controller Area Network (CAN) interfaces

» Four CAN interfaces

* Implementation of CAN protocol, version 2.0 A/B
* Programmable wakeup functionality

e Support of low speed or high speed

1.3.18 S/PDIF receive and transmit interface

» S/PDIF receiver operates with incoming frequencies in 32 kHz to 96 kHz range
» S/PDIF transmitter

1.3.19 Integrated Circuit Communication (1°C)

« Three industry-standard 12C interfaces
* Input digital noise filtering
» Master and slave modes supported

1.3.20 Programmable Serial Controller (PSC)

» 12 programmable serial controllers (PSC)
» Each PSC is a flexible serial communication engine, supporting the following protocols:
— Universal asynchronous receiver/transmitter (UART)
— Codec/Pulse-code modulation (PCM)
— Serial audio data
— Inter-1C sound bus (12S)
— Multi-channel data
— Serial Peripheral Interface (SPI)
— AC97
* PSC UART mode
* PSC Codec mode Master and slave clock support
« PSC inter-integrated sound interface (1S mode)
» PSC SPI mode
* PSC AC97 mode

1.3.21 J1850 Byte Data Link Controller (BDLC) Interface

* SAE J1850 Class B data communications network interface compliant
* 1SO-compatible for low speed (< 125 Kbps) serial data communications
* Digital noise filter

MPC5121e Microcontroller Reference Manual, Rev. 4
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1.3.22 General Purpose I/Os (GPIO)

*  One GPIO module with 32 pins
* Four GPI pins available for external wake up

1.3.23 On-chip Real-time Clock (RTC)

 Real-time clock runs from separate Vg1 power domain

» Tamper bit indicates when Vgt has been removed

* Programmable alarm

» Periodic interrupts for one second, one minute, one day

* Runs with external 32 kHz crystal or external clock source

1.3.24 IC Identification Module (IIM)
» One fuse bank user space (32 bytes)

1.3.25 On-chip Temperature Sensor

» Capable of generating an interrupt at a programmable temperature level

1.3.26 Power Modes

* Run
* Doze
* Nap
» Sleep

» Deep sleep mode
* Hibernation mode

1.3.27 System Timers

» Real-time clock
» Eight general-purpose timers

1.3.28 |IEEE 1149.1 Compliant JTAG Boundary Scan
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Chapter 2
System Configuration and Memory Map
(XLBMEN + Mem Map)

2.1 Introduction

The System Configuration and Memory Map chapter describes the memory map of the MPC5121e and
also details information on setting up the system configuration. The memory map is described by 17 local
access windows. Some of these memory access windows point to various blocks of the 32-bit memory
address space while other memory access windows point to specific peripheral modules. A list of the local
access windows is shown in Table 2-1. The registers that set the base address and size of each local access
window are presented in Table 2-2.

2.2 Memory Map and Register Definition

2.2.1 Local Memory Map Overview and Example

The MPC5121e provides a flexible local memory map. The local memory map refers to the 32-bit address
space seen by the processor as it accesses memory and 1/O space. Internal DMA engines also see this same
local memory map. All memory accessed by the MPC5121e DDR SDRAM and LocalPlus controllers
exists in this memory map, as do all memory-mapped configuration, control, and status registers.

The local memory map of the MPC5121e is defined by a set of 17 local access windows. Each window
maps a region of memory to a particular target interface, such as the DDR SDRAM controller or the PCI
controller. The LPC windows do not perform any address translation. Each local access window is
assigned to a specific target interface as specified in Table 2-1.

Local Access Windows are defined in several different ways. For instance, Local Access Window 0 is used
for the configuration registers which include the IMMRBAR register and the base address for registers in
the various peripheral modules. The block size for Local Access Window 0 is fixed at 1 MB. Local Access
Windows 1-9 are specified by the Start_Addr and Stop_Addr fields of the respective LocalPlus Access

Window Registers for Chip Select Boot and Chip Selects 0-7. The base addresses for the three PCI Local
Access Windows are specified by the respective PCI Local Access Window Base Address Registers and
the size of the windows are specified by the respective PCI Local Access Window Attributes Register. The
DDR SDRAM window base address and size is specified by the DDR Local Access Window Base Address
Register and the size of the window is specified by the DDR Local Access Window Attributes Register.

Window 14 is used for the MBX module. The MBX base address register is located at IMMR + 0xCO0. The
block size is fixed at 16 MB. Window 15 is used for the SRAM module. The SRAM module base address
register is located at IMMRBAR + 0xC4. The block size is fixed at 256 KB. While the SRAM window is

MPC5121e Microcontroller Reference Manual, Rev. 4
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System Configuration and Memory Map (XLBMEN + Mem Map)

256 KB, the actual size of the SRAM is 128 KB. Window 16 is used for the NAND flash controller. The
NAND flash controller base address register is located at IMMR + 0xC8. The block size is fixed at 1 MB.

NOTE

It is generally a programming error to overlap the addressing range of the
Local Access Windows. There is nothing to prevent software from
programming overlapping addresses.

Changing the value of IMMRBAR changes the location of the Local Access Windows Target Interface.
The address of the IMMRBAR Register is the contents of the IMMRBAR register, itself. A Special
Purpose Register, SPR311, is specifically provided such that a copy of IMMRBAR can be maintained in
a register that does not move in the memory map.

NOTE

It is the responsibility of the system software to properly maintain e300
special purpose register 311 (SPR311 — MBAR) such that its contents are
the same as the contents of the IMMRBAR Register.

MPC5121e Microcontroller Reference Manual, Rev. 4
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System Configuration and Memory Map (XLBMEN + Mem Map)

2.2.2 Address Translation and Mapping

Table 2-1. Local Access Windows Target Interface

Window | Offset

Number | to IMMR Target Interface Comments

o

0x000 | Configuration registers (IMMRBAR) Fixed 1 MB window size
0x020 |LocalPlus Bus Boot Access Window Register (LPBAW) —
0x024 | LocalPlus Bus CS0O Access Window Register (LPCS0AW) —
0x028 | LocalPlus Bus CS1 Access Window Register (LPCS1AW) —
0x02C | LocalPlus Bus CS2 Access Window Register (LPCS2AW) —
0x030 |LocalPlus Bus CS3 Access Window Register (LPCS3AW) —
0x034 |LocalPlus Bus CS4 Access Window Register (LPCS4AW) —
0x038 | LocalPlus Bus CS5 Access Window Register (LPCS5AW) —
0x03C | LocalPlus Bus CS6 Access Window Register (LPCS6AW) —
0x040 |LocalPlus Bus CS7 Access Window Register (LPCS7AW) —
0x060 |PCI Local Access Window 0 Base Address Register (PCILAWBARDO) —
0x064 | PCI Local Access Window 0 Attributes Register (PCILAWARO) —
11 0x068 | PCI Local Access Window 1 Base Address Register (PCILAWBAR1) —
0x06C | PCI Local Access Window 1 Attributes Register (PCILAWAR1) —
12 0x070 |PCI Local Access Window 2 Base Address Register (PCILAWBAR?2) —
0x074 | PCI Local Access Window 2 Attributes Register (PCILAWAR?2) —
13 0xOAO |DDR SDRAM Local Access Window Base Address Register (DDRLAWBARDO) —
0x0A4 |DDR SDRAM Local Access Window Attributes Register (DDRLAWARO) —

Ol N[0 B W[IN|PF

=
o

14 0x0CO | MBX Base Address Register (MBXBAR) Fixed 16 MB window size
15 0x0C4 | SRAM Base Address Register (SRAMBAR) Fixed 256 KB window size
16 0x0C8 | NFC Base Address Register (NFCBAR) Fixed 1 MB window size

Three distinct types of translation and mapping operations are performed on transactions in the
MPC5121e. These are:

* Mapping a local address to a target interface
» Translating the local 32-bit address to an external address space
» Translating external addresses to the local 32-bit address space

The local access windows perform target mapping for transactions within the local address space. No
address translation is performed by the local access windows.

Outbound windows perform the mapping from the local 32-bit address space to the address spaces of PCI,
which may be much larger than the local space.

Inbound windows perform the address translation from the external address spaces of PCI to the local
address space.
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The target mappings created by an inbound window must be consistent with those of the local access
windows. That is, if an inbound window maps a transaction to a given local address, a valid local access
window must be set independently.

2.2.3 Window into Configuration Space

The internal memory map base address register (IMMRBAR) defines a window that is used to access all
memory-mapped configuration, control, and status registers, referred as internal memory map registers or
IMMR. The window is always enabled with a fixed size of 1 MB. There is no attributes register associated
with Window 0. This window always takes precedence over all local access windows. The IMMRBAR
always comes out of reset with a default base address value of OxFF40_0000. The value of IMMRBAR
can be modified by writing to this register. For more information, see Section 2.2.5.1.1, “Internal Memory
Map Registers Base Address Register IMMRBAR).”

NOTE

Even though Window 0 only uses a 1 MB addressing range, it is
recommended that it be treated as a 4 MB addressing range. For example, if
IMMRBAR is set to OxFF40_0000, reserve an address space of
OxFF40_0000-0xFF7F_FFFF. Although it is legal to use the 3 MB address
space directly above Window 0, this space may be used in future derivatives
of MPC5121e.

2.2.4 Local Access Windows

As demonstrated in the address map overview in Section 2.2.1, “Local Memory Map Overview and
Example,” local access windows associate a range of the local 32-bit address space with a particular target
interface. This allows the internal interconnections of the MPC5121e to route a transaction from its source
to the proper target. No address translation is performed. The base address defines the high order address
bits that give the location of the window in the local address space. The window attributes enable the
window and define its size, while the window number specifies the target interface.

With the exception of configuration space (mapped by IMMRBAR), all addresses used by the system must
be mapped by a local access window. This includes addresses that are mapped by PCI inbound windows.

The local access window registers exist as part of the local access block in the system configuration
registers. See Section 2.3.1.1, “System Configuration Registers.” A detailed description of the local access
window registers is given in the following sections.

2.2.5 Local Access Register Memory Map

Table 2-2 shows the memory map for the local access registers.
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System Configuration and Memory Map (XLBMEN + Mem Map)

Table 2-2. Local Access Register Memory Map

Offset from
LOCAL_BASE
(OxFF40_0000)

Register

1| Reset

Access
Value?

Section/Page

0x000

Internal Memory Map Base Address Register (IMMRBAR) R/W

WINDOW 0

Base address set by the BASE_ADDR field of the IMMRBAR register.

Size fixed at 1 MB.

See Table 2-16 for individual module base addresses.

OXFF80
0000

2.25.1.1/2-7

0x004—-0x01F

Reserved

0x020

LocalPlus Boot Access Window register (LPBAW)

WINDOW 1

Base address and size set by the START_ADDR and STOP_ADDR

fields of the LPBAW register.

2.25.1.3/2-10

0x024

LocalPlus CS0 Access Window register (LPCSOAW) R/W

WINDOW 2

Base address and size set by the START_ADDR and STOP_ADDR

fields of the LPCSOAW register.

2.2.5.1.3/2-10

0x028

LocalPlus CS1 Access Window register (LPCS1AW) R/W

WINDOW 3

Base address and size set by the START_ADDR and STOP_ADDR

fields of the LPCS1AW register.

2.2.5.1.3/2-10

0x02C

LocalPlus CS2 Access Window register (LPCS2AW) R/W

WINDOW 4

Base address and size set by the START_ADDR and STOP_ADDR

fields of the LPCS2AW register.

2.2.5.1.3/2-10

0x030

LocalPlus CS3 Access Window register (LPCS3AW) R/W

WINDOW 5

Base address and size set by the START_ADDR and STOP_ADDR

fields of the LPCS3AW register.

2.2.5.1.3/2-10

0x034

LocalPlus CS4 Access Window register (LPCS4AW) R/W

WINDOW 6

Base address and size set by the START_ADDR and STOP_ADDR

fields of the LPCS4AW register.

2.2.5.1.3/2-10

0x038

LocalPlus CS5 Access Window register (LPCS5AW) R/W

WINDOW 7

Base address and size set by the START_ADDR and STOP_ADDR

fields of the LPCS5AW register.

2.2.5.1.3/2-10
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Table 2-2. Local Access Register Memory Map (continued)

Offset from

WINDOW nnn
Base address set by the BASE_ADDR field of the NFCBAR register.
Size fixed at 1 MB.

LOCAL_BASE Register Access? 5;3?2 Section/Page
(0OxFF40_0000)
0x03c LocalPlus CS6 Access Window register (LPCS6AW) R/W 2.2.5.1.3/2-10
WINDOW 8
Base Address and Size set by the START_ADDR and STOP_ADDR
fields of the LPCS6AW register.
0x040 LocalPlus CS7 Access Window register (LPCS7AW) R/W 2.2.5.1.3/2-10
WINDOW 9
Base address and size set by the START_ADDR and STOP_ADDR
fields of the LPCS7AW register.
0x044—-0x05F | Reserved
0x060 PCI Local Access WindowO Base Address register (PCILAWBARO) R/W 2.2.5.1.5/2-12
0x064 PCI Local Access WindowO Attribute register (PCILAWARO) R/W 2.2.5.1.6/2-12
0x068 PCI Local Access Window1 Base Address register (PCILAWBAR1) R/W 2.2.5.1.5/2-12
0x06C PCI Local Access Window1 Attribute register (PCILAWAR1) R/W 2.2.5.1.6/2-12
0x070 PCI Local Access Window2 Base Address register (PCILAWBAR?2) R/W 2.2.5.1.5/2-12
0x074 PCI Local Access Window?2 Attribute register (PCILAWAR?2) R/W 2.2.5.1.6/2-12
0x078-0x09F | Reserved
0x0A0 DDR Local Access Window0 Base Address register (DDRLAWBARO) R/W 2.2.5.1.7/2-13
WINDOW nnn
Base address set by the BASE_ADDR field of the DDRLAWBAR
register.
O0x0A4 DDR Local Access WindowO Attribute register (DDRLAWARO) R/W 2.2.5.1.8/2-13
WINDOW nnn
Size set by SIZE field of the DDRLAWAR register.
0x0A8-0x0OBF | Reserved
0x0CO0 MBX Address Register (MBXBAR) R/W 2.2.5.1.9/2-14
0x0C4 SRAM Address Register (SRAMBAR) R/W 2.2.5.1.10/2-15
WINDOW nnn
Base address set by the BASE_ADDR field of the SRAMBAR register.
Size fixed at 256 KB.
0x0C8 NFC Address Register (NFCBAR) R/W 2.2.5.1.11/2-15

0xO0CC-Ox0FF

Reserved
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1 Inthis column, R/W = Read/Write, R = Read-only, and W = Write-only.

2 In this column, the symbol “U” indicates one or more bits in a byte are undefined at reset. See the associated description for
more information.

3 The LPBAW reset value depends on the reset configuration word high values. See Table 2-6.

2.25.1 Local Access Register Description

22511 Internal Memory Map Registers Base Address Register (IMMRBAR)

The internal memory map registers contain configuration, control, and status registers as well as device
internal memory arrays. The internal memory map occupies a 1 MB region of memory space. Its location
is programmable using the internal memory map register IMMRBAR). The default base address for the
internal memory map register is 0OXFF40_0000. Because IMMRBAR is at offset 0x000 from the beginning
of the local access registers, IMMRBAR always points to itself. A complete list of the modules that are
memory mapped by the IMMRBAR is shown in Table 2-16.

22512 Updating IMMRBAR

Updates to IMMRBAR that relocate the entire 1 MB region of the internal memory block, requires special
treatment. The effect of the update must be guaranteed to be visible by the mapping logic before an access
to the new location is seen. To make sure this happens, these guidelines should be followed:

* IMMRBAR should be updated during initial configuration of the device when only one host or
controller has access to the device

» During system initialization, immediately after the release of reset, system software should set
IMMRBAR to the desired final location before enabling other 1/0O devices, which can become
potential bus masters. A copy of the IMMRBAR value should be written to Special Purpose
Register SPR311 (MBAR). Updating SPR311 is not automatic. When software changes
IMMRBAR, SPR311 should be updated by software at the same time. Otherwise, addresses of
configuration and data registers will be lost.

The Internal Memory Map Registers’ Base Address register is shown in Figure 2-1.

Address: Base + 0x000 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 12 13 14 15
R 0 0 0 0
W BASE_ADDR

Reset1111\1111\01000000

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

Figure 2-1. Internal Memory Map Registers’ Base Address Register (IMMRBAR)
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Table 2-3. IMMRBAR field descriptions

Field

Description

BASE_ADDR |ldentifies the 12 most-significant address bits of the base of the 4 MB internal memory window.

Table 2-4. MPC5121e memory map

Offset from
IMMRBAR
(OxFF40_0000)

Absolute offset?

Region Name

Section/Page

0x0_0000-0_O1FF

O0xFF40_0000

System configuration (XLBMEN)

Chapter 2/2-1

0x0_0200-0_08FF

OxFF40_0200

Reserved?

0x0_0900-0_09FF

O0xFF40_0900

Software watchdog timer (WDT)

Chapter 35/35-1

0x0_0A00-0_OAFF

OxFF40_0A00

Real time clock (RTC)

Chapter 32/32-1

0x0_0B00-0_OBFF

OxFF40_0B00

General purpose timer (GPT)

Chapter 17/17-1

0x0_0C00-0_OCFF

OxFF40_0C00

Integrated programmable interrupt controller (IPIC)

Chapter 20/20-1

0x0_0D00-0_ODFF

OxFF40_0D00

CSB arbiter

Chapter 10/10-1

0x0_OE00-0_OEFF

OxFF40_0OEO0O0

Reset module (RESET)

Chapter 4/4-1

0x0_OF00-0_OFFF

OxFF40_0FO00

Clock module (CLOCK)

Chapter 5/5-1

0x0_1000-0_10FF

OxFF40_1000

Power management control (PMC)

Chapter 29/29-1

0x0_1100-0_11FF

OxFF40_1100

General Purpose I/0 (GPIO)

Chapter 18/18-1

0x0_1200-0_12FF OxFF40_1200 Reserved
0x0_1300-0_137F OxFF40_1300 MSCAN1 Chapter 25/25-1
0x0_1380-0_13FF OxFF40_1380 MSCAN2 Chapter 25/25-1

0x0_1400-0_14FF

OxFF40_1400

Byte data link controller (BDLC)

Chapter 7/7-1

0x0_1500-0_15FF

OxFF40_1500

Secure digital host controller (SDHC)

Chapter 34/34-1

0x0_1600-0_16FF

OxFF40_1600

Sony/Philips digital interface (SPDIF)

Chapter 36/36-1

0x0_1700-0_171F

OxFF40_1700

Inter-integrated circuit (I2C1)

Chapter 21/21-1

0x0_1720-0_173F

OxFF40_1720

Inter-integrated circuit (I2C2)

Chapter 21/21-1

0x0_1740-0_17FF

OxFF40_1740

Inter-integrated circuit (I2C3)

Chapter 21/21-1

0x0_1800-0_1FFF

OxFF40_1800

Reserved

0x0_2000-0_20FF

OxFF40_2000

Auxiliary execution engine (AXE)

Chapter 6/6-1

0x0_2100-0_21FF

OxFF40_2100

Display interface unit (DIU)

Chapter 12/12-1

0x0_2200-0_22FF

OxFF40_2200

Clock frequency measurement (CFM)

Chapter 8/8-1

0x0_2300-0_237F

OxFF40_2300

MSCAN3

Chapter 25/25-1

0x0_2380-0_23FF

OxFF40_2380

MSCAN4

Chapter 25/25-1

0x0_2400-0_27FF

OxFF40_2400

Video input unit (VIU)

Chapter 40/40-1

0x0_2800-0_2FFF

OxFF40_2800

Fast ethernet controller (FEC)

Chapter 16/16-1
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Table 2-4. MPC5121e memory map (continued)

Offset from
IMMRBAR
(OxFF40_0000)

Absolute offset?

Region Name

Section/Page

0x0_3000-0_35FF

OXFF40_3000

USB ULPI

Chapter 39/39-1

0x0_3600-0_3FFF

OXFF40_3600

Reserved

0x0_4000-0_45FF

OXFF40_4000

USB UTMI

Chapter 39/39-1

0x0_4600-0_7FFF

OXFF40_4600

Reserved

0x0_8000-0_82FF

OXFF40_8000

PCI DMA

Chapter 28/28-1

0x0_8300-0_837F

OXFF40_8300

PCI configuration

Chapter 28/28-1

0x0_8380-0_83FF

OXFF40_8380

Reserved

0x0_8400-0_84FF

OxFF40_8400

PCI 1/0 sequencer (10S)

Chapter 28/28-1

0x0_8500-0_85FF

OXFF40_8500

PCI controller

Chapter 28/28-1

0x0_8600-0_8FFF

OXFF40_8600

Reserved

0x0_9000-0_9FFF

OxFF40_9000

Multi-port DRAM controller (MDDRC)

Chapter 13/13-1

0x0_A000-0_AFFF

OXFF40_A000

I/O control

Chapter 22/22-1

0x0_B000-0_BFFF

OXFF40_B000

IC identification module (11M)

Chapter 19/19-1

0x0_C000-0_FFFF

OXFF40_C000

Reserved

0x1_0000-1_O1FF

OxFF41_0100

LocalPlus controller (LPC)

Chapter 23/23-1

0x1_0200-1_O02FF

OXFF41_0200

Parallel ATA (PATA)

Chapter 27/27-1

Ox1_0300-1_OFFF

OXFF41_0300

Reserved

Ox1_1000-1_10FF

OxFF41_1000

Programmable serial controller 0 (PSCO0)

Chapter 25/25-1

Ox1_1100-1_11FF

OxFF41_1100

Programmable serial controller 1 (PSC1)

Chapter 25/25-1

Ox1_1200-1_12FF

OxFF41_1200

Programmable serial controller 2 (PSC2)

Chapter 25/25-1

Ox1_1300-1_13FF

OxFF41_1300

Programmable serial controller 3 (PSC3)

Chapter 25/25-1

Ox1_1400-1_14FF

OxFF41_1400

Programmable serial controller 4 (PSC4)

Chapter 25/25-1

Ox1_1500-1_15FF

OXFF41_1500

Programmable serial controller 5 (PSC5)

Chapter 25/25-1

Ox1_1600-1_16FF

OxFF41_1600

Programmable serial controller 6 (PSC6)

Chapter 25/25-1

Ox1_1700-1_17FF

OxFF41_1700

Programmable serial controller 7 (PSC7)

Chapter 25/25-1

Ox1_1800-1_18FF

OxFF41_1800

Programmable serial controller 8 (PSC8)

Chapter 25/25-1

Ox1_1900-1_19FF

OxFF41_1900

Programmable serial controller 9 (PSC9)

Chapter 25/25-1

Ox1_1A00-1_1AFF

OxFF41_1A00

Programmable serial controller 10 (PSC10)

Chapter 25/25-1

Ox1_1B00-1_1BFF

OxFF41_1B00

Programmable serial controller 11 (PSC11)

Chapter 25/25-1

0x1_1C00-1_1EFF

OxFF41_1C00

Reserved

Ox1_1FO00-1_1FFF

OxFF41_1F00

Serial FIFO (SFIFO) for PSC 0 to 11

Chapter 25/25-1
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Table 2-4. MPC5121e memory map (continued)

Offset from
IMMRBAR Absolute offset! Region Name Section/Page
(0OxFF40_0000)

0x1_2000-1_3FFF OXFF41_2000 Reserved
0x1_4000-1_57FF OxFF41_4000 DMA Chapter 11/11-1
0x1_5800-1_FFFF 0xFF41_5800 Reserved
0x2_0000-2_1FFF OxFF42_0000 Serial ATA (SATA) Chapter 27/27-1
0x2_2200-F_FFFF OxFF42_2200 Reserved

1 Default absolute offset with IMMRBAR at default location of O0xFF40_0000.
2 Reserved locations are not guaranteed to be empty. Software should not access reserved locations.

22513 LocalPlus Boot Access Window Register (LPBAW)
The LocalPlus Access Window register (LPBAW) is shown in Figure 2-2.

Address: Base + 0x020 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R
START_ADDR
w
Reset! See Table 2-6
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R
STOP_ADDR
w
Reset! See Table 2-6

Figure 2-2. LocalPlus Boot Access Window Register (LPBAW)
1 The LPBAW reset value depends on the Reset Configuration High Word (RCHW) values. See Table 2-6.

Table 2-5. LPBAW field descriptions

Field Description

START_ADDR |Any access on an address between Start and Stop Address enables the corresponding chip select. The
START_ADDR is for the address comparison extended with 0x0000. The STOP_ADDR is for the address
comparison extended with OXFFFF. This means the minimum address size is 64 KB. If the START_ADDR and
STOP_ADDR are set to 0xA000, the access window goes from 0xA000_0000 to 0xA000_FFFF.

Note: CS Boot and CS0 have the same physical CS pin.

STOP_ADDR

The Power Architecture core may fetch its boot vector from a local bus peripheral device. For this purpose,
LPBAW[START_ADDR] and LPBAW[STOP_ADDR] reset values are set according to the value of the
BMS and ROM_LOC bits in the Reset Configuration High Word register (RCHW).

Table 2-6 defines the reset values for the START_ADDR and STOP_ADDR bitfields in the LPBAW and
LPCSnAW registers.
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Table 2-6. LPBAW/LPCSnAW [START_ADDR] and [STOP_ADDR] Reset Values

START_ADDR STOP_ADDR
ROM_LOC BMS Reset Value Reset Value
00 0 0x0000 0x007F
00 1 0xFF80 OxFFFF
01l or 1x X 0x0100 0x0100
NOTE

BMS is bit 26 of the reset configuration word high register (RCWHR). Its
initial value is set by the state of the EMB_ADQ5 pin at the release of
PORESET. ROM_LOC is set by bits 22 and 21 of the reset configuration
word high register (RCWHR). The initial values of these bits are set by the
states of the EMB_ADO and EMB_AD1 pins at the release of PORESET.
See Figure 2-11.

22514 LocalPlus CS[0:7] Access Window Registers (LPCSnAW)
The LocalPlus CS[0:7] Access Window Registers (LPCSnAW) are shown in Figure 2-2.

Address: Base + 0x024 (LPCSO0AW) Base + 0x034 (LPCS4AW)
Base + 0x028 (LPCS1AW) Base + 0x038 (LPCS5AW)
Base + 0x02C (LPCS2AW) Base + 0x03C (LPCS6AW)
Base + 0x030 (LPCS3AW) Base + 0x040 (LPCS7AW) Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 12 13 14 15
R
START_ADDR
w
Reset! See Table 2-6
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R
STOP_ADDR
w
Reset See Table 2-6

Figure 2-3. LocalPlus CSJ[0:7] Access Window Registers (LPCSnAW)
1 The LPCSnAW reset value depends on the Reset Configuration High Word (RCHW) values. See Table 2-6.

Table 2-7. LPCSnAW field descriptions

Field Description

START_ADDR |Any access on an address between Start and Stop Address enables the corresponding chip select. The
START_ADDR is for the address comparison extended with 0x0000. The STOP_ADDR is for the address
comparison extended with OXFFFF. This means the minimum address size is 64 k. If the START_ADDR and
STOP_ADDR are set to 0xA000, the access window goes from 0XxA000_0000 to 0xA000_FFFF.

Note: CS Boot and CSO0 have the same physical CS pin.

STOP_ADDR

MPC5121e Microcontroller Reference Manual, Rev. 4

Freescale Semiconductor 2-11



System Configuration and Memory Map (XLBMEN + Mem Map)

22515 PCI Local Access Window n Base Address Registers (PCILAWBAR[0:2])
The PCI Local Access Window n Base Address Registers (PCILAWBAR[0:2]) are shown in Figure 2-4.

Address: Base + 0x060 (PCILAWBARO)
Base + 0x068 (PCILAWBAR1)

Base + 0x070 (PCILAWBAR?2) Access: User read/write

7 ‘ 8 9 10 11 ‘ 12 13 14 15

0 1 2
R
BASE_ADDR
w
Reset 0 0 o0 o0/[O0 ©0 o0 ©0J]O0O o0 ©0 o0 0 ©0 o0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R 0 0 0 0 0 0 0 0 0 0 0 0
STOP_ADDR
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 2-4. PCIl Local Access Window n Base Address Registers (PCILAWBAR[0:2])
Table 2-8. PCILAWBAR[O0:2] field descriptions
Field Description
BASE_ADDR |ldentifies the 20 most-significant address bits of the base address of local access window n. The specified
base address should be aligned to the window size, as defined by PCILAWARN[SIZE].
22516 PCI Local Access Window n Attributes Registers (PCILAWAR[0:2])

The PCI Local Access Window n Attributes Registers (PCILAWAR[0:2]) are shown in Figure 2-5.

Address: Base + 0x064 (PCILAWARO)
Base + 0x06C (PCILAWARL1)

Base + 0x074 (PCILAWAR?2) Access: User read/write

0 1 2 3 4 10 11 12 13 14 15

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EN

o1
o
~
©
©

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

Reset O 0 0 0 0 0 0 0 0 0 0
Figure 2-5. PCl Local Access Window n Base Address Registers (PCILAWAR[0:2])
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Table 2-9. PCILAWAR][0:2] field descriptions

Field Description
EN
0 The PCI local access window n is disabled.
1 The PCI local access window n is enabled and other PCILAWARN and PCILAWBARRN fields combine to
identify an address range for this window.

SIZE Identifies the size of the window from the starting address. Window size is 25'ZE+1) pytes.
000000-001010 Reserved. Window is undefined.
001011 4 KB
001100 8 KB
001101 16 KB
....... 2(SIZE+D) pytes
011110 2 GB
011111-111111 Reserved. Window is undefined.

22517 DDR Local Access Window Base Address Register (DDRLAWBAR)

Figure 2-6 shows the DDR Local Access Window Base Address Register (DDRLAWBAR).

Address: Base + 0x0AO Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R
BASE_ADDR
w
Reset 0 0 0 1] o 0 0 0| 0 0 0 oo 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R 0 0 0 0 0 0 0 0 0 0 0 0
BASE_ADDR
W _
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 2-6. DDR Local Access Window Base Address Register (DDRLAWBAR)
Table 2-10. DDRLAWBAR field descriptions
Field Description
BASE_ADDR |ldentifies the 20 most-significant address bits of the base address of local access window. The specified base
address should be aligned to the window size, as defined by DDRLAWAR[SIZE].
2.25.1.8 DDR Local Access Window Attributes Register (DDRLAWAR)

Figure 2-7 shows the DDR Local Access Window Attributes Register (DDRLAWAR).
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Address: Base + 0x0A4 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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

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

Reset O 0 0 0 0 0 0 0 0 0 0 1 ‘ 1 0 0 1
Figure 2-7. DDR Local Access Window Attributes Register (DDRLAWAR)

Table 2-11. PCILAWAR][0:2] field descriptions

Field Description
SIZE Identifies the size of the window from the starting address. Window size is 2(5'ZE+1) pytes.
000000—-011000 Reserved. Window is undefined.
011001 64 MB
011010 128 MB
011011 256 MB

2(SIZE+1) bytes
011110 2 GB
011111-111111 Reserved. Window is undefined.

2.25.1.9 MBX Base Address Register (MBXBAR)
Figure 2-8 shows the MBX Base Address Register (MBXBAR).

Address: Base + 0x0CO Access: User read/write
0 1 2 3 ‘ 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0
W BASE_ADDR

Reset 0 0 1 0 ‘ 0 0 0 0 0 0 0 0 0 0 0 0

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

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 2-8. MBX Base Address Register (MBXBAR)

Table 2-12. MBXBAR field descriptions

Field Description

BASE_ADDR |ldentifies the 8 most-significant address bits of the base address of the 16 MB MBX memory window.
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2.25.1.10 SRAM Base Address Register (SRAMBAR)
Figure 2-9 shows the SRAM Base Address Register (SRAMBAR).

NOTE
Although the SRAM window size is 256 KB, the MPC5121e SRAM size is
128 KB.
Address: Base + 0x0C4 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R 0 0
BASE_ADDR

Reset0011\oooo\oooo\oooo

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

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 2-9. SRAM Base Address Register (SRAMBAR)

Table 2-13. SRAMBAR field descriptions

Field Description

BASE_ADDR |ldentifies the 14 most-significant address bits of the base address of the 256 KB SRAM memory window.

2.25.1.11 NFC Base Address Register (NFCBAR)
Figure 2-10 shows the NFC Base Address Register (NFCBAR).

Address: Base + 0x0C8 Access: User read/write

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

W BASE_ADDR
Reset! See Table 2-15 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 2-10. NFC Base Address Registers (NFCBAR)

1 The NFCBAR[BASE_ADDR] reset value depends on the reset configuration word. See Section 2.2.5.1.12,
“NFCBAR[BASE_ADDR] Reset Value” for detailed description.
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Table 2-14. NFCBAR field descriptions

Field Description
BASE_ADDR |ldentifies the 12 most-significant address bits of the base address of the 1 MB NFC memory window.
2.25.1.12 NFCBAR[BASE_ADDR] Reset Value

The Power Architecture core may use a NAND flash device to fetch its boot vector. For this purpose,
NFCBAR[BASE_ADDR] reset value is set according to the value set in the reset configuration word high
BMS and ROM_LOC fields.

Table 2-15 defines the reset value NFCBAR[BASE_ADDR].

Table 2-15. NFCBAR[BASE_ADDR] Reset Value

ROM_LOC BMS BASE_ADDR
- Reset Value

x1 0 0x000

x1 1 OXFFF

x0 X 0x400

NOTE

BMS is bit 26 of the reset configuration word high register (RCWHR). Its
initial value is set by the state of the EMB_ADO5 pin at the release of
PORESET. ROM_LOC is set by bits 22 and 21 of the reset configuration
word high register (RCWHR). The initial values of these bits are set by the
states of the EMB_ADO and EMB_AD1 pins at the release of PORESET.

See Table 2-16 for initial memory map values based on the EMBADO/1 and BMS bits.

Table 2-16. Memory Map Values based on EMBADO/1 and BMS

ROM_LOC BMS BOOT START BOOT STOP | NFC_BASE_ADDR | NFC_STOP_ADDR
00 0 0x0000_0000 0X007F_FFFF 0x4000_0000 Ox400F_FFFF
00 1 OXFF80_0000 OXFFFF_FFFF 0x4000_0000 OX400F_FFFF
01 0 0x0100_0000 0x0100_FFFF 0x0000_0000 OX000F_FFFF
01 1 0x0100_0000 0x0100_FFFF OXFFFO_0000 OXFFFF_FFFF
10 0 0x0100_0000 0x0100_FFFF 0x4000_0000 OX400F_FFFF
10 1 0x0100_0000 0x0100_FFFF 0x4000_0000 OX400F_FFFF
11 0 0x0100_0000 0x0100_FFFF 0x0000_0000 OX000F_FFFF
11 1 0x 0100_0000 0x0100_FFFF OXFFFO_0000 OXFFFF_FFFF
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0x0000_0000

NAND FLASH
0xO000F_FFFF BOOT ROM
0x007F_FFFF
0x0100_0000
BOOT ROM BOOT ROM BOOT ROM
0x0100_FFFF
0x4000_0000
NAND FLASH NAND FLASH NAND FLASH

0x400F_FFFF

OxFF80_ 0000

OxFFFO _0000 BOOT ROM
NAND FLASH

OXFFFF_FFFF

ROM_LOC =00 ROM_LOC =00 ROM_LOC =x1 ROM_LOC =x1 ROM_LOC = x0
BMS =0 BMS =1 BMS =0 BMS =1 BMS =x

Figure 2-11. Initial Memory Map Configurations Immediately After the Release of PORESET

2.2.6 Precedence of Local Access Windows

In general, memory windows should not overlap. In case of overlap, the lower numbered memory window
takes precedence over the higher numbered memory window.

2.2.7 Configuring Local Access Windows

After a local access window is enabled, it should not be modified while any device in the system may be
using the window. Neither should a new window be used until the effect of the write to the window is
visible to all blocks that use the window. This can be guaranteed by completing a read of the last local
access window configuration register before enabling any other devices to use the window. For instance,
if LPC local access windows 1-3 are being configured in order during the initialization process, the last
write (to LPCS2AW) should be followed by a read of LPCS2AW before any devices try to use any of these
windows. If the configuration is being done by the local Power Architecture processor, the read of
LPCS2AW should be followed by an isync instruction.

MPC5121e Microcontroller Reference Manual, Rev. 4

Freescale Semiconductor 2-17



|
y

'
A

System Configuration and Memory Map (XLBMEN + Mem Map)

2.2.8 Distinguishing Local Access Windows from Other Mapping
Functions

It is important to distinguish between the mapping function performed by the local access windows and
the additional mapping functions that happen at the target interface. The local access windows define how
a transaction is routed through the MPC5121e internal interconnects from the transactions source to its
target. After the transaction has arrived at its target interface, that interface controller may do additional
mapping. For instance, the DDR SDRAM controller has chip select registers that map a memory request
to a particular external device. Similarly, the local bus controller has base registers that perform a similar
function. The PCI interface has outbound address translation units that map the local address into an
external address space.

These other mapping functions are configured by programming the configuration, control, and status
registers of the individual interfaces. There is no need to have a one-to-one correspondence between local
access windows and chip select regions on outbound windows. A single local access window can be
further decoded to any number of chip selects or to any number or outbound windows at the target
interface.

2.2.9 Outbound Address Translation and Mapping Windows

Outbound address translation and mapping refers to the translation of addresses from the local 32-bit
address space to the external address space and attributes of a particular 1/O interface.

The PCI controller has three outbound windows.

2.2.10 Inbound Address Translation and Mapping Windows

Inbound address translation and mapping refers to the translation of an address from the external address
space of an 1/0 interface (such as PCI address space) to the local address space understood by the internal
interfaces of the MPC5121e. It also refers to the mapping of transactions to a particular target interface and
the assignment of transaction attributes. The PCI controller has inbound address translation unit.

2.2.11 PCI Inbound Windows

The PCI controller has three general inbound windows for memory mapped configuration accesses
(PIMMR). These windows have a one-to-one correspondence with the base address registers in the PCI
programming model. Updating one automatically updates the other. There is no default inbound window.
If a PCI address does not match one of the inbound windows, the MPC5121e does not respond with an
assertion of PCI_DEVSEL. See Section 28.3, “Memory Map and Register Definition,” for a detailed
description of the PCI inbound windows.

2.2.12 Accessing Internal Memory from External Masters

In addition to being accessible by the Power Architecture processor, the memory window is accessible
from external interfaces. This allows external masters on the 1/0O ports to configure the MPC5121e.
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System Configuration and Memory Map (XLBMEN + Mem Map)

External masters do not need to know the location of the IMMR memory in the local address map. Rather,
they access this region of the local memory map through a window defined by a register in the interface’s
programming model that is accessible to the external master from its external memory map.

The PCI base address for accessing the local IMMR memory is selectable through the PCI internal
memory map register (PIMMR), at offset 0x10, described in Section 28.3, “Memory Map and Register
Definition.”

2.3  System Configuration

Some general information and configuration options which affect the system behavior and performance
are described in the following sections.

2.3.1 System Configuration Register Memory Map

Table 2-17 shows the memory map for the system configuration registers.
Table 2-17. System Configuration Register Memory Map

Local Memory . .
Offset (Hex) Register Access | Reset value | Section/Page
0x100 System Part and Revision ID Register (SPRIDR) R/W 2.3.1.1.1/2-19

0x8018_0020

(MPC5121e)

0x8018_0030

(MPC5123)
0x104 System Priority Configuration Register (SPCR) R/W | 0x0000_0000 | 2.3.1.1.2/2-20

0x108-0x1FC |Reserved

23.1.1 System Configuration Registers

23111 System Part and Revision ID Register (SPRIDR)

The System Part and Revision ID Register shown in Figure 2-12 provides information about the part and
revision numbers.
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System Configuration and Memory Map (XLBMEN + Mem Map)

Address: Base + 0x0100 Access: User read/write

7 ‘ 8 10 11 ‘ 12 13 14 15

R SPRIDR

©

16 17 18 19 ‘ 20 21 22 27 ‘ 28 29 30 31

R SPRIDR
wl [ [ [ | [ [ | [ [
Reset
MPC51§ 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
MPC51§ 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
Figure 2-12. System Part and Revision ID Register (SPRIDR)
Table 2-18. SPRIDR field descriptions
Field Description
SPRIDR This register reflects the value of the System Version Register (SVR) of the e300 core. The SVR is a 32-bit
read-only register that identifies the specific version (model) and revision level of the device. The copy of the
e300 SVR register allows the AXE and any external PCI initiator devices to read the current system version.
23.1.1.2 System Priority Configuration Register (SPCR)

The System Priority Configuration Register shown in Figure 2-13 controls the priority of requests for
transactions on the internal system bus. This priority is considered by the system arbiter when an internal
unit requests the bus.

Address: Base + 0x0104

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R O 0 PCI 0 0 0 0 0 0 0
PCIPR TBEN| COREPR
w HPE
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 MBX 0 0 0 0 0 0 |TEMP
W SAPPR BSEN PD TEMPSEL
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 2-13. System Priority Configuration Register (SPCR)
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Table 2-19. SPCR field descriptions

Field

Description

PCIHPE

PCI bridge system bus request priority. The level of priority can be chosen from four possible levels.
00 Level 0 (Lowest Priority).

01 Level 1.

10 Level 2.

11 Level 3 (Highest Priority).

PCIPR

PCI bridge system bus request priority. The level of priority can be chosen from four possible levels.
00 Level O (Lowest Priority).

01 Level 1.

10 Level 2.

11 Level 3 (Highest Priority).

TBEN

Power Architecture Core time base unit enable
0 Time base unit is disabled.
1 Time base unit is enabled.

COREPR

Power Architecture Core system bus request priority. The level of priority can be chosen from four possible
levels.

00 Level O (Lowest Priority).

01 Level 1.

10 Level 2.

11 Level 3 (Highest Priority)

SAPPR

SAP and TPR2MG system bus request priority. The level of priority can be chosen from four possible levels.
00 Level O (Lowest Priority).

01 Level 1.

10 Level 2.

11 Level 3 (Highest Priority).

MBXBSEN

MBX Byte Swap enable bit
0 MBX Byte Swap is disabled.
1 MBX Byte Swap is enabled.

TEMPPD

Temperature Sensor
0 Temperature Sensor is enabled.
1 Temperature Sensor is disabled.

TEMPSEL

Temperature Sensor select trip point
000 105°C
001 95°C
010 85°C
011 75°C
100 65°C
101 55°C
110 45°C
111 35°C
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Chapter 3
Signal Descriptions

3.1

Introduction

This chapter describes the MPC5121e external signals. It is organized into the following sections:

3.1.1
The MPC5121e signals are grouped as follows:

Overview of signals and cross references for signals that serve multiple functions, including two
lists: one ordered by functional block and one alphabetical

List of reset configuration signals
List of output signal states during reset

A bar over a signal name indicates that the signal is active low, such as IRQO
(interrupt input). Active-low signals are referred to as asserted (active) when
they are low and negated when they are high. Signals that are not active low,
such as MODT (DDR2 on-die-termination output), are referred to as
asserted when they are high and negated when they are low.

Signals Overview

DDR memory interface signals
PCI interface signals

PSC interface signals

1°C interface signals

LPC interface signals

PATA interface signals

NFC interface signals

EMB interface signals

SATA interface signals

USB Phy interface signals

CAN interface signals

J1850 interface signals

SPDIF interface signals

JTAG, test, system control signals
Clock signals

Figure 3-1 shows the primary external signals of the MPC5121e and how the signals are grouped. Refer
to the MPC5121e Data Sheet at www.freescale.com for a pinout diagram showing pin numbers and a
listing of all the electrical and mechanical specifications.

Functionality, which is not a primary function (DIU, FEC, USB ULPI), is not shown in Figure 3-1. These
functions are multiplexed. Multiplexing is shown in Table 3-2.
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Signal Descriptions

Individual chapters of this document provide details for each signal, describing each signal’s behavior

when asserted and negated and when the signal is an input or an output. Power signals are described in the
MPC5121e Microcontroller Data Sheet.

P e ERS R -
MDM[3:
< 4 1 =
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< MBA[Z:O]} 4 ! NFC_RE = | NFC
< 3 1 = > | Interface
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< MWE | | 1 NFC_CLE =
>
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Memory < —— 1 —
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<
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D) PCI E/BT[E[s:o}} 32 L e PIADASE —
< — =yl 4
< PCLPAR | L | P cik -
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< M > 1 1 LPC_ACK > 8 Signa|s
< ek e d
Inteerc(;:eI PCI_SERR} 1 MPC5121e
54 Signals | < PCI:W} 1 2 EMB_AD[3.1:O] — EMB
< —=———> 1 EMB_AX[2:0] Interface
- PCLREQD | | 38 |<—— > _]35signals
< P REo ] -
_REQ21] _ | ,
_ PCI_GNT[2:1]
N 2
— PSC_MCLK_IN _|
_ PSC[11:0]_0
D PSC[11:0] 1 _ | 12
PsC | < —l= 12
Interface < PSC[11.0] 2 12
61 Signals < PSC[11:0]_3 1
< PSC[11:0] 4 5|
2C < 12C[2:0] SDA _ 3
Interface | 12C[2:0]_SCL __ 3
6 Signals L -
SPDIF_TXCLK | |
SPDIF SPDIF_RX
Interface SPDIF_TX .
3 Signals | < 1
CAN CAN[4:1]_RX 4
Interface CAN[4:1]_TX
4 Signals | < 4
J1850 J1850_RX 1
Interface J1850_TX
2 Signals | < 1

/\/

Figure 3-1. MPC5121e Signal Groupings
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T T
B 1 TCK —
USB2_VBUS_PWR_FAULT | | DI
< USB2 DRVVBUS | | i 00 | e
< USB_XTALO 1 1 T™MS - 5 Signals
use | USB_XTALI | | 1l TRST
PHY USB_VBUS —
Interface | < . > 1 PORESET —
11 Signals | ¢ USB_DM 1 1 ERESET System
_ USB_DP 1 = > Control
D UsB_TPA | © 1 f<SRESEL > | 3Signals
< = 1 ]
USLJ‘Z_;'TJ'TE > 1 1 |__sysxmLo > ] oystem
g
| - > 1 L | < SYS XTALI ] otk ce
— SATA_RESREF 1 2 Signa|s
SATA_XTALI _
SATA > 1 | |__RTC_XTALO
o SATA_XTALO
PHY < 1 RTC_XTAL1
SATA_ANAVIZ 1| <—= ntertace
Interface | < ! 1 HIB MODE 3 Signals
8 Signals | _ SATA_TXP 1 1 = >
> SATA_TXN 1
SATA_RXP 1
SATA_RXN 1
L 1 | TEST
GPI GPI[31:28] MPC5121e | | CKSTP_OUT Interface
Interface E 4 2 Signals
4 Signals
1 |- IRQO Interrupt
_IRQ1 Interface
1|=< 2 Signals

Figure 3-1. MPC5121e Signal Groupings (continued)

The following tables provide summaries of signal functions. Table 3-2 provides a summary of the signals
grouped by function, and Table 3-3 provides a summary of the signals grouped alphabetically. These tables
detail the signal name, interface, alternate functions, number of signals, and whether the signal is an input,

output, or bidirectional.

MPC5121e Microcontroller Reference Manual, Rev. 4

Freescale Semiconductor 3-3



1012NPUOIIWSS B[eISVdI

¥ "A9Y ‘[enue 92U313Jay 19]|041U0I0IDIN BTZTSDdIN

Table 3-1. MPC5121e Pin Multiplexing

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
GPIO00 — ALTO GPIO00 GPIO1 | VBAT Dedicated input can be used B6
ALT1 — — — to receive an external
ALT2 — — — wakeup.
ALT3 — — —
GPIO01 — ALTO GPI001 GPIO1 | VBAT Dedicated input can be used A5
ALT1 — — — to receive an external
ALT2 — — — wakeup.
ALT3 — — —
GPI002 — ALTO GPI1002 GPIO1 | VBAT Dedicated input can be used A6
ALT1 — — — to receive an external
ALT2 — — — wakeup.
ALT3 — — —
GPIO03 — ALTO GPIO03 GPIO1 | VBAT Dedicated input can be used C7
ALT1 — — — to receive an external
ALT2 — — — wakeup.
ALT3 — — —
RTC_XTALI — ALTO RTC_XTALI RTC | VBAT — A8
ALT1 — — —
ALT2 — — —
ALT3 — — —
RTC_XTALO — ALTO RTC_XTALO RTC (0] VBAT — A7
ALT1 — — —
ALT2 — — —
ALT3 — — —
HIB_MODE — ALTO HIB_MODE RTC (0] VBAT In Hibernation mode , this pin C8
ALT1 — — — provides a signal to shut
ALT2 — — — down an external power
ALT3 — — — supply.

Analog Visible Signal
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pin Name

Pad I/O
Control
Register!
and Offset?

Alternate
Function3

Functions?

Peripheral®

/0
Direction

Power
Domain

Notes

Ball®

SPLL_ANAVIZ

ALTO
ALT1
ALT2
ALT3

SPLL_ANAVIZ

D9

TMPS_ANAVI
z

ALTO
ALT1
ALT2
ALT3

TMPS_ANAVIZ

D1

SYS_XTALI

ALTO
ALT1
ALT2
ALT3

SYS_XTALI

SysClock

SYS_PLL
_AVDD

A9

SYS_XTALO

ALTO
ALT1
ALT2
ALT3

SYS_XTALO

SysClock

SYS_PLL
_AVDD

A10

MCS

0x00

IO_CON-
TROL_MEM

ALTO
ALT1
ALT2
ALT3

VDD_IO_MEM

D18

MCAS

0x00

IO_CON-
TROL_MEM

ALTO
ALT1
ALT2
ALT3

VDD_IO_MEM

A20

MRAS

0x00

IO_CON-
TROL_MEM

ALTO
ALT1
ALT2
ALT3

VDD_IO_MEM

C19

MVREF

ALTO
ALT1
ALT2
ALT3

VDD_IO_MEM

N19
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pin Name

Pad I/O
Control
Register!
and Offset?

Alternate
Function3

Functions

4

Peripheral®

/0
Direction

Power
Domain

Notes

Ball®

MVTTO

ALTO
ALT1
ALT2
ALT3

VDD_IO_MEM

w18

MVTT1

ALTO
ALT1
ALT2
ALT3

VDD_IO_MEM

R19

MVTT2

ALTO
ALT1
ALT2
ALT3

VDD_IO_MEM

M19

MVTT3

ALTO
ALT1
ALT2
ALT3

VDD_IO_MEM

K19

MWE

0x00
IO_CON-
TROL_MEM

ALTO
ALT1
ALT2
ALT3

VDD_IO_MEM

A21

MDQOO0

0x00
IO_CON-
TROL_MEM

ALTO
ALT1
ALT2
ALT3

VDD_IO_MEM

AB19

MDQO1

0x00
IO_CON-
TROL_MEM

ALTO
ALT1
ALT2
ALT3

VDD_IO_MEM

Y18

MDQO2

0x00
IO_CON-
TROL_MEM

ALTO
ALT1
ALT2
ALT3

VDD_IO_MEM

AA19
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
MDQO03 0x00 ALTO MDQO03 DRAM I/10 vVDD_IO_MEM — AB21
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 — — —
MDQO04 0x00 ALTO MDQO04 DRAM I/10 VDD_IO_MEM — AA21
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 — — —
MDQO5 0x00 ALTO MDQO5 DRAM I/10 VDD_IO_MEM — Y20
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 — — —
MDQO06 0x00 ALTO MDQO6 DRAM I/0 VDD_IO_MEM — W20
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 — — —
MDQO7 0x00 ALTO MDQO7 DRAM I/10 vDD_IO_MEM — u19
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 — — —
MDQO08 0x00 ALTO MDQO08 DRAM I/10 VDD_IO_MEM — AA22
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 — — —
MDQO09 0x00 ALTO MDQO09 DRAM I/10 VDD_IO_MEM — Y22
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 — — —
MDQ10 0x00 ALTO MDQ10 DRAM I/10 VDD_IO_MEM — V20
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 — — —
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
MDQ11 0x00 ALTO MDQ11 DRAM I/10 VDD_IO_MEM — w21
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 — — —
MDQ12 0x00 ALTO MDQ12 DRAM I/10 VDD_IO_MEM — w22
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 — — —
MDQ13 0x00 ALTO MDQ13 DRAM I/10 VDD_IO_MEM — T20
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 — — —
MDQ14 0x00 ALTO MDQ14 DRAM I/10 VDD_IO_MEM — V22
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 — — —
MDQ15 0x00 ALTO MDQ15 DRAM I/10 vDD_IO_MEM — u22
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 — — —
MDQ16 0x00 ALTO MDQ16 DRAM I/10 VDD_IO_MEM — R20
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 GPIO00 GPIO I/10
MDQ17 0x00 ALTO MDQ17 DRAM I/10 VDD_IO_MEM — T21
10_CON- ALT1 — — —
TROL_MEM | ALT2 — — —
ALT3 GPIOO01 GPIO I/0
MDQ18 0x00 ALTO MDQ18 DRAM I/10 VvDD_IO_MEM — P20
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 GPIO02 GPIO I/10
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
MDQ19 0x00 ALTO MDQ19 DRAM I/0 vDD_IO_MEM — T22
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 GPIO03 GPIO I/0
MDQ20 0x00 ALTO MDQ20 DRAM I/10 VDD_IO_MEM — N20
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 GPIO04 GPIO I/10
MDQ21 0x00 ALTO MDQ21 DRAM I/10 VDD_IO_MEM — P22
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 GPIO05 GPIO I/0
MDQ22 0x00 ALTO MDQ22 DRAM I/0 vVDD_IO_MEM — N22
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 GPIO06 GPIO I/10
MDQ23 0x00 ALTO MDQ23 DRAM I/0 VDD_IO_MEM — M20
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 GPIOO07 GPIO I/0
MDQ24 0x00 ALTO MDQ24 DRAM I/0 VDD_IO_MEM — M21
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 GPIO16 GPIO I/10
MDQ25 0x00 ALTO MDQ25 DRAM I/10 VDD_IO_MEM — M22
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 GPIO17 GPIO I/0
MDQ26 0x00 ALTO MDQ26 DRAM I/0 VDD_IO_MEM — L20
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 GPIO18 GPIO I/10
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?

MDQ27 0x00 ALTO MDQ27 DRAM I/0 vDD_IO_MEM — L21
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 GPIO19 GPIO I/0

MDQ28 0x00 ALTO MDQ28 DRAM I/10 VDD_IO_MEM — K20
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 GPI0O20 GPIO I/10

MDQ29 0x00 ALTO MDQ29 DRAM I/10 VDD_IO_MEM — J22
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 GPIO21 GPIO I/0

MDQ30 0x00 ALTO MDQ30 DRAM I/0 vVDD_IO_MEM — J21
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 GPI021 GPIO I/10

MDQ31 0x00 ALTO MDQ31 DRAM I/0 VDD_IO_MEM — J20
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 GPIO23 GPIO I/0

MDMO 0x00 ALTO MDMO DRAM (0] VDD_IO_MEM — Y19
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MDM1 0x00 ALTO MDM1 DRAM (0] VDD_IO_MEM — V21
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MDM2 0x00 ALTO MDM2 DRAM (0] vVDD_IO_MEM — R22
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 GPI1024 GPIO I/0
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?

MDM3 0x00 ALTO MDM3 DRAM (0] VDD_IO_MEM — K22
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 GPIO25 GPIO I/0

MDQSO0 0x00 ALTO MDQSO0 DRAM I/0 VDD_IO_MEM — AA20
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MDQS1 0x00 ALTO MDQS1 DRAM I/0 vDD_IO_MEM — u20
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MDQS2 0x00 ALTO MDQS2 DRAM I/10 VDD_IO_MEM — P21
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 GPI0O26 GPIO I/0

MDQS3 0x00 ALTO MDQS3 DRAM I/10 VDD_IO_MEM — L22
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 GPIO27 GPIO I/0

MBAO 0x00 ALTO MBAO DRAM (0] VvDD_IO_MEM — H19
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MBA1 0x00 ALTO MBA1 DRAM (0] VDD_IO_MEM — H20
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MBA2 0x00 ALTO MBA2 DRAM (0] VDD_IO_MEM — G21
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?

MAOO 0x00 ALTO MAOQO DRAM (0] VDD_IO_MEM — G20
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MAO1 0x00 ALTO MAO1 DRAM (0] VvDD_IO_MEM — F22
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MAO2 0x00 ALTO MAO2 DRAM (0] VDD_IO_MEM — F19
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MAO3 0x00 ALTO MAO3 DRAM (0] VDD_IO_MEM — E22
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MAO04 0x00 ALTO MAO4 DRAM (0] VDD_IO_MEM — E21
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MAO5 0x00 ALTO MAO5 DRAM o] VDD_IO_MEM — F20
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MAO06 0x00 ALTO MAO06 DRAM (0] VDD_IO_MEM — D22
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MAOQ7 0x00 ALTO MAOQ7 DRAM (0] VDD_IO_MEM — E20
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?

MAO08 0x00 ALTO MAO08 DRAM (0] VDD_IO_MEM — D21
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MAO09 0x00 ALTO MAO09 DRAM o] VvDD_IO_MEM — C22
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MA10 0x00 ALTO MA10 DRAM (0] VDD_IO_MEM — E19
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MA11 0x00 ALTO MA11 DRAM (0] VDD_IO_MEM — B22
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MA12 0x00 ALTO MA12 DRAM (0] VDD_IO_MEM — C20
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MA13 0x00 ALTO MA13 DRAM (0] VDD_IO_MEM — D20
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MA14 0x00 ALTO MA14 DRAM (0] VDD_IO_MEM — B21
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 — — —

MA15 0x00 ALTO MA15/MCS1 DRAM o] VDD_IO_MEM — B20
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
MCK 0x00 ALTO MCK DRAM (0] VDD_IO_MEM — H22
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 — — —
MCK 0x00 ALTO MCK DRAM (0] vDD_IO_MEM — G22
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —
MCKE 0x00 ALTO MCKE DRAM (0] VDD_IO_MEM — C18
ALT1 — — —
I0_CON- ALT2 — — —
TROL_MEM | ALT3 — — —
MODT 0x00 ALTO MODT DRAM o] VDD_IO_MEM — J19
ALT1 — — —
10_CON- ALT2 — — —
TROL_MEM | ALT3 — — —
LPC_CLK |0x04 ALTO LPC_CLK LPC (0] VDD_IO — R4
ALT1 TPA ??°°°7?
STD_PU ALT2 CKSTP_IN 2?77?7777 —
ALT3 — — —
LPC_OE 0x05 ALTO LPC_OE LPC o] VvDD_IO — N2
ALT1 — — —
STD_PU ALT2 — — —
ALT3 — — —
LPC_R/W |0x06 ALTO LPC_R/W LPC (0] VDD_IO — N3
ALT1 — — —
STD_PU ALT2 — — —
ALT3 — — —
LPC_CSO |0x07 ALTO LPC_CSO LPC o] VvDD_IO — M1
ALT1 — — —
STD_PU ALT2 — — —
ALT3 GPIO25 GPIO I/10

suonduasaq eubis



1019NPUOIIWBS 8|eISVDI

ST-€

¥ "A9Y ‘[enue 92U313Jay 19]|041U0I0IDIN BTZTSDdIN

Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
LPC_CS1 |0x0?????? |ALTO LPC_CS1 LPC (0] VDD_IO — ??27?7?
ALT1 SPDIF_TXCLK SPDIF ??°°°7? ?2??
STD_PU ALT2 — — —
ALT3 GPIO07 GPIO I/0
LPC_CS2 |0x0?????? |ALTO LPC_CS2 LPC (0] VvDD_IO — 2?77?77
ALT1 NFC_CE_1 ????7?7? 2?77?77 ?2?7?
STD_PU ALT2 — — —
ALT3 GPIO00 GPIO I/10
LPC_ACK |0x08 ALTO LPC_ACK LPC I/10 VDD_IO — P3
ALT1 LPC_CS7 LPC (0]
STD_PU ALT2 — — —
ALT3 GPI1024 GPIO I/10
LPC_AX03 |[0x???? ALTO LPC_AX03 LPC (0] VDD_IO — L1
ALT1 — — —
STD_PU ALT2 — — —
ALT3 GPIO01 GPIO I/10
EMB_AX02 |0x???? ALTO EMB_AX02 LPC I/10 VvDD_IO ?2?7?7?
ALT1 — — — ?2?7?
STD_PU ALT2 — — —
ALT3 GPIO02 GPIO I/0
EMB_AX01 |0x???? ALTO EMB_AX02 LPC I/10 VDD_IO 2?77?77
ALT1 — — — ?2??
STD_PU ALT2 — — —
ALT3 GPIO03 GPIO I/0
EMB_AX00 |0x???? ALTO EMB_AX02 LPC I/10 VDD_IO ?2?7?7?
ALT1 — — — ?2?7?
STD_PU ALT2 RST_CONF_LOCO
ALT3 — — —
EMB_ADOO |0x2C ALTO LPC_ADOO/NFC_ADOO LPC I/0 VDD_IO ALT3: Reset configuration A4
ALT1 — — — Boot ROM Location 0
STD_PU ALT2 RST_CONF_LOCO
ALT3 — — —
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 110 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
EMB_ADO1 |0x2B ALTO LPC_ADO1/NFC_ADO1 LPC I/10 VDD_IO ALT3: Reset configuration A3
ALT1 — — — Boot ROM Location 1
STD_PU ALT2 RST_CONF_LOC1
ALT3 — — —
EMB_ADO02 |0x2A ALTO LPC_ADO2/NFC_ADO02 LPC I/10 VvDD_IO ALT3: Reset configuration B4
ALT1 — — — Boot Mode Select
STD_PU ALT2 RST_CONF_BMS
ALT3 — — —
EMB_ADO03 |0x29 ALTO LPC_ADO3/NFC_ADO03 LPC I/10 VDD_IO ALT3: Reset configuration B3
ALT1 — — — LPC Port Size 0
STD_PU ALT2 RST_CONF_LPCDBWO
ALT3 — — —
EMB_ADO04 |0x28 ALTO LPC_ADO4/NFC_ADO04 LPC I/0 VDD_IO ALT3: Reset configuration D5
ALT1 — — — LPC Port Size 1
STD_PU ALT2 RST_CONF_LPCDBW1
ALT3 — — —
EMB_ADOQ5 |0x27 ALTO LPC_ADO5/NFC_ADO05 LPC I/10 VDD_IO ALT3: Reset configuration B2
ALT1 — — — Core PLL Multiplication
STD_PU ALT2 RST_CONF_COREPLLS6 Factor O
ALT3 — — —
EMB_ADO06 |0x26 ALTO LPC_ADO6/NFC_AD06 LPC I/0 VvDD_IO ALT3: Reset configuration C4
ALT1 — — — Core PLL Multiplication
STD_PU ALT2 RST_CONF_COREPLL5 Factor 1
ALT3 — — —
EMB_ADOQ7 |0x25 ALTO LPC_ADO7/NFC_ADO7 LPC I/10 VDD_IO ALT3: Reset configuration C3
ALT1 — — — Core PLL Multiplication
STD_PU ALT2 RST_CONF_COREPLL4 Factor 2
ALT3 — — —
EMB_ADO08 |0x24 ALTO LPC_ADO8/NFC_ADO08 LPC I/0 VDD_IO ALT3: Reset configuration E4
ALT1 PSC3 2 PSC3 I/0 System PLL Multiplication
STD_PU ALT2 RST_CONF_SPMFO Factor O
ALT3 GPI1028 GPIO1 I/10
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 110 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
EMB_ADQ9 |0x23 ALTO LPC_ADO9/NFC_AD09 LPC I/10 VDD_IO ALT3: Reset configuration Cc2
ALT1 PSC3 1 PSC3 I/10 System PLL Multiplication
STD_PU ALT2 RST_CONF_SPMF1 Factor 1
ALT3 GPIO27 GPIO1 I/0
EMB_AD10 |0x22 ALTO LPC_AD10/NFC_AD10 LPC I/0 VDD_IO ALT3: Reset configuration D2
ALT1 PSC3 0 PSC3 I/O System PLL Multiplication
STD_PU ALT2 RST_CONF_SPMF2 Factor 2
ALT3 GPI1026 GPIO1 I/10
EMB_AD11 |0x21 ALTO LPC_AD11/NFC_AD11 LPC I/10 VDD_IO ALT3: Reset configuration C1
ALT1 PSC2_4 PSC2 I/O
STD_PU ALT2 RST_CONF_SPMF3
ALT3 GPIO25 GPIO1 I/0
EMB_AD12 |0x20 ALTO LPC_AD12/NFC_AD12 LPC I/0 VDD_IO ALT3: Reset configuration E3
ALT1 PSC2_3 PSC2 I/10
STD_PU ALT2 RST_CONF_PREDIVO
ALT3 GPI1024 GPIO1 I/10
EMB_AD13 |Ox1F ALTO LPC_AD13/NFC_AD13 LPC I/10 VDD_IO ALT3: Reset configuration E2
ALT1 PSC2_2 PSC2 I/10
STD_PU ALT2 RST_CONF_PREDIV1
ALT3 GPI023 GPIO1 I/0
EMB_AD14 |Ox1E ALTO LPC_AD14/NFC_AD14 LPC I/0 VvDD_IO ALT3: Reset configuration H4
ALT1 PSC2_1 PSC2 I/10
STD_PU ALT2 RST_CONF_PREDIV2
ALT3 GPI022 GPIO1 I/10
EMB_AD15 |0x1D ALTO LPC_AD15/NFC_AD15 LPC I/10 VDD_IO ALT3: Reset configuration El
ALT1 PSC2_0 PSC2 I/0
STD_PU ALT2 RST_CONF_SYSOSCEN
ALT3 GPIO21 GPIO1 I/0
EMB_AD16 |0x1C ALTO LPC_AD16/LPC_A01/NFC_WE |LPC I/0 VDD_IO F3
ALT1 — — — —
STD_PU ALT2 —
ALT3 — — —
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
EMB_AD17 |0x1B ALTO LPC_AD17/LPC_A02/NFC_RE |LPC I/10 VDD_IO ALT3: Reset configuration G3
ALT1 — — —
STD_PU ALT2 RST_CONF_PLL_LOCK
ALT3 — — —
EMB_AD18 |0x1A ALTO LPC_AD18/LPC_AQ03/NFC_CL |LPC I/0 VDD_IO ALT3: Reset configuration G2
ALT1 E — —
STD_PU ALT2 —
ALT3 RST_CONF_LPCMX — —
EMB_AD19 |0x19 ALTO LPC_AD19/LPC_A04/NFC_AL |(LPC I/0 VDD_IO ALT3: Reset configuration Ja
ALT1 E — —
STD_PU ALT2 —
ALT3 RST_CONF_LPCWA — —
EMB_AD20 |0x18 ALTO LPC_AD20/LPC_A05 LPC I/10 VvDD_IO — H3
ALT1 — —
STD_PU ALT2 — —
ALT3 GPIO20 GPIO1 I/0
EMB_AD21 |0x17 ALTO LPC_AD21/LPC_A06 LPC I/0 VDD_IO — F1
ALT1 — —
STD_PU ALT2 — —
ALT3 GPIO19 GPIO1 I/0
EMB_AD22 |0x16 ALTO LPC_AD22/LPC_A07 LPC I/10 VDD_IO ALT3: Reset configuration K4
ALT1 — —
STD_PU ALT2 RST_CONF_LPC_TS
ALT3 GPIO18 GPIO1 I/0
EMB_AD23 |0x15 ALTO LPC_AD23/LPC_A08 LPC I/0 VDD_IO — J3
ALT1 — —
STD_PU ALT2 — —
ALT3 GPIO17 GPIO1 I/10
EMB_AD24 |0x14 ALTO LPC_AD24/LPC_A09 LPC I/10 VvDD_IO — K3
ALT1 — —
STD_PU ALT2 — —
ALT3 GPIO16 GPIO1 I/0

suonduasaq eubis



1019NPUOIIWBS 8|eISVDI

6T-€

¥ "A9Y ‘[enue 92U313Jay 19]|041U0I0IDIN BTZTSDdIN

Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
EMB_AD25 |0x13 ALTO LPC_AD25/LPC_A10 LPC I/10 VDD_IO — Gl
ALT1 — —
STD_PU ALT2 — —
ALT3 GPIO15 GPIO1 I/0
EMB_AD26 |0x12 ALTO LPC_AD26/LPC_A1l11l LPC I/0 VDD_IO — J2
ALT1 — —
STD_PU ALT2 — —
ALT3 GPIO14 GPIO1 I/10
EMB_AD27 |0x11 ALTO LPC_AD27/LPC_A12 LPC I/10 VvDD_IO — M4
ALT1 — —
STD_PU ALT2 — —
ALT3 GPIO13 GPIO1 I/0
EMB_AD28 |0x10 ALTO LPC_AD28/LPC_A13 LPC I/0 VDD_IO — H1
ALT1 — —
STD_PU ALT2 — —
ALT3 GPIO12 GPIO1 I/10
EMB_AD29 |0OxO0F ALTO LPC_AD29/LPC_A14 LPC I/10 VDD_IO — L3
ALT1 — —
STD_PU ALT2 — —
ALT3 GPIO11 GPIO1 I/0
EMB_AD30 |Ox0E ALTO LPC_AD30/LPC_A15 LPC I/0 VvDD_IO — M3
ALT1 CAN_CLK (0]
STD_PU_S |ALT2 — —
T ALT3 GPIO10 GPIO1 I/10
EMB_AD31 |0x0D ALTO LPC_AD31/LPC_A1l6 LPC I/10 VDD_IO — J1
ALT1 PSC_MCLK_IN |
STD_PU_S |ALT2 — —
T ALT3 GPIO09 GPIO1 I/0
EMB_AX00 |0x0C ALTO LPC_AXO00/LPC_ALE LPC o] VvDD_IO — K1
ALT1 — — —
STD_PU ALT2 — — —
ALT3 — — —
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad I/0
. Control Alternate . 4 . 5 110 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
EMB_AX01 |0x0B ALTO LPC_AXO01/LPC_TSIZ0 LPC O VDD_IO — N4
ALT1 — — —
STD_PU ALT2 LPC_CS4 LPC o]
ALT3 — — —
EMB_AX02 |0x0A ALTO LPC_AXO02/LPC_TSIZ1 LPC o] VDD_IO — L2
ALT1 NFC_CE3 o]
STD_PU ALT2 LPC_CS3 LPC o]
ALT3 — — —
NFC_CEO_B |0x02D ALTO NFC_CEO NFC o] VDD_IO — P1
ALT1 — — —
STD_PU ALT2 — — —
ALT3 GPI1029 GPIO1 I/0
NFC_RB 0x02E ALTO NFC_R/B NFC | VDD_IO When booting from the NFC, N1
ALT1 — — — the NFC_RB pin needs an
STD_PU_S |ALT2 — — — external pullup resistor.
T ALT3 GPIO30 GPIO1 I/0
DIU_CLK 0x02F ALTO DIU_CLK DIU o] VDD_IO — AB8
ALT1 PSC4_0 PSC4 I/0
STD_PU ALT2 USB1_DATAO UsB1 I/0
ALT3 LPC_AX04 LPC o]
DIU_DE 0x030 ALTO DIU_DE DIU (0] VDD_IO — AA8
ALT1 PSC4_1 PSC4 I/0
STD_PU ALT2 USB1_DATA1 UsB1 I/0
ALT3 LPC_AX05 LPC O
DIU_HSYNC |0x031 ALTO DIU_HSYNC DIU o] VDD_IO — w11
ALT1 PSC4_2 PSC4 I/0
STD_PU ALT2 USB1_DATA2 UsB1 I/0
ALT3 LPC_AXO06 LPC o
DIU_VSYNC |0x032 ALTO DIU_VSYNC DIU I/0 VvDD_IO — Y17
ALT1 PSC4_3 PSC4 I/0
STD_PU ALT2 USB1_DATA3 UsB1 I/0
ALT3 GPIO31 GPIO1 I/0
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 110 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
DIU_LDOO |0x033 ALTO CAN3_RX CAN3 | VDD_IO — AB9
ALT1 CLK_OUT2 DIU (0]
STD_PU_S |ALT2 DIU_LDO0O DIU I/0
T ALT3 GPI1032 GPIO2 I/0
DIU_LD01 |0x034 ALTO CAN3_TX CAN3 o] VDD_IO — Y10
ALT1 CLK_OUT3 DIU (0]
STD_PU ALT2 DIU_LDO1 DIU I/10
ALT3 GPIO33 GPIO2 I/10
DIU_LD02 |0x035 ALTO DIU_LDO02 DIU VDD_IO — AA10
ALT1 PSC4_4 PSC4 I/0
STD_PU ALT2 USB1_DATA4 UsSB1 I/0
ALT3 LPC_AXO07 LPC o]
DIU_LD03 | 0x036 ALTO DIU_LDO03 DIU I/0 VDD_IO — Y1l
ALT1 PSC5_ 0 PSC5 I/1O
STD_PU ALT2 USB1_DATA5 USB1 I/10
ALT3 LPC_AX08 LPC (0]
DIU_LD04 |0x037 ALTO DIU_LDO04 DIU I/10 VvDD_IO — AAl1l
ALT1 PSC5_1 PSC5 I/O
STD_PU ALT2 USB1_DATA6 UsSB1 I/0
ALT3 LPC_AX09 LPC o]
DIU_LD0O5 |0x038 ALTO DIU_LDO05 DIU I/0 VvDD_IO — AB10
ALT1 PSC5_2 PSC5 I/10
STD_PU ALT2 USB1_DATA7 USB1 I/10
ALT3 GPI0O34 GPIO2 I/10
DIU_LD06 |0x039 ALTO DIU_LDO06 DIU I/10 VvDD_IO — AB11
ALT1 PSC5_3 PSC5 I/0
STD_PU ALT2 USB1_STOP USB1 o]
ALT3 GPIO35 GPIO2 I/0
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 110 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
DIU_LD0O7 |0x03A ALTO DIU_LDO7 DIU I/10 VDD_IO — Y12
ALT1 PSC5_4 PSC5 I/0
STD_PU_S |ALT2 USB1_CLK USB1 |
T ALT3 GPIO36 GPIO2 I/0
DIU_LD08 |0x03B ALTO CAN4_RX CAN4 | VDD_IO — w13
ALT1 PSC6_0 PSC6 I/10
STD_PU_S |ALT2 DIU_LDO08 DIU I/10
T ALT3 GPIO37 GPIO2 I/10
DIU_LD09 |0x03C ALTO CAN4_TX CAN4 (0] VvDD_IO — AB12
ALT1 PSC6_1 PSC6 I/0
STD_PU ALT2 DIU_LDO09 DIU I/0
ALT3 GPIO38 GPIO2 I/0
DIU_LD10 |0x03D ALTO DIU_LD10 DIU I/0 VDD_IO — Y13
ALT1 PSC6_2 PSC6 I/10
STD_PU ALT2 USB1 NEXT USB1 (0]
ALT3 GPIO39 GPIO2 I/10
DIU_LD11 |O0x03E ALTO DIU_LD11 DIU I/10 VvDD_IO — AA13
ALT1 PSC6_3 PSC6 I/0
STD_PU ALT2 USB1_DIR UsSB1 |
ALT3 GPIO40 GPIO2 I/0
DIU_LD12 |Ox03F ALTO DIU_LD12 DIU I/0 VDD_IO — AB13
ALT1 PSC6_4 PSC6 11O
STD_PU ALT2 USB2_DATAO USB2 I/10
ALT3 GPT2[0] GPT2 I/10
DIU_LD13 |0x040 ALTO DIU_LD13 DIU I/10 VDD_IO — w14
ALT1 PSC7_0 PSC7 I/0
STD_PU ALT2 USB2_DATA1 usB2 I/0
ALT3 GPT2[1] GPT2 I/0
DIU_LD14 |0x041 ALTO DIU_LD14 DIU I/10 VDD_IO — Y14
ALT1 PSC7_1 PSC7 I/10
STD_PU ALT2 USB2_DATA2 USB2 I/10
ALT3 GPT2[2] GPT2 I/10

suonduasaq eubis



1019NPUOIIWBS 8|eISVDI

€c€

¥ "A9Y ‘[enue 92U313Jay 19]|041U0I0IDIN BTZTSDdIN

Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 110 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
DIU_LD15 0x042 ALTO DIU_LD15 DIU /0 VDD_IO — AB14
ALT1 PSC7_2 PSC7 I/0
STD_PU ALT2 USB2_DATA3 USB2 I/O
ALT3 GPT2[3] GPT2 le]
DIU_LD16 0x043 ALTO CLK_OUTO DIU (0] VDD_IO — AA15
ALT1 12C3_SCL 12c2 /0
STD _PU_S [ALT2 DIU_LD16 DIU 110
T ALT3 GPI1041 GPI102 110
DIU_LD17 0x044 ALTO CLK_OUT1 DIU O VDD_IO — Y15
ALT1 I2C3_SDA 12c3 110
STD_PU_S |ALT2 DIU_LD17 DIU I/O
T ALT3 GPIO42 GPIO2 I/O
DIU_LD18 0x045 ALTO DIU_LD18 DIU le] VDD_IO — AB15
ALT1 PSC7_3 PSC7 /0
STD_PU ALT?2 USB2_DATA4 USB2 /0
ALT3 GPT2[4] GPT2 /0
DIU_LD19 0x046 ALTO DIU_LD19 DIU 110 VDD_IO — AB16
ALT1 PSC7_4 PSC7 I/0
STD_PU ALT2 USB2_DATAS USB2 le]
ALT3 GPT2[5] GPT2 I/O
DIU_LD20 0x047 ALTO DIU_LD20 DIU I/O VDD_IO — AB17
ALT1 PSC8_0 PSC8 /0
STD_PU ALT?2 USB2_DATA6 USB2 /0
ALT3 GPT2[6] GPT2 /0
DIU_LD21 0x048 ALTO DIU_LD21 DIU /0 VDD_IO — W16
ALT1 PSC8_1 PSC8 le]
STD_PU ALT2 USB2_DATA7 USB2 I/O
ALT3 GPT2[7] GPT2 le]
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
DIU_LD22 |0x049 ALTO DIU_LD22 DIU I/10 VDD_IO — Y16
ALT1 PSC8_2 PSC8 I/10
STD_PU ALT2 USB2_DIR UsB2 |
ALT3 GPI1043 GPIO2 I/0
DIU_LD23 |0x04A ALTO DIU_LD23 DIU I/10 VvDD_IO — AAL17
ALT1 PSC8_3 PSC8 I/1O
STD_PU ALT2 USB2_NEXT USB2 |
ALT3 GPI1044 GPIO2 I/0
12C2_SCL |0x4B ALTO 12C2_SCL 12c2 I/10 VvDD_IO — V4
ALT1 PSC8_4 PSC8 I/0
STD_PU_S |ALT2 USB2_CLK USsB2 |
T ALT3 GP1045 GPIO2 I/0
I2C2_SDA |0x4C ALTO 12C2_SDA 12c2 I/10 VvDD_IO — U4
ALT1 PSC9 4 PSC9 I/10
STD_PU_S |ALT2 USB2_STOP USB2 (0]
T ALT3 GPI10O46 GPIO2 I/10
I2C1_SCL |Ox4F ALTO 12C1_SCL 1’c1 I/10 VvDD_IO — B18
ALT1 PSC9_2 PSC9 I/0
STD_PU_S |ALT2 CAN3_RX CAN3 |
T ALT3 GPI1049 GPIO2 I/0
[2C1_SDA |0x50 ALTO 12C1_SDA 12c1 I/0 VvDD_IO — A19
ALT1 PSC9_3 PSC9 I/10
STD_PU_S |ALT2 CAN3_TX CAN3 (0]
T ALT3 GPIO50 GPIO2 I/10
CAN1 RX — ALTO CAN1 RX CAN1 | VBAT Dedicated input can be used (01°]
ALT1 — — — to receive an external
ALT2 — — — wakeup.
ALT3 — — —
CAN2_RX — ALTO CAN2_RX CAN2 | VBAT Dedicated input can be used B8
ALT1 — — — to receive an external
ALT2 — — — wakeup.
ALT3 — — —
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
CAN1_TX |0x4D ALTO CAN1_TX CAN1 (0] VvDD_IO — B15
ALT1 PSC9 0 PSC9 I/O
STD_PU_S |ALT2 12C2_SCL 1°c2 I/0
T ALT3 GPI047 GPIO2 I/0
CAN2_TX |Ox4E ALTO CAN2_TX CAN2 (0] VvDD_IO — Al16
ALT1 PSC9 1 PSC9 I/0
STD_PU_S |ALT2 12C2_SDA 12c2 I/10
T ALT3 GP1048 GPIO2 I/O
FEC1_TXD_2 |0x51 ALTO FEC1_TXD_2 FEC1 (0] VvDD_IO — AA1l
ALT1 PSC2_0 PSC2 I/0
STD_PU ALT2 USB2_DATAO USB2 I/10
ALT3 GPIO51 GPIO2 I/10
FEC1_TXD_3 |0x52 ALTO FEC1_TXD_3 FEC1 (0] VDD_IO — Y1
ALT1 PSC2_1 PSC2 I/10
STD_PU ALT2 USB2_DATA1 USB2 I/O
ALT3 GPIO52 GPIO2 I/0
FEC1_RXD_2 | 0x53 ALTO FEC1_RXD_2 FEC1 | VDD_IO — Y4
ALT1 PSC2_2 PSC2 I/0
STD_PU ALT2 USB2_DATA2 USB2 I/0
ALT3 GPIO53 GPIO2 I/10
FEC1_RXD_3 |0x54 ALTO FEC1_RXD_3 FEC1 | VvDD_IO — AA2
ALT1 PSC2_3 PSC2 I/10
STD_PU ALT2 USB2_DATA3 USB2 I/O
ALT3 GPIO54 GPIO2 I/0
FEC1_CRS |0x55 ALTO FEC1_CRS FEC1 | VDD_IO — Ul
ALT1 PSC2_4 PSC2 I/0
STD_PU ALT2 USB2_DATA4 USB2 I/10
ALT3 GPIO55 GPIO2 I/10
FEC1_TX_ER |0x56 ALTO FEC1_TX_ER FEC1 | VDD_IO — W2
ALT1 PSC3 0 PSC3 I/10
STD_PU ALT2 USB2_DATA5 USB2 I/0
ALT3 GPIO56 GPIO2 I/0
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 110 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
FEC1_RXD_1 |0x57 ALTO FEC1_RXD_1/RMII_RX1 FEC1 | VvDD_IO — AA3
ALT1 PSC3_1 PSC3 I/0
STD_PU ALT2 USB2_DATA6 usB2 I/0
ALT3 GPIO57 GPIO2 I/0
FEC1_TXD_1 |0x58 ALTO FEC1_TXD_1/RMII_TX1 FEC1 o] VDD_IO — W3
ALT1 PSC3_2 PSC3 I/10
STD_PU ALT2 USB2_DATA7 USB2 I/0
ALT3 GPIO58 GPIO2 I/10
FEC1_MDC |0x59 ALTO FEC1_MDC/RMII_MDC FEC1 | VDD_IO — \l
ALT1 PSC3_3 PSC3 I/0
STD_PU ALT2 USB2_DIR usB2 |
ALT3 GPIO59 GPIO2 I/0
FEC1_RX_ER |O0x5A ALTO FEC1_RX_ER/RMII_RX_ER FEC1 | VDD_IO — Y5
ALT1 PSC3_4 PSC3 I/10
STD_PU ALT2 USB2_NEXT USB2 |
ALT3 GPIO60 GPIO2 I/10
FEC1_MDIO |0Ox5B ALTO FEC1_MDIO/RMII_MDIO FEC1 | VDD_IO — V2
ALT1 — — —
STD_PU_S |ALT2 USB2_CLK usB2 |
T ALT3 GPIO61 GPIO2 I/0
FEC1_RXD_0 |0x5C ALTO FEC1_RXD_0/RMII_RX0 FEC1 | VDD_IO — AB2
ALT1 — — —
STD_PU ALT2 USB2_STOP USB2 (0]
ALT3 GPIO62 GPIO2 I/0
FEC1_TXD_0O |0x5D ALTO FEC1_TXD_O/RMII_TXO FEC1 (0] VvDD_IO — w4
ALT1 — B — —
STD_PU_S |ALT2 NFC_R/B1 NFC |
T ALT3 GPI063 GPIO2 I/0
FEC1_TX_CL |Ox5E ALTO FEC1_TX_CLK/RMII_REF_CL |FEC1 (0] VDD_IO — w1
K ALT1 K PSCO I/1O
STD_PU_S |ALT2 PSCO0_0 — —
T ALT3 — GPIO1 I/10
GPIO04
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 110 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
FEC1_RX_CL |Ox5F ALTO FEC1_RX_CLK FEC1 | VvDD_IO — AB4
K ALT1 PSCO_1 PSCO I/10
STD_PU_S |ALT2 NFC_R/B2 — |
T ALT3 GPIO05 GPIO1 I/0
FEC1_RX_DV |0x60 ALTO FEC1_RX_DV/IRMII_CRS DV |FEC1 | VDD_IO — AB3
ALT1 PSC0_2 PSCO I/10
STD_PU_S |ALT2 NFC_R/B3 NFC |
T ALT3 GPIO06 GPIO1 I/10
FEC1_TX_EN |0x61 ALTO FEC1_TX_EN/RMI_TX_EN FEC1 | VDD_IO — Y3
ALT1 PSCO0_3 PSCO I/O
STD_PU ALT2 — — —
ALT3 GPIOO07 GPIO1 I/0
FEC1 _COL |0x62 ALTO FEC1_COL FEC1 | VvDD_IO — u3
ALT1 PSCO0_4 PSCO I/10
STD_PU_S |ALT2 — —
T ALT3 GPIO08 GPIO1 I/10
USB1_DATAO |0x63 ALTO USB1_DATAO USB2 I/0 VvDD_IO — Y9
ALT1 PSC1 0 PSC1 I/0
STD_PU ALT2 FEC2_RXD_1/RMII_RX1 FEC2 |
ALT3 — —
USB1_DATA1l |0x64 ALTO USB1_DATA1 usB2 I/0 VDD_IO — W9
ALT1 PSC1 1 PSC1 I/10
STD_PU ALT2 FEC2_TXD_1/RMII_TX1 FEC2 |
ALT3 — —
USB1_DATA2 |0x65 ALTO USB1_DATA2 USB2 I/10 VDD_IO — AB7
ALT1 PSC1 2 PSC1 I/10
STD_PU ALT2 FEC2_MDC/RMII_MDC FEC2 |
ALT3 — —
USB1_DATA3 |0x66 ALTO USB1_DATA3 usB2 I/0 VvDD_IO — AB6
ALT1 PSC1_3 PSC1 I/10
STD_PU ALT2 FEC2_RX_ER/RMII_RX_ER FEC2 |
ALT3 — —
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 110 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
USB1_DATA4 | 0x67 ALTO USB1_DATA4 USB2 I/10 VDD_IO — AA7
ALT1 PSC1 4 PSC1 I/10
STD_PU ALT2 FEC2_MDIO/RMII_MDIO FEC2 I/0
ALT3 — —
USB1_DATAS |0x68 ALTO USB1_DATA5 usB2 I/0 VDD_IO — Y7
ALT1 PSC4 0 PSC4 I/10
STD_PU ALT2 FEC2_RXD_O0/RMII_RXO0 FEC2 |
ALT3 — —
USB1_DATA6 |0x69 ALTO USB1_DATA6 USB2 I/10 VDD_IO — Y6
ALT1 PSC4_1 PSC4 I/10
STD_PU ALT2 FEC2_TXD_0/RMII_TXO FEC2 o]
ALT3 — —
USB1_DATA7 |0x6A ALTO USB1_DATA7 usB2 I/0 VDD_IO — AB5
ALT1 PSC4_2 PSC4 I/O
STD_PU_S |ALT2 FEC2_TX_CLK/RMII_REF_CL |FEC2 |
T ALT3 K —
USB1_STOP |0x6B ALTO USB1_STOP USB2 (0] VDD_IO — W6
ALT1 PSC4_3 PSC4 I/0
STD_PU_S |ALT2 FEC2_RX_CLK FEC2 |
T ALT3 — —
USB1_CLK |0x6C ALTO USB1 CLK USB2 | VvDD_IO — Y8
ALT1 PSC4_4 PSC4 I/10
STD_PU_S |ALT2 FEC2_RX_DV/IRMII_CRS_DV |FEC2 |
T ALT3 — —
USB1_NEXT |0x6D ALTO USB1_NEXT USB2 | VDD_IO — AA5
ALT1 — — —
STD_PU ALT2 FEC2_TX_EN/RMII_TX_EN FEC2 |
ALT3 GPIO09 GPIO1 I/1O
USB1 DIR |Ox6E ALTO USB1 DIR USB2 | VvDD_IO — W7
ALT1 — — —
STD_PU_S |ALT2 FEC2_COL FEC2 |
T ALT3 GPIO10 GPIO1 I/0
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 110 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
SDHC
SDHC1_CLK |Ox6F ALTO SDHC1_CLK SDHC1 (0] VvDD_IO — T1
ALT1 NFC_CE1 NFC (0]
STD_PU ALT2 FEC2_TXD_2 FEC2 0]
ALT3 GPIO11 GPIO1 I/0
SDHC1_CMD |0x70 ALTO SDHC1_CMD SDHC1 I/0 VDD_IO — T2
ALT1 PSC5 0 PSC5 I/10
STD_PU ALT2 FEC2_TXD_3 FEC2 (0]
ALT3 GPIO12 GPIO1 I/10
SDHC1_DO0O |[0x71 ALTO SDHC1_DO0 SDHC1 I/10 VvDD_IO — T3
ALT1 PSC5_1 PSC5 I/O
STD_PU ALT2 FEC2_RXD_2 FEC2 |
ALT3 GPIO13 GPIO1 I/0
SDHC1_D1 |0x72 ALTO SDHC1_D1_IRQ SDHC1 I/0 VDD_IO — T4
ALT1 PSC5_2 PSC5 I/10
STD_PU ALT2 FEC2_RXD_3 FEC2 |
ALT3 LPC_CS5 LPC (0]
SDHC1_D2 |0x73 ALTO SDHC1_D2 SDHC1 I/10 VDD_IO — R1
ALT1 PSC5_3 PSC5 I/0
STD_PU ALT2 FEC2_CRS FEC2 |
ALT3 LPC_CS6 LPC o]
SDHC1_D3 |0x74 ALTO SDHC1_D3_CD SDHC1 I/0 VDD_IO — R2
ALT1 PSC5_4 PSC5 I/10
STD_PU ALT2 FEC2_TX_ER FEC2 |
ALT3 LPC_CS7 LPC (0]
PSC_MCLK_I |0x75 ALTO PSC_MCLK_IN | VDD_IO — D6
N ALT1 — — —
STD_PU_S |ALT2 — — —
T ALT3 GPIO14 GPIO1 I/0
PSCO0_0 0x76 ALTO PSCO0_0 PSCO I/0 VvDD_IO — Cl1
ALT1 SDHC2_CMD SDHC2 I/1O
STD_PU ALT2 GPT1[0] GPT1 I/0
ALT3 GPIO15 GPIO1 I/10
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
PSCO0_1 0x77 ALTO PSCO0_1 PSCO I/10 VDD_IO — A12
ALT1 SDHC2_DO0 SDHC2 I/0
STD_PU ALT2 GPT1[1] GPT1 I/0
ALT3 GPIO16 GPIO1 I/0
PSCO0_2 0x78 ALTO PSCO0_2 PSCO I/0 VvDD_IO — Al13
ALT1 SDHC2_D1_IRQ SDHC2 110
STD_PU ALT2 GPT1[2] GPT1 I/10
ALT3 GPIO17 GPIO1 I/10
PSCO0_3 0x79 ALTO PSCO0_3 PSCO I/10 VvDD_IO — B13
ALT1 SDHC2_D2 SDHC2 I/0
STD_PU ALT2 GPT1[3] GPT1 I/0
ALT3 GPIO18 GPIO1 I/0
PSCO0_4 Ox7A ALTO PSCO0_4 PSCO I/0 VvDD_IO — D11
ALT1 SDHC2_D3 _CD SDHC2 110
STD_PU ALT2 GPT1[4] GPT1 I/0
ALT3 CAN1_TX CAN1 (0]
PSC1_0 0x7B ALTO PSC1 0 PSC1 I/0 VDD_IO — Ci12
ALT1 SDHC2_CLK SDHC2 (0]
STD_PU ALT2 GPT1[5] GPT1 o]
ALT3 CAN2_TX CAN2 o]
PSC1_1 0x7C ALTO PSC1_1 PSC1 I/0 VDD_IO — C13
ALT1 CAN_CLK
STD_PU ALT2 GPT1[6] GPT1 I/0
ALT3 IRQO |
PSC1_2 0x7D ALTO PSC1 2 PSC1 I/10 VDD_IO — B14
ALT1 TPA2
STD_PU ALT2 GPT1[7] GPT1 I/0
ALT3 IRQ1 |
PSC1_3 OX7E ALTO PSC1_3 PSC1 I/0 VDD_IO — D13
ALT1 CKSTP_IN
STD_PU ALT2 NFC_R/B2 NFC (0]
ALT3 GPIO19 GPIO1 I/10
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
PSC1_4 OX7F ALTO PSC1 4 PSC1 I/10 VDD_IO — A15
ALT1 CKSTP_OUT
STD_PU ALT2 NFC_CE2 MFC (0]
ALT3 GPIO20 GPIO1 I/0
J1850_TX | 0x80 ALTO J1850_TX J1850 o] VvDD_IO — B5
ALT1 — — —
STD_PU_S |ALT2 NFC_CE3 NFC (0]
T ALT3 12C1_SCL 1’c1 I/10
J1850_RX |0x81 ALTO J1850_RX J1850 | VDD_IO — C6
ALT1 — B — —
STD_PU_S |ALT2 NFC_R/B3 NFC (0]
T ALT3 12C1_SDA 1°c1 I/O
JTAG
TCK — ALTO TCK JTAG | VDD_IO 5. This pin contains an C1l6
ALT1 — — — enabled internal Schmitt
ALT2 — — — trigger.
ALT3 — — —
TDI — ALTO TDI JTAG | VDD_IO 3. This JTAG pin has an Ci15
ALT1 — — — internal pullup P-FET, and
ALT2 — — — cannot be configured.
ALT3 — — —
TDO — ALTO TDO JTAG o] VvDD_IO — B16
ALT1 — — —
ALT2 — — —
ALT3 — — —
T™MS — ALTO T™MS JTAG | VDD_IO 3. This JTAG pin has an D15
ALT1 — — — internal pullup P-FET, and
ALT2 — — — cannot be configured.
ALT3 — — —
TRST — ALTO TRST JTAG | VvDD_IO 3. This JTAG pin has an D16
ALT1 — — — internal pullup P-FET, and
ALT2 — — — cannot be configured.
ALT3 — — —
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Table 3-1. MPC5121e Pin Multiplexing (continued)

5. This pin contains an
enabled internal
schmitt-trigger.

Pad 1/0
. Control Alternate . 4 . 5 10 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
System Control
HRESET — ALTO HRESET | VDD_IO 1. This pin is an input or Al7
ALT1 — — — open-drain output, and have
ALT2 — — — internal pull-up P-FETs. This
ALT3 — — — pin can not be configured.
5. This pin contains an
enabled internal
schmitt-trigger.
PORESET — ALTO PORESET | VDD_IO 1. This pin is an input or C17
ALT1 — — — open-drain output, and have
ALT2 — — — internal pull-up P-FETs. This
ALT3 — — — pin can not be configured.
2. This pin is an input only.
This pin cannot be
configured.
5. This pin contains an
enabled internal
schmitt-trigger.
SRESET — ALTO SRESET | VDD_IO 1. This pin is an input or Al8
ALT1 — — — open-drain output, and have
ALT2 — — — internal pull-up P-FETs. This
ALT3 — — — pin can not be configured.

Test/Debug
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Table 3-1. MPC5121e Pin Multiplexing (continued)

Pad 1/0
. Control Alternate . 4 . 5 110 Power 6
Pin Name Register! | Function Functions Peripheral Direction Domain Notes Ball
and Offset?
TEST — ALTO TEST | VDD_IO 2. This pin is an input only. D14
ALT1 — — — This pin cannot be
ALT2 — — — configured.
ALT3 — — —

4. This test pin must be tied to
VSS.

Pins controlled by the STD_PU_ST register have a Schmitt trigger input; pins controlled by the STD_PU register do not.

Pins controlled by the

IO_CONTROL_MEM register access their alternate function ALT3 by setting the I0_CONTROL_MEM[16BIT] bit. This setting applies to all pins controlled by
IO_CONTROL_MEM. Pins not controlled by these registers are indicated with a “—".

Offset from IOCONTROL_BASE (default is OXFF40_A000).

— STD_PU[FUNCMUX] = 00 — ALTO (default)
— STD_PU[FUNCMUX] = 01 — ALT1
— STD_PU[FUNCMUX] = 10 — ALT2
— STD_PU[FUNCMUX] = 11-» ALT3

For selecting alternate functions, the STD_PU and STD_PU_ST registers function the same. When no function is available on a pin’s given ALTn function (value

of STD_PU[FUNCMUX] ), it is shown as “—".
Module included on the MCU.
324 TEPBGA package.

3 Except where noted in the Notes column, ALTO is the primary (default) function for each pin after reset.
4 Alternate functions are chosen by setting the values of the STD_PU[FUNCMUX] bitfields inside the 1/0 Control module.
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Signal Descriptions

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26
SATA_ USB2_
A vss | vss | SA | sama_ | STl pscr_|pscr_|psce_|psce_|Psce_ | Pscit |pscio|psca_|psci_|psci_|psco_|cant_|Gpioz |RTC x| 9S82 fuse b|uss b|uss T| oo
RN | Rxp [FEVS) 3 4 2 o | o | =2 3 3 1 1| ™| 8 |71aw0 |PRYBI Ty P | Pa
SATA UsB2_ USB_V
- PSC8_ psc7_|Psce_| vbp_i | Psci1 PSC10 | PSc2_| vDD_i | PSco_ GPIO3 | CANZ_ VBUS_ Vuse_x | vbD_i
B | vss | vss | vss |Rxvs| vss [PSS8-| vss |PSC s s | vss PSS © ps 0| vss |CPIO3|CANZ | vss | YOUS-| vss |ssa B [USBX|VEDT] vss
SA B - = 1AS
AULT
SATA_ AVDD_ PSC_
o | vss [sam | samm_| oo (oAl |Psco_|psca | pscr_| AP0 psce_|pscit|pscio| pscio|psca_|psci_|psco_| SO~ | Gpios [cant_|RTc x|uss v|uss v| oo [usB x| oo |PCiC
XTALO | XTALI -1 o 2 2 1 2 3 0 0 0 3 -l "o | rRx | Tl | DDA | ssaA TALI LK
1P2 WR - = L IN
SATA_ SATA_ | SATA_ | SATA_ uUsB_v|usB_P

o [voDA_ | vss |PLLV|vDDA_ |vDDA_ [PSC9-|PSCO_|PSCE| VODII VEDI | PSCLL| ygq | PSE2_ | PSCL| VBDI | PSTO_| ygg | HIBM VBAT_ |USBVIUSEV oDA B|LL PW| vss | vss PI%—ZR

1P2 SsA | 3P3 | VREG R AS | Rs
SATA_V | saTa_p N —

g | sama_ | aA| SAAP | sam R | sataa | Psca_| psca_ | sca_ | psce_ |Pscr_| pscit | pscio | psca_|psci_|psco_|canz_| Gpioz | oo [usB_u|uss_v|usB_v|uss_r|uss pL| PCLG | PCLG | PCIR
XN | POAT IMVOD esrer | naviz | a 2 P 0 1 3 | a 2 2 2 | x| 9 ID | SSA | SSA | REF |LGND| NTZ | NTO | EOL
SATA_ VDD_| VDD_| | vDD_| VDD_| PCLRS| VDD_I | PCI_A | vDD_I | PCI_A

F|SAA-| vss | vss | vss | vss | vss vss vss | V2L s x vss | vss s vss T Voo | e | Vo | P

o | koS |NFCR| NFE_ | NFC_ | oo PCIG | PCLR | PCLA | PCIA [PCI_Cr
N UE | wE | we NTL | EQO | D20 | D26 | BE3
NFC_R| PATA_ |NFC_C| NFC_A|NFC_C VDD_I | PCLA PCLA PCLA

H /B | DACK | EO LE LE Vvss 0] pa1 | VSS | bz | VS5 | pa1
[ PNy

5 | PATAT| A pata it | paTA_ | VDD PCILA | PCI_A | PCI_A | PCLA | PCI_A
or [CSR|NTRQ| DRQ | O D27 | D25 | D23 | D20 | DIB

« | PATAC | voo_i | 28 | vop i | PATAT| | o vbb_c|vbp_c|vpp_c|vbp_c|vpp_c|vop_c|vbb_c|vop_c vss |PCLID| PCLA | PCIA | PCI_A |PCLIR
CE1 | o : o | ow ORE | ORE | ORE | ORE | ORE | ORE | ORE | ORE SEL | D22 | D19 | D17 | DV
EMB_A|EMB_A|EMB_A|EMB_A | PATA_ VDD_C VDD_C PCI_A | vDD_I |PCi_c/| vbD_I | PCLD

L | po3 | Doz | poi | poo | cez | VSS ORE | VSS | VSS | VSS | VSS | VSS | VSS | opE VSS | 'pie | o | BE2 | o |EVeEL
EMB_A EMB_A EMB_A VDD_C VDD_C PCLT | PCLF | PCLS | PCLP | PCLS

M1 bos | VS | pos | VSS | poa ORE | VSS | VSS | VSS | VSS | VSS | VSS | oo RDY | RAME | TOP | ERR | ERR
EMB_A|EMB_A|EMB_A|EMB_A VDD_| VDD_C VDD_C vDD_I | PCIP PCI_C/ PCILA

N [FUEA(EMBA|EVBAIEVEAL vss | VEE O0=C| vss | vss | vss | vss | vss | vss |VORd DI PCLP | vss |PELC| vss | PO
EMB_A|EMB_A|EMB_A|EMB_A|EMB_A| VDD_I VDD_C VDD_C vop_i |pci_c/| pai_a | Pci_a | Peia | Peia

Pl D15 | p1a | pi1 | D13 | D12 | © ORE | VSS | VSS | VSS | VSS | VSS | VSS | Topg o | BEo | poo | D13 | D14 | D12
EMB_A| VDD_I |EMB_A| vDD_I |EMB_A VDD_C VDD_C PCLA | PCLA | PCLA | PCLA | PCLA

R1™p17 | o | b6 | o | pio ORE | VSS | VSS | VSS | VSS | VSS | VSS | opE D03 | D06 | DIO | DIl | DOB
EMB_A|EMB_A|EMB_A|EMB_A|EMB_A VDD_C VDD_C SYs_PL| vDD_I | PCI_A | vDD_i | PCLA

T D22 | D18 | D20 | D21 | D23 | VSS ORE | VSS | VSS | VSS | VSS | VSS | VSS | ooE VSS |[aob| o | oos | o | por

U [EvB Al oo [eMB Al oo [EMBA] oo vob_c|vop_c|vop_c|voo_c|vop_c|vop_c|voo_c|vop_c vss |SYspL[PCEIN | peia|Poia|rcia
D25 D24 D29 ORE | ORE | ORE | ORE | ORE | ORE | ORE | ORE Lavss| TA | poo | Doz | Doa
EMB_A|EMB_A|EMB_A|EMB_A [EMB_A SRESE SYS_X PCILA

V| p26 | D27 | D28 | D30 | Xoi T | VSS |70 | VSS | boa
emB_A|EmMB_A|EmB_a| LPc_a|TPc_c | voD_I VDD_| PORE | HRES SYS_X

Wi pal | x00 | x02 | x03 | S0 | o o | ™° | ser | Er | 5T | a0
PC_C| vDD_I |LPC_C | vDD_I |TPC_O J1850_ CKSTP

M R A B R < | o | vss | Tms |SGRT

I VDD_ VDD_ | VDD_ CORE
AA|PCRILPC AIPSCA_|LPC C|PSCA_| /g MEM_| vss | vss MEM | | MEM_| vss | vss PLL vss [!2€2.S|VDD_11J1850_| VDD I | ey
wB | oK | 1 K | 3 | ! ! PLL_ bA | o | rRx | o
o o o AVDD
PSC4 PSC4 PSC3 MDQL MVRE | MDQ1 | MDQ2 | MDQ2 | MDQ3 VbD_ SPDIF | pc1_s|i2ca_s —
AB | vss | vss ~ | MDQ1 | MVTTO | MDQS vss MAL | mAs |MEM_I| MA14 | McKE | _TxcL |2CE- -S| vss | RoT | Tck
0 2 1 0 F 9 1 7 1 o K el | oA
VDD_ VDD_ VDD_ vDD_
ac | PSC5- | PSC4_|PSCS_IPSC3_|yiey | vomo | mpgs | vss | MPRY |mem Tt | MPOS | vss | MPQ2 | yew | MPQ3 | vigar | vss | ma7 | ma11 [meEm 1| MopT | vss [2€0-S|SPDIF112C2.S| jaag
0 4 1 2 4 2 5 0 cL | Rx | ct
o o o o -
PSC5_| PSC5 PSC3_| MDQS mDQ1 | MDQs | YPP- | MDQ1 | MDQ1 | MDQ2 | MDQ2 | MDQS | MDQ2 | | CORE | sppie 12C0_S
AD - - | vss - MDQ6 MEM_| MBAO | MAO | MA4 | MA9 | MA13 | MWE | MCS | _PLL_ vss s
2 3 3 [) 1 1 6 8 [) 3 3 9 ™ DA
o avss | -
VDD_ VDD_ VDD_ vDD_
Ag | VPD! [ VBD_IPSCS_ |\ ines [ vem ) | MDo7 | vss | momz | MPR | mem Tt | mvrT2| vss | MPR? | mvrra|mem 1| MPR? | vss | ma2 | mas [MEMI| M2 | Ma1s | vss | VBP-'|VBD| s
o o 4 2 4 8 o o
o o o o
AF VDg—' Psg,s_ Psgs_ MDQO | MDQ3 | MDQ4 | MDQ9 | MVTT1 MD3Q1 M[i__’Ql MD7Q1 MDM2 MDZQZ MDBQZ MDM3 | MCK | MCK | MBA2 | MA3 | MA8 | MA10 | MRAS | MCAS VDg—'

Figure 3-2. Ball Map for the MPC5121e 516 TEPBGA Package
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Table 3-2. MPC5121e Signal Reference by Functional Block (Sheet 1 of 6)

Signal Descriptions

Pin Name
Function 1

Function 2

Function 3

Function 4

MDQOO0

MDQO1

MDQO02

MDQO3

MDQO4

MDQO5

MDQO6

MDQO7

MDQO8

MDQO9

MDQ10

MDQ11

MDQ[12:15]

MDQ[16:23]

GPIO[0:7]

MDQ[24:31]

GPIO[16:23]

MDMI[0:1]

MDM[2:3]

GPIO[24:25]

MDQS[0:1]

MDQS[2:3]

GPIO[26:27]

MBA[0:2]

MA[0:15]

MWE

MRAS

MCAS

MCS

MCK

MCK

MCKE

MODT

MVREF

MVTTI[0:3]

LPC_CLK

CKSTP_IN

LPC_OE

LPC_R/W

LPC_CSO

GPI1025

LPC_CS1

SPDIF_TXCLK

GPIO7
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Signal Descriptions

Table 3-2. MPC5121e Signal Reference by Functional Block (Sheet 2 of 6)

Pin Name

Function 1 Function 2 Function 3 Function 4
LPC_CS2 NFC _CE_1 — GPIO0
LPC_ACK LPC_CS7 — GP1024
LPC_AX03 — — GPIO1
EMB_AX02 — — GPIO2
EMB_AX01 — — GPIO3
EMB_AX00 — — —

— — EMB_AD[31:0] —
PATA_CE1 LPC_CS4 — GPI09
PATA_CE2 LPC_CS5 — GPIO10

PATA_ISOLATE CAN3_TX — GPIO11
PATA_IOR SDHC_CLK — GPI012
PATA_IOW SDHC_CMD LPC_AX08 GPIO13

PATA_IOCHRDY SDHC_DO LPC_AX07 GPIO14

PATA_INTRQ SDHC_D1_IRQ LPC_AX06 GPIO15
PATA_DRQ SDHC_D2 LPC_AX05 GPIO16
PATA_DACK SDHC_D3_CD LPC_AX04 GPIO17
NFC_CE_0 LPC_CS3 PSC_MCLK_IN GP1026
NFC_WP SDHC_CLK LPC_AX09 GPIO18
NFC_R/B SDHC_CMD LPC_AX08 GPIO19
NFC_ALE SDHC_DO LPC_AX07 GPIO20
NFC_CLE SDHC_D1_IRQ LPC_AX06 GPIO21
NFC_WE SDHC_D2 LPC_AX05 GP1022
NFC_RE SDHC_D3_CD LPC_AX04 GP1023
12C0_SCL — — GPIO7/GPT7
I2C0_SDA — — GPIO1
I2C1_SCL — SPDIF_TX GPIO2
I2C1_SDA — SPDIF_RX GPIO3
I2C2_SCL — CAN4_TX GPIO4
I2C2_SDA — CAN4_RX GPIO5
IRQO — CAN3_TX GPIO4/GPT4
IRQ1 SPDIF_TXCLK CAN3_RX GPIO5/GPT5
CAN1_TX — — GPIO6
CAN1_RX — — —
CAN2_TX — — GPIO8
CAN2_RX — — —
J1850_TX — GPIO4 CAN4_TX

MPC5121e Microcontroller Reference Manual, Rev. 4

3-36

Freescale Semiconductor




Table 3-2. MPC5121e Signal Reference by Functional Block (Sheet 3 of 6)

Signal Descriptions

Pin Name

Function 1 Function 2 Function 3 Function 4

J1850_RX — LPC_CS6 CAN4_RX
SPDIF_TXCLK FEC_RX_DV DIU_CLK GPI026
SPDIF_TX FEC_TX_ER DIU_VSYNC GPIO27
SPDIF_RX FEC_CRS DIU_HSYNC GPIOO
PCI_GNT2 — DIU_LD21 GPI108
PCI_REQ2 — DIU_LD20 GPIO9
PCI_GNT1 — DIU_LD19 GPI010
PCI_REQ1 — DIU_LD18 GPIO11
PCI_INTA — DIU_LD15 GPIO14
PCI_CLK — DIU_LD14 GPIO15
PCI_RST_OUT — DIU_LD13 GPIO16
PCI_GNTO — DIU_LD12 GPI1012
PCI_REQO — DIU_LD11 GPI1013
PCI_FRAME — DIU_LD10 GPIO17
PCI_IDSEL — DIU_LDO7 GPIO18
PCI_DEVSEL — DIU_LDO06 GPI019
PCI_IRDY USBO_DATA? DIU_LDO05 GP1020
PCI_TRDY USBO_DATA6 DIU_LD04 GPI0O21
PCI_C/BEO USBO_DATA5 DIU_LDO3 GPIO4
PCI_C/BE1 USBO_DATA4 DIU_LDO02 GPIO5
PCI_C/BE2 USBO_DATA3 DIU_LDOO GPIO6
PCI_C/BE3 USBO_DATA2 DIU_LDO1 GPIO7
PCI_STOP USBO_DATA1 DIU_LDO08 GP1022
PCI_PAR USBO_DATAO DIU_LDO9 GPI1023
PCI_PERR USBO_STOP DIU_LD16 GP1024
PCI_SERR USBO_NEXT DIU_LD17 GP1025
PCI_AD31 USBO_CLK DIU_LD22 GPIOO
PCI_AD30 USBO_DIR DIU_LD23 GPIO1

PCI_AD[29:22] — USB1_DATA[7:0] GPIO[2:9]
PCI_AD21 — USB1_STOP GPIO10
PCI_AD20 — USB1_NEXT GPIO11
PCI_AD19 — USB1_CLK GPIO12
PCI_AD18 — USB1_DIR GPIO13
PCI_AD17 VIU_DATAO FEC_TXD_3 GPIO14
PCI_AD16 VIU_DATA1 FEC_TXD_2 GPIO15
PCI_AD15 VIU_DATA2 FEC_TXD_1 GPIO16
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Signal Descriptions

Table 3-2. MPC5121e Signal Reference by Functional Block (Sheet 4 of 6)

Pin Name

Function 1 Function 2 Function 3 Function 4
PCI_AD14 — FEC_TXD_0 GPIO17
PCI_AD13 VIU_DATA3 FEC_RXD_3 GPIO18
PCI_AD12 VIU_DATA4 FEC_RXD_2 GPIO19
PCI_AD11 VIU_DATA5 FEC_RXD_1 GPIO20
PCI_AD10 — FEC_RXD_0 GPIO21
PCI_AD09 — FEC_RX_CLK GPI022
PCI_ADOS8 — FEC_TX_CLK GPI1023
PCI_ADO7 VIU_DATA7 FEC_RX_ER GPIO24
PCI_ADO6 — FEC_RX_DV GPIO25
PCI_ADO5 — FEC_TX_EN GPI026
PCI_AD04 VIU_PIX_CLK FEC_TX_ER GPIO27
PCI_ADO3 VIU_DATA6 FEC_CRS GPIOO
PCI_ADO2 VIU_DATA8 FEC_MDC GPIO1
PCI_ADO1 VIU_DATA9 FEC_MDIO GPIO2
PCI_ADOO — FEC_COL GPIO3
PSC_MCLK_IN — DIU_DE GPIO6/GPT6
PSCO0_0 FEC_COL USBO_DATA7 GPIO8
PSCO_1 FEC_TX_EN USBO_DATA6 GPIO9
PSCO_2 FEC_TX_CLK USBO_DATAS5 GPIO10
PSCO_3 FEC_TXD_0 USBO_DATA4 GPIO11
PSCO_4 FEC_TXD_1 USBO_DATA3 GPIOO/GPTO
PSC1_0 FEC_TXD_2 USBO_DATA2 GPIO12
PSC1_1 FEC_TXD_3 USBO_DATA1 GPIO13
PSC1_2 FEC_MDC USBO_DATAO GPIO14
PSC1_3 FEC_RX_ER USBO_STOP GPIO15
PSC1_4 FEC_RXD_3 USBO_NEXT GPIO1/GPT1
PSC2_0 FEC_RXD_2 USBO_CLK GPIO16
PSC2_1 FEC_RXD_1 USBO_DIR GPIO17
PSC2_2 FEC_RXD_0 — GPIO18
PSC2_3 FEC_MDIO — GPIO19
PSC2_4 FEC_RX_CLK — GPIO2/GPT2
PSC3_[0:3] USB1_DATA[0:3] — GPI0[20:23]
PSC3 4 LPC_CS6 VIU_PIX_CLK GPIO3/GPT3
PSC4_[0:3] USB1_DATA[4:7] VIU_DATA[0:3] GPIO[24:27]
PSC4 4 NFC_CE2 VIU_DATA4 GPIO4/GPT4
PSC5_0 USB1_CLK VIU_DATA5 GPIO8
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Table 3-2. MPC5121e Signal Reference by Functional Block (Sheet 5 of 6)

Signal Descriptions

Pin Name

Function 1 Function 2 Function 3 Function 4
PSC5_1 USB1_NEXT VIU_DATA6 GPIO9
PSC5_2 USB1_STOP VIU_DATA7 GPIO10
PSC5_3 USB1_DIR VIU_DATA8 GPIO11
PSC5_4 NFC_CE3 VIU_DATA9 GPIO5/GPT5
PSC6_0 LPC_TSIZ1 DIU_CLK GPIO12
PSC6_1 LPC_TSIZ0 DIU_HSYNC GPIO13
PSC6_2 — — GPIO14
PSC6_3 — — GPIO15
PSC6_4 LPC_TS DIU_VSYNC GPIO6/GPT6
PSC7_0 SDHC_CMD DIU_LD23 GPIO16
PSC7_1 SDHC_DO DIU_LD22 GPIO17
PSC7_2 SDHC_D1_IRQ DIU_LD17 GPIO18
PSC7_3 SDHC_D2 DIU_LD16 GPIO19
PSC7_4 SDHC_D3_CD DIU_LDO09 GPIO7/GPT7
PSC8_0 — DIU_LDO8 GPIO20
PSC8_1 — DIU_LDO1 GPIO21
PSC8_2 — DIU_LDOO GPI022
PSC8_3 — DIU_LDO2 GPIO23
PSC8_4 SDHC_CLK DIU_LDO3 GPIO0/GPTO

PSC9_[0:3] — DIU_LD[04:7] GPIO[24:27]
PSC9_4 — DIU_LD10 GPIO1/GPT1

PSC10_[0:3] — DIU_LD[11:14] GPIO[8:11]
PSC10_4 — DIU_LD15 GPIO2/GPT2

PSC11_[0:3] — DIU_LD[18:21] GPIO[12:15]
PSC11_4 — DIU_DE GPIO3/GPT3

TCK — — —

TDI — — —
TDO — — —
T™S — — —
TRST _ _ _

PORESET — — —
HRESET — — —
SRESET — — —

TEST — — —
CKSTP_OUT TPA — —
GPI1028 — — —
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Signal Descriptions

Table 3-2. MPC5121e Signal Reference by Functional Block (Sheet 6 of 6)

Pin Name

. Function 2 Function 3 Function 4
Function 1

GPIO29 — — —
GPIO30 — — —
GPI031 — — —

SYS_XTALO — — —
SYS_XTALI — — —
RTC_XTALO — — —
RTC_XTAL1 — — —
HIB_MODE — — —
USB_VBUS — — —
USB_RREF — — —
USB_UID — — —
USB_TPA — — —
USB_XTALO — — —
USB_XTALI — — —
USB_DM — — —
USB_DP — — —
USB_VBUS_PWR_FAULT — — —
USB2_DRVVBUS — — —
SATA_XTALI — — —
SATA_XTALO — — —
SATA_ANAVIZ — — —
SATA_RESREF — — —
SATA_TXP — — —
SATA_TXN — — —
SATA_RXP — — —
SATA_RXN — — —

Table 3-3. MPC5121e Alphabetical Signal Reference (Sheet 1 of 9)

lijrr:c’\tlii‘)rEel Paﬁﬁ":?;;in Function 2 Function 3 Function 4
_ _ — EMB_AD[31:0] —
CAN1_RX C19 — — —
CAN1_TX Al8 — — GPIO6
CAN2_RX B19 — — —
CAN2_TX E16 — — GPIO8
CKSTP_OUT Y26 TPA — —
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Table 3-3. MPC5121e Alphabetical Signal Reference (Sheet 2 of 9)

Signal Descriptions

lfuirr:c’\tlia(l)nr:el Paﬁﬁ?sefm Function 2 Function 3 Function 4
EMB_AX00 W2 — — —
EMB_AX01 V5 — — GPIO3
EMB_AX02 w3 — — GPIO2
GPIO28 A19 — — —
GPI029 E17 — — —
GPIO30 c18 — — —
GPIO31 B18 — — —
HIB_MODE D18 — — —
HRESET W24 — — —
12C0_SCL AC23 — — GPIO7/GPT7
I2C0_SDA AD26 — — GPIO1
12C1_SCL AB22 — SPDIF_TX GPIO2
I2C1_SDA AB23 — SPDIF_RX GPIO3
12C2_SCL AC25 — CAN4_TX GPIO4
I2C2_SDA AA22 — CAN4_RX GPIO5
IRQO AC26 — CAN3_TX GPIO4/GPT4
IRQ1 AB25 SPDIF_TXCLK CAN3_RX GPIO5/GPT5
J1850_RX AA24 — LPC_CS6 CAN4_RX
J1850_TX Y22 — GPIO4 CAN4_TX
LPC_ACK AA2 LPC_CS7 — GPI024
LPC_AX03 w4 — — GPIO1
LPC_CLK AA4 TPA CKSTP_IN —
LPC_CSO W5 — — GPIO25
LPC_CS1 Y3 SPDIF_TXCLK — GPIO7
LPC_CS2 Y1 NFC_CE_1 — GPIO0
LPC_OE Y5 — — —
LPC_R/W AAL — — —
MAO AD17 — — —
MA1 AB16 — — —
MA2 AE18 — — —
MA3 AF20 — — —
MA4 AD18 — — —
MAS AB17 — — —
MAG AE19 — — —
MA7 AC18 — — —
MAS AF21 — — —
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Signal Descriptions

Table 3-3. MPC5121e Alphabetical Signal Reference (Sheet 3 of 9)

lfuirr:c’\tlia(l)nr:el Paﬁﬁ?sefm Function 2 Function 3 Function 4
MA9 AD19 — — —
MA10 AF22 — — —
MA1l AC19 — — —
MA12 AE21 — — _
MA13 AD20 — — —
MA14 AB19 — — —
MA15 AE22 — — —
MBA1 AC16 — — —
MBA2 AF19 — — —

MCAS AF24 — — —
MCK AF17 — — —
MCK AF18 — — —
MCKE AB20 — — —
MCS AD22 — — —
MDMO AC6 — — —
MDM1 AE8 — — —
MDM2 AF13 — — GP1024
MDM3 AF16 — — GPIO25
MDQO AF5 — — —
MDQ1 AB6 — — —
MDQ2 AE4 — — _
MDQ3 AF6 — — —
MDQ4 AF7 — — —
MDQ5 AB8 — — —
MDQ6 ADG6 — — —
MDQ7 AE6 — — —
MDQ8 AC7 — — —
MDQ9 AF8 — — —

MDQ10 AB9 — — —

MDQ11 AD7 — — —

MDQ12 AE9 — — —

MDQ13 AF10 — — —

MDQ14 AC9 — — —

MDQ15 AF11 — — —

MDQ16 AD10 — — GPIOO

MDQ17 AF12 — — GPIO1
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Table 3-3. MPC5121e Alphabetical Signal Reference (Sheet 4 of 9)

Signal Descriptions

lfuirr:c’\tlia(l)nr:el Paﬁﬁ?sefm Function 2 Function 3 Function 4
MDQ18 AD11 — — GPIO2
MDQ19 AB12 — — GPIO3
MDQ20 AD12 — — GPIO4
MDQ21 AB13 — — GPIO5
MDQ22 AF14 — — GPIO6
MDQ23 AD13 — — GPIO7
MDQ24 AE13 — — GPIO16
MDQ25 AC13 — — GPIO17
MDQ26 AF15 — — GPIO18
MDQ27 AB14 — — GPIO19
MDQ28 AE16 — — GPI020
MDQ29 AD15 — — GPI021
MDQ30 AC15 — — GPI022
MDQ31 AB15 — — GPI023
MDQSO0 AD5 — — —
MDQS1 ADS8 — — —
MDQS2 AC11 — — GPI026
MDQS3 AD14 — — GPI027
MODT AC21 — — —
MRAS AF23 — — —
MVREF AB11 — — —
MVTTO AB7 — — —
MVTT1 AF9 — — —
MVTT2 AE11 — — —
MVTT3 AE14 — — —
MWE AD21 — — —

NFC_ALE H4 SDHC_DO LPC_AX07 GPI020

NFC_CE_0 H3 LPC_CS3 PSC_MCLK_IN GPI026

NFC_CLE H5 SDHC_D1_IRQ LPC_AX06 GPIO21

NFC_R/B H1 SDHC_CMD LPC_AX08 GPIO19
NFC_RE G2 SDHC_D3_CD LPC_AX04 GPI023

NFC_WE G3 SDHC_D2 LPC_AX05 GPI022

NFC_WP G4 SDHC_CLK LPC_AX09 GPIO18

PATA_CE1 K1 LPC_CS4 — GPI0O9

PATA_CE2 L5 LPC_CS5 — GPIO10

PATA_DACK H2 SDHC_D3_CD LPC_AX04 GPIO17
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Signal Descriptions

Table 3-3. MPC5121e Alphabetical Signal Reference (Sheet 5 of 9)

lfuirr:c’\tlia(l)nr:el Paﬁﬁ?sefm Function 2 Function 3 Function 4
PATA_DRQ J4 SDHC_D2 LPC_AX05 GPIO16
PATA_INTRQ J3 SDHC_D1_IRQ LPC_AX06 GPIO15
PATA_IOCHRDY J2 SDHC_DO LPC_AX07 GPIO14
PATA_IOR J1 SDHC_CLK — GPIO12
PATA_IOW K5 SDHC_CMD LPC_AX08 GPIO13
PATA_ISOLATE K3 CAN3_TX — GPIO11
PCI_ADOO u24 — FEC_COL GPIO3
PCI_ADO1 V26 VIU_DATA9 FEC_MDIO GPIO2
PCI_ADO2 u25 VIU_DATAS FEC_MDC GPIO1
PCI_ADO3 R22 VIU_DATA6 FEC_CRS GPIOO
PCI_AD04 u26 VIU_PIX_CLK FEC_TX_ER GPI0O27
PCI_ADO5 T24 — FEC_TX_EN GPI026
PCI_AD06 R23 — FEC_RX_DV GPI025
PCI_ADO7 T26 VIU_DATA7 FEC_RX_ER GPI1024
PCI_ADOS8 R26 — FEC_TX_CLK GPI1023
PCI_AD09 P23 — FEC_RX_CLK GPI022
PCI_AD10 R24 — FEC_RXD_0 GPIO21
PCI_AD11 R25 VIU_DATA5 FEC_RXD_1 GPI020
PCI_AD12 P26 VIU_DATA4 FEC_RXD_2 GPIO19
PCI_AD13 P24 VIU_DATA3 FEC_RXD_3 GPIO18
PCI_AD14 P25 — FEC_TXD_0 GPIO17
PCI_AD15 N26 VIU_DATA2 FEC_TXD_1 GPIO16
PCI_AD16 L22 VIU_DATA1 FEC_TXD_2 GPIO15
PCI_AD17 K25 VIU_DATAO FEC_TXD_3 GPIO14
PCI_AD18 J26 — USB1_DIR GPIO13
PCI_AD19 K24 — USB1_CLK GPIO12
PCI_AD20 J25 — USB1_NEXT GPIO11
PCI_AD21 H26 — USB1_STOP GPIO10
PCI_AD22 K23 — USB1_DATAO GPIO9
PCI_AD23 J24 — USB1_DATA1 GPIO8
PCI_AD24 H24 — USB1_DATA2 GPIO7
PCI_AD25 J23 — USB1_DATA3 GPIO6
PCI_AD26 G25 — USB1_DATA4 GPIO5
PCI_AD27 J22 — USB1_DATA5 GPIO4
PCI_AD28 F26 — USB1_DATA6 GPIO3
PCI_AD29 G24 — USB1_DATA7 GPIO2
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Table 3-3. MPC5121e Alphabetical Signal Reference (Sheet 6 of 9)

Signal Descriptions

lfuirr:c’\tlia(l)nr:el Paﬁﬁ?sefm Function 2 Function 3 Function 4
PCI_AD30 F24 USBO_DIR DIU_LD23 GPIO1
PCI_AD31 H22 USBO_CLK DIU_LD22 GPIOO
PCI_C/BEO P22 USBO_DATA5 DIU_LDO3 GPIO4
PCI_C/BE1 N24 USBO_DATA4 DIU_LDO02 GPIO5
PCI_C/BE2 L24 USBO_DATA3 DIU_LDOO GPIO6
PCI_C/BE3 G26 USBO_DATA2 DIU_LDO1 GPIO7
PCI_CLK C26 — DIU_LD14 GPIO15
PCI_DEVSEL L26 — DIU_LDO06 GPI019
PCI_FRAME M23 — DIU_LD10 GPIO17
PCI_GNTO E25 — DIU_LD12 GPI012
PCI_GNT1 G22 — DIU_LD19 GPI010
PCI_GNT2 E24 — DIU_LD21 GPIO8
PCI_IDSEL K22 — DIU_LDO7 GPIO18
PCI_INTA u23 — DIU_LD15 GPI014
PCI_IRDY K26 USBO_DATA7 DIU_LDO5 GPIO20
PCI_PAR N22 USBO_DATAO DIU_LDO9 GPIO23
PCI_PERR M25 USBO_STOP DIU_LD16 GP1024
PCI_REQO G23 — DIU_LD11 GPIO13
PCI_REQ1 E26 — DIU_LD18 GPIO11
PCI_REQ2 D26 — DIU_LD20 GPI09
PCI_RST_OUT F22 — DIU_LD13 GPIO16
PCI_SERR M26 USBO_NEXT DIU_LD17 GPI1025
PCI_STOP M24 USBO_DATA1 DIU_LDO08 GPIO22
PCI_TRDY M22 USBO_DATA6 DIU_LDO04 GPIO21
PORESET w23 — — —
PSCO0_0 D16 FEC_COL USBO_DATA7 GPIO8
PSCO_1 Al7 FEC_TX_EN USBO_DATA6 GPIO9
PSCO_2 E15 FEC_TX_CLK USBO_DATA5 GPIO10
PSCO0_3 C16 FEC_TXD_0 USBO_DATA4 GPIO11
PSCO_4 B16 FEC_TXD_1 USBO_DATA3 GPIO0/GPTO
PSC10_0 C13 — DIU_LD11 GPIO8
PSC10_1 B13 — DIU_LD12 GPIO9
PSC10_2 Al3 — DIU_LD13 GPIO10
PSC10_3 c12 — DIU_LD14 GPIO11
PSC10_4 E12 — DIU_LD15 GPIO2/GPT2
PSC11_0 Al12 — DIU_LD18 GPIO12
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Signal Descriptions

Table 3-3. MPC5121e Alphabetical Signal Reference (Sheet 7 of 9)

lfuirr:c’\tlia(l)nr:el Paﬁﬁ?sefm Function 2 Function 3 Function 4
PSC11_1 B11 — DIU_LD19 GPIO13
PSC11_2 c11 — DIU_LD20 GPIO14
PSC11_3 E11 — DIU_LD21 GPIO15
PSC11_4 D11 — DIU_DE GPIO3/GPT3
PSC1_0 c15 FEC_TXD_2 USBO_DATA2 GPIO12
PSC1_1 Al6 FEC_TXD_3 USBO_DATA1 GPIO13
PSC1_2 E14 FEC_MDC USBO_DATAO GPIO14
PSC1_3 Al5 FEC_RX_ER USBO_STOP GPIO15
PSC1_4 D14 FEC_RXD_3 USBO_NEXT GPIO1/GPT1
PSC2_0 Ccl4 FEC_RXD_2 USBO_CLK GPIO16
PSC2_1 B14 FEC_RXD_1 USBO_DIR GPIO17
PSC2_2 E13 FEC_RXD_0 — GPIO18
PSC2_3 Al4 FEC_MDIO — GPIO19
PSC2_4 D13 FEC_RX_CLK — GPIO2/GPT2
PSC3_0 AF3 USB1_DATAO — GPI1020
PSC3_1 AB5 USB1_DATA1 — GPIO21
PSC3_2 AC4 USB1_DATA2 — GPI1022
PSC3_3 AD4 USB1_DATA3 — GPI1023
PSC3_4 AF4 LPC_CS6 VIU_PIX_CLK GPIO3/GPT3
PSC4_0 AB1 USB1_DATA4 VIU_DATAO GPI1024
PSC4_1 AA3 USB1_DATA5 VIU_DATAL GPI025
PSC4_2 AB3 USB1_DATA6 VIU_DATA2 GPI026
PSC4_3 AA5 USB1_DATA7 VIU_DATA3 GPI027
PSC4_4 AC2 NFC_CE2 VIU_DATA4 GPIO4/GPT4
PSC5_0 AC1 USB1_CLK VIU_DATA5 GPIO8
PSC5_1 AC3 USB1_NEXT VIU_DATA6 GPIO9
PSC5_2 AD1 USB1_STOP VIU_DATA7 GPIO10
PSC5_3 AD2 USB1_DIR VIU_DATA8 GPIO11
PSC5_4 AE3 NFC_CE3 VIU_DATA9 GPIO5/GPT5
PSC6_0 All LPC_TSIZ1 DIU_CLK GPIO12
PSC6_1 C10 LPC_TSIZ0 DIU_HSYNC GPIO13
PSC6_2 A10 — — GPIO14
PSC6_3 B9 — — GPIO15
PSC6_4 A9 LPC_TS DIU_VSYNC GPIO6/GPT6
PSC7_0 B8 SDHC_CMD DIU_LD23 GPIO16
PSC7_1 E10 SDHC_DO DIU_LD22 GPIO17
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Table 3-3. MPC5121e Alphabetical Signal Reference (Sheet 8 of 9)

Signal Descriptions

lfuirr:c’\tlia(l)nr:el Paﬁﬁ?sefm Function 2 Function 3 Function 4
PSC7_2 C8 SDHC_D1_IRQ DIU_LD17 GPIO18
PSC7_3 A8 SDHC_D2 DIU_LD16 GPIO19
PSC7_4 A7 SDHC_D3_CD DIU_LDO09 GPIO7/GPT7
PSC8_0 E9 — DIU_LDO08 GPI1020
PSC8_1 D8 — DIU_LDO1 GPI021
PSC8_2 C7 — DIU_LDOO GP1022
PSC8_3 B6 — DIU_LDO02 GPI1023
PSC8_4 E8 SDHC_CLK DIU_LDO03 GPIO0/GPTO
PSC9_0 C6 — DIU_LDO04 GP1024
PSC9_1 D7 — DIU_LDO05 GP1025
PSC9_2 E7 — DIU_LDO0O6 GP1026
PSC9_3 D6 — DIU_LDO7 GPI1027
PSC9_4 E6 — DIU_LD10 GPIO1/GPT1

PSC_MCLK_IN C17 — DIU_DE GPIO6/GPT6
RTC_XTAL1 C20 — — —
RTC_XTALO A20 — — —

SATA_ANAVIZ ES5 — — —

SATA_RESREF E4 — — —

SATA_RXN Al — — —

SATA_RXP A5 — — —

SATA_TXN El — — —

SATA_TXP F1 — — —

SATA_XTALI C3 — — —

SATA_XTALO Cc2 — — —
SPDIF_RX AC24 FEC_CRS DIU_HSYNC GPIOO
SPDIF_TX AD24 FEC_TX_ER DIU_VSYNC GPI1027

SPDIF_TXCLK AB21 FEC_RX_DV DIU_CLK GP1026

SRESET V22 — — —

SYS_XTALI V24 — — —

SYS_XTALO W26 — — —

TCK AB26 — — —

TDI Y23 — — —
TDO w22 — — —
TEST W25 — — —
T™MS Y25 — — —
TRST AA26 — — —

MPC5121e Microcontroller Reference Manual, Rev. 4

Freescale Semiconductor

3-47



Signal Descriptions

Table 3-3. MPC5121e Alphabetical Signal Reference (Sheet 9 of 9)

lfuirr:c’\tlia(l)nr:el Paﬁﬁ?sefm Function 2 Function 3 Function 4
USB_DM A22 — — —
USB_DP A23 — — —

USB_DRVVBUS A21 — — —

USB_RREF E22 — — —
USB_TPA A24 — — —
USB_UID E19 — — —

USB_VBUS D21 — — —

USB_XTALI C24 — — —

USB_XTALO B24 — — —
USB_VBUS_ B21 — — —
PWR_FAULT

Table 3-4.

Pin Alt0 Altl Alt2 Alt3
— USB_VBUS — — —

Al0 PSC6_2 — — GPIO14

All PSC6_0 LPC_TSIZ1 DIU_CLK GPIO12

Al2 PSC11_0 — DIU_LD18 GPIO12

Al3 PSC10_2 — DIU_LD13 GPIO10

Al4d PSC2_3 FEC_MDIO — GPIO19

Al5 PSC1_3 FEC_RX_ER USBO_STOP GPIO15

Al6 PSC1_1 FEC_TXD_3 USBO_DATA1 GPIO13

Al7 PSCO_1 FEC_TX_EN USBO_DATAG6 GPIO9

Al8 CAN1_TX — — GPIO6

Al9 GPI028 — — —

A20 RTC_XTALO — — —

A21 USB2_DRVVBUS — — —

A22 USB_DM — — —

A23 USB_DP — — —

A24 USB_TPA — — -

A4 | SATA_RXN — — —

A5 | SATA_RXP — — —

A7 PSC7_4 SDHC_D3_CD DIU_LDO09 GPIO7/GPT7
A8 PSC7_3 SDHC_D2 DIU_LD16 GPIO19
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Table 3-4.

Pin Alt0 Altl Alt2 Alt3

A9 PSC6_4 LPC_TS DIU_VSYNC GPIO6/GPT6
AAl LPC_R/W — — —

AA2 LPC_ACK LPC_CS7 — GP1024
AA22 [12C2_SDA — —CAN4_RX GPIO5
AA24 1J1850 RX — LPC_CS6 GPIO27CAN4_RX
AA26 |TRST — — —

AA3 PSC4 1 USB1 DATAS5 —VIU_DATAl GPI1025
AA4 LPC_CLK TPA CKSTP_IN —

AA5 PSC4_3 USB1 DATA7 —VIU_DATA3 GPI1027
ABl1 |PSC4.0 USB1_DATA4 —VIU_DATAO GPI1024
ABl1l1 |MVREF — — —
AB12 |MDQ19 — — GPIO3
AB13 |MDQ21 — — GPIO5
ABl14 |MDQ27 — — GPIO19
AB15 |MDQ31 — — GPI1023
AB16 |MA1 — — —
AB17 |MA5 — — —
AB19 |MA14 — — —
AB20 |MCKE — — —
AB21 |SPDIF_TXCLK FEC_RX DV DIU_CLK GPI1026
AB22 [12C1_SCL — SPDIF_TX GPI02
AB23 [I12C1_SDA — SPDIF_RX GPIO3
AB25 |IRQ1 SPDIF_TXCLK —CAN3_RX GPIO5/GPT5
AB26 |TCK — — —

AB3 PSC4 2 USB1 DATA6 —VIU_DATA2 GPI1026
AB5 PSC3_1 USB1 DATAl — GPI1021
AB6 MDQ1 — — —

AB7 MVTTO — — —

ABS8 MDQ5 — — —

AB9 MDQ10 — — —

AC1 PSC5 0 USB1 CLK —VIU_DATA5 GPIO8
ACl1l1l |MDQS2 — — GPI1026
AC13 |MDQ25 — — GPIO17
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Table 3-4.

Pin Alt0 Altl Alt2 Alt3
AC15 |MDQ30 — — GPI1022
AC16 |MBA1l — — —

AC18 |MA7 — — —
AC19 |MA1ll — — —

AC2 PSC4 4 —NFC_CE2 —VIU_DATA4 GPIO4/GPT4

AC21 |MODT — — —
AC23 |12C0_SCL — — GPIO7/GPT7
AC24 |SPDIF_RX FEC_CRS DIU_HSYNC GPIOO
AC25 |12C2_SCL — —CAN4_TX GPI104
AC26 |IRQO — —CAN3_TX GPIO4/GPT4

AC3 PSC5_ 1 USB1 NEXT —VIU_DATA6 GPIO9

AC4 PSC3_2 USB1 DATA2 — GPI1022

AC6 |MDMO — — —

AC7 |MDQ8 — — —

AC7 MDQ9 — — —

AC9 MDQ14 — — —

AD1 PSC5 2 USB1 STOP —VIU_DATA7 GPIO10
AD10 |MDQ1l6 — — GPIOO0
AD11 |MDQ18 — — GPI102
AD12 |MDQ20 — — GPI104
AD13 |MDQ23 — — GPIO7
AD14 |MDQS3 — — GPI027
AD15 |MDQ29 — — GPI021
AD17 |MAO — — —

AD18 |MA4 — — —
AD19 |MA9 — — —

AD2 PSC5_3 USB1 DIR —VIU_DATAS8 GPIO11
AD20 |MA13 — — —

AD21 |MWE — — —
AD22 |MCS — — —
AD24 |SPDIF_TX FEC_TX_ER DIU_VSYNC GPI1027
AD26 |12C0_SDA — — GPIO1
AD4 PSC3_3 USB1 DATA3 — GPI1023
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Table 3-4.

Pin Alt0 Altl Alt2 Alt3
AD5 | MDQS0 — — —

AD6 |MDQ6 — — —

AD7 |MDQ11 — — —

AD8 |MDQS1 — — —
AE1l |MVTT2 — — —
AE13 |MDQ24 — — GPIO16
AE14 |MVTT3 — — —
AE16 |MDQ28 — — GPI1020
AE18 |MA2 — — —
AE19 |MA6 — — —
AE21 |MA12 — — —
AE22 |MA15 — — —

AE3 |PSC5_4 —NFC_CE3 —VIU_DATA9 GPIO5/GPT5
AE4 |MDQ2 — — —

AE6 |MDQ7 — — —

AE8 |MDM1 — — —

AE9 |MDQ12 — — —
AF10 |MDQ13 — — —
AF11 |MDQ15 — — —
AF12 |MDQ17 — — GPIO1
AF13 |MDM2 — — GP1024
AF14 | MDQ22 — — GPIO6
AF15 |MDQ26 — — GPIO18
AF16 |MDM3 — — GPI1025
AFl17 |MCK — — —
AF18 |MCK — — —
AF19 |MBA2 — — —
AF20 |MA3 — — —
AF21 | MAS8 — — —
AF22 | MA10 — — —
AF23 | MRAS — — —
AF24 | MCAS — — —

AF3 PSC3 0 USB1_DATAO — GPI1020
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Table 3-4.

Pin Alt0 Altl Alt2 Alt3
AF4 |PSC3 4 —LPC_CS6 —VIU_PIX_CLK GPIO3/GPT3
AF6  |MDQ3 — — —
AF7 MDQ4 — — —
AF9 MVTT1 — — —

B11 PSC11 1 — DIU_LD19 GPIO13
B13 PSC10_1 — DIU_LD12 GPIO9

B14 PSC2_1 FEC_RXD_1 USBO_DIR GPIO17
B16 |PSCO_4 FEC_TXD_1 USBO_DATA3 GPIO0/GPTO
B18 |GPIO31 — — —

B19 |CAN2_RX — — —

B21 |USB_VBUS_ — — —

B24 USB_XTALO — — —

B6 PSC8_3 — DIU_LDO2 GPI1023

B8 PSC7_0 SDHC_CMD DIU_LD23 GPIO16

B9 PSC6_3 — — GPIO15
C10 PSC6_1 LPC _TSIZ0 DIU_HSYNC GPIO13
Cl1 PSC11 2 — DIU_LD20 GPIO14
C12 PSC10_3 — DIU_LD14 GPIO11
C13 PSC10 0 — DIU_LD11 GPIO8

Cl4 PSC2_0 FEC_RXD_2 USBO_CLK GPIO16
C15 PSC1 0 FEC_TXD_2 USBO_DATA2 GPIO12
C16 PSCO0_3 FEC_TXD_ O USBO_DATA4 GPIO11
C17 PSC_MCLK_IN — DIU_DE GPIO6/GPT6
C18 GPIO30 — — —

C18 MDQO — — —

C19 CAN1_RX — — —

Cc2 SATA_XTALO — — —

C20 RTC_XTAL1 — — —

C24 USB_XTALI — — —

C26 PCI_CLK — DIU_LD14 GPIO15

C3 SATA_ XTALI — — —

C6 PSC9 0 — DIU_LDO0O4 GP1024

Cc7 PSC8 2 — DIU_LDOO GPI1022
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Table 3-4.
Pin Alt0 Altl Alt2 Alt3
cs PSC7 2 SDHC_D1_IRQ DIU_LD17 GPI1018
D11 PSC11 4 — DIU_DE GPIO3/GPT3
D13 PSC2 4 FEC_RX CLK — GPIO2/GPT2
D14 PSC1 4 FEC_RXD_3 USBO_NEXT GPIO1/GPT1
D16 PSCO0_0 FEC_COL USBO_DATA7 GPIO8
D18 HIB_MODE — — —
D26 PCI_REQ2 — DIU_LD20 GPIO9
D6 PSC9_3 — DIU_LDO7 GPI1027
D7 PSC9 1 — DIU_LDO5 GPI1025
D8 PSC8 1 — DIU_LDO1 GPI021
El SATA_TXN — — —
E10 PSC7_1 SDHC_DO DIU_LD22 GPIO17
E1l1 PSC11 3 — DIU_LD21 GPIO15
E12 PSC10 4 — DIU_LD15 GPIO2/GPT2
E13 PSC2_2 FEC_RXD_0O — GPIO18
E14 PSC1 2 FEC_MDC USBO_DATAO GPI014
E15 PSCO0_2 FEC_TX CLK USBO_DATA5 GPIO10
E16 CAN2_TX — — GPIOS8
E17 GPI1029 — — —
E19 USB_UID — — —
E22 USB_RREF — — —
E24 PCI_GNT2 — DIU_LD21 GPIOS8
E25 PCI_GNTO — DIU_LD12 GPIO12
E26 PCI_REQ1 — DIU_LD18 GPIO11
E4 SATA RESREF — — —
ES SATA_ANAVIZ — — —
E6 PSC9 4 — DIU_LD10 GPIO1/GPT1
E7 PSC9 2 — DIU_LDO6 GPI1026
E8 PSC8 4 SDHC_CLK DIU_LDO3 GPIO0/GPTO
E9 PSC8 0 — DIU_LDO08 GPI1020
F1 SATA_TXP — — —
F22 PCI_RST_OUT — DIU_LD13 GPIO16
F24 PCI_AD30 USBO_DIR DIU_LD23 GPIO1
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Table 3-4.
Pin Alt0 Altl Alt2 Alt3
F26 PCI_AD28 — USB1_DATA6 GPIO3
G2 NFC_RE SDHC_D3_CD LPC_AX04 GP1023
G22 PCI_GNT1 — DIU_LD19 GPIO10
G23 PCI_REQO — DIU_LD11 GPIO13
G24 PCIl_AD29 — USB1_DATA7 GPIO2
G25 PCIl_AD26 — USB1_DATA4 GPIO5
G26 PCI_C/BE3 USBO_DATA2 DIU_LDO1 GPIO7
G3 NFC_WE SDHC_D2 LPC_AXO05 GPI1022
G4 NFC_WP SDHC_CLK LPC_AX09 GPIO18
H1 NFC_R/B SDHC_CMD LPC_AXO08 GPIO19
H2 PATA_DACK SDHC D3 CD LPC_AX04 GPIO17
H22 PCI_AD31 USBO_CLK DIU_LD22 GPIOO0
H24 PCIl_AD24 — USB1_ DATA2 GPIO7
H26 PCI_AD21 — USB1 _STOP GPIO10
H3 NFC_CE_0 LPC _CS3 PSC_MCLK_IN GP1026
H4 NFC_ALE SDHC_DO LPC_AXO07 GPI1020
H5 NFC_CLE SDHC_D1_IRQ LPC_AX06 GPI1021
Ji PATA_IOR SDHC_CLK — GPIO12
J2 PATA_IOCHRDY SDHC_DO LPC_AXO07 GPIO14
J22 PCI_AD27 — USB1_DATA5 GPI104
J23 PCI_AD25 — USB1 DATA3 GPIO6
J24 PCI_AD23 — USB1 DATA1l GPIO8
J25 PCI_AD20 — USB1 NEXT GPIO11
J26 PCI_AD18 — USB1 DIR GPIO13
J3 PATA_INTRQ SDHC_D1_IRQ LPC_AX06 GPI1015
J4 PATA_DRQ SDHC_D2 LPC_AXO05 GPIO16
K1 PATA_CE1 LPC _CS4 — GPIO9
K22 PCI_IDSEL — DIU_LDO7 GPIO18
K23 PCI_AD22 — USB1_DATAO GPIO9
K24 PCI_AD19 — USB1 CLK GPIO12
K25 PCI_AD17 —VIU_DATAO FEC_TXD_3 GPIO14
K26 PCI_IRDY USBO_DATA7 DIU_LDO5 GPI1020
K3 PATA_ISOLATE —CAN3_TX — GPIO11
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Table 3-4.

Pin Alt0 Altl Alt2 Alt3
K5 PATA_1OW SDHC_CMD LPC_AXO08 GPIO13
L22 |PCI_AD16 —VIU_DATA1 FEC_TXD_2 GPI015
L24 PCI_C/BE2 USBO_DATA3 DIU_LDOO GPIO6
L26 PCI_DEVSEL — DIU_LDO6 GPIO19

L5 PATA_CE2 LPC_CS5 — GPIO10
M22 PCI_TRDY USBO_DATA6 DIU_LDO0O4 GPI1021
M23 PClI_FRAME — DIU_LD10 GPIO17
M24 PCI_STOP USBO_DATAl1 DIU_LDO08 GPI1022
M25 PCI_PERR USBO_STOP DIU_LD16 GP1024
M26 PCI_SERR USBO_NEXT DIU_LD17 GPI1025
N22 PCI_PAR USBO_DATAO DIU_LDO09 GPI1023
N24 PCI_C/BE1 USBO_DATA4 DIU_LDO02 GPIO5
N26 PCI_AD15 —VIU_DATA2 FEC _TXD_1 GPIO16
P22 PCI_C/BEO USBO_DATAS DIU_LDO03 GPI104
P23 PCIl_ADO09 — FEC_RX CLK GPI1022
P24 PCI_AD13 —VIU_DATA3 FEC_RXD_3 GPIO18
P25 PCI_AD14 — FEC_TXD_0 GPIO17
P26 PCI_AD12 —VIU_DATA4 FEC_RXD_2 GPIO19
R22 PCIl_ADO03 —VIU_DATAG6 FEC_CRS GPIOO0
R23 PCIl_ADO06 — FEC_RX_DV GPI1025
R24 PCI_AD10 — FEC_RXD_O GPI021
R25 PCI_AD11 —VIU_DATA5 FEC _RXD 1 GPI1020
R26 PCIl_ADO08 — FEC _TX CLK GPI1023
T24 PCIl_ADO05 — FEC_TX_EN GPI1026
T26 PCI_ADO7 —VIU_DATA7 FEC_RX_ER GP1024
u23 PCI_INTA — DIU_LD15 GPI014
u24 PCI_ADOO — FEC_COL GPIO3
u25 PCIl_ADO02 —VIU_DATAS8 FEC_MDC GPIO1
u26 PCI_ADO04 —VIU_PIX_CLK FEC_TX_ER GPI1027
V22 SRESET — — —
V24 SYS_XTALI — — —
V26 PCI_ADO1 —VIU_DATA9 FEC_MDIO GPI102
V5 EMB_AX01 — — GPIO3
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Table 3-4.

Pin Alt0 Altl Alt2 Alt3
W2 |EMB_AX00 — — —
w22 TDO — — —
W23 PORESET — — —
W24 HRESET — — —
W25 TEST — — —
W26 SYS_XTALO — — —

W3 EMB_AX02 — — GPI102

W4 LPC_AXO03 — — GPIO1

W5 LPC_CSO — — GPI1025

Y1 LPC_CS2 NFC CE_1 — GPIOO0

Y22 J1850_TX — —GPIO4 GPIO4CAN4_TX
Y23 TDI — — —

Y25 TMS — — —

Y26 CKSTP_OUT TPA — —

Y3 LPC _CS1 SPDIF_TXCLK — GPIO7

Y5 LPC_OE — — —

PWR_FAULT

3.2  Output Signal States During Reset

When a system reset is recognized (PORESET or HRESET are asserted), the MPC5121e aborts all current
internal and external transactions, and it releases all bidirectional 1/0 signals to a high-impedance state.
See Chapter 4, “Reset,” for a complete description of the reset functionality.

During reset, the MPC5121e ignores most input signals (except for reset configuration signals Table 3-5)
and drives most of the output-only signals to an inactive state. Table 3-5 shows states of the output-only
signals.

Table 3-5. Output Signal States During System Reset

Interface Signal State During Reset
MDM[3:0] DDR data mask high-z
MDQI31:0] DDR data high-z
MDQSJ[3:0] DDR data strobe high-Z
MBA[2:0] DDR bank select AllO
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Table 3-5. Output Signal States During System Reset (continued)

Interface Signal State During Reset
MA[15:0] DDR address AllO
MWE DDR write enable 1
MRAS DDR row address strobe 1
MCAS DDR column address strobe 1
MCS DDR chip select 1
MCKE DDR clock enable 0
MCK DDR differential clock 0
MCK DDR differential clock 0
MODT DRAM On-Die Termination 0
LPC_OE LocalPlus output enable 1
LPC_R/W LocalPlus read/write bar 1
EMB_AX]0] External Memory Bus address extension O/LocalPlus 0
Address latch/Parallel ATA address 0
TDO Test data out high-z
CKSTP_OUT Check Stop output 1
PCI_RST PClI reset output 0
PCI_INTA PClI interrupt output z
LPC_ACK LPC Acknowledge Pullup resistor
LPC_CSO LPC Chip Select 0 Pullup resistor
LPC_Cs1 LPC Chip Select 1 Pullup resistor
LPC_CS2 LPC Chip Select 2 Pullup resistor
NFC_CEO NFC Chip Enable 0 Pullup resistor
PATA_CE1 PATA Chip Select 1 Pullup resistor
PATA_CE2 PATA Chip Select 2 Pullup resistor
PATA_ISOLATE PATA Isolation Pullup resistor
J1850_RX J1850 Receive port Pullup resistor

The control device’s signal multiplexing is documented in Chapter 22, “1/O Control.”

MPC5121e Microcontroller Reference Manual, Rev. 4

Freescale Semiconductor

3-57



Chapter 4
Reset

4.1 Introduction

The MPC5121e has two reset flows, SRESET and HRESET. These flows can be initiated by the following
events:

 Power on reset (PORESET)

 Hardware reset (HRESET)

*  Soft reset (SRESET)

« JTAG-initiated reset (power on reset, hardware reset, and soft reset)*
» Checkstop (MCP) event

* Watchdog timer (WDT) module

*  Bus monitor

» Software write to Section 4.7.6, “Reset Control Register (RCR)."2

4.2 HRESET Flow

HRESET provides a mechanism to initialize all clocks and peripherals to the initial values. This flow does
not sample the reset configuration word.

421 Sources

The following sources may initiate an HRESET sequence:
« PORESET input signal
« HRESET input signal
* Watchdog timer (WDT) module
» Bus monitor
« Checkstop event®
«  Software write to the RESET module®

1. The JTAG initiated reset (power on reset, hardware reset, and soft reset) is independent of the reset state of the JTAG controller
(TRST).

2. The reset control register in the RESET module may initiate a SRESET or HRESET sequence.

3. Checkstop may be initiated when the e300 core enters the checkstop state. This state may be masked at in the RESET module,
e300 core, or IPIC.

4. The reset configuration register in the RESET module may initiate a SRESET or HRESET sequence.
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4.2.2 Impacts

When the HRESET sequence is initiated, the following events occur:
« The HRESET pin is asserted by the device.
« The SRESET pin is asserted by the device.
» The MSRJIP] bit in the e300 core is updated to reflect vector table location.
» PLLs reload programming information requiring the PLL re-lock to the reference clock signal.
» Clock dividers are initialized.
* Memory map initializes to reset state
«  All peripheral logic asserts reset unless otherwise noted?.
* The reset source is captured in the RESET module.
» The e300 core resets fetching instructions from the vector indicated by the RST_CONF word.

» Thereal time clock (RTC) shadow registers and time, date, alarm, and stopwatch registers initialize
to reset state. Other RTC registers are not reset.

4.3  SRESET Flow

SRESET provides a mechanism to shorten the boot flow by bypassing initialization of boot peripherals
and clocks (see Table 4-1). Timing for SRESET can be found in the MPC5121e Microcontroller Data
Sheet (MPC5121E).

43.1 Sources

The following sources initiate an SRESET sequence:
« SRESET input signal
* JTAG JSRS command
» Software write to the RESET module

4.3.2 Impacts

When the SRESET sequence is initiated, the following events occur:

+ The SRESET pin is asserted by the device.

» The following peripherals are not affected by reset:
— 10 control and pin multiplexing
— Clock control registers
— Memory access windows (XLBMEN)
— Local plus memory controller (LPC)
— DRAM controller (MDDRC)
— RTC registers on the Vgar power domain (see Section 4.6.2, “RTC at Reset”)

1. The RTC timer mechanism retains state as long as V,; provides power to the RTC module.
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» The reset source is captured in the RESET module.
* The MSRJIP] bit in the e300 core is not updated.
» The e300 core starts execution at the reset vector. See the e300 core manual for core impact of

SRESET.
4.4 Power-On Initialization

During the power-up sequence, the PORESET pin must be asserted by an external device for a minimum
of 32 XTAL clock cycles. The oscillator input (XTALI) must be stable prior to PORESET de-assertion.
After PORESET has been de-asserted (see Section 4.5, “Reset of Internal Peripherals”), the HRESET flow
is started.

4.5 Reset of Internal Peripherals

Table 4-1 summarizes each peripheral and the relation to each reset flow.

Table 4-1. Peripheral Versus Reset

Peripheral HRESET! SRESET
AXE — .
BDLC — .
CFM — .

CLOCK . —
CSBARB — .
DIU — .
DMA — .
e300? . .
EMB — .
FEC — .
FIFOC — .
FUSE . .
GPIO . —
GPT? . .
12C — .
1M . —
I0O_CONTROL . —
IPIC — .
LPC . —
MBX — .
MDDRC o —
MEM — .
MEMMAP . —
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Table 4-1. Peripheral Versus Reset (continued)

Peripheral HRESET! SRESET
MSCAN — .
NFC — .
PATA — .
pCI* . .
PCI_DMA . .
PCI_IOS . .
PMC — .
PSC — .
RTC® — .
RESET . —
SATA — .
SATA_PHY® — —
SDHC — .
SPDIF — .
TEMPSENS — —
LM’ — —
TPM — .
usB — .
USB_PHY® — —
wDT — .

PORESET causes the same effect as HRESET.

The e300 core supports two reset configurations. See the e300 core user’'s manual for details.
GPT supports two different reset configurations for each reset type.

PCI and submodules are affected by SRESET and HRESET.

RTC is reset by Vg Power-On-Reset.

SATA_PHY is reset by Vgara Power-On-Reset.

TLM can only be reset through use of the JTAG (TRST). See Section 4.6.3, “JTAG Reset.”
USB_PHY is reset by the USB controller.

0w N O g~ W N P

4.6 Reset Configuration Word (RST_CONF)

The RST_CONF word is latched at the rising edge of PORESET. This controls the boot configuration of
the device. Each RST_CONF pin MUST have external pull-up/pull-down devices to ensure that the device
enters the desired mode of operation. The value latched into the device at reset may be verified by access
to the RCWLR and RCWHR registers (see Section 4.7, “Memory Map”).
Available modes include:

» PCl arbiter

» Test modes
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» Boot interface selection

*  MUX flash mode

* NOR flash port size

* NAND flash page size

* NAND flash port size

» Core PLL programming

e System PLL programming

* Clock divider

Reset

Table 4-2. Reset Configuration Word

Reset Parameter Signal Description
RST_CONF_ROMLOC EMB_AD[1:0] | Selects boot devicel
RCHW bits 9,10 00 LPC boot.
01 NAND (NFC) boot.
10 Reserved.
11 NAND (NFC) boot.
See also definition of RST_CONF_NFC_PS.
RST_CONF_SWEN EMB_AD[2] |Enables Watchdog Timer at reset
RCHW bit 8 0 Disabled.
1 Enabled.
RST_CONF_TPR EMB_AD[3] |Factory Test Mode
RCHW bit 11 0 Disabled (normal operation).
1 Enabled (Freescale factory test only).
RST_CONF_COREDIS EMB_AD[4] |Core Disable Mode?
RCHW bit 4 0 Disabled (normal operation).
1 Enabled (Freescale factory test only).
RST_CONF_BMS EMB_AD[5] |Boot mode select — Selects e300 boot vector and configures default value for
RCHW bit 5 LPC CSO0 or NFC base address. See Section 4.6.1, “BMS Operation.”
RST_CONF_TLE EMB_AD[6] |Endian Mode
RCHW bit 28 0 Big Endian Mode.
1 Little Endian Mode.
RST_CONF_PCI66EN EMB_AD[7] |Enable 66 MHz PCI Operation®
RCHW bit 1 0 PCI 33 MHz.
1 PCI 66 MHz.
RST_CONF_LPC_AX EMB_AD[9:8] |LPC address extension mode

RCHW bits 27, 27

00 No LPC Address Extension.
01 Use LPC_AX[pata].

10 Use LPC_AX]|nfc].

11 Reserved.

RST_CONF_COREPLL
RCLHW bits [12:15]

EMB_AD[13:10]

Core PLL Multiply factor
See clock module for programming options.

RST_CONF_EMB_AD14 | EMB_AD[14] |Reserved — must be connected to 1
RCHW bit 0
RST_CONF_PCIARB EMB_AD[15] |Internal PCI Arbiter
RCLW bit 2 0 Enabled.
1 Disabled.
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RCHW bit 21

Table 4-2. Reset Configuration Word (continued)
Reset Parameter Signal Description
RST_CONF_LPC_MX EMB_AD[16] |LPC Mux mode configuration
RCHW bit 20 0 Non-multiplexed mode.
1 Multiplexed mode.
RST_CONF_LPC_WA EMB_AD[17] |LPC word/byte addressing

0 Byte addressing.
1 Word addressing.

RST_CONF_LPC_DBW
RCHW bits 22, 23

EMB_AD[19:18]

LPC Data Port Size
00 8-hit.

10 Reserved.

01 16-bit.

11 32-bit.

RST_CONF_NFC_PS
RCHW bit 24

EMB_AD[20]

NAND Flash Page Size

if RST_CONF_ROMLOC =01 then RST_CONF_NFC_PS defines the page size:

0 512 hytes page size.

1 2 KB page size.

If RST_CONF_ROMLOC =11then RST_CONF_NFC_PS defines the spare size
with a fixed page size of 4K:

0 64 bytes spare size.

1 218 bytes spare size.

RST_CONF_NFC_DBW
RCHW bit 25

EMB_AD[21]

NFC Data Port Size
0 8-bit.
1 16-bit.

RST_CONF_CKS_IN
RCHW bit 29

EMB_AD[22]

Checkstop
0 Checkstop input disabled.
1 Checkstop input enabled.

RST_CONF_SYSPLL
RCLW bits [19:23]

EMB_AD[26:23]

System PLL Multiply factor
See clock module for programming options.

RST_CONF_SYSDIV
RCLW bits [19:23]

EMB_AD[31:27]

System PLL divider

See clock module for programming options.
Note: These bits are combined with RCLW bit 18 to form a 5-bit value.

RCLW bit 18

RST_CONF_SYSOSCEN EMB_AX[2] |Oscillator Bypass Mode
RCHW bit 3 0 System Oscillator bypass mode.
1 System Oscillator mode.
RST_CONF_SYSDIV LPC_AX[3] |System PLL divider

See clock module for programming options.
Note: This bit is combined with RCLW bits [19:23] to form a 5-bit value.

1 LPC boot together with 4 KB NAND flash devices is not supported.
2 This mode is provided for Freescale factory testing only.
3 This parameter provides the required I/O timing for the different PCl modes.

4.6.1

BMS Operation

The Boot Mode Select (BMS) bit determines the default value of LPC CSO0 and provides the reset vector
to the e300 core. The e300 MSR[IP] bit reflects the state that is latched by the BMS bit. The BMS bit
indicates to the e300 where in memory to fetch the first instruction.
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Table 4-3. BMS Impact on Boot Vector

Parameter

BMS =0 (boot low)

BMS =1 (boot high)

€300 Boot Vector

0x0000_0100

OxFFFO_0100

Table 4-4. BMS Impact On Memory Windows

Parameter

BMS =0 (boot low)

BMS =1 (boot high)

LPC CSBOOQT Start

0x0000_0000

OxFF80_0000

LPC CSBOOT End

0X007F_FFFF

OXFFFF_FFFF

NFC Base Address

0x0000_0000

OXFFFO_0000

Reset

4.6.2 RTC at Reset

The RTC module contains registers in the Vg a1 power domain that are not affected by system level reset
functions. These registers can only be reset by removing power from Vgar.

4.6.3 JTAG Reset

The JTAG state machine is reset independently of PORESET, HRESET and SRESET. If the JTAG
connection is not used, care should be taken to ensure that TRST is connected to a pull-up device. Even if
your system does not utilize a JTAG connector the JTAG connection must be tied to a defined state or
undefined behavior may occur.

46.4 Boot Vector Selection

The e300 boot vector may be configured through use of the RST_CONF_ROM_LOC and
RST_CONF_BMS pins at reset (see Section 4.6, “Reset Configuration Word (RST_CONF)”). These pins
allow selection of the boot memory interface and/or e300 boot vector.

4.6.5 Boot Memory Interface Selection

The e300 boot memory interface may be selected by configuring the RST_CONF_ROM_LOC pin at reset.
this allows selection of either the local plus controller (LPC) or NAND flash controller as the boot memory
device. See Section 4.6.1, “BMS Operation,” for details. Each interface requires a unique boot strap
sequence for initializing the MPC5121e. These initialization suddenness are described in the following
sections.

4.6.6 LPC Initialization Sequence

This interface is utilized when the ROM_LOC configuration in the RST_CONF selects the Local Plus
Interface as the boot vector. The following boot sequence works with both boot high or boot low vectors.
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Table 4-5. LPC Initialization Sequence

Step Software Region Note

1 | Configure IMMR? Reset Vector (Flash) —

2 | Configure LPC Clock Dividers Reset Vector (Flash) —

3 | Configure CS0O Access Window Reset Vector (Flash) —

4 | Configure CSO Timing parameters | Reset Vector (Flash) —

5 | Perform an absolute jump to the Reset Vector (Flash) | Relative branching should not be used

initialization routine

6 |Initialize Memory Map Startup (Flash) Initialize all memory access windows and LPC chip selects

7 | Initialize e300 Core Startup (Flash) Initialize core settings including cache policies and
instruction burst capabilities. Flash should be initialized as
both I/D cached in copyback modeZ.

8 |Initialize system clocks Startup (Flash) —

9 |Initialize DRAM Startup (Flash) —

10 | Initialize 1O pin muxing Startup (Flash) —

11 | Code re-location Startup (Flash) Relocate code into DRAM for faster execution

12 | c-runtime initialization Startup (Flash) This allows remaining routines

13 | peripheral initialization Startup (Flash) Perform any initialization required by monitor or RTOS here.

14 | Boot Into Application Space DRAM Start Application Environment (RTOS)

the boot process.

4.6.7

NFC Initialization Sequence

Care must be taken to ensure that the IMMR address region does not overlap any active access windows at any time during

This must be changed to cache inhibited prior to entry into user code space.

This interface is utilized when the ROM_LOC configuration in the RST_CONF selects the NFC (NAND
flash) Interface as the boot device. Care must be taken to ensure that the reset vector and NFC bootstrap
fits into a single NAND flash page of 512 B or 2 KB.

Table 4-6. NFC Initialization Sequence

Step Software Region Note
1 |Configure IMMR? Reset Vector (flash) —
2 | Configure DRAM & NFC Clock Reset Vector (flash) .
Dividers
3 | Configure NFC parameters Reset Vector (flash) —
4 |Initialize DRAM Reset Vector (flash) | Initialization should include DRAM access window as well
as timings and initialization
5 | Copy NFC bootstrap to DRAM Reset Vector (flash) —

MPC5121e Microcontroller Reference Manual, Rev. 4

Freescale Semiconductor



Reset

Table 4-6. NFC Initialization Sequence (continued)

Step Software Region Note
6 | Perform absolute jump to NFC NFC Bootstrap Relative branch should not be used.
bootstrap (DRAM)

7 | Initialize Memory Map Startup (DRAM) Initialize all memory access windows and LPC chip selects

8 |Code re-location Startup (DRAM) Relocate code into DRAM for faster execution. Must use
NAND flash mini-driver to access NAND flash

9 |Initialize e300 Core Startup (DRAM) Initialize core settings including cache policies and
instruction burst capabilities. Flash should be initialized as
both I/D cached in copyback mode?.

10 | Initialize system clocks Startup (DRAM) —

11 | Initialize 1O pin muxing Startup (DRAM) —

12 | c-runtime initialization Startup (DRAM) This allows remaining routines

13 | peripheral initialization Startup (DRAM) Perform any initialization required by monitor or RTOS here.

14 | Boot Into Application Space (DRAM) Start Application Environment (RTOS)

the boot process.

4.7

Memory Map

Care must be taken to ensure that the IMMR address region does not overlap any active access windows at any time during

This must be changed to cache inhibited prior to entry into user code space.

The reset configuration and status registers are shown in Table 4-7.

Table 4-7. Reset Configuration Registers Memory Map

Offset from
RESET_BASE Register Access?| Reset Value® | Section/Page
(OXFF40_0E00)*
0x00 Reset Configuration Word Low (RCWL) Register 0x0UUO_UUO00 | 4.7.1/4-10
0x04 Reset Configuration Word High (RCWH) Register O0xUUUO_QUUU | 4.7.2/4-11
0x08—-0x0F Reserved
0x10 Reset Status Register (RSR) R/W 0x0000_0000 4.7.3/4-12
0x14 Reset Mode Register (RMR) R/W 0x0000_0000 4.7.4/4-13
0x18 Reset Protection Register (RPR) R/W 0x0000_0000 4.7.5/4-14
0x1C Reset Control Register (RCR) R/W 0x0000_0000 4.7.6/4-14
0x20 Reset Control Enable Register (RCER) R/W 0x0000_0000 4.7.7/4-15
0x24—0xFF Reserved

1 Default absolute offset with IMMRBAR at default location of OxFF40_0000. See Chapter 2, “System Configuration and Memory
Map (XLBMEN + Mem Map).”

2 In this column, R/W = Read/Write, R = Read-only, and W = Write-only.
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Reset

In this column, the format of the reset value indicates the register width. Thus, reset values of the formats OxHH, OxHHHH, and
OxHHHH_HHHH, where “H” is a hexadecimal digit, indicate 8-, 16-, and 32-bit registers, respectively.

4.7.1

Reset Configuration Word Low Register (RCLW)

The Reset Configuration Low Word register is shown in Figure 4-1. This read-only register gets its value
according to the Reset Configuration Low Word loaded during the reset flow.

Address: Base + 0x00

Access: User read-only

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R SP | SP | sP | sP cP | cp | cp | cpP
0 0 0 O |'mr3 | MF2 | MF1| MFo| © 0 0 O | mMF3 | MF2 | MF1 | MFO
W
Reset 0 0 o |EMB_ EMB_ EMB_ EMB_ 0 0 o |EMB_ EMB_ EMB_ EMB_
AD261 AD251 AD241 AD23! AD13! AD12! AD11! AD10!
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R SYS | SYS | SYS | SYS | SYS | sys
0 O Ibwvs|biva|oiva|ove | oivi [ pivo| © 0 0 0 0 0 0 0
W
Reset o LPC_ EMB_|EMB_ EMB_ EMB_ EMB_| 0 0 0 0 0 0 0

AX03! aD31!

Figure 4-1. Reset Configuration Low Word register (RCLW)
L Provided by the value on this external input on reset. See Table 4-2 for more information.

AD30! AD29! AD28! AD27!

Table 4-8. RCLW field descriptions

Field Description
SPMF[3:0] System PLL multiplication factor. See Section 5.2.9.1, “System PLL.
CPMF[3:0] Core PLL configuration. See Section 5.2.9.2, “e300 PLL Programming Model.”
SYSDIV[5:0] |System clock divide factor. See Section 5.3.1.5, “System Clock Frequency Register 2 (SCFR2).”
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4.7.2

Reset Configuration High Word Register (RCHW)

Reset

The Reset Configuration High Word register is shown in Figure 4-2. This read-only register gets its value
according to the Reset Configuration High Word loaded during the reset flow.

Address: Base + 0x04

Access: User read-only

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
T e e osc |Gt laws| o | o | S |oMITM R | 0 | o | 0 | o
w
Reset EMB EMB EMB EMB | EMB EMB EMB EMB_ EMB_ EMB
AD14! ADO7? AD15% AX022 AD042 ADOS?  ° O AD02? ADO2 ADOO? AD0Z?| ° 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
"o ] o] o) o 10| N |oewa|pewio| ps | pevi | axi | axo | TE || © | ©
w
Reset 0 0 0 0 EMB_2 EMB_2 EMB_2 EMB_2 EMB_2 EMB_2 EMB_2 EMB_2 EMB_2 EMB_2 0 0
AD16“ AD17< AD19- AD18<|AD20- AD21“ ADQ9- ADO08<|AD06- AD22
Figure 4-2. Reset Configuration High Word Register (RCHW)
L This external input must remain high.
2 Pprovided by the value on this external input on reset. See Table 4-2 for more information.
Table 4-9. RCHW field descriptions
Field Description?
PCI66EN PCI 66 enable
PCIARB PCI internal arbiter mode
SYSOSCEN |System oscillator enable
COREDIS Core disable mode
BMS Boot memory space
SWEN Software watchdog enable
ROMLOCI[1:0] |Boot ROM interface location
TPR TPR pin muxing
LPC_MX LPC muxed mode
LPC_WA LPC word/byte address
LPC_DBWI[1:0] |LPC data bus width
NFC_PS NFC page size
LPC_AX[1:0] |LPC extended address bus
NFC_DBW |NFC data bus width
TLE True little-endian
CKS_IN Checkstop in pin muxing
MPC5121e Microcontroller Reference Manual, Rev. 4
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Reset

1 See Table 4-2 for more information.

NOTE

The value of fields in the reset configuration word registers (RCLW and
RCHW) reflect only their state during the reset flow. Some of these
parameters and modes may be modified by changing their values in other
units” memory mapped registers. Modifying values in these other units’
memory mapped registers do not affect RCLW and RCHW.

4.7.3

Reset Status Register (RSR)

The Reset Status Register (RSR) shown in Figure 4-5 captures various reset events in the device.

Address: Base + 0x10 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 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
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 |[SWSR|SWHR| O 0 |JHRS|JSRS| O 0 0 |CSHR|SWRS|BMRS| SRS | HRS
w wlc | wlc wlc | wlc wlc | wlc | wilc | wlc | wlc
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
Figure 4-3. Reset Status Register (RSR)
Table 4-10. RSR field descriptions
Field Description
SWSR Software soft reset. If set, indicates that a software soft reset has occurred. SWSR is cleared by writing a logic
1ltoit.
SWHR Software hard reset. If set, indicates that a software hard reset has occurred. SWHR is cleared by writing a
logic 1 to it.
JHRS JTAG HReset status. When the JTAG reset (command) request is set, JHRS is set and remains set until
software clears it. JHRS is cleared by writing a logic 1 to it.
0 No JTAG reset event has occurred.
1 A JTAG reset event has occurred.
JSRS JTAG SReset status. When the JTAG reset (command) request is set, JSRS is set and remains set until
software clears it. JSRS is cleared by writing a logic 1 to it.
0 No JTAG reset event has occurred.
1 A JTAG reset event has occurred.
CSHR Check stop reset status. When the core enters a checkstop state and the checkstop reset is enabled by the
RMR[CSRE]. CSHR is cleared by writing a logic 1 to it.
0 No enabled check stop reset event has occurred.
1 An enabled check stop reset event has occurred.
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Reset

Table 4-10. RSR field descriptions (continued)

Field

Description

SWRS

Software watchdog reset status. When a software watchdog expire event (which causes a reset) is detected,
the SWRS bit is set and remains that way until the software clears it. SWRS is cleared by writing a logic 1 to it.
0 No software watchdog reset event occurred.

1 A software watchdog reset event has occurred.

BMRS

Bus monitor reset status. When a bus monitor expire event (which causes a reset) is detected, BMRS is set
and remains set until the software clears it. BMRS is cleared by writing a logic 1 to it.

0 No bus monitor reset event has occurred.

1 A bus monitor reset event has occurred.

SRS

Soft reset status. When an external or internal soft reset event is detected, SRS is set and remains that way
until software clears it. SRS is cleared by writing a logic 1 to it.

0 No soft reset event has occurred.

1 A soft reset event has occurred.

Note: Soft reset induced by hard reset also sets this bit.

HRS

Hard reset status. When an external or internal hard reset event is detected, HRS is set and remains that way
until software clears it. HRS is cleared by writing a logic 1 to it.

0 No hard reset event has occurred.

1 A hard reset event has occurred.

4.7.4

NOTE

The Reset Status Register accumulates reset events. This register returns to
its reset value only when power-on reset occurs.

Reset Mode Register (RMR)

The Reset Mode Register (RMR), shown in Figure 4-4, triggers an HRESET sequence when the e300 core
enters checkstop state if the CSRE bit is set.

Address: Base + 0x14 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W CSRE
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-4. Reset Mode Register (RMR)
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Reset

Table 4-11. RMR field descriptions

Field Description

CSRE Checkstop reset enable. The e300 core can enter checkstop mode as the result of several exception
conditions. Setting CSRE configures the chip to perform a hard reset sequence whenever the e300 core
enters checkstop state.

0 Reset is not generated when the core enters checkstop state.

1 Reset is generated when the core enters checkstop state.

4.7.5 Reset Protection Register (RPR)

The Reset Protection Register (RPR), shown in Figure 4-5, enables or disables writing to the Reset Control
Register (RCR). This register prevents unwanted resets due to unintended software writes to the Reset
Control Register (RCR). To enable this function, write the value 0x5253 5445 (RSTE in ASCII). The
enable indication appears in the Reset Control Enable Register (RCER[CRE]). Reading this register
always returns all 0s. To disable writes to the RCR, write a 1 to RCER[CRE].

Address: Base + 0x18 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R
RCPW
W

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

Reset O 0

o
o
o

0 0 0 | 0 0 0 oo 0 0 0
Figure 4-5. Reset Protection Register (RPR)

Table 4-12. RPR field descriptions

Field Description

RCPW Reset control protection word. This register prevents software reset requests from occurring because of
unintended writes to the Reset Control Register (RCR). To enable write protection, write the value
0x5253_5445 (RSTE in ASCII) to this bitfield. Enable indication appears in the Reset Control Enable Register
(RCERI[CRE])). Reading this register always returns all 0s. To disable write to the RCR, write 1 to RCER[CRE].

4.7.6 Reset Control Register (RCR)

The Reset Control Register (RCR) shown in Figure 4-6 can be used by software to initiate a soft or hard
reset sequence. To allow writing to this register, the user must first write the value 0x5253_5445 to the
Reset Protection Register (RPR).

MPC5121e Microcontroller Reference Manual, Rev. 4

4-14 Freescale Semiconductor



Reset

Address: Base + 0x1C Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 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
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 SW | Sw
W HR SR
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-6. Reset Control Register (RCR)
Table 4-13. RCR field descriptions
Field Description
SWHR Software hard reset. Setting this bit causes the MPC5121e to begin a hard reset flow. This bit returns to its
reset state during the reset sequence, so reading it always returns 0.
SWSR Software soft reset. Setting this bit causes the MPC5121e to begin a soft reset flow. This bit returns to its reset

state during the reset sequence, so reading it always returns O.

4.7.7 Reset Control Enable Register (RCER)

The Reset Control Enable Register (RCER), shown in Figure 4-7, indicates by the CRE field that the
Reset Protection Register (RPR) was accessed with a value that enables the Reset Control Register (RCR).

Address: Base + 0x20 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CRE
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-7. Reset Control Enable Register (RCER)
Table 4-14. RCER field descriptions
Field Description
CRE Control register enabled. When set, indicates that the Reset Protection Register (RPR) was accessed with a

value that enables the Reset Control Register (RCR).

Writing 1 to this bit disables the Reset Control Register (RCR) and then clears the CRE bit. Writing 0 has no
effect.
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4.8 1/0 During Reset Assertion

When a system reset is recognized (PORESET, HRESET, and SRESET are asserted), the MPC5121e
aborts all current internal and external transactions. All 1/0 signals go into a high-impedance state.
Exceptions can be seen in Table 4-15.

Table 4-15. I/O During Reset Assertion

Interface Signal State During Reset

EMB_AD[31:0] See Section 4.6, “Reset Configuration Word (RST_CONF)” Input

LPC_AX[3] See Section 4.6, “Reset Configuration Word (RST_CONF)” Input
MDM[3:0] DDR data mask 0
MCKE DDR clock enable 0
MCK DDR differential clocks 0
MCK DDR differential clocks 0
MODT DRAM on-die termination 0
LPC_OE LocalPlus output enable 1
LPC_R/W LocalPlus read/write bar 1
EMB_AX]0] External memory bus address extension 0/LocalPlus address latch/parallel 0

ATA address 0

CKSTP_OUT Check stop output 1

MPC5121e Microcontroller Reference Manual, Rev. 4
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Chapter 5
Clocks and Low-Power Modes

5.1 Introduction

The wide range of applications supported by the MPC5121e require a complex clocking structure with
different primary clock domains derived from four separate oscillator sources. Internal PLLs and clock
dividers allow generation of a wide range of clock references.

Each peripheral clock may be individually controlled to minimize total power consumption of the device.
Clocks may be gated individually or scaled in frequency to ensure the most efficient power profile for the
user application.

5.2 System Clock Generation

The system reference is provided by a crystal oscillator that drives the system PLL. This PLL is
programmed at reset by the reset configuration word (RST_CONF) sampled at the rising edge
(deassertion) of power on reset. The SYS_PLL clock is then divided (SYS_DIV) and used as a reference
to the MPC5121e cores and peripherals.
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Clocks and Low-Power Modes

XTALI
T
REF_CLK SYS_CLK DDR
[ | sys |25 | sys | SPLLOULI o by - » 12 | Memory
—-—_|osc PLL Device
XTALO |
| SYSDIV[5:0]
SPMF[3:0
[3:0] » SDHC_DIV |- SDHC_CLK
RST_CONF_SYSOSCEN
DIU_DIV |- DIU_CLK
—> 1/2 » CSB_CLK
CPMF[3:0]
|
»» Power Architecture |[———» PPC_CLK
PLL
¢» IPS DIV » IPS_CLK
NFC_DIV |3 NFC_CLK
LPC_DIV p» LPC_CLK
______________ -
The MBX module related clocks (MBX_BUS_CLK,
— = o> 12 , » MBX_BUS_CLK |
MBX_3D_CLK, and MBX_CLK) are not available in | L
the MPC5123 design. The related bits in the SCCR2 MBX_GPX_DIVl» MBX_3D_CLK |
and SCFR1 registers must be set to zero. . MBX_CLK |
> PCI_DIV » PCI_CLK

Figure 5-1. MPC5121e Clock System

Table 5-1. Clock Domain Programming

Domain Programing Interface
SYS _PLL Hardware Programmable (Section 5.2.9.1, “System PLL")

CORE_PLL Hardware Programmable (Section 5.2.9.2, “e300 PLL Programming Model”)
IPS_DIV Software Programmable (Section 5.3.1, “Memory Map/Register Definition”)
NFC_DIV Software Programmable (Section 5.3.1, “Memory Map/Register Definition”)
LPC_DIV Software Programmable (Section 5.3.1, “Memory Map/Register Definition”)
DIU_DIV Software Programmable (Section 5.3.1, “Memory Map/Register Definition”)

MBX_GPX_DIV Software Programmable (Section 5.3.1, “Memory Map/Register Definition”)
PCI_DIV Software Programmable (Section 5.3.1, “Memory Map/Register Definition”)
PSC_DIV! Software Programmable (Section 5.3.1, “Memory Map/Register Definition”)

1 PSC clock generation sub-system is described in Section 5.2.4, “PSC Clock Generation,” on page 5-5.
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5.2.1

Peripheral Clock Domains

Clocks and Low-Power Modes

The reference clock for each peripheral can be found in Table 5-2 and Table 5-3.

Table 5-2. Peripheral to Reference Clock

Peripheral Reference Clock Peripheral Reference Clock
AXE CSB_CLK NFC NFC_CLK
BDLC IPS_CLK PATA IPS_CLK
CFM CSB_CLK PCI PCI_CLK, CSB_CLK

CSBARB CSB_CLK PCI_DMA CSB_CLK

DIU DIU_CLK, CSB_CLK, IPS_CLK PCI_IOS CSB_CLK
DMA CSB_CLK PMC IPS_CLK, REF_CLK
E300 PPC_CLK PRIOMAN CSB_CLK

PPC_PLL CSB_CLK PSC IPS_CLK!
EMB IPS_CLK, LPC_CLK, NFC_CLK RTC IPS_CLK, RTC_CLK
FEC IPS_CLK SATA IPS_CLK, SATA_PHYCLK

FIFOC IPS_CLK SATA_PHY SATA_OSC
FUSE IPS_CLK SDHC IPS_CLK, SDHC_CLK
GPIO IPS_CLK SPDIF IPS_CLK
12C IPS_CLK SYS_PLL REF_CLK
IIM IPS_CLK TLM TCK
IPIC IPS_CLK TPR IPS_CLK
LPC LPC_CLK USBO IPS_CLK, USB_CLK
MBX MBX_BUS_CLK, MBX_3D_CLK. MBX_CLK USB1 IPS_CLK, USB_CLK
MDDRC DDR_CLK USB_PHY USB_0OSC
MEM CSB_CLK WDT IPS_CLK
MSCAN IPS_CLK? VIDEO_IN CSB_CLK

1 For all clock sources, see Section 5.2.4, “PSC Clock Generation,” on page 5-5.
2 For all clock sources, see Section 5.2.5, “MSCAN Clock Generation,” on page 5-6.
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Table 5-3. Reference Clock to Peripheral

Reference

Reference

Reference

Clock Peripheralt Clock Peripheral Clock Peripheral
IPS_CLK BDLC CSB_CLK AXE PCI_CLK PCI
DIU CFM PPC_CLK E300
EMB CSBARB REF_CLK PMC
FEC DIU SYS_PLL
FIFOC DMA RTC_CLK RTC
FUSE MEM SATA_OSC SATA_PHY
GPIO PCI SATA_PHYCLK SATA
12C PCI_DMA SDHC_CLK SDHC
1IM PCI_IOS TCK LM
IPIC PPC_PLL USB_CLK USBO, USB1
MSCAN PRIOMAN USB_0OSC USB_PHY
PATA VIDEO_IN
PMC DDR_CLK MDDRC
PSC DIU_CLK DIU
RTC LPC_CLK EMB
SATA LPC
SDHC MBX_3D_CLK MBX
SPDIF MBX_BUS_CLK MBX
TPR MBX_CLK MBX
USBO, USB1 NFC_CLK EMB
WDT NFC

1 Peripherals may use or select more than one clock. See Table 5-2.

Many peripheral clocks may be disabled to reduce power consumption, see Section 5.3.1.2, “System
Clock Control Register 1 (SCCR1),” for more information.

5.2.2 Clock Frequency Measurement (CFM) Clock Selection

The CFM module is capable of measuring the clock frequency of any PSC mclk (PSC reference clock) or
PSC bit clock (PSC output clock). The CSB_CLK is then used as a reference to determine the long term
frequency of the PSC clock. The CFM is capable of accepting four inputs. Each input is connected to the
CFEM_SRCN_OUT as shown in Figure 5-2 and Figure 5-3.
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cfm_src0_out CFM
4>.

cfm_srcl_out
4>.

cfm_src2_out
4>.

cfm_src3_out
—»,

Figure 5-2. CFM Clock Input

psc(n)_bclk—————
psc(n + 1)_bclk————

— >
psc(n +2)_belk cfm_srcn_out

psc(n)_mclk————»|
psc(n + 1)_mclk———

psc(n + 2)_mclk——— |
cfm_srcn

Figure 5-3. CFM Clock Input

The signals indicated by psc(n) can be the MCLK reference clock or the bit clock (BCLK) output of the
psc. Each mux provides selectable access to 3 PSC clock sources.

5.2.3 System Oscillator Disable

The system oscillator may be disabled so that an externally generated clock may be used as a reference.
This can be performed by setting the RST_CONF_SYSOSCEN in the reset configuration word
(RST_CONF) at reset.

5.2.4 PSC Clock Generation

Each PSC can select from multiple clock sources. A single clock input is provided that allows the
PSC_MCLK IN to be used as a master reference by all PSCs. Additionally, clock gating is supplied
allowing the shutdown of unnecessary clocks.

MCLK_EN

SYS CLK— 3| |

MCLK_DIV
—_— > —

REF_CLK - ack | IvcLk_piv
PSC_MCLK_IN——— 3 PSC_MCLK_OUT
SPDIF_TXCLK—————> SPDIF_RXCLK

MCLK_1_SRC

MCLK_0_SRC
Figure 5-4. PSC (MCLK) Clock Generation®

1. PSC_MCLK_IN and SPDIF_TXCLK are generated by external pins. SPDIF_RXCLK is generated by the spdif module.
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This circuit is replicated for each PSC and can be controlled by accessing the registers starting at
Section 5.3.1.8, “PSCO Clock Control Register (POCCR).”

525 MSCAN Clock Generation

Each MSCAN module can select from multiple clock sources. A single clock input is provided that allows
the PSC_MCLK _IN to be used as a clock source for all MSCAN modules. Additionally, clock gating is
supplied allowing the shutdown of unnecessary clocks.

MSCAN_EN
SYSCLK— 5 |
, Clock — MSCAN_SRC
REF_CLK — thce +— Divider
PSC_MCLK_IN—— CAN_SOURCE_CLK
SPDIF_TXCLK ——————— IP clock

CLKSRC (From MSCAN module)
MSCAN_CLK_SRC

Figure 5-5. MSCAN Source Clock Generation?®

This circuit is replicated for each MSCAN module and can be controlled by accessing the registers starting
at Section 5.3.1.23, “MSCAN1Clock Control Register (M1CCR).”

5.2.6 RTC Clock Generation

The RTC module contains circuitry on two clock and voltage domains. The V,,; voltage domain circuitry
operates from a 32.768 kHz oscillator input. The programming interface operates from the clock reference
provided by the IPBUS interface.

MPC5121e

;—_____RTC_MajuE____—;

Il g |
P o) . .
] | o »| Vbat Domain Vcore Domain | |
- I

M o |

| 7y |

Lo ] L
= 3 System IPS_CLK
— a — Clock
- @ Generation

Figure 5-6. RTC Clock Generation

5.2.7 SATA Clock Generation

The SATA interface requires a 25 MHz crystal input that is independent of the system oscillator. The
1.5 GHz clock required by SATA physical interface (SATA PHY) is generated by this 25 MHz input.

1. PSC_MCLK_IN and SPDIF_TXCLK are generated by external pins.
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MPC5121e
|r ~ SATASubsystem 7|
| 2 SATA |
:I—'— | S: —  Physical c S’?TA"I |
e K Interface ontrofler
M |
| |
Lo _ _ 4
[S]
. 8 System
1 » [ Clock
—_— 5\ Generation

Figure 5-7. SATA Clock Generation

5.2.8 USB Clock Generation

The USB2.0 (OTG) specification requires a clock operating up to 480 MHz. This clock is derived from a
dedicated oscillator input and multiplied within the USB Physical Interface for USB transmission. The
USB-OTG controller operates from the IPS_CLK interface.

MPC5121e
;— ~  USBSubsystem —;
| o |
2T 118 L eryeea | ouse |
@ Y ™ Controller
= | % Interface |
| |
L | e
P % System
- © L1 Clock .| uss
— iy Generation | |ps cLK Controller

Figure 5-8. USB Clock Generation
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5.2.9 System PLL and e300 PLL

5.29.1 System PLL
5.29.11 System PLL Multiplication Factor
The output of the system PLL conforms to the following equation (see Figure 5-1).

fSPLL = SPMF x fREF_CLK Eqn 5-1

Table 5-4. System PLL Programming—Normal Mode

Field Name Value (Binary) fSPLL:fREF_C,_K
SPMF 0000 68:1
0001 PLL BYPASS.
All the clocks from CLOCK
block are bypassed with PLL
reference clock.
0010 12:1
0011 16:1
0100 20:1
0101 24:1
0110 28:1
0111 32:1
1000 36:1
1001 40:1
1010 44:1
1011 48:1
1100 52:1
1101 56:1
1110 60:1
1111 64:1
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5.2.9.2 e300 PLL Programming Model

Table 5-5. Core PLL Programming—Normal Mode

Clocks and Low-Power Modes

Field Name Value (Binary) prLL:fCSB_CLK
CPMF 000x Core PLL BYPASS/OFF
0010 1.0:1
0011 151
0100 2.0:1
0101 251
0110 3.0:1
0111 351
1000 4.0:1
1001 451
1010 5.0:1
1011 551
1100 6.0:1
1101 6.5:1
1110 7.0:1
1111 7.5:1
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5.3

5.3.1

Clock Control Module

Memory Map/Register Definition

Table 5-6 shows the clock configuration and status registers. Access to these registers is 32-bit only.

Table 5-6. Clock Configuration Registers Memory Map

Offset from

CLOCK_BASE Register Access?| Reset Value® | Section/Page

(OXFF40_0F00)!
0x00 System PLL Mode Register (SPMR) R 0xOUOU_0000 | 5.3.1.1/5-11
0x04 System Clock Control Register 1 (SCCR1) R/W OxE000_1C00 | 5.3.1.2/5-12
0x08 System Clock Control Register 2 (SCCR2) R/W 0x2040_0000 5.3.1.3/5-14
0x0C System Clock Frequency Register 1 (SCFR1) R/W 0x01EO0_530C | 5.3.1.4/5-16
0x10 System Clock Frequency Register 2 (SCFR2) R/W 0xUU00_000C | 5.3.1.5/5-17
0x14 System Clock Frequency Shadow Register 2 (SCFR2S) R/W 0xUU00_0000 | 5.3.1.6/5-19
0x18 Bread Crumb Register (BCR) R/W | OxUUUU_UUUU | 5.3.1.7/5-20
0x1C PSCO Clock Control Register (POCCR) R/W OxFFFE_0000 | 5.3.1.8/5-20
0x20 PSC1 Clock Control Register (PLCCR) R/W OxFFFE_0000 | 5.3.1.9/5-21
0x24 PSC2 Clock Control Register (P2CCR) R/W OxFFFE_0000 | 5.3.1.10/5-22
0x28 PSC3 Clock Control Register (P3CCR) R/W OxFFFE_0000 | 5.3.1.11/5-23
0x2C PSC4 Clock Control Register (P4ACCR) R/W OxFFFE_0000 | 5.3.1.12/5-24
0x30 PSCS5 Clock Control Register (P5CCR) R/W OxFFFE_0000 | 5.3.1.13/5-24
0x34 PSC6 Clock Control Register (P6CCR) R/W OxFFFE_0000 | 5.3.1.14/5-25
0x38 PSC7 Clock Control Register (P7CCR) R/W OxFFFE_0000 | 5.3.1.15/5-26
0x3C PSC8 Clock Control Register (PBCCR) R/W OxFFFE_0000 | 5.3.1.16/5-27
0x40 PSC9 Clock Control Register (POCCR) R/W OxFFFE_0000 | 5.3.1.17/5-28
0x44 PSC10 Clock Control Register (PL0CCR) R/W OxFFFE_0000 | 5.3.1.18/5-30
0x48 PSC11 Clock Control Register (P11CCR) R/IW OxFFFE_0000 | 5.3.1.19/5-31
0x4C SPDIF Clock Control Register (SPCCR) R/W OxFFFE_0000 | 5.3.1.20/5-32
0x50 CFM Clock Control Register (CCCR) R/W 0x0000_0000 | 5.3.1.21/5-33
0x54 DIU Clock Config Register (DCCR) R/W 0x0000_0000 | 5.3.1.22/5-34
0x58 MSCANL1 Clock Control Register (M1CCR) R/W 0x0000_0000 | 5.3.1.23/5-35
0x5C MSCANZ2 Clock Control Register (M2CCR) R/W OXFFFE_0000 | 5.3.1.24/5-36
0x60 MSCANS3 Clock Control Register (M3CCR) R/W OxFFFE_0000 | 5.3.1.25/5-37
0x64 MSCAN4 Clock Control Register (M4CCR) R/W OxFFFE_0000 | 5.3.1.26/5-38

0x68 — OXFC | Reserved
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1 Default absolute offset with IMMRBAR at default location of O0xFF40_0000. See Chapter 2, “System Configuration and Memory
Map (XLBMEN + Mem Map)."

2 In this column, R/W = Read/Write, R = Read-only, and W = Write-only.

3 In this column, the symbol “U” indicates one or more bits in a byte are undefined at reset. See the associated description for more
information.

5.3.1.1 System PLL Mode Register (SPMR)

Figure 5-9 shows the System PLL Mode Register (SPMR). This read-only register retrieves its values from
the Reset Configuration Word Low (RCWL) loaded during the reset flow. This register is updated during
a power up and PORESET sequence.

Address: Base + 0x00 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R O 0 0 0 SPMF 0 0 0 0 CPMF
w ] L[]
Reset 0 0 0 o | -+ L 1 119 0 0 o -+ -+ 4 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
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 5-9. System PLL Mode Register (SPMR)

1 Theresetvalue is defined by the latched reset configuration word (RST_CONF). See Section 4.7.1, “Reset Configuration Word
Low Register (RCLW),” and Table 4-2.
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Table 5-7. SPMR field descriptions

Field Description
SPMF System PLL Multiplication Factor. See Section 5.2.9.1, “System PLL,” on page 5-8.
SPMF fspLL * fREF CLK SPMF fspLL * fREF CLK
0000 68:1 1000 36:1
0001 PLL BYPASS! 1001 40:1
0010 12:1 1010 44:1
0011 16:1 1011 48:1
0100 20:1 1100 52:1
0101 24:1 1101 56:1
0110 28:1 1110 60:1
0111 321 1111 64:1
L All the clocks from CLOCK block are bypassed with PLL reference clock.
CMPF Core PLL Configuration. See Section 5.2.9.2, “e300 PLL Programming Model,” on page 5-9.
CPMF fepLL : fese oLk CPMF fepLL  fese oLk
00x 36:1 100 20:1
001 Core PLL BYPASS / OFF 101 251
010 1.0:1 110 3.0:1
011 151 111 351
5.3.1.2 System Clock Control Register 1 (SCCR1)

The System Clock Control Register 1 (SCCR1), shown in Figure 5-10, controls device units with a
configurable clock ratio.

Address: Base + 0x04

W
Reset

W
Reset

Access: User read/write

0 1 2 3 4 5 () 7 8 9 10 11 12 13 14 15
CFG_|LPC_|NFC_| PATA |PSCO|PSC1|PSC2|PSC3|PSC4|PSC5|PSC6 |PSC7|PSC8|PSC9|PSC1 | PSC1

EN | EN | EN | EN| _EN| _EN| _EN| _EN| _EN| _EN| _EN| _EN| _EN|_EN |0 EN|1_EN

1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
FIFO |SATA|FEC_| O |PCI_|DDR_| O 0 0 0 0 0 0 0 0 0
C_EN| _EN | EN EN | EN

0 0 0 1t 1 1 0 0 0 0 0 0 0 0 0 0

Figure 5-10. System Clock Control Register 1 (SCCR1)
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Bit is reserved, and must not be written or cleared. Value must remain 1.

Table 5-8. SCCRL1 field descriptions

Field

Description

CFG_EN

This disables access to the memory map configuration registers for |O_CONTROL and MEMMAP
configuration.

0 Disabled.

1 Enabled.

LPC_EN

LPC_CLK Enable
0 Disabled.
1 Enabled.

NFC_EN

NFC_CLK Enable
0 Disabled.
1 Enabled.

PATA_EN

pata_clk Enable
0 Disabled.
1 Enabled.

PSCO_EN

PSCO_clk Enable
0 Disabled.
1 Enabled.

PSC1_EN

PSC1 Clock Enable
0 Disabled.
1 Enabled.

PSC2_EN

PSC2 Clock Enable
0 Disabled.
1 Enabled.

PSC3_EN

PSC3 Clock Enable
0 Disabled.
1 Enabled.

PSC4_EN

PSC4 Clock Enable
0 Disabled.
1 Enabled.

PSC5_EN

PSC5 Clock Enable
0 Disabled.
1 Enabled.

PSC6_EN

PSC6 Clock Enable
0 Disabled.
1 Enabled.

PSC7_EN

PSC7 Clock Enable
0 Disabled.
1 Enabled.

PSC8_EN

PSC8 Clock Enable
0 Disabled.
1 Enabled.

PSC9_EN

PSC9 Clock Enable
0 Disabled.
1 Enabled.
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Table 5-8. SCCRL field descriptions (continued)

Field Description

PSC10_EN |PSC10 Clock Enable
0 Disabled.
1 Enabled.

PSC11 EN [PSC11 Clock Enable
0 Disabled.
1 Enabled.

FIFOC_EN FIFOC Clock Enable

0 Disabled.

1 Enabled.

Note: If one of the PSC is used, the FIFOC clock must be enabled.

SATA_EN SATA Clock Enable
0 Disabled.

1 Enabled.
Note: This bit controls the SATA controller clock, not the SATA-PHY clock.

FEC _EN FEC Clock Enable
0 Disabled.

1 Enabled.

PCI_EN PCI Clock Enable
0 Disabled.

1 Enabled.
DDR_EN MDDRC Clock Enable

0 Disabled.
1 Enabled.

5.3.1.3 System Clock Control Register 2 (SCCR2)

The System Clock Control Register 2 (SCCR2), shown in Figure 5-11, controls device units with a
configurable clock ratio.

Address: Base + 0x08 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R DIU_ |AXE_| MEM [USB1|USB2 | I2C_ |BDLC|SDHC1| SPDI glllj’)s(_ MBX_ l\/é%X_ IIM_ VREO SDHC 0
W EN | EN | EN| _EN| _EN| EN | _EN| EN |F_EN en | EN | Ex | EN | gy | 2-EN

Reset O 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0

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

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-11. System Clock Control Register 2 (SCCR2)
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Clocks and Low-Power Modes

Field

Description

DIU_EN

DIU Clock Enable
0 Disabled.
1 Enabled.

AXE_EN

AXE Clock Enable
0 Disabled.

1 Enabled.

MEM_EN

MEM Clock Enable
0 Disabled.
1 Enabled.

USB1_EN

USB1 Clock Enable
0 Disabled.
1 Enabled.

USB2_EN

USB2 Clock Enable
0 Disabled.
1 Enabled.

12C_EN

I2C Clock Enable
0 Disabled.
1 Enabled.

BDLC_EN

BDLC and MSCAN Clock Enable
0 Disabled.
1 Enabled.

SDHC_EN

SDHC1 Clock Enable
0 Disabled.
1 Enabled.

SPDIF_EN

SPDIF Clock Enable
0 Disabled.

1 Enabled.

MBX_BUS_EN

MBX BUS Clock Enable
0 Disabled.

1 Enabled.

MBX_EN

MBX Clock Enable
0 Disabled.

1 Enabled.

MBX_3D_EN

MBX 3D Clock Enable
0 Disabled.

1 Enabled.

IIM_EN

IIM Clock Enable
0 Disabled.
1 Enabled.

VIDEO_IN__EN

VIDEO_IN Clock Enable
0 Disabled.

1 Enabled.
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Table 5-9. SCCR2 field descriptions (continued)

Field

Description

SDHC2_EN

SDHC2 Clock Enable
0 Disabled.
1 Enabled.

5.3.14 System Clock Frequency Register 1 (SCFR1)

The System Clock Frequency Register 1 (SCFR1), shown in Figure 5-12, controls device units with a
configurable clock ratio.

Address: Base + 0x0C Access: User read/write

1 2 3 4 5 6 7 ‘ 8 9 10 11 12 13 14 15

0 0 0 0 0 0 0 0 |[MBX_

IPS_DIV PCI_DIV GPX_
DIV

16

0000001‘1 1 i1 o | o o0 o0 o

17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31

R| MBX_GPX_
W DIV

LPC_DIV NFC_DIV DIU_DIV

Reset 0

1 0 1] o 0 1 1 0 0 0 o | 1 1 0 0
Figure 5-12. System Clock Frequency Register 1 (SCFR1)

Table 5-10. SCFR1 field descriptions

Field

Description

IPS_DIV

IPS clock divide ratio

000 Reserved.

001 Reserved.

010 Divide by 2.

011 Divide by 3 (default).
100 Divide by 4.

101 Reserved.

110 Divide by 6.

111 Reserved.

MBX_GPX_DIV

MBX 3D Clock Divide Ratio
000 Reserved.

001 Divide by 1 (default).
010 Divide by 2.

011 Divide by 3.

100 Divide by 4.

101 Reserved.

110 Reserved.

111 Reserved.
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Table 5-10. SCFR1 field descriptions (continued)

Clocks and Low-Power Modes

Field Description
LPC_DIV LocalPlus Bus Controller (LPC) clock divide ratio
000 Reserved.
001 Divide by 1.
010 Divide by 2 (default).
011 Divide by 3.
100 Divide by 4.
101 Reserved.
110 Reserved.
111 Reserved.
NFC_DIV NFC Divide Ratio
000 Reserved.
001 Divide by 1.
010 Divide by 2.
011 Divide by 3 (default).
100 Divide by 4.
101 Reserved.
110 Reserved.
111 Reserved.
DIU_DIV Display Interface Unit (DIU) clock divide ratio
DIV DIV value (decimal) | CSB_CLK:DIU_CLK
0b0000_1000 8 21
0b0000_1100 12 (default) 3
0b0000_1101 13 3.25
0b0000_1110 14 35
0b0000_1111 15 3.75
0b0001_0000 16 4
0b0001_0001 17 4.25
n n/4
0b1111 1011 251 62.75
0b1111_1100 252 63
0b1111 1101 253 63.25
0b1111 1110 254 63.5
0b1111 1111 255 63.75
1 This option should not be used.
5.3.15 System Clock Frequency Register 2 (SCFR2)

The System Clock Frequency Register 2 (SCFR2), shown in Figure 5-13, programs SYS_DIV ratio.
Changes to this register value unlock the Power Architecture PLL, because the source clock of the core
PLL is derived from the SYS_CLK.
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Address: Base + 0x10 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0
SYS_DIV
W
Reset 0 0 o 1 1 1 9 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R| O 0 0 0 0 0 0 0
SDHC_DIV
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 ‘ 1 1 0 0

Figure 5-13. System Clock Frequency Register (SCFR2)

1 The reset value is defined by the latched reset configuration word (RST_CONF). See Section 4.7.1, “Reset Configuration Word
Low Register (RCLW),” and Table 4-2.

Table 5-11. SCFR2 field descriptions

Field Description

SYS_DIV  |SYS_CLK Divide Ratio

Divide Factor | Bit Encoding || Divide Factor | Bit Encoding || Divide Factor Bit Encoding
2 00_0000 11 00_1011 23 01 0111
25 00_0001 12 00_1101 24 01_1001
3 00_0010 13 00_1110 25 01_1010
35 00_0011 14 01_0000 26 01 1100
4 00_0100 15 00_1111 27 01_1011
4.5 00_0101 16 01_0001 28 01 1101
5 00_0110 17 01_0010 29 01_1110
6 00_1000 18 01_0100 30 10_0000
7 00_0111 19 01_0011 31 01 1111
8 00_1001 20 01 0101 32 10_0001
9 00_1010 21 01_0110 33 10_0010

10 00_1100 22 01_1000 All other settings are reserved.

SDHC_DIV |SDHC1 Divide Ratio

CSB_CLK:SDHC_CLK Field value
2 0b0000_1000 (8d)
4 0b0001_0000 (16d)
6 0b0011_0000 (24d)
n/4 n
62 0b1111 1000 (248d)

Note: Only even integer divide ratios are supported.
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5.3.1.6 Shadow of System Clock Frequency Register 2 (SCFR2S)

The Shadow of System Clock Control Register 2 (SCFR2S), shown in Figure 5-14, programs the

SYS_DIV ratio. When this register gets a control signal from the Power Management Control Module
(PMC) to update the main SCFR2, the value of this shadow register overwrites the SCFR2.

Address: Base + 0x14

Reset

Access: User read/write

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

SYS DIV
0 0 0 - 1 _1 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-14. Shadow of System Clock Frequency Register (SCFR2S)

1 The resetvalue is defined by the latched reset configuration word (RST_CONF). See Section 4.7.1, “Reset Configuration Word
Low Register (RCLW),” and Table 4-2.

Table 5-12. SCFR2S field descriptions

Field

Description

SYS_DIV

SYS_CLK Divide Ratio

Divide Factor | Bit Encoding || Divide Factor | Bit Encoding || Divide Factor Bit Encoding
2 00_0000 11 00_1011 23 01_0111
25 00_0001 12 00_1101 24 01_1001
3 00_0010 13 00_1110 25 01_1010
3.5 00_0011 14 01_0000 26 01_1100
4 00_0100 15 00_1111 27 01_1011
4.5 00_0101 16 01_0001 28 01_1101
5 00_0110 17 01_0010 29 01_1110
6 00_1000 18 01_0100 30 10_0000
7 00_0111 19 01_0011 31 01_1111
8 00_1001 20 01_0101 32 10_0001
9 00_1010 21 01_0110 33 10_0010

10 00_1100 22 01_1000 All other settings are reserved.
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5.3.1.7 Bread Crumb Register (BCR)

The Bread Crumb Register (BCR), shown in Figure 5-15, provides a mechanism for retaining data after
reset. Data in this register is not affected by PORESET, HRESET, or SRESET.

Offset 0x18 Access: User read/write
Power O 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
Conventional 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R
W
Reset N/A
Power 16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
Conventional 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
W
Reset N/A
Figure 5-15. Bread Crumb Register (BCR))
5.3.1.8 PSCO Clock Control Register (POCCR)

The PSCO Clock Control Register (POCCR), shown in Figure 5-16, controls the PSCO MCLK divider
ratio, the PSCO MCLK divider enable, the PSC0 MCLK divider source, and the PSCO MCLK source.
Table 5-13 defines the bit fields of POCCR.

Address: Base + 0x1C

3 ‘ 4

6 7‘8

Access: User read/write

‘ 12 13 14

0 1 2 5 9 10 11 15
R MCLK
" PSCO_MCLK_DIV 0_EN
Reset 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1 \ 1 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R PSCO_MCLK 0 0 0 0 0 0 |psco | o 0 0 0 0 0 0
wl o SR MCLK_
—= 1. SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-16. PSCO Clock Control Register (POCCR)

Table 5-13. POCCR field descriptions

Field Description
PSCO_ MCLK_DIV Divider Ratio
MCLK_DIV fmelk_out = fmeik_src / (MCLK_DIV + 1)

Note: The maximum supported frequency for fyci out is the IP Bus frequency.

A value of 0x0000 bypasses the divider.
Note: This value can only be changed when the value of MCLK_EN = 0.
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Table 5-13. POCCR field descriptions (continued)

Field Description

MCLKO_EN [PSCO Divider Enable
0 PSCO divider is disabled.
1 PSCO divider is enabled.

PSCO0_MCLK 0 |PSC MCLK Divider Source
_SRC 00 From SYS_CLK.

01 From REF_CLK.

10 From PSC_MCLK_IN.

11 From CAN_CLK_IN.

PSCO0_MCLK_1 |PSC MCLK Source
_SRC 0 MCLK_DIV.
1 Reserved.

5.3.1.9 PSC1 Clock Control Register (P1CCR)

The PSC1 Clock Control Register (PLCCR), shown in Figure 5-17, controls the PSC1 MCLK divider
ratio, the PSC1 MCLK divider enable, the PSC1 MCLK divider source, and the PSC1 MCLK source.
Table 5-14 defines the bit fields of PLCCR.

Address: Base + 0x20 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R MCLK
W PSC1_MCLK_DIV 1 EN
Reset 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1 \ 1 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R PSC1_MCLK 0 0 0 0 0 0 [PSC1 | O 0 0 0 0 0 0
W 0 SRC MCLK _
- = 1 SRC
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-17. PSC1 Clock Control Register (P1CCR)

Table 5-14. P1CCR field descriptions

Field Description
PSC1_ MCLK_DIV Divider Ratio
MCLK_DIV fmclk_out = fmelk_src / (MCLK_DIV + 1)

Note: The maximum supported frequency for focik_out is the IP Bus frequency.

A value of 0x000 bypasses the divider.
Note: This value can only be changed when the value of MCLK_EN equals O.

MCLK1_EN |PSC1 Divider Enable
0 PSC1 divider is disabled.
1 PSC1 divider is enabled.
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Table 5-14. P1CCR field descriptions (continued)

Field Description
PSC1_ PSC MCLK Divider Source
MCLK_0_SRC (00 From SYS_CLK.
01 From REF_CLK.
10 From PSC_MCLK_IN.
11 From CAN_CLK_IN.
PSC1_ PSC MCLK Source
MCLK_1_SRC |0 MCLK_DIV.
1 Reserved.

5.3.1.10 PSC2 Clock Control Register (P2CCR)

The PSC2 Clock Control Register (P2CCR), shown in Figure 5-18, controls the PSC2 MCLK divider
ratio, the PSC2 MCLK divider enable, the PSC2 MCLK divider source, and the PSC2 MCLK source.

Table 5-15 defines the bit fields of P2CCR.

Address: Base + 0x24

Access: User read/write

7 ‘ 8 9 10 11 ‘ 12 13 14

0 5 6 15
R MCLK
w PSC2_MCLK_DIV 2 EN
Reset 1 1 1 1 [1 1 1 1/[1 1 1 1 1 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R PSC2_ MCLK 0 0 0 0 0 0 |PSC2_| O 0 0 0 0 0 0
W 0 SRC MCLK_
—= 1.SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-18. PSC2 Clock Control Register (P2CCR)
Table 5-15. P2CCR field descriptions
Field Description
PSC2_ MCLK_DIV Divider Ratio
MCLK_DIV fnclk_out = fmelk_src / (MCLK_DIV + 1)
Note: The maximum supported frequency for ficik_out is the IP Bus frequency.
A value of 0x0000 bypasses the divider.
Note: This value can only be changed when the value of MCLK_EN equals 0.
MCLK2_EN |PSC2 Divider Enable
0 PSC2 divider is disabled.
1 PSC2 divider is enabled.
PSC2_ PSC MCLK Divider Source
MCLK_0_SRC |00 From SYS_CLK.
01 From REF_CLK.
10 From PSC_MCLK_IN.
11 From CAN_CLK_IN.
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Table 5-15. P2CCR field descriptions (continued)

Field Description
PSC2_ PSC MCLK Source
MCLK_1 SRC (0 MCLK_DIV.
1 Reserved.

5.3.1.11 PSC3 Clock Control Register (P3CCR)

The PSC3 Clock Control Register (P3CCR), shown in Figure 5-19, controls the PSC3 MCLK divider
ratio, the PSC3 MCLK divider enable, the PSC3 MCLK divider source, and the PSC3 MCLK source.

Table 5-16 defines the bit fields of P3CCR.

Address: Base + 0x28 Access: User read/write
0 1 2 3 ‘4 5 6 7‘8 9 10 11‘12 13 14 15
R MCLK
W PSC3_MCLK_DIV 3 EN
Resetllll‘llll‘llll‘lllo
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R PSC3_MCLK 0 0 0 0 0 0 |PSC3_| O 0 0 0 0 0 0
W 0 SRC MCLK_
- = 1 SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-19. PSC3 Clock Control Register (P3CCR)
Table 5-16. P3CCR field descriptions
Field Description
PSC3_ MCLK_DIV Divider Ratio
MCLK_DIV fmelk_out = fmelk_src / (MCLK_DIV + 1)
Note: The maximum supported frequency for ficik_out is the IP Bus frequency.
A value of 0x0000 bypasses the divider.
Note: This value can only be changed when the value of MCLK_EN equals 0.
MCLK3_EN |PSC3 Divider Enable
0 PSCa3 divider is disabled.
1 PSC3 divider is enabled.
PSC3_ PSC MCLK Divider Source
MCLK_O_SRC (00 From SYS_CLK.
01 From REF_CLK.
10 From PSC_MCLK_IN.
11 From CAN_CLK_IN.
PSC3_ PSC MCLK Source
MCLK_1_SRC (0 MCLK_DIV.
1 Reserved.
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5.3.1.12 PSC4 Clock Control Register (P4CCR)

The PSC4 Clock Control Register (P4ACCR), shown in Figure 5-20, controls the PSC4 MCLK divider
ratio, the PSC4 MCLK divider enable, the PSC4 MCLK divider source, and the PSC4 MCLK source.
Table 5-17 defines the bit fields of PACCR.

Address: Base + 0x2C Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R MCLK
W PSC4 MCLK_DIV 4 EN
Reset 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1 \ 1 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R PSC4_MCLK 0 0 0 0 0 0O [PSC4 | O 0 0 0 0 0 0
W 0 SRC MCLK_
- = 1 SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-20. PSC4 Clock Control Register (P4CCR)

Table 5-17. PACCR field descriptions

Field Description
PSC4_ MCLK_DIV Divider Ratio
MCLK_DIV fmelk_out = fmelk_src / (MCLK_DIV + 1)

Note: The maximum supported frequency for fyci out is the IP Bus frequency.

A value of 0x0000 bypasses the divider.
Note: This value can only be changed when the value of MCLK_EN equals O.

MCLK4_EN |PSC4 Divider Enable
0 PSC4 divider is disabled.
1 PSC4 divider is enabled.

PSC4_ PSC MCLK Divider Source
MCLK_0_SRC |00 From SYS_CLK.
01 From REF_CLK.
10 From PSC_MCLK_IN.
11 From CAN_CLK_IN.

PSC4_ PSC MCLK Source
MCLK_1 SRC (0 MCLK_DIV.
1 Reserved.

5.3.1.13 PSC5 Clock Control Register (P5CCR)

The PSC5 Clock Control Register (P5CCR), shown in Figure 5-21, controls the PSC5 MCLK divider
ratio, the PSC5 MCLK divider enable, the PSC5 MCLK divider source, and the PSC5 MCLK source.
Table 5-18 defines the bit fields of P5SCCR.
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Address: Base + 0x30

Clocks and Low-Power Modes

3‘4 5 6 7‘8 9 10 11‘12 13 14

Access: User read/write

0 1 2 15
R MCLK
W PSC5 _MCLK_DIV 5 EN
Reset 1 1 1 1 /1 1 1 1|1 1 1 1 1 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R PSC5_MCLK 0 0 0 0 0 0 |PSC5_| O 0 0 0 0 0 0
W 0 SRC MCLK_
—= 1 SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-21. PSC5 Clock Control Register (P5CCR)
Table 5-18. P5CCR field descriptions
Field Description
PSC5 MCLK_DIV Divider Ratio
MCLK_DIV fnclk_out = fmelk_src / (MCLK_DIV + 1)
Note: The maximum supported frequency for ficik_out is the IP Bus frequency.
A value of 0x0000 bypasses the divider.
Note: This value can only be changed when the value of MCLK_EN equals 0.
MCLK5_EN |PSC5 Divider Enable
0 PSC52 divider is disabled.
1 PSC5 divider is enabled.
PSC5_ PSC MCLK Divider Source
MCLK_0_SRC |00 From SYS_CLK.
01 From REF_CLK.
10 From PSC_MCLK_IN.
11 From CAN_CLK_IN.
PSC5_ PSC MCLK Source
MCLK_1_SRC [0 MCLK_DIV.
1 Reserved.

5.3.1.14 PSC6 Clock Control Register (P6CCR)

The PSC6 Clock Control Register (P6CCR), shown in Figure 5-22, controls the PSC6 MCLK divider
ratio, the PSC6 MCLK divider enable, the PSC6 MCLK divider source, and the PSC6 MCLK source.
Table 5-19 defines the bit fields of PECCR.
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Address: Base + 0x34

Access: User read/write

11 ‘ 12 13 14 15

0 1 2 5 6 7 9 10
R MCLK
W PSC6_MCLK_DIV 6 EN
Reset 1 1 1 1 /1 1 1 1|1 1 1 1 1 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R PSCE MCLK PSC6_| O 0 0 0 0 0 0
W 0 SRC MCLK_
—= 1 SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-22. PSC6 Clock Control Register (P6CCR)
Table 5-19. P6CCR field descriptions
Field Description
PSC6_ MCLK_DIV Divider Ratio
MCLK_DIV fmclk_out = fmclk_src [/ (MCLK_DIV + 1)
Note: The maximum supported frequency for ficik_out is the IP Bus frequency.
A value of 0x0000 bypasses the divider.
Note: This value can only be changed when the value of MCLK_EN equals 0.
MCLK6_EN |PSC6 Divider Enable
0 PSC6 divider is disabled.
1 PSC6 divider is enabled.
PSC6_ PSC MCLK Divider Source
MCLK_0_SRC |00 From SYS_CLK.
01 From REF_CLK.
10 From PSC_MCLK_IN.
11 From CAN_CLK_IN.
PSC6_ PSC MCLK Source
MCLK_1_SRC [0 MCLK_DIV.
1 Reserved.
5.3.1.15 PSC7 Clock Control Register (P7CCR)

The PSC7 Clock Control Register (P7CCR), shown in Figure 5-23, controls the PSC7 MCLK divider
ratio, the PSC7 MCLK divider enable, the PSC7 MCLK divider source, and the PSC7 MCLK source.

Table 5-20 defines the bit fields of P7CCR.
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Address: Base + 0x38

Clocks and Low-Power Modes

Access: User read/write

7‘8 9 10 11‘12

0 1 2 5 6 13 14 15
R MCLK
W PSC7_MCLK_DIV 7 EN
Reset 1 1 1 1 /1 1 1 1|1 1 1 1 1 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R PSC7 MCLK 0 0 0 0 0 0 |PSC7_| O 0 0 0 0 0 0
W 0 SRC MCLK_
—= 1 SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-23. PSC7 Clock Control Register (P7CCR)
Table 5-20. P7CCR field descriptions
Field Description
PSC7_ MCLK_DIV Divider Ratio
MCLK_DIV fnclk_out = fmelk_src / (MCLK_DIV + 1)
Note: The maximum supported frequency for ficik_out is the IP Bus frequency.
A value of 0x0000 bypasses the divider.
Note: This value can only be changed when the value of MCLK_EN equals 0.
MCLK7_EN |PSC7 Divider Enable
0 PSCY7 divider is disabled.
1 PSCY divider is enabled.
PSC7_ PSC MCLK Divider Source
MCLK_0_SRC |00 From SYS_CLK.
01 From REF_CLK.
10 From PSC_MCLK_IN.
11 From CAN_CLK_IN.
PSC7_ PSC MCLK Source
MCLK_1_SRC [0 MCLK_DIV.
1 Reserved.
5.3.1.16 PSC8 Clock Control Register (P8CCR)

The PSC8 Clock Control Register (PBCCR), shown in Figure 5-24, controls the PSC8 MCLK divider
ratio, PSC8 MCLK divider enable, PSC8 MCLK divider source, and the PSC8 MCLK source. Table 5-21
defines the bit fields of PBCCR.

MPC5121e Microcontroller Reference Manual, Rev. 4

Freescale Semiconductor

5-27



Clocks and Low-Power Modes

Address: Base + 0x3C

7 | s

Access: User read/write

11 ‘ 12 13 14 15

0 1 2 5 6 9 10
R MCLK
W PSC8 MCLK_DIV 8 EN
Reset 1 1 1 1 /1 1 1 1|1 1 1 1 1 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R PSC8 MCLK 0 0 0 0 0 0 |PSC8_| O 0 0 0 0 0 0
W 0 SRC MCLK_
—= 1 SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-24. PSC8 Clock Control Register (P8CCR)
Table 5-21. P8CCR field descriptions
Field Description
PSCS8_ MCLK_DIV Divider Ratio
MCLK_DIV fnclk_out = fmelk_src / (MCLK_DIV + 1)
Note: The maximum supported frequency for ficik_out is the IP Bus frequency.
A value of 0x0000 bypasses the divider.
Note: This value can only be changed when the value of MCLK_EN equals 0.
MCLK8_EN |PSC8 Divider Enable
0 PSC8 divider is disabled.
1 PSC8 divider is enabled.
PSC8_ PSC MCLK Divider Source
MCLK_0_SRC |00 From SYS_CLK.
01 From REF_CLK.
10 From PSC_MCLK_IN.
11 From CAN_CLK_IN.
PSC8_ PSC MCLK Source
MCLK_1_SRC [0 MCLK_DIV.
1 Reserved.
5.3.1.17 PSC9 Clock Control Register (P9CCR)

The PSC9 Clock Control Register (P9CCR), shown in Figure 5-25, controls the PSC9 MCLK divider
ratio, PSC9 MCLK divider enable, PSC9 MCLK divider source, and the PSC9 MCLK source.

Table 5-22 defines the bit fields of POCCR.
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Address: Base + 0x40

7 | s

Clocks and Low-Power Modes

Access: User read/write

11 ‘ 12 13 14 15

0 1 2 5 6 9 10
R MCLK
W PSC9_MCLK_DIV 9 EN
Reset 1 1 1 1 /1 1 1 1|1 1 1 1 1 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R PSC9_MCLK 0 0 0 0 0 0 |PSC9_| O 0 0 0 0 0 0
W 0 SRC MCLK_
—= 1 SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-25. PSC9 Clock Control Register 9 (P9CCR)
Table 5-22. P9CCR field descriptions
Field Description
PSC9 _ MCLK_DIV Divider Ratio
MCLK_DIV fmclk_out = fmclk_src [/ (MCLK_DIV + 1)
Note: The maximum supported frequency for ficik_out is the IP Bus frequency.
A value of 0x0000 bypasses the divider.
Note: This value can only be changed when the value of MCLK_EN equals 0.
MCLK9_EN [PSC9 Divider Enable
0 PSC9 divider is disabled.
1 PSCO9 divider is enabled.
PSC9_ PSC MCLK Divider Source
MCLK_0_SRC |00 From SYS_CLK.
01 From REF_CLK.
10 From PSC_MCLK_IN.
11 From CAN_CLK_IN.
PSC9_ PSC MCLK Source
MCLK_1_SRC [0 MCLK_DIV.
1 Reserved.
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5.3.1.18 PSC10 Clock Control Register (P10CCR)

The PSC10 Clock Control Register (PLOCCR), shown in Figure 5-26, controls the PSC10 MCLK divider
ratio, PSC10 MCLK divider enable, PSC10 MCLK divider source, and the PSC10 MCLK source.

Table 5-23 defines the bit fields of P10CCR.

Address: Base + 0x44 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15

R MCLK

W PSC10_MCLK_DIV 10_EN

Reset1111\1111\1111\1110

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R PSC10_MCL 0 0 0 0 0 0 ;3&12_ 0 0 0 0 0 0 0

W| K 0_SRC 1 SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-26. PSC10 Clock Control Register 10 (P10CCR)

Table 5-23. P10CCR field descriptions

Field Description
PSC10_ MCLK_DIV Divider Ratio
MCLK_DIV fincik_out = fmcik_src / (MCLK_DIV + 1)

Note: The maximum supported frequency for fycic out is the IP Bus frequency.

A value of 0x0000 bypasses the divider.
Note: This value can only be changed when the value of MCLK_EN equals O.

MCLK10_EN |PSC10 Divider Enable
0 PSC10 divider is disabled.
1 PSC10 divider is enabled.

PSC10_ PSC MCLK Divider Source
MCLK_0_SRC |00 From SYS_CLK.
01 From REF_CLK.
10 From PSC_MCLK_IN.
11 From CAN_CLK_IN.

PSC10_ PSC MCLK Source
MCLK_1 SRC |0 MCLK_DIV.
1 Reserved.
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5.3.1.19 PSC11 Clock Control Register (P11CCR)

The PSC11 Clock Control Register (P11CCR), shown in Figure 5-27, controls the PSC11 MCLK divider
ratio, PSC11 MCLK divider enable, PSC11 MCLK divider source, and the PSC11 MCLK source.

Table 5-24 defines the bit fields of P11CCR.

Address: Base + 0x48 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R MCLK
W PSC11_MCLK_DIV 11_EN
Reset 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1 \ 1 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R PSC11_MCL 0 0 0 0 0 0 F"\ASéZLlKl_ 0 0 0 0 0 0 0
W _
K_0_SRC 1 SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-27. PSC11 Clock Control Register 11 (P11CCR)

Table 5-24. P11CCR field descriptions

Field Description
PSC11_ MCLK_DIV Divider Ratio
MCLK_DIV fincik_out = fmcik_src / (MCLK_DIV + 1)

Note: The maximum supported frequency for fycic out is the IP Bus frequency.

A value of 0x0000 bypasses the divider.
Note: This value can only be changed when the value of MCLK_EN equals O.

MCLK11 EN |PSC11 Divider Enable
0 PSC11 divider is disabled.
1 PSC11 divider is enabled.

PSC11_ PSC MCLK Divider Source
MCLK_0_SRC |00 From SYS_CLK.
01 From REF_CLK.
10 From PSC_MCLK_IN.
11 From CAN_CLK_IN.

PSC11_ PSC MCLK Source
MCLK_1 SRC |0 MCLK_DIV.
1 Reserved.
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5.3.1.20 SPDIF Clock Control Register (SCCR)

The SPDIF Clock Control Register (SCCR), shown in Figure 5-28, controls the SPDIF MCLK divider
ratio, SPDIF MCLK divider enable, SPDIF MCLK divider source, and the SPDIF MCLK source.

Table 5-25 defines the bit fields of SPCCR.

Address: Base + 0x4C Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R
W SPDIF_MCLK_RATIO DE5
Reset 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1 \ 1 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R SPDIF_CLK 0 0 0 0 0 0 SPDI 0 0 0 0 0 0 0
W SRC F TX
- _SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-28. SPDIF Clock Control Register (SCCR)

Table 5-25. SCCR field descriptions

Field Description

SPDIF_MCLK_ |SPDIF MCLK Divider Ratio.
RATIO The Divided Clock Frequency = System PLL Clock Frequency/(SPDIF_CLK_RATIO +1).
Note: 000_0000_0000_0000 is reserved.

Note: The ratio change needs to be under divider disable state.

DE5 SPDIF MCLK Divider Enable.
0 MCLK divider 0 disable.
1 MCLK divider 0 enable.

SPDIF_CLK_ |SPDIF MCLK Divider Source.
SRC 00 From SYS_CLK.

01 From REF_CLK.

10 From PSC_MCLK_IN.

11 From SPDIF_TXCLK.

SPDIF_TX_SRC|SPDIF MCLK Source.
0 SPDIF Clock Divider.
1 SPDIF_RXCLK.
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5.3.1.21 CFM Clock Control Register (CCCR)

The CFM Clock Control Register (CCCR), shown in Figure 5-29, controls:
CFM clock0 source
CFM clock1 source
CFM clock?2 source
CFM clock3 source

Table 5-26 defines the bit fields of CCCR.

Address: Base + 0x50 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0
W CFM_SRCO CFM_SRC1

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

CFM_SRC2 CFM_SRC3

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-29. CFM Clock Control Register (CCCR)

Table 5-26. CCCR field descriptions

Field Description

CFM_SRCO |CFM Clock 0 Source Select.
000 pscO_mclk_out.

001 pscl_mclk_out.

010 psc2_mclk_out.

100 pscO_bclk.

101 pscl_bclk.

110 psc2_bclk.

All other values are reserved.

CFM_SRC1 |CFM Clock 1 Source Select
000 psc3_mclk_out.

001 psc4_mclk_out.

010 psc5_mclk_out.

100 psc3_bclk.

101 psc4_bclk.

110 psc5_bclk.

All other values are reserved.

CFM_SRC2 |CFM Clock 2 Source Select.
000 psc6_mclk_out.

001 psc7_mclk_out.

010 psc8_mclk_out.

100 psc6_bclk.

101 psc7_bclk.

110 psc8 bclk.

All other values are reserved.
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Table 5-26. CCCR field descriptions (continued)

Field

Description

CFM_SRC3

CFM Clock 3 Source Select.
000 psc9_mclk_out.

001 pscl0_mclk_out.

010 pscll_mclk_out.

100 psc9_bclk.

101 pscl0_bclk.

110 pscll_bclk.

All other values are reserved.

5.3.1.22

DIU Clock Config Register (DCCR)

The DIU clock config register shown in Figure 5-30 configures the number of CSB cycles delay added to
pixel clock to pad compare to pixel clock to DIU block.

Table 5-27 defines the bit fields of DCCR.

Address: Base + 0x54 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0 0
DLY_NUM CLK_
W - INV
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
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 5-30. DIU Clock Config Register (DCCR)
Table 5-27. DCCR field descriptions
Field Description
DLY_NUM Number of CSB_CLK cycles delay added to pixel clock output to pad compare pixel clock to DIU.
00 O cycle delay.
01 2 cycles delay.
10 4 cycles delay.
11 6 cycles delay.
CLK_INV Pixel Clock Inversion

0 The pixel clock to pad is the same as the one to the DIU. The DLY_NUM bitfield specifies s the delay CSB
cycles added to it.

1 The pixel clock to pad is inverted from the one to the DIU. The DLY_NUM bitfield specifies s the delay CSB
cycles added to it.
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5.3.1.23

MSCAN1Clock Control Register (M1CCR)

Clocks and Low-Power Modes

The MSCAN1Clock Control Register (M1CCR), shown in Figure 5-31, controls the MSCANL1 source
clock divider ratio, MSCANU1 divider enable and MSCANZ1 divider clock source. Table 5-28 defines the
bit fields of M1CCR.

Address: Base + 0x58

3‘45

7‘8 9 10

Access: User read/write

‘ 12 13 14

0 1 2 6 11 15
R MSC
W MSCAN1_CLK_DIV AN1_
EN
Reset 1 1 1 1 [1 1 1 1[1 1 1 11 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| MSCAN1_ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w/| CLK_SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-31. MSCAN1 Clock Control Register (M1CCR)
Table 5-28. M1CCR field descriptions
Field Description
MSCAN1_CLK_|MSCANL1 divider Ratio
DIV fcan_source_clk = fmscan_src/ (MSCANI1_CLK_DIV +1)
A value of 0x0 bypass the divider
Note: This value can only be changed when the value of MSCAN1_EN equals 0
MSCAN1_EN |[MSCANL1 Divider Enable.
0 MSCANL1 divider is disabled.
1 MSCANLI divider is enabled.
MSCAN1_CLK_|MSCAN1 CLK Source.
SRC 00 From SYS_CLK.
01 From REF_CLK.
10 From PSC_MCLK_IN.
11 From SPDIF_TXCLK.
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5.3.1.24 MSCANZ2 Clock Control Register (M2CCR)

The MSCANZ2 Clock Control Register (M2CCR), shown in Figure 5-32, controls the MSCAN2 source
clock divider ratio, MSCAN2 divider enable, and MSCAN2 divider clock source. Table 5-29 defines the
bit fields of M2CCR.

Address: Base + 0x5C Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15

R MSC

W MSCAN2_CLK_DIV AN2_
EN
Reset 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1 \ 1 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| MSCAN2_ 0 0 0 0 0 0 0 0 0 0 0 0 0 0

w/| CLK SRC

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

Figure 5-32. MSCAN2 Clock Control Register (M2CCR)

Table 5-29. M2CCR field descriptions

Field Description

MSCAN2_CLK_ |MSCAN2 divider Ratio
DIV fcan_source_clk = fmscan_src/ (MSCAN2_CLK_DIV +1)
A value of 0x0 bypass the divider
Note: This value can only be changed when the value of MSCAN2_EN equals 0

MSCAN2_EN [MSCAN2 Divider Enable
0 MSCANZ2 divider is disabled.
1 MSCANZ2 divider is enabled.

MSCAN2_CLK_ [MSCAN2 CLK Source
SRC 00 From SYS_CLK.

01 From REF_CLK.

10 From PSC_MCLK_IN.

11 From SPDIF_TXCLK.
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5.3.1.25 MSCANS3 Clock Control Register (M3CCR)

The MSCAN3 Clock Control Register (M3CCR), shown in Figure 5-33, controls the MSCANS3 source
clock divider ratio, MSCANS3 divider enable and MSCANS3 divider clock source. Table 5-30 defines the
bit fields of M3CCR.

Address: Base + 0x60

3‘45

7‘8 9 10

Clocks and Low-Power Modes

Access: User read/write

‘ 12 13 14

0 1 2 6 11 15
R MSC
W MSCAN3_CLK_DIV AN3_
EN
Reset 1 1 1 1 [1 1 1 1[1 1 1 11 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| MSCAN3_ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w/| CLK_SRC
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-33. MSCANS3 Clock Control Register (M2CCR)
Table 5-30. M3CCR field descriptions
Field Description
MSCAN3_CLK_ |MSCANRS divider Ratio
DIV fcan_source_clk = fmscan_src/ (MSCAN3_CLK_DIV +1)
A value of 0x0 bypass the divider
Note: This value can only be changed when the value of MSCAN3_EN equals 0.
MSCAN3_EN [MSCANS3 Divider Enable
0 MSCANS3 divider is disabled.
1 MSCANS divider is enabled.
MSCAN3_CLK_ |MSCAN3 CLK Source
SRC 00 From SYS_CLK.
01 From REF_CLK.
10 From PSC_MCLK_IN.
11 From SPDIF_TXCLK.
MPC5121e Microcontroller Reference Manual, Rev. 4
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Clocks and Low-Power Modes

5.3.1.26 MSCAN4 Clock Control Register (M4CCR)

The MSCAN4 Clock Control Register (M4CCR), shown in Figure 5-34, controls the MSCAN4 source
clock divider ratio, MSCAN4 divider enable and MSCANA4 divider clock source. Table 5-31 defines the
bit fields of MACCR.

Address: Base + 0x64 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15

R MSC

W MSCAN4_CLK_DIV AN4_
EN
Reset 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1 \ 1 1 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| MSCAN4_ 0 0 0 0 0 0 0 0 0 0 0 0 0 0

w/| CLK SRC

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

Figure 5-34. MSCANA4 Clock Control Register (M2CCR)

Table 5-31. M4ACCR field descriptions

Field Description

MSCAN4_CLK_ |MSCAN4 divider Ratio
DIV fcan_source_clk = fmscan_src/ (MSCAN4_CLK_DIV +1)
A value of 0x0 bypass the divider
Note: This value can only be changed when the value of MSCAN4_EN equals 0

MSCAN4_EN [MSCAN4 Divider Enable
0 MSCANA4 divider is disabled.
1 MSCANA4 divider is enabled.

MSCAN4_CLK_ [MSCAN4 CLK Source
SRC 00 From SYS_CLK.

01 From REF_CLK.

10 From PSC_MCLK_IN.

11 From SPDIF_TXCLK.
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Chapter 6
AXE System

6.1 Introduction
Figure 6-1 shows a block diagram of the Auxiliary Execution Engine (AXE) system.

DMA
Channel
8 KB
Instruction
Debug Force —— > SNE Cache ——> DDR
Processor > KB —> IP bus
JTAG Debug Instruction
Interface Interface SRAM
- Data Bus
- Logic
Interrupt
Slave IP Bus ——> Interface i
SRAM
TSNE_INT

Figure 6-1. Block Diagram of the Auxiliary Execution Engine

The AXE system features a 200 MHz RISC microprocessor with two computation units: a scalar integer
unit implementing a general 32-bit instruction set and a 48-bit fixed-point processing unit. The AXE is
intended to off-load the main system CPU on compute and data-flow intensive operations (for example:
digital signal processing and compressed audio encode/decode). This chapter provides a basic overview
of features, operation, and system interfaces. Refer to the AXE Reference Manual for a detailed description
of the core registers and instruction set.

6.1.1 Features

» SNE processor
— 200 MHz clock
— Capable of executing scalar and vector instructions
— Eight 32-bit data registers
— Eight 32-bit address registers
— Eight 48-bit vector registers
— Single-cycle 32 x 32 bit multiply and multiply/accumulate

MPC5121e Microcontroller Reference Manual, Rev. 4
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AXE System

Sleep mode via register bit. Writing 1 to it sends the processor into low-power sleep mode. Any
non-masked interrupt wakes the processor out of sleep mode.

8 KB 1-way set-associative instruction cache
— Feature to invalidate cache content

— Possible to disable the cache

2 KB instruction SRAM

Single channel DMA for transfer of data between MEM and DRAM or IP Bus. The DMA works
in 32-byte bursts and allows as many as four pipelined transfers. It is capable of transfer speeds in
excess of 500 MB/s.

Hardware debugger

— One hardware program counter breakpoint register

— One hardware address and data breakpoint register

— Core has two modes: normal run and debug

— Debug mode can be entered via breakpoint or debug instruction

— In debug mode, all processor registers and processor memory are visible

— Hardware debugger is controlled via IEEE 1149.1-compliant JTAG TAP controller

— Debug breakpoint registers are accessible by the core to allow dynamic breakpoint generation
Interrupt controller

— Core interrupt controller supports 32 interrupts, each with a programmable 6-bit vector code.
A priority encoder detects the highest level of pending interrupt.

Two 4 x 32 bit FIFOs for interprocessor communication

6.2 Memory Map and Register Definition
6.2.1 Data Memory Map
Table 6-1. Data Bus Memory Map
Offset or Address Address Space Access
Programmable! On-Chip SRAM (MEM) RIW
0 to Ox1FFF AXE register space R/W
Programmable? DDR-SDRAM RIW
Other3 IP Bus R/W

1 All addresses where bits [31:18] are equal to bits [31:18] of the SRAM Base Address Register (SRAMBAR) are mapped to the
on-chip SRAM.

Addresses that fall into the DDR address window specified by DDR Local Access Window Base Address Register

(DDRLAWBAR) and DDR Local Access Window Attributes Register (DDRLAWAR) within XLBMEN memory map are mapped
to the DDR-SDRAM.

All addresses that do not hit in any of the three above are mapped to the IP Bus.
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6.2.2

Registers Memory Map

Table 6-2. AXE Registers Memory Map

AXE System

Offset from

2

AXE_BASE Register Access? | Reset Value® | Section/Page
(OXFF40_2000)!

0x000 DMA Address Register (DMA_ADDR) R/W | 0x0000_0000 6.2.5.1/6-9
0x004 DMA Memory Address Register (DMA_MEM_ADDR) R/W | 0x0000_0000 6.2.5.2/6-9
0x008 DMA Attributes Register R/W | 0x0000_0000 | 6.2.5.3/6-10
0x00C Instruction Cache and SRAM Attributes Register R/W | 0x0001_0000 | 6.2.5.4/6-10
0x010 Interrupt Priority Register 0 (INTPRIO) R/W 0x0000_0000 6.2.5.5/6-12
0x014 Interrupt Priority Register 1 (INTPRI1) R/W | 0x0000_0000 | 6.2.5.6/6-13
0x018 Interrupt Priority Register 2 (INTPRI2) R/W 0x0000_0000 6.2.5.8/6-14
0x01C Interrupt Priority Register 3 (INTPRI3) R/W | 0x0000_0000 | 6.2.5.9/6-15
0x020 Interrupt Priority Register 4 (INTPRI4) R/W | 0x0000_0000 | 6.2.5.9/6-15
0x024 Interrupt Priority Register 5 (INTPRI5) R/W | 0x0000_0000 | 6.2.5.10/6-15
0x028 Interrupt Priority Register 6 (INTPRI6) R/W 0x0000_0000 | 6.2.5.11/6-16
0x02C Interrupt Priority Register 7 (INTPRI7) R/W 0x0000_0000 | 6.2.5.12/6-16
0x030 Instruction SRAM Address Register R/W | 0x0000_0000 | 6.2.5.13/6-17
0x034 Instruction SRAM Data Register R/W | 0x0000_0000 | 6.2.5.14/6-18
0x03C FIFO1 Write Data Register w 0x0000_0000 | 6.2.5.15/6-18
0x040 FIFO1 Read Data Register R 0x0000_0000 | 6.2.5.16/6-19
0x044 FIFO2 Write Data Register W 0x0000_0000 | 6.2.5.17/6-19
0x048 FIFO2 Read Data Register R 0x0000_0000 | 6.2.5.18/6-20
0x04C FIFO Level Register R 0x0000_0000 | 6.2.5.19/6-20
0x050 SNE Interrupt Enable Register (SNE_INTEN) R/W 0x0000_0000 | 6.2.5.20/6-21
0x054 Power Architecture Interrupt Enable Register (PPC_INTEN) R/W | 0x0000_0000 | 6.2.5.21/6-22
0x058 Interrupt Clear/Set Register (INTCLEARSET) W 0x0000_0000 | 6.2.5.22/6-24
0x05C Interrupt Pending Register R 0x0000_0000 | 6.2.5.23/6-25
0x060 Instruction Cache Address Register R/W | 0x0000_0000 | 6.2.5.24/6-26
0x064 Instruction Cache Data Register R/W | 0x0000_0000 | 6.2.5.25/6-27
0x068 Instruction Cache Tag Register (INSTR_CACHE_TAG) R/W 0x0000_0000 | 6.2.5.26/6-27

0x06C—-0x1FF

Reserved

1 Default absolute offset with IMMRBAR at default location of O0xFF40_0000. See Chapter 2, “System Configuration and Memory
Map (XLBMEN + Mem Map)."

2 In this column, R/W = Read/Write, R = Read-only, and W = Write-only.
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3 In this column, the symbol “U” indicates one or more bits in a byte are undefined at reset. See the associated description for

more information.

6.2.3 Instruction Memory Map

Table 6-3. Instruction Bus Memory Map

Offset or Address Address Space Access
Programmable! On-Chip SRAM (MEM) RIW
0 to Ox1FFF AXE instruction SRAM R/W
Programmable? DDR-SDRAM R/W
Other® IP Bus RIW

on-chip SRAM.

All addresses where bits [31:18] are equal to bits [31:18] of the SRAM Base Address Register (SRAMBAR) are mapped to the

Addresses that fall into the DDR address window specified by DDR Local Access Window Base Address Register

(DDRLAWBAR) and DDR Local Access Window Attributes Register (DDRLAWAR) within XLBMEN memory map are mapped

to the DDR-SDRAM.

6.24  Register Summary
Table 6-4 shows the AXE register summary table.

All addresses that do not hit in any of the three above are mapped to the IP Bus.

Table 6-4. AXE Register Summary (Sheet 1 of 4)

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
R
omMa [ DMA_ADDR[31:16]
_ADDR
R
x00 |7 DMA_ADDR[15:2]
w
R DMA_MEM_ADDRI[19:
DMA_MEM_ |\ 16]
ADDR
R
x04 |7 DMA_MEM_ADDRI[15:2]
w
INT
R PEN
DMA D
DMA WRIT IS\T D('\)"Q
ATTRIBUTE E INT -
S w CLE
0x08 AR
R
. WORD_COUNT[13:0]
w
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Table 6-4. AXE Register Summary (Sheet 2 of 4)

AXE System

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
R
INSTRUCTI —| SRAM | SRAM | SRAM | SRAM IRA | IRA
ON 2 2 2 2 Cﬁg CAC|M U|M_S PEO
SRAM, |w DUS- | DSUP | us- | ISUP | HE |SER|UP_ RST
CACHE ERON| ON |ERON| ON CLE| ON| ON
ATTRIBUTE AR
S R
0x0C
W
R
'?')LO INTO PRI[5:0] 'gTNl INT1 PRI[5:0]
INTPRIO | W
0x10 R
INT2 , INT3 ,
W ON INT2 PRI[5:0] ON INT3 PRI[5:0]
R
'g\f INT4 PRI[5:0] 'gLS INT5 PRI[5:0]
INTPRIL | W
0x14 R
INT6 , INT7 _
w ON INT6 PRI[5:0] ON INT7 PRI[5:0]
R
'g\lg INT8 PRI[5:0] IgLQ INT9 PRI[5:0]
INTPRI2 | W
0x18 R
INT10 , INT11 _
w oN INT10 PRI[5:0] ON INT11 PRI[5:0]
R
n\gﬁz INT12 PRI[5:0] 'Ngl\lf INT13 PRI[5:0]
INTPRI3 | W
ox1C R
INT14 _ INT15 _
" ON INT14 PRI[5:0] ON INT15 PRI[5:0]
R
n\gse INT16 PRI[5:0] 'NOTN” INT17 PRI[5:0]
INTPRI4 | W
0x20 R
INT18 , INT19 _
w oN INT18 PRI[5:0] ON INT19 PRI[5:0]
R
'“gf,o INT20 PRI[5:0] IN(;I'l\le INT21 PRI[5:0]
INTPRIS | W
0x24 R
INT22 , INT23 _
w oN INT22 PRI[5:0] ON INT23 PRI[5:0]
R
”\gff' INT24 PRI[5:0] 'NOTN25 INT25 PRI[5:0]
INTPRIG | W
0x28 R
INT26 _ INT27 _
w oN INT26 PRI[5:0] ON INT27 PRI[5:0]
MPC5121e Microcontroller Reference Manual, Rev. 4
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Table 6-4. AXE Register Summary (Sheet 3 of 4)

Name 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
'“('3?,8 INT28 PRI[5:0] "\gﬁg INT29 PRI[5:0]
INTPRI7 |W
0x2C R
INT30 _ INT31 _
" ON INT30 PRI[5:0] ON INT31 PRI[5:0]
R
INST SRAM |\
ADDRESS
R
030 |7 INSTR_ADDR[15:2]
w
R
NSTR  [wy] INSTR_DATA[31:16]
SRAM DATA
R
34 |7 INSTR_DATA[15:0]
w
JENEEN N .
FIFO1_WDA | FIFO1_WDATA[31:16]
TA
osc R | | | [ [ L[ [ [ [ [ [ [ [ |
w FIFO1_WDATA[15:0]
R FIFO1_RDATA[31:16]
Powrorriw] | L [ L ]
A
Ox40 R FIFO1_RDATA[15:0]
w
R
FIFO2_WDA | FIFO2_WDATA[31:16]
TA
oas (R | [ [ L [ [ [ [ | [ [ [ [ [ |
w FIFO2_WDATA[15:0]
R FIFO2_RDATA[31:16]
e~ 1 I I I
A
Ox48 R FIFO2_RDATA[15:0]
w [ | [ |
R FIFO1_FILL[2:0] FIFO2_FILL[2:0]
FIFO_LEVEL|W
0x4C R
w

MPC5121e Microcontroller Reference Manual, Rev. 4

6-6 Freescale Semiconductor



Table 6-4. AXE Register Summary (Sheet 4 of 4)

AXE System

31 30 29 28 27 | 26 | 25 24 23 22 21 20 19 | 18 | 17 | 16
Name
15 14 13 12 1 | 10 | 9 8 7 6 5 4 3 2 1 0
R i i H w | w
— SNE SOFTINT[7:0] i z z | 3|9
W LL o o L LL
SNE_INTEN v %) n 0w | n
0x50 Rl w [ 8 [8 [ w w
1 Z 2 N C\l
w '(}3 [y L % %
n N
R i i H w | w
— PPC SOFTINT[7:0] i z z | 3|9
W L NN i L L
PPC_INTEN o o a o o
0x54 Rl w [ 8 [8]uly
1 Z 5 N C\l
w| B (i iy on o
o o
R
INTCLEARS W SOFT|NT_SET[7ZO] SOFT|NT_CLEAR[7Z
ET R
0x58
W F1U |F10 | F2U | F20
C C C C
o o g a | o
R SOFTINT[7:0] w z Z 219
— —
L i s LL L
INT_PENDIN |
G
o o [a [a N o
0x5C R| W LéJ LZL a g
[ a o iy [
W
R
ICACHE_AD | w
DR
R
0x60 ICACHE_ADDR[12:2]
W
R
ICACHE_DA [y ] ICACHE_DATA[31:16]
TA
R
ox64 |7 ICACHE_DATA[15:0]
W
R
ICACHE_TA [\ Y, S Addr[31:29]
G
R
0xe8 17 Addr[28:13]
W
MPC5121e Microcontroller Reference Manual, Rev. 4
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6.2.5 Register Descriptions

The following registers manage DMA operations:
* DMA Address Register (DMA_ADDR)
DMA Memory Address Register (DMA_MEM_ADDR)
* DMA Attributes Register

The following register manages instruction cache and SRAM operation:
* Instruction Cache and SRAM Attributes Register

The following registers manage interrupt priorities:
* Interrupt Priority Register 0 (INTPRIO)
* Interrupt Priority Register 1 (INTPRI1)
* Interrupt Priority Register 2 (INTPRI2)
* Interrupt Priority Register 3 (INTPRI3)
* Interrupt Priority Register 4 (INTPRI14)
* Interrupt Priority Register 5 (INTPRI5)
* Interrupt Priority Register 6 (INTPRI6)
* Interrupt Priority Register 7 (INTPRI7)

The following registers manage instruction SRAM indirect access:
e Instruction SRAM Address Register
* Instruction SRAM Data Register

The following registers manage inter-processor communication FIFOs:
* FIFO1 Write Data Register
* FIFO1 Read Data Register
* FIFO2 Write Data Register
* FIFO2 Read Data Register
* FIFO Level Register

The following registers manage interrupts:
* SNE Interrupt Enable Register
» Power Architecture Interrupt Enable Register
* Interrupt Clear/Set Register
* Interrupt Pending Register

The following registers manage instruction cache indirect access:
» Instruction Cache Address Register
* Instruction Cache Data Register
» Instruction Cache Tag Register (INSTR_CACHE_TAG)

MPC5121e Microcontroller Reference Manual, Rev. 4
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6.2.5.1

Address: Base + 0x00

0 1 2

DMA Address Register (DMA_ADDR)

7‘8 9

AXE System

Access: User read/write

10 11 ‘ 12 13 14

5 6 15

R

DMA_ADDR[31:16]

W
Reset 0O 0 0 0 ] 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R 0 0

DMA_ADDR[15:2]

W

Reset 0O 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 6-2. DMA Address Register (DMA_ADDR)

Table 6-5. DMA_ADDR Field Descriptions

Field Description
DMA_ADDR Contains the first or next address the DMA uses to address DDR or IP Bus. It is auto-incremented by the
[31:2] DMA.
Note: Do not write this register while the DMA is running. It is valid to read this register when the DMA is
running, but it changes as it is auto-incremented every time a DMA access to DDR or IP Bus is done.
6.2.5.2 DMA Memory Address Register (DMA_MEM_ADDR)

Address: Base + 0x04

0 1

Access: User read/write

2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0
W DMA_MEM_ADDR[19:16]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
DMA_MEM_ADDR[15:2]
W
Reset 0O 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 6-3. DMA Memory Address Register (DMA_MEM_ADDR)

Table 6-6. DMA_MEM_ADDR Field Descriptions

Field

Description

DMA_MEM_ADDR |Contains the first or next address the DMA uses to address the on-chip SRAM (MEM). It is

auto-incremented by the DMA.

Note: Do not write this register while the DMA is running. It is valid to read this register when the DMA is
running, but it changes as it is auto-incremented every time a DMA access to MEM is done.

MPC5121e Microcontroller Reference Manual, Rev. 4
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6.2.5.3 DMA Attributes Register

Address: Base + 0x08 Access: User read/write

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

R INT
0 0 0 0 0 0 0 0 0 0 0 =

DMA_ INT_ PEND|DMA _

DIREC EN ON

CLEAR
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

WORD_COUNT[13:0]

Resetoooo\oooo\oooo\oooo
Figure 6-4. DMA Attributes Register

Table 6-7. DMA Attributes Register Field Descriptions

Field Description

DMA_ DIRECTION
0 DMA transfers from the DDR or IP Bus to the on-chip SRAM (MEM)
1 DMA transfers from the on-chip SRAM (MEM) to the DDR or IP Bus

INT_EN
0 DMA finish event doesn’t generate an interrupt to the SNE processor
1 DMA finish event generates an interrupt to the SNE processor
INT_CLEAR
Writing 1 to this bit clears interrupt pending bit.
INT_PEND
Interrupt pending. This bit is set when DMA finishes the current transfer.
DMA_ON

DMA on bit. If 1, the DMA is armed and transfers data until WORD_COUNT decrements to O.

WORD_COUNT |The DMA transfer count in 32-words. It is auto-decremented by the DMA.
Note: Do not write to this bitfield while the DMA is running, or indeterminate operation can result. It is valid
to read while the DMA is running, but the count is updated every time data is transferred.

6.2.5.4 Instruction Cache and SRAM Attributes Register

MPC5121e Microcontroller Reference Manual, Rev. 4
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Address: Base + 0x0C Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 8 z Z =z z
S| o |9 |5 5 | 2
W o o @ o = o | OI —
[a % -] L =) ] < o o N
L ] (2] 75} w - wl S e
w 2 la =) = T o n D (@)
| a ~ = N O © > [ o
n N s o s b 1] | s &
s . = < o z 2 =4 o
< x = o Q = x
& 75} 7] wn O =
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
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 6-5. Instruction Cache and SRAM Attributes Register

Table 6-8. Instruction Cache and SRAM Attributes Register Field Descriptions

Field Description

SLEEP

o

AXE is in run mode, normal operation.
1 AXE is in sleep mode, all clocks stopped.

SRAM2 DUSER ON

o

Data accesses to on-chip SRAM (MEM) are disabled in SNE user mode.
1 Data accesses to on-chip SRAM (MEM) are enabled in SNE user mode.

SRAM2 DSUP ON

o

Data accesses to on-chip SRAM (MEM) are disabled in SNE supervisor mode.
1 Data accesses to on-chip SRAM (MEM) are enabled in SNE supervisor mode.

SRAM2 |[USER ON

o

Instruction accesses to on-chip SRAM (MEM) are disabled in SNE user mode.
1 Instruction accesses to on-chip SRAM (MEM) are enabled in SNE user mode.

SRAM2 ISUPON
0 Instruction accesses to on-chip SRAM (MEM) are disabled in SNE supervisor mode.
1 Instruction accesses to on-chip SRAM (MEM) are enabled in SNE supervisor mode.

CACHE ON

o

Instruction cache is disabled.
1 Instruction cache is enabled.

MPC5121e Microcontroller Reference Manual, Rev. 4
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Table 6-8. Instruction Cache and SRAM Attributes Register Field Descriptions (continued)

Field

Description

CACHE CLEAR

Writing a 1 to this bit invalidates the instruction cache.

IRAM_USER_ON

0 Instruction accesses to instruction SRAM are disabled in SNE user mode.
1 Instruction accesses to instruction SRAM are enabled in SNE user mode.

0 SNE processor is executing code.
1 SNE processor kept in reset, not executing code.

IRAM_SUP_ON
0 Instruction accesses to instruction SRAM are disabled in SNE supervisor mode.
1 Instruction accesses to instruction SRAM are enabled in SNE supervisor mode.
PROC RST Processor Reset

AXE enters sleep mode when sleep mode is written 1. Wake up happens when any of following occurs:
» The Power Architecture processor writes a 0 to the SLEEP bit, instructing the processor to run

again.

* An interrupt, that is not disabled, is made pending to the SNE processor.

6.2.5.5

Address: Base + 0x10

Interrupt Priority Register O (INTPRIO)

Access: User read/write

0 1 2 3 ‘ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R 0 |INTO 0 |INT1
W ON INTO PRI ON INT1 PRI
Reset! 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R 0 |INT2 0 |INT3
W ON INT2 PRI ON INT3 PRI
Reset 0O 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0

1 Here is a shorter footnote.

Figure 6-6. Interrupt Priority Register O (INTPRIO)
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Table 6-9. INTPRIO Field Descriptions

Field Description

INTO ON
0 Interrupt O disable. Pending interrupt 0 does not interrupt SNE processor.
1 Interrupt O enable. Pending interrupt O interrupts SNE processor.

INTO PRI

Interrupt O priority and interrupt vector.

Note: Interrupt priority O is the highest priority. Interrupt priority 31 is the lowest priority.
INTn ON

0 Interrupt n disable. Pending interrupt n does not interrupt SNE processor.

1 Interrupt n enable. Pending interrupt n interrupts SNE processor.
INTn PRI Interrupt O priority and interrupt vector.

Note: Interrupt priority O is the highest priority. Interrupt priority 31 is the lowest priority.

6.2.5.6 Interrupt Priority Register 1 (INTPRI1)

Address: Base + 0x14 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
Rl 0 |INT4 0 |INTS
W ON INT4 PRI ON INT5 PRI

Resetoooo\oooooooo\oooo

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

R| O INT6 0 INT7
W ON INT6 PRI ON INT7 PRI

Reset 0 0 0 oo 0 0 0 0 0 0 o | o 0 0 0
Figure 6-7. Interrupt Priority Register 1 (INTPRI1)

Table 6-10. INTPRI1 Field Descriptions

Field Description

INTn ON
0 Interrupt n disable. Pending interrupt n does not interrupt SNE processor.
1 Interrupt n enable. Pending interrupt n interrupts SNE processor.

INTn PRI Interrupt O priority and interrupt vector.
Note: Interrupt priority O is the highest priority. Interrupt priority 31 is the lowest priority.

6.2.5.7 Interrupt Priority Register 2 (INTPRI2)

MPC5121e Microcontroller Reference Manual, Rev. 4
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Address: Base + 0x18

3‘4 5 6 7 8

Access: User read/write

10 11 ‘ 12 13

0 1 2 9 14 15
R 0 |INT8 INT9
" ON INT8 PRI ON INT9 PRI
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
Rl 0 [INT10 0 |INT11
W oN INT10 PRI oN INT11 PRI
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0

Figure 6-8. Interrupt Priority Register2 (INTPRI2)

Table 6-11. INTPRI2 Field Descriptions

Field Description
INTn ON
0 Interrupt n disable. Pending interrupt n does not interrupt SNE processor.
1 Interrupt n enable. Pending interrupt n interrupts SNE processor.
INTn PRI Interrupt O priority and interrupt vector.
Note: Interrupt priority O is the highest priority. Interrupt priority 31 is the lowest priority.
6.2.5.8 Interrupt Priority Register 3 (INTPRI3)

Address: Base + 0x1C

3’4 5 6 7 8

Access: User read/write

‘ 12 13

0 1 2 9 10 11 14 15
R| 0 [INT12 0 |INT23
" oN INT12 PRI oN INT13 PRI
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
Rl 0 [|INT14 0 |INT15
" oN INT14 PRI oN INT15 PRI
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0

Figure 6-9. Interrupt Priority Register 3 (INTPRI3)

Table 6-12. INTPRI3 Field Descriptions

Field Description
INTn ON
0 Interrupt n disable. Pending interrupt n does not interrupt SNE processor.
1 Interrupt n enable. Pending interrupt n interrupts SNE processor.
INTn PRI Interrupt O priority and interrupt vector.
Note: Interrupt priority O is the highest priority. Interrupt priority 31 is the lowest priority.
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6.2.5.9

Address: Base + 0x20

3‘4 5

Interrupt Priority Register 4 (INTPRI4)

AXE System

Access: User read/write

0 1 2 6 7 8 9 10 11 ‘ 12 13 14 15
Rl 0 [INT16 INT17
W oN INT16 PRI oN INT17 PRI
Reset 0O 0 0 0 ] 0 0 0 0 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R| 0 |INT18 0 [INT19
W oN INT18 PRI oN INT19 PRI
Reset 0O 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0

Figure 6-10. Interrupt Priority Register 4 (INTPRI4)

Table 6-13. INTPRI4 Field Descriptions

Field Description
INTn ON
0 Interrupt n disable. Pending interrupt n does not interrupt SNE processor.
1 Interrupt n enable. Pending interrupt n interrupts SNE processor.
INTn PRI Interrupt O priority and interrupt vector.
Note: Interrupt priority O is the highest priority. Interrupt priority 31 is the lowest priority.
6.2.5.10 Interrupt Priority Register 5 (INTPRI5)

Address: Base + 0x24

3‘4 5

11‘12

Access: User read/write

0 1 2 6 7 8 9 10 13 14 15
Rl 0 |INT20 INT21
W oN INT20 PRI oN INT21 PRI
Reset 0O 0 0 0 ] 0 0 0 0 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
Rl 0 [INT22 0 |INT23
W oN INT22 PRI oN INT23 PRI
Reset 0O 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0

MPC5121e Microcontroller Reference Manual, Rev. 4
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Table 6-14. INTPRI5 Field Descriptions
Field Description
INTn ON
0 Interrupt n disable. Pending interrupt n does not interrupt SNE processor.
1 Interrupt n enable. Pending interrupt n interrupts SNE processor.
INTn PRI Interrupt O priority and interrupt vector.
Note: Interrupt priority O is the highest priority. Interrupt priority 31 is the lowest priority.
6.2.5.11 Interrupt Priority Register 6 (INTPRIG6)
Address: Base + 0x28 Access: User read/write
0 1 2 3 ’ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
Rl 0 |INT24 0 |INT25
W ON INT24 PRI ON INT25 PRI
Reset 0 0 0 oo 0 0 0 0 0 0 o | o 0 0 0
16 17 18 19 ’ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
Rl 0 |INT26 0 |INT27
W ON INT26 PRI ON INT27 PRI
Reset 0 0 0 oo 0 0 0 0 0 0 o | o 0 0 0
Figure 6-12. Interrupt Priority Register 6 (INTPRI6)
Table 6-15. INTPRI6 Field Descriptions
Field Description
INTn ON
0 Interrupt n disable. Pending interrupt n does not interrupt SNE processor.
1 Interrupt n enable. Pending interrupt n interrupts SNE processor.
INTn PRI Interrupt O priority and interrupt vector.
Note: Interrupt priority O is the highest priority. Interrupt priority 31 is the lowest priority.
6.2.5.12 Interrupt Priority Register 7 (INTPRI7)
MPC5121e Microcontroller Reference Manual, Rev. 4
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Address: Base + 0x2C Access: User read/write
0 1 2 3 ‘ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
Rl 0 |INT28 0 |INT29
W ON INT28 PRI ON INT29 PRI

Resetoooo\oooooooo\oooo

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

R| 0 [INT30 0 |INT31
w oN INT30 PRI oN INT31 PRI

Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0
Figure 6-13. Interrupt Priority Register 7 (INTPRI7)

Table 6-16. INTPRI7 Field Descriptions

Field Description

INTn ON

0 Interrupt n disable. Pending interrupt n does not interrupt SNE processor.
1 Interrupt n enable. Pending interrupt n interrupts SNE processor.

INTn PRI Interrupt O priority and interrupt vector.
Note: Interrupt priority O is the highest priority. Interrupt priority 31 is the lowest priority.

6.2.5.13 Instruction SRAM Address Register

Address: Base + 0x30 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0

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

INSTR_ADDR[15:2]

Reset 0 0 o0 o000 o o0 o0J[o0 o0 o0 0|0 0O 0 ©
Figure 6-14. Instruction SRAM Address Register

Table 6-17. Instruction SRAM Address Register Field Descriptions

Field Description

INSTR_ADDR |Address into instruction SRAM. Used for indirect access to the instruction SRAM.

MPC5121e Microcontroller Reference Manual, Rev. 4
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6.2.5.14

Address: Base + 0x34

Instruction SRAM Data Register

Access: User read/write

0 1 2 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R
INSTR_DATA[31:16]
W
Reset 0O 0 0 0 ] 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
INSTR_DATA[15:0]
W
Reset 0O 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 6-15. Instruction SRAM Data Register

Table 6-18. Instruction SRAM Data Register Field Descriptions

Field Description
INSTR_DATA Reading INSTR_DATA returns content of instruction SRAM at address INSTR_ADDR.
Writing INSTR_DATA writes the data into instruction SRAM at address INSTR_ADDR.
Note: Both operations are valid only when the instruction accesses to the instruction SRAM are disabled.
IRAM_USER_ON and IRAM_SUP_ON are set to 0.
6.2.5.15 FIFO1 Write Data Register

Address: Base + 0x3C

Access: User write-only

0 ‘ 1 2 3 4 5 ‘ 6 ‘ 7 8 ‘ 9 10 | 11 12 ‘ 13 ‘ 14 ‘ 15
R
W FIFO1_WDATA[31:16]
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R[] ] | | ]
W FIFO1_WDATA[15:0]
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 6-16. FIFO1 Write Data Register

Table 6-19. FIFO1 Write Data Register Field Descriptions

Field

Description

FIFO1_WDATA

FIFO 1 write data.
Note: Only 32-bit write accesses are allowed.

MPC5121e Microcontroller Reference Manual, Rev. 4
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NOTE
Only 32-bit write accesses to this register are allowed.

6.2.5.16 FIFO1 Read Data Register

Address: Base + 0x40 Access: User read-only

‘ 12 13 14 15

16 17 18 19 ‘ 20 21 22
R FIFO1_RDATA[15:0]

w [ [ [ [ [ [ [ [ |

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-17. FIFO1 Read Data Register

Table 6-20. FIFO1 Read Data Register Field Descriptions

Field Description
FIFO1_RDATA |FIFO 1 read data.
Note: Only 32-bit read accesses are allowed.
NOTE
Only 32-bit write accesses to this register are allowed.
6.2.5.17 FIFO2 Write Data Register

Address: Base + 0x44 Access: User write-only

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R | | | ]
W FIFO2_WDATA[31:16]
Reset 0 0 0 0 ] 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R || | | ]
W FIFO2_WDATA[15:0]

ResetOOOO’OOOO‘OOO

Figure 6-18. FIFO2 Write Data Register
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Table 6-21. FIFO2 Write Data Register Field Descriptions

Field Description

FIFO2_WDATA |[FIFO 2 write data.
Note: Only 32-bit write accesses are allowed.

NOTE
Only 32-bit write accesses to this register are allowed.

6.2.5.18 FIFO2 Read Data Register

Address: Base + 0x48 Access: User read-only

7 ‘ 8 9 10 11 ‘ 12 13 14 15
R

16 17 18 19 ’ 20 21 22

FIFO2_RDATA[15:0]

w [ [ | [ [ [ [ [ |

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-19. FIFO2 Read Data Register

Table 6-22. FIFO2 Read Data Register Field Descriptions

Field Description

FIFO2_RDATA |FIFO 2 read data.
Note: Only 32-bit read accesses are allowed.

6.2.5.19 FIFO Level Register

MPC5121e Microcontroller Reference Manual, Rev. 4
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Address: Base + 0x4C Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 FIFO1_FILL 0 0 0 0 0 FIFO2_FILL
w ] [

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

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-20. FIFO Level Register

Table 6-23. FIFO2 Level Register Field Descriptions

Field Description

FIFO1_FILL FIFO 1 level (32-bit words)
FIFO2_FILL FIFO 2 level (32-bit words)

6.2.5.20 SNE Interrupt Enable Register

Address: Base + 0x50 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 8 9 10 11 12 13 14 15
R w u H L w 0 0 0
. w > > D (e}
W SNE SOFTINT[7:0] = g 5 < n
7 7 % ) 7
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rlw | | F | w | w 0 0 0 0 0 0 0 0 0 0 0
wW| i~ S N N
| L Y |6 |6
" %)
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-21. SNE Interrupt Enable Register
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Table 6-24. SNE Interrupt Enable Register Field Descriptions

Field

Description

SNE SOFTINT([7:0]

Any software interrupt can be routed to the SNE processor by setting the corresponding SNE SOFTINT bit.

SF1EE

SNE FIFO1 Empty Enable bit
0 SNE processor does not recognize a FIFO1 EMPTY interrupt.
1 FIFO1 EMPTY interrupt is routed to the SNE processor.

SFINEE

SNE FIFO1 Not Empty Enable bit
0 SNE processor does not recognize a FIFO1 NOT EMPTY interrupt.
1 FIFO1 NOT EMPTY interrupt is routed to the SNE processor.

SFINFE

SNE FIFO1 Not Full Enable bit
0 SNE processor does not recognize a FIFO1 NOT FULL interrupt.
1 FIFO1 NOT FULL interrupt is routed to the SNE processor.

SF1UE

SNE FIFO1 Underrun Enable bit
0 SNE processor does not recognize a FIFO1 underrun interrupt.
1 FIFO1 underrun interrupt is routed to the SNE processor.

SF10E

SNE FIFO1 Overrun Enable bit
0 SNE processor does not recognize a FIFO1 overrun interrupt.
1 FIFO1 overrun interrupt is routed to the SNE processor.

SF2EE

SNE FIFO2 Empty Enable bit
0 SNE processor does not recognize a FIFO2 EMPTY interrupt.
1 FIFO2 EMPTY interrupt is routed to the SNE processor.

SF2NEE

SNE FIFO2 Not Empty Enable bit
0 SNE processor does not recognize a FIFO2 NOT EMPTY interrupt.
1 FIFO2 NOT EMPTY interrupt is routed to the SNE processor.

SF2NFE

SNE FIFO2 Not Full Enable bit
0 SNE processor does not recognize a FIFO2 NOT FULL interrupt.
1 FIFO2 NOT FULL interrupt is routed to the SNE processor.

SF2UE

SNE FIFO2 Underrun Enable bit
0 SNE processor does not recognize a FIFO2 underrun interrupt.
1 FIFO2 underrun interrupt is routed to the SNE processor.

SF20E

SNE FIFO2 Overrun Enable bit
0 SNE processor does not recognize a FIFO2 overrun interrupt.
1 FIFO2 overrun interrupt is routed to the SNE processor.

6.2.5.21

Power Architecture Interrupt Enable Register

MPC5121e Microcontroller Reference Manual, Rev. 4
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Address: Base + 0x54

AXE System

Access: User read/write

0 1 2 3 ‘ 4 5 6 7 8 9 10 11 12 13 14 15
R w H H w w 0 0 0
: o 4 Lt - ¢
W PPC SOFTINTI[7:0] = z Z =t -t
LL s i LL L
o a a o a
Reset O 0 0 0 ‘ 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rlw | | F | w | w 0 0 0 0 0 0 0 0 0 0 0
T > = ) @)
Wl & & N N
L o o [y w
o a a o o
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-22. Power Architecture Interrupt Enable Register
Table 6-25. Power Architecture Interrupt Enable Register Field Descriptions
Field Description

PPC SOFTINT[7:0]

Any software interrupt can be routed to the Power Architecture processor by setting the corresponding

PPC SOFTINT bit.

PF1EE

Power Architecture FIFO1 Empty Enable bit
0 Power Architecture processor does not recognize a FIFO1 EMPTY interrupt.
1 FIFO1 EMPTY interrupt is routed to the Power Architecture processor.

PFINEE

Power Architecture FIFO1 Not Empty Enable bit

0 Power Architecture processor does not recognize a FIFO1 NOT EMPTY interrupt.

1 FIFO1 NOT EMPTY interrupt is routed to the Power Architecture processor.

PFINFE

Power Architecture FIFO1 Not Full Enable bit
0 Power Architecture processor does not recognize a FIFO1 NOT FULL interrupt.
1 FIFO1 NOT FULL interrupt is routed to the Power Architecture processor.

PF1UE

Power Architecture FIFO1 Underrun Enable bit
0 Power Architecture processor does not recognize a FIFO1 underrun interrupt.
1 FIFO1 underrun interrupt is routed to the Power Architecture processor.

PF10E

Power Architecture FIFO1 Overrun Enable bit
0 Power Architecture processor does not recognize a FIFO1 overrun interrupt.
1 FIFO1 overrun interrupt is routed to the Power Architecture processor.

PF2EE

Power Architecture FIFO2 Empty Enable bit
0 Power Architecture processor does not recognize a FIFO2 EMPTY interrupt.
1 FIFO2 EMPTY interrupt is routed to the Power Architecture processor.

PF2NEE

Power Architecture FIFO2 Not Empty Enable bit

0 Power Architecture processor does not recognize a FIFO2 NOT EMPTY interrupt.

1 FIFO2 NOT EMPTY interrupt is routed to the Power Architecture processor.

PF2NFE

Power Architecture FIFO2 Not Full Enable bit
0 Power Architecture processor does not recognize a FIFO2 NOT FULL interrupt.
1 FIFO2 NOT FULL interrupt is routed to the Power Architecture processor.

PF2UE

Power Architecture FIFO2 Underrun Enable bit
0 Power Architecture processor doesn’t recognize a FIFO2 underrun interrupt.

1 FIFO2 underrun interrupt is routed to the Power Architecture processor.
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Table 6-25. Power Architecture Interrupt Enable Register Field Descriptions (continued)

Field

Description

PF20E

Power Architecture FIFO2 Overrun Enable bit
0 Power Architecture processor doesn’t recognize a FIFO2 overrun interrupt.
1 FIFO2 overrun interrupt is routed to the Power Architecture processor.

NOTE

The purpose of the SNE and Power Architecture Interrupt Enable Registers
is to control which active interrupts are sent to the SNE or/and Power
Architecture processor. If any bit in this register is set and the same bit in
Figure 6-24 is set, an interrupt is made pending to the SNE or/and Power
Architecture processor.

6.2.5.22 Interrupt Clear/Set Register

Address: Base + 0x058 Access: User write-only
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R [ [ | [ [ | [ ] [ ]
w SOFTINT_SET[7:0] SOFTINT_CLEAR[7:0]
Reset 0 0 0 oo 0 0 0 0 0 0 o | o 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 0
w F1UC |F10C |F2UC |F20C
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-23. Interrupt Clear/Set Register
Table 6-26. Interrupt Clear/Set Register Field Descriptions
Field Description
SOFTINT_SET |Writing a 1 to any of these bits sets the corresponding bit of the SOFTINT field in the interrupt pending

register

SOFTINT_CLEAR

Writing a 1 to any of these bits clears the corresponding bit of the SOFTINT field in the interrupt pending
register.

FiuC FIFO1 Underrun interrupt Clear bit

Writing a 1 to this bit clears the F1UP bit in the interrupt pending register.
F10C FIFO1 Overrun interrupt Clear bit

Writing a 1 to this bit clears the F1OP bit in the interrupt pending register.
F2uC FIFO2 Underrun interrupt Clear bit

Writing a 1 to this bit clears the F2UP bit in the interrupt pending register.
F20C FIFO2 Overrun interrupt Clear bit

Writing a 1 to this bit clears the F20P bit in the interrupt pending register.
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NOTE

The FIFO underflow and overflow interrupts are sticky interrupts. They are
cleared by writing a 1 to the corresponding bit in the IntClearSet register.
The FIFO data interrupts (empty, not empty, not full), are only influenced
by the current FIFO filling. They are not sticky and change from set to clear
and clear to set by reading or writing one or more words to/from the
corresponding FIFO.

6.2.5.23 Interrupt Pending Register

Address: Base + 0x05C Access: User read-only
0 1 2 3 ’ 4 5 6 7 8 9 10 11 12 13 14 15
R o e, & o o
SOFTINT[7:0] w z z 2 ) 0 0 0
L i s L T
wl [ [ ] [ [ |
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rla [& g2 [a
N z z -} Qo 0 0 0 0 0 0 0 0 0 0 0
N N N
Lo e
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-24. Interrupt Pending Register
Table 6-27. Interrupt Pending Register Field Descriptions 1
Field Description

SOFTINT[7:0]

Software interrupt. There are eight software interrupts. Any software interrupt is made pending when 1 is
written to the corresponding bit of field SOFTINT_SET in the IntClearSet register. The software interrupt
is cleared when a 1 is written to the corresponding bit of field SOFTINT_CLEAR in the Interrupt Clear/Set
register. Refer to Figure 6-23.

F1EP

FIFO1 Empty interrupt Pending bit.
0 FIFO 1is not empty.
1 FIFO 1is empty.

FINEP

FIFO1 Not Empty interrupt Pending bit.
0 FIFO 1 is empty.
1 FIFO 1 is not empty.

FINFP

FIFO1 Not Full interrupt Pending bit.
0 FIFO 1 is full.
1 FIFO 1is not full.

F1UP

FIFO1 Underrun interrupt Pending bit.
0 Cleared when 1 is written to bit FLUC in the Interrupt Clear/Set register. Refer to Figure 6-23.
1 FIFO1 has experienced a FIFO underflow.
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Table 6-27. Interrupt Pending Register Field Descriptions (continued)?!

Field

Description

F10P

FIFO1 Overrun interrupt Pending bit.

0 Cleared when 1 is written to bit F1OC in the Interrupt Clear/Set register. Refer to Figure 6-23.
1 FIFO1 has experienced a FIFO overflow.

F2EP

FIFO2 Empty interrupt Pending bit.
0 FIFO 2 is not empty.
1 FIFO2 is empty.

F2NEP

FIFO2 Not Empty interrupt Pending bit.
0 FIFO 2 is empty.
1 FIFO 2 is not empty.

F2NFP

FIFO2 Not Full interrupt Pending bit.
0 FIFO 2 is full.
1 FIFO 2 s not full.

F2UP

FIFO2 Underrun interrupt Pending bit.
0 Cleared when 1 is written to bit F2UC in the Interrupt Clear/Set register. Refer to Figure 6-23.
1 FIFO2 has experienced a FIFO underrun.

F20P

FIFO2 Overrun interrupt Pending bit.
0 Cleared when 1 is written to bit F20C in the Interrupt Clear/Set register. Refer to Figure 6-23.
1 FIFO2 has experienced a FIFO overflow.

1 As this is the interrupt pending register, all fields herein are interrupt conditions. These conditions control interrupts that can
be sent to Power Architecture and/or SNE core when the corresponding bit is set in the enable register. See Figure 6-21 for
the SNE and Figure 6-22 for the Power Architecture.

6.2.5.24 Instruction Cache Address Register

Address: Base + 0x60

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 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
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
Rl O 0 0 0 0
ICACHE_ADDRJ[12:2]
w
Reset 0 0 0 oo 0 0 oo 0 0 o | o 0 0 0
Figure 6-25. Instruction Cache Address Register
Table 6-28. Instruction Cache Address Register Field Descriptions
Field Description
ICACHE_ADDR |ICACHE_ADDR[12:2]: Address into instruction cache data array
ICACHE_ADDR[12:5]: Address into instruction tag data array. (one tag line for every 8 data lines)
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Address: Base + 0x64

Instruction Cache Data Register

7‘8 9

AXE System

Access: User read/write

0 1 2 5 6 10 11 ‘ 12 13 14 15
R
ICACHE_DATA[31:16]
W
Reset 0O 0 0 0 ] 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
ICACHE_DATA[15:0]
W
Reset 0O 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 6-26. Instruction Cache Data Register

Table 6-29. Instruction Cache Data Register Field Descriptions

Field Description
ICACHE_DATA |Reading ICACHE_DATA returns content of instruction cache at address ICACHE_ADDR.
Writing ICACHE_DATA writes the data into instruction cache at address ICACHE_ADDR.
Note: Both operations are valid only when the instruction cache is disabled. CACHE ON is set to 0.
6.2.5.26 Instruction Cache Tag Register (INSTR_CACHE_TAG)

Address: Base + 0x68

Access: User read/write

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

v S ADDR[31:29]

W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31

R

ADDR[28:13]

w

Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

MPC5121e Microcontroller Reference Manual, Rev. 4
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Table 6-30. INSTR_CACHE_TAG Field Descriptions

Field Description
\Y Instruction Cache line valid bit
0 Cache line is invalid.
1 Cache line is valid.
S Supervisor bit
0 Cache line contains user memory space data.
1 Cache line contains supervisor memory space data.
ADDR[31:13] Address tag

Cache line contains data corresponding to these memory system MSB address bits.

NOTE
Reading INSTR_CACHE_TAG returns
ICACHE_TAG[INSTR_CACHE_ADDR] if the ICACHE is disabled.
Writing INSTR_CACHE_TAG writes the data into
ICACHE_TAG[INSTR_CACHE_ADDR] if the ICACHE is disabled.

6.3  Functional Description

The AXE is made up of the SNE processor, the memory system, and the JTAG tap controller. The AXE
memory system contains the instruction cache, an instruction SRAM, the DMA, FIFOs to communicate
between the SNE and PPC processor, soft interrupt logic, and the AXE interrupt controller.

6.3.1 AXE Reset

The SNE processor reset is not the power-on reset, but controlled by bit PROC_RST in the instruction and
cache attributes register (Table 6-8). When this bit is 1, the SNE is in reset. When this bit is 0, the reset is
released. Power-on reset value of the bit is 1.
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6.3.2 AXE System

6.3.2.1 AXE System Overview

SNE Interrupt
Controller
Instruction ] +
Cache Instruction Access DMA Data Access
Controller Controller Controller
Instruction
SRAM €300
DDR -«
MPC5121le Y \
IP bus - AXE
Register Space
MEM <

Figure 6-28. AXE Memory System for 5121e

A block diagram of the AXE system is given in Figure 6-28. An overview appears next.

The memory system is connected to the instruction bus and data bus coming from the SNE core. An
instruction access controller takes care of the requests coming in over the instruction bus. The data access
controller takes care of the requests coming in over the data bus.

Three busses are connected to the memory system. This allows SNE accesses to the on-chip SRAM
(MEM), off-chip DRAM and the IP bus.

The AXE system also includes an interrupt controller. It generates the interrupt and their priority to the
SNE core.

Through the data access controller, the SNE has a direct connection to the AXE register space. This
register space is also accessible by the e300.

All registers needed to program the memory access controllers, the interrupt controller, and the DMA are
mapped into this space.

There are some special peripherals in the AXE register space that specifically address the issues of the
dual-core system and the inter processor communications.

» There are two FIFOs. Each FIFO is 4x32 bits deep. They can be used for communication between
the Power Architecture and the SNE processor. Each FIFO has the possibility to generate
full/empty/not empty interrupts to the Power Architecture or the SNE processor.

» There are eight soft-interrupts. Soft-interrupts are interrupts that can be set or reset by writing
specific bits in a control register. The soft-interrupts can be set and reset by the Power Architecture
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or the SNE processor. They can be sent to the Power Architecture or the SNE processor. In this
way, they can provide interprocessor communication.

6.3.2.2 Instruction Access Controller

The instruction access controller has five memory systems connected. Two of these are first-priority,
meaning they are tried first. Three are second priority, so they are accessed when the first two fail to
respond to the request.

» First priority memory systems
— 2 KB instruction SRAM
— 8 KB instruction cache

e Second priority memory systems
— DDR
— IP bus
— On-chip SRAM memory

Operation of the memories is now given in detail.

6.3.2.3 Instruction SRAM

The instruction SRAM is always mapped to the first 2 KB of the instruction space. It can be enabled or
disabled separately for supervisor and user accesses. Enabling/disabling is done by control bits
IRAM_USER_ON and IRAM_SUP_ON in the Instruction Cache and SRAM Attributes Register

(Table 6-8). Bit IRAM_USER_ON determines if the instruction SRAM is accessible in user mode
(1=accessilbe, O=inaccessilbe). Bit IRAM_SUP_ON determines if the instruction SRAM is accessible in
supervisor mode (1=accessilbe, O=inaccessilbe).

In the instruction space, its only possible to read from the instruction SRAM. To make it possible to write
the SRAM too, and to inspect its contents, there is an indirect access possible to the instruction SRAM. To
read or write from the instruction SRAM using this indirect access, proceed as follows:

» Disable all instruction accesses to the SRAM by writing IRAM_USER_ON and IRAM_SUP_ON
to 0.

»  Write the address where you want to read or write to the SRAM to the Instruction SRAM Address
Register (Table 6-17)

» Read or write the content of the memory from/to Instruction SRAM Data Register (Table 6-18)

6.3.2.4 Instruction Cache
The instruction cache is a one-way set-associative cache, with 32-byte cache lines. The cache size is 8 KB.

All instruction accesses that miss in the instruction SRAM are mapped to the cache first. If they hit in the
cache, zero-wait cycle access is done. If they miss in the cache, they are forwarded to the local memory
and the bus.

Cache operation can be controlled by two bits in the Instruction Cache and SRAM Attributes Register.
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» Bit CACHE_ON determines if the cache is enable or not

* Bit CACHE_CLEAR is awrite-only bit. Writing 1 to this bit flushes the cache. During cache flush,
the cache is disabled.

When an access misses in the cache, the instruction access controller loads the complete 32-byte line where
this access is part of the local memory or the bus. The word that was needed, is loaded first. In case of a
access, all data is loaded with a 32-byte line request.

6.3.2.5 Instruction Accesses Mapped to the On-Chip SRAM

If the address bits [31:20] of an instruction access are equal to the value programmed in the SRAM Base
Address Register (SRAMBAR), within XLBMEN memory map, this instruction access is mapped to the
on-chip SRAM (MEM) if this SRAM is enabled for it. The on-chip SRAM can be enabled separately for
supervisor accesses and user accesses. The control bits that enable/disable the local SRAM for instruction
accesses are in the Instruction Cache and SRAM Attributes Register.

* If SRAM2_IUSER_ON is set, mapping to local SRAM is enabled for mode instruction accesses.
* If SRAMZ2_ISUP_ON is set, mapping to local SRAM is enabled for supervisor instruction

accesses.
NOTE
Accesses that hit in the instruction RAM (IRAM) are never forwarded to the
on-chip SRAM.

6.3.3 Data Access Controller

The data access controller has two functions:
* It maps the SNE data accesses to the relevant memory system.
* A built-in DMA can perform transfers between the DDR or IP bus and the on-chip SRAM.

6.3.3.1 Data Accesses Mapped to the On-Chip SRAM
On-chip SRAM is first-priority memory system for data accesses.

If the address bits [31:20] of a data access are equal to the value programmed in the SRAM Base Address
Register (SRAMBAR), within XLBMEN register map, this data access is mapped to the on-chip SRAM
if this SRAM is enabled for it. The on-chip SRAM can be enabled separately for supervisor accesses and
user accesses. The control bits that enable/disable the on-chip SRAM for instruction accesses are in the
Instruction Cache and SRAM Attributes Register.
* If bit SRAM2_DUSER_ON is set, mapping to on-chip SRAM is enabled for user mode data
accesses.
» If bit SRAM2_DSUP_ON is set, mapping to on-chip SRAM is enabled for user supervisor data
accesses.
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6.3.3.2 Data Accesses Mapped to the AXE IP Bus

Data accesses in the first 2 KB of address space are mapped to the AXE IP bus if they do not hit in the
on-chip SRAM (MEM) address space.

6.3.3.3 Data Accesses Mapped to the DDR Interface

Data access falling into the DDR memory space, specified by the DDR Local Access Window Base
Address Register (DDRLAWBAR) and DDR Local Access Window Attributes Register (DDRLAWAR),
which are part of the XLBMEN register map, are mapped to DDR.

6.3.3.4 Data Accesses Mapped to the IP Bus
Data access not hit into the on-chip SRAM, AXE IP Bus or DDR memory space are going to the IP bus.

6.3.4 DMA

There is a DMA capable of moving data between the on-chip SRAM (MEM) and other peripherals. To use
the DMA, proceed as follows:

The DMA has three associated registers:

6.3.4.1 DMA_ADDR[31:2] Register (Address 0x0000)

This register contains the first or next address the DMA uses on the DDR or IP bus. It is auto-incremented
by the DMA. Do not write this register while the DMA is running, this may result in indeterminate
operation of the DMA. It is valid to read this register when the DMA is running, but it changes as it is
auto-incremented every time an access is done.

6.3.4.2 DMA_MEM_ADDR[19:2] Register (Address 0x0004)

This register contains the first or next address the DMA uses on the on-chip SRAM (MEM) bus. It is
auto-incremented by the DMA. Do not write this register while the DMA is running. It is valid to read this
register when the DMA is running, but it changes as it is auto-incremented every time a local bus access
is done.

6.3.4.3 DMA attributes Register (Address 0x0008)

This register contains various field as shown:

« WORD_COUNT][13:0]. The DMA transfer count in words. Do not write while the DMA is
running, or indeterminate operation results. It is valid to read while the DMA is running, but the
count is updated every time data is transferred.

« DMA_DIRECTION. This bit controls the direction of the transfer. If 1, data is read from the
on-chip SRAM (MEM), and written to DDR or IP Bus. If 0, data is read from the bus, and written
to the local memory.

* DMA_ON. Controls if the DMA is on or not.
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e INT_EN, INT_PEND, INT_CLEAR. These bits control the DMA interrupt. At the end of a DMA
transfer, a DMA interrupt is generated. At the end of the transfer, INT_PEND is set. If INT_EN is
set, an interrupt is generated. If INT_EN is cleared, the interrupt is not forwarded to the SNE
processor. Writing the INT_CLEAR bit always clears the pending interrupt.

6.3.4.4 Functional Description

The direction must be written (DMA-DIRECTION bit):
» Disable the DMA by writing DMA_ON to 0
*  Write the DRAM/IP bus address
*  Write the SRAM address to DMA_MEM_ADDR[19:2]
*  Write the desired count to WORD_COUNT[13:2]
» Enable or disable the interrupt as desired.
» Start the DMA by writing 1 to DMA_ON
» When transfer is complete, INT_PEND bit is set and interrupt is made pending (if enabled)

Be aware of the following:
* There is a minimum length of a DMA transfer.

— If the start address on the bus is aligned to a line boundary (DMA_ADDR[4:2] == 0), there are
no restrictions.

— If the start address on the bus is not aligned to a line boundary, the transfer must run to at least
the end of the first line.

— If the transfer size is at least seven longwords, there is no problem.

» The DMA always works with word-aligned addresses. Transferring byte-aligned or
halfword-aligned is not possible.

* The DMA always transfers in increments of words. Transferring bytes or halfwords is not possible.
* The DMA always auto-increments the source and destination address.

* The requests on DMA_ADDR[31:2] side are always directly mapped to the bus regardless if they
hit in the on-chip SRAM space or the AXE IP space.

* The requests on the DMA_MEM_ADDR[19:2] side are always directly mapped to the SRAM.

» The DMA attempts to organize transfers on the bus in bursts, but the bursts never cross a line
boundary (32 byte boundary).

6.3.5 Interrupt Controller

There are eight registers associated with the interrupt controller: INTPRIO, INTPRI1, INTPRI2, INTPRI3,
INTPRI4, INTPRI5, INTPRIG6, and INTPRI?.

The interrupt controller services 32 interrupts. Every interrupt has a 6-bit INTXX_PRI[5:0] associated in
the control registers and a 1-bit INTXX_ON bit.

The fields for interrupt 12 are INT12_PRI[5:0] and INT12_ON. The field INT12_PRI[5:0] codes for the
interrupt vector for interrupt 12. If interrupt 12 is the highest priority, enabled and pending interrupt,
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interrupt vector INT12_PRI[5:0] is presented to the AXE core on its IRN[5:0] input. At the same time, the
AXE core interrupt input IRQ is pulled high. If the bit INT12_ON is O, interrupt 12 is disregarded. If the
bit is 1, the interrupt is processed if pending.

If more than one interrupt is active and enabled at any given time, the interrupt controller arbitrates and
presents the highest priority interrupt. This is done by taking the minimum of the INTXX_PRI fields of
the pending interrupts and presents this interrupt vector to the core.

Example: Suppose INT12_PRI[5:0] = 6°d23; INT15_PRI[5:0] = 6°d15; INT29_PRI[5:0] = 6’d17, and

INTERRUPTS 12, 15, and 29 are enabled and active. The interrupt controller now presents interrupt vector
6°d15 to the core, the vector of interrupt 15, because 6°d15 is the lowest interrupt vector of the three active

interrupts.
Table 6-31. List of Interrupts

Ilr\]ltjenzrggrt Description Ilr\]ltjer:]rtl:eprt Description
0 PSC FIFO RX0 AXE Request 16 PSC FIFO TX4 AXE Request
1 PSC FIFO RX1 AXE Request 17 PSC FIFO TX5 AXE Request
2 PSC FIFO RX2 AXE Request 18 PSC FIFO TX6 AXE Request
3 PSC FIFO RX3 AXE Request 19 PSC FIFO TX7 AXE Request
4 PSC FIFO RX4 AXE Request 20 PSC FIFO TX8 AXE Request
5 PSC FIFO RX5 AXE Request 21 PSC FIFO TX9 AXE Request
6 PSC FIFO RX6 AXE Request 22 PSC FIFO TX10 AXE Request
7 PSC FIFO RX7 AXE Request 23 PSC FIFO TX11 AXE Request
8 PSC FIFO RX8 AXE Request 24 SPDIF TX DMA Request
9 PSC FIFO RX9 AXE Request 25 SPDIF RX DMA Request
10 PSC FIFO RX10 AXE Request 26 DMA Interrupt
11 PSC FIFO RX11 AXE Request 27 Timer6 and Timer7 interrupts
12 PSC FIFO TX0 AXE Request 28 Software interrupts
13 PSC FIFO TX1 AXE Request 29 FIFO1 and FIFO2 underflow and overflow interrupts
14 PSC FIFO TX2 AXE Request 30 FIFO1 and FIFO2 not full, empty and not empty interrupts
15 PSC FIFO TX3 AXE Request 31 Local DMA interrupt

6.3.6 FIFOs for Inter-Processor Communication

There are two FIFOs for inter-processor communication, both resident as an IP peripheral.

The FIFOs operate on longwords, and each FIFO can hold a maximum of four longwords.

Five registers are directly associated with the operation of the FIFOs:

1. FIFOl_WRITE_DATA:1 word write only register. All data written to this register ends up in
FIFOL. A side effect of writes to this register is that FIFO1 filling increments.
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2. FIFO1_READ_DATA:! word read only register. All data read from this register comes from
FIFOL. A side effect of reads to this register is that FIFOL1 filling decrements.

3. FIFOZ_WRITE_DATA:1 word write only register. All data written to this register ends up in
FIFO2. A side effect of writes to this register is that FIFO2 filling increments.

4, FIFOZ_READ_DATA:2 word read only register. All data read from this register comes from
FIFO2. A side effect of reads to this register is that FIFO2 filling decrements.

5. FIFO_FILL: Read-only register. This register contains a 3-bit fill field for FIFO1 and a 3-bit fill
field for FIFO2. The fill fields code for the current filling of these FIFO’s.

On top, the FIFO’s generate five interrupts for each FIFO:
1. FIFO1_EMPTY, FIFO2_EMPTY: These interrupts are set when the corresponding FIFO is empty.
They are cleared after data has been written to the corresponding FIFO.
2. FIFO1_NOT_EMPTY, FIFO2_NOT_EMPTY: These interrupts are set when the corresponding
FIFO is not empty. They are cleared after data has been read until the corresponding FIFO is empty.
3. FIFO1 _NOT_FULL, FIFO2_NOT_FULL: These interrupts are set when the corresponding FIFO
is not full. They are not set if the corresponding FIFO is full.

4. FIFO1_OV, FIFO2_OV: FIFO overflow interrupts. These interrupts are set when an overflow
occurs on the corresponding FIFO. Overflow occurs when data is written to a full FIFO. These bits
are sticky bits. They are cleared by writing the corresponding bit in register (Table 6-26)
IntClearSet.

5. FIFO1_UV, FIFO2_UV: FIFO underflow interrupts. These interrupts are set when an underflow
occurs on the corresponding FIFO. Underflow occurs when data is read from an empty FIFO.
These bits are sticky bits. They are cleared by writing the corresponding bit in register (Table 6-26)
IntClearSet.

6.3.7 Interrupt Enable/Pending and Clear/Set Registers for FIFO1, FIFO2,
and Soft Interrupts
These registers affect interrupts SOFTINT[7:0], FIFO1_EMPTY, FIFO2_EMPTY, FIFO1_NOT_EMPTY,

FIFO2_NOT_EMPTY, FIFO1_NOT_FULL, FIFO2_NOT_FULL, FIFO1_0OV, FIFO2_0OV, FIFO1_UV
and FIFO2_UV.

6.3.7.1 Setting and Clearing Soft Interrupts

The AXE system supports eight soft interrupts. These are called SOFTINT[7:0]. These soft interrupts can
be made pending by writing a 1 to the corresponding set bit of register IntClearSet (see Section 6.2.5.22,
“Interrupt Clear/Set Register”). Writing a 1 to the corresponding clear bit of this register clears the soft
interrupt.

1. If data is written to a full FIFO, the write data is discarded (filling remains at the maximum), and the FIFO's overflow flag is set.
1. If data is read from an empty FIFO, the read data is indeterminate, the FIFO’s underflow flag is set, and the filling remains zero.
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6.3.7.2 Interrupt Enable Registers

There are two interrupt enable registers SNE_INTEN and PPC_INTEN (see Section 6.2.5.21, “Power
Architecture Interrupt Enable Register”). The register SNE_INTEN controls if FIFO interrupts and soft
interrupts are sent to the AXE processor. A 1 in the corresponding interrupt bit means the interrupt is sent
to the SNE processor if its pending. The register PPC_INTEN is equal in formatting to SNE_INTEN.
Interrupts enabled in this register are sent to the Power Architecture processor.

6.3.7.3 Interrupt Connections

There is one Power Architecture interrupt associated with all soft and FIFO interrupts. All interrupts
enabled for the Power Architecture uses the same vector.

There are four AXE interrupts associated with the soft interrupts and the FIFO interrupts. Table 6-32 gives
the details.

Table 6-32. AXE Interrupts

Interrupt SNE Interrupt Number
SOFTINT[7] 28
SOFTINT[6] 28
SOFTINT[5] 28
SOFTINT[4] 28
SOFTINT[3] 28
SOFTINT[2] 28
SOFTINT[1] 28
SOFTINT[O] 28

FIFO1_EMPTY 30
FIFO1_NOT_EMPTY 30
FIFO1_NOT_FULL 30
FIFO1_oVv 29
FIFO1_UV 29
FIFO2_EMPTY 30
FIFO2_NOT_EMPTY 30
FIFO2_NOT_FULL 30
FIFO2_OV 29
FIFO2_UV 29
DMADONE 31
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Chapter 7
Byte Data Link Controller (BDLC)

7.1 Introduction

The Byte Data Link Controller (BDLC) is a serial communication module that allows the user to send and
receive messages across a Society of Automotive Engineers (SAE) J1850 serial communication network.
The user’s software manages each transmitted or received message on a byte-by-byte basis, while the
BDLC performs all of the network access, arbitration, message framing and error detection duties.

It is recommended that the reader be familiar with the operation and requirements of the SAE J1850
protocol as described in SAE Standard J1850 Class B Data Communications Network Interface document
prior to proceeding with this specification.

The BDLC module is designed in a modular structure for use as an IP block. A general working knowledge
of the IP bus signals and bus control is assumed in the writing of this document.

Figure 7-1 shows the organization of the BDLC module. The Tx/Rx shadow register function as Buffers
provide storage for data received and data to be transmitted onto the J1850 bus. The Protocol Handler is
responsible for the encoding and decoding of data bits and special message symbols during transmission
and reception. The MUX Interface provides the link between the BDLC digital section and the analog
Physical Interface. The wave shaping, driving and digitizing of data is performed by the Physical Interface.

The Physical Interface is not implemented in the BDLC module and must be provided externally.
The main functional blocks of the BDLC module are explained in greater detail in the following sections.

Use of the BDLC module in message networking fully implements the SAE Standard J1850 Class B Data
Communication Network Interface specification.
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7.1.1 Features

Features of the BDLC module include the following:

7.2

SAE J1850 Class B data communications network interface compatible and ISO compatible for
low-speed (< 125 kbit/s) serial data communications in automotive applications

10.4 kbit/s Variable Pulse Width (VPW) bit format

Digital noise filter

Digital loopback mode

4x receive and transmit mode, 41.6 kbit/s supported

BREAK symbol generation Supported

Block mode receive and transmit supported

Collision detection

Hardware Cyclical Redundancy Check (CRC) generation and checking
Dedicated register for symbol timing adjustments

In-Frame Response (IFR) types 0, 1, 2, and 3 supported

Polling and CPU interrupt generation with vector lookup available

External Signal Description

The BDLC module has two external pins.

Table 7-1. Signal Properties

Name Port Function I/10 | Reset | Pull Up

J1850_TX | Output | The J1850_TX pin serves as the transmit output channel for the BDLC module | O 0 —

J1850 RX| Input |The J1850_RX pin serves as the receive input channel for the BDLC module I —

7.3

Memory Map and Register Definition

7.3.1 Memory Map

The BDLC memory map is shown in Table 7-2.

Table 7-2. BDLC memory map

Offset from

BDLC_BASE Register Access?| Reset Value® | Section/Page
(0XFF40_1400)t
0x00 BDLC Control Register 1 (BDLC_DLCBCR1) R/W 0xCO 7.3.2.1/7-5
0x01 BDLC State Vector Register (BDLC_DLCBSVR) R 0x00 7.3.2.2/7-6

0x02—-0x03 Reserved

0x04 BDLC Control Register 2 (BDLC_DLCBCR?2) R/W 0x40 7.3.2.3/7-8

0x05 BDLC Data Register (BDLC_DLCBDR) R/W 0x00 7.3.2.4/7-13
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Table 7-2. BDLC memory map (Continued)

Offset from
BDLC_BASE Register Access?| Reset Value® | Section/Page
(OXFF40_1400)%

0x06-0x07 Reserved

0x08 BDLC Analog Round Trip Delay Register (BDLC_DLCBARD) R/W 0x50 7.3.2.5/7-14

0x09 BDLC Rate Select Register (BDLC_DLCBRSR) R/W 0x00 7.3.2.6/7-16

0x0A-0x0B Reserved

0x0C BDLC Control Register (BDLC_DLCSCR) R/W 0x00 7.3.2.77-17

0x0D BDLC Status Register (BDLC_DLCBSTAT) R/W 0x00 7.3.2.8/7-18

OXOE—-OxFF Reserved

1 Default absolute offset with IMMRBAR at default location of O0xFF40_0000. See Chapter 2, “System Configuration and Memory
Map (XLBMEN + Mem Map).”

2 In this column, R/W = Read/Write, R = Read-only, and W = Write-only.

3 In this column, the symbol “U” indicates one or more bits in a byte are undefined at reset. See the associated description for
more information.

7.3.2  Register Summary
Table 7-3. BDLC Register Summary

Name 7 6 5 4 3 2 1 0

0x00
BDLC_
DLCBCR1

0x01
BDLC_
DLCBSVR

IMSG CLKS IE

0x04
BDLC_
DLCBCR2

0x05
BDLC_
DLCBDR

SMRST DLOOP 4AXE NBFS TEOD TSIFR TMIFR1 TMIFRO

D7 D6 D5 D4 D3 D2 D1 DO

0x08
BDLC_
DLCBARD

0x09
BDLC_
DLCBRSR

RXPOL BO4 BO3 BO2 BO1 BOO

R7 R R5 R4 R3 R2 R1 RO

0x0C
BDLC_
DLCSCR

BDLCE BREAK

S|x|  s|m| s|D| S |H =|D| S| |
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Table 7-3. BDLC Register Summary (Continued)

Name 2 1 0
0x0D R
BDLC_ tst_divte_t4 | tst_crcv_t4 IDLE
DLCBSTAT | W
7.3.2.1 BDLC Control Register 1 (BDLC_DLCBCR1)

The BDLC Control Register 1 (BDLC_DLCBCRL1) is used to configure and control the BDLC module.

Address: Base + 0x00

Access: User read/write

0 1 2 3 5 6 7
R 0 0 0
IMSG CLKS IE
w
Reset 1 1 0 0 0 0 0

Figure 7-2. BDLC Control Register 1 (BDLC_DLCBCR1)
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Table 7-4. BDLC_DLCBCRIL field descriptions

Field

Description

IMSG

Ignore Message

This bit allows the CPU to ignore messages by disabling updates of the BDLC State Vector Register
(BDLC_DLCBSVR) until a new Start of Frame (SOF) or a BREAK symbol is detected. BDLC module
transmitter and receiver operation are unaffected by the state of the IMSG bit.

There are three situations in which interrupts are not masked by the IMSG bit: when a wakeup interrupt
occurs, when TX data register empty interrupt occurs, and when a receiver error occurs, which causes a byte
pending transmission to be flushed from the transmit shadow register.

See Section 7.3.2.4, “BDLC Data Register (BDLC_DLCBDR),” for a description of the conditions that cause

a pending transmission to be flushed.

0 Enable BDLC State Vector Register Updates. This bit is automatically cleared by the reception of a SOF
symbol or a BREAK symbol. It then allows updates of the state vector register to occur.

1 Disable BDLC State Vector Register Updates. When set, all BDLC interrupt sources (besides the
exceptions previously described) are prevented from updating the BDLC State Vector Register status bits.
This e behavior is described in Section 7.3.2.2, “BDLC State Vector Register (BDLC_DLCBSVR).” Setting
IMSG does not clear pending interrupt flags. If this bit is set while the BDLC is receiving or transmitting a
message, state vector register updates are inhibited for the rest of the message.

CLKS

Clock Select

The nominal BDLC operating frequency (MUX interface clock frequency - fyqc) must always be 1.048576 MHz

or 1 MHz for J1850 bus communications to take place properly. The CLKS register bit is provided to allow the

user to indicate to the BDLC module which frequency (1.048576 MHz or 1 MHz) is used so that each symbol

time can be automatically adjusted. The CLKS bit is a write-once bit. All writes to this bit are ignored after the

first one.

0 Integer frequency (1 MHz) is used for fyqc.

1 Binary frequency (1.048576 MHz) is used for fyq,c. Section 7.4.2.10, “J1850 VPW Valid/Invalid Bits and
Symbols,” describes the transmitter and receiver VPW symbol timing for integer and binary frequencies.

Interrupt Enable

This bit determines whether the BDLC module generates CPU interrupt requests. Interrupt requests are
maintained until all of the interrupt request sources are cleared, by performing the specified actions upon the
BDLC module’s registers. Interrupts that were pending at the time that this bit is cleared may be lost.

0 Disable interrupt requests from BDLC module.

1 Enable interrupt requests from BDLC module.

If the programmer does not wish to use the interrupt capability of the BDLC module, the BDLC State Vector
Register can be polled periodically by the programmer to determine BDLC module states. Refer to for a
description of Section 7.3.2.2, “BDLC State Vector Register (BDLC_DLCBSVR),” and how to clear interrupt
requests.

7.3.2.2

BDLC State Vector Register (BDLC_DLCBSVR)

The read-only BDLC State Vector Register (BDLC_DLCBSVR) substantially decreases the CPU
overhead associated with servicing interrupts while under operation of a MUX protocol. It provides an
index offset directly related to the BDLC module’s current state, which can be used with a user-supplied
jump table to rapidly enter an interrupt service routine. This eliminates the need for the user to maintain a
duplicate state machine in software.

Encoding interrupt sources in states allows that only one interrupt source has to be managed at a time. After
the highest priority interrupt source is dealt with and if another interrupt event of a lower priority has also
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occurred, the value corresponding to that interrupt source appears in the BDLC_DLCBSVR register. This
continues until all BDLC interrupt sources have been managed and all bits in the BDLC_DLCBSVR
register are cleared.

Symbol invalid or out of range
CRC error

Cyclical Redundancy Check Byte is used by the receiver(s) of each message to determine if any
errors have occurred during the transmission of the message. If the message is not error free, the
CRC error status is shown in the BDLC_DLCBSVR register.

Loss of arbitration

Loss of arbitration status is entered when a loss of arbitration occurs while the BDLC is
transmitting onto the bus.

Tx data register empty

The Tx data register empty (TDRE) state is used to tell when data has been unloaded from the
BDLC Data Register.

Rx data register full

The Rx data register full (RDRF) state describes when data has been loaded in the BDLC Data
Register.

Received in-frame response (IFR) byte

The BDLC can transmit and receive all four types of in-frame responses. As each byte of an IFR
is received, the BDLC _DLCBSVR register indicates this by setting this state.

Received EOF

When a 280 s passive period on the bus is received, it signifies an end-of-frame (EOF). When this
occurs, the EOF flag is set.

No interrupts pending
This interrupt cannot generate an interrupt of the CPU.

Address: Base + 0x01 Access: User read-only
0 1 2 3 4 5 6 7
R 13 12 11 10
w
Reset 0 0 0 0 0 0 0 0

Figure 7-3. BDLC State Vector Register (BDLC_DLCBSVR)
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Table 7-5. BDLC_DLCBSVR field descriptions

Field Description

1[3:0] Interrupt State Vector (with priority from low to high)
0000 No interrupt pending.

0001 Received EOF.

0010 Received IFR byte.

0011 Rx data register full.

0100 Tx data register empty.

0101 Loss of arbitration.

0110 CRC error.

0111 Symbol invalid or out of range.

1000 Reserved.

7.3.2.3 BDLC Control Register 2 (BDLC_DLCBCR2)
The BDLC Control Register 2 (BDLC_DLCBCR?2) controls transmitter operations of the BDLC module.

Address: Base + 0x04 Access: User read/write
0 1 2 3 4 5 6 7
R
W SMRST DLOOP AXE NBFS TEOD TSIFR TMIFR1 TMIFRO
Reset 0 1 0 0 0 0 0 0

Figure 7-4. BDLC Control Register 2 (BDLC_DLCBCR2)

Table 7-6. BDLC_DLCBCR?2 field descriptions

Field Description

SMRST State Machine Reset

You can use this bit to reset the BDLC state machines to an initial state after the you put the off-chip analog

transceiver in loop back mode.

0 Clearing SMRST after it has been set causes the generation of a state machine reset. After SMRST is
cleared, the BDLC requires the bus to be idle for a minimum of an EOF symbol time before allowing the
reception of a message. The BDLC requires the bus to be idle for a minimum of an inter-frame separator
symbol (IFS) time before allowing any message to be transmitted.

1 Setting SMRST arms the state machine reset generation logic. Setting SMRST does not affect BDLC
module behavior in any way.
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Table 7-6. BDLC_DLCBCR?2 field descriptions (Continued)

Field

Description

DLOOP

Digital Loopback Mode

This bit determines the input source the digital filter is connected to and can be used to isolate bus fault

conditions.If a fault condition has been detected on the bus, this control bit allows the programmer to

disconnect the digital filter from input from the receive pin (RXB) and connect it to the transmit output to the
pin (TXB). In this configuration, data sent from the transmit buffer should be reflected back into the receive
buffer. If no faults exist in the digital block, the fault is in the physical interface block or elsewhere on the J1850
bus.

0 No loopback. When cleared, digital filter input is connected to receive pin (J1850_RX) and the transmitter
output is connected to the transmit pin (J1850_TX). The BDLC module is taken out of Digital Loopback
Mode and can now drive and receive from the J1850 bus normally. After writing DLOOP to zero, the BDLC
module requires the bus to be idle for a minimum of an EOF symbol time before allowing a reception of a
message. The BDLC module requires the bus to be idle for a minimum of an inter-frame separator symbol
time before allowing any message to be transmitted.

1 Loopback. When set, digital filter input is connected to the transmitter output. The BDLC module is now in
Digital Loopback Mode of operation. The transmit pin (J1850_TX) is driven low and not driven by the
transmitter output.

Note: The DLOORP bit is a fault condition aid and should never be altered after the BDLC Data Register is

loaded for transmission. Changing DLOOP during a transmission may cause corrupted data to be
transmitted onto the J1850 network.

4XE

4X Mode Enable
This bit determines if the BDLC operates at normal transmit and receive speed (10.4 kbit/s) or in 4x mode at
41.6 kbit/s. This feature is useful for fast download of data into a J1850 node for diagnostic or factory
programming of the node. The effect of 4x receive operation on receive symbol timing boundaries is described
in Section 7.4.2.10, “J1850 VPW Valid/Invalid Bits and Symbols.”
0 When cleared, the BDLC module transmits and receives at 10.4 kbit/s. Reception of a BREAK symbol
automatically clears this bit and sets the symbol invalid or out of range flag BDLC State Vector
Register = 0x1C).
1 When set, the BDLC module is put in 4% (41.6 kbit/s) operation.

NBFS

Normalization Bit Format Select

This bit controls the format of the normalization bit (NB). SAE J1850 strongly encourages the use of an active

long: O for In-Frame Responses containing CRC and active short, 1 for In-Frame Responses without CRC.

0 NB that is received or transmitted is a 1 when the response part of an In-Frame Response (IFR) ends with
a CRC byte. NB that is received or transmitted is a 0 when the response part of an In-Frame Response
(IFR) does not end with a CRC byte.

1 NBthatis received or transmitted is a 0 when the response part of an In-Frame Response (IFR) ends with
a CRC byte. NB that is received or transmitted is a 1 when the response part of an In-Frame Response
(IFR) does not end with a CRC byte.

TEOD

Transmit End of Data

This bit is set by the programmer to indicate the end of a message being sent by the BDLC. It appends an

8-bit CRC after completing transmission of the current byte in the Tx Shift Register followed by the EOD

symbol.If the transmit shadow register (refer to Section 7.4.4.1, “Protocol Architecture,” for a description of the
transmit shadow register) is full when TEOD is set, the CRC byte and EOD is transmitted after the current byte
in the Tx Shift Register and the byte in the Tx Shadow Register have been transmitted. Once TEOD is set,
the transmit data register empty flag (TDRE) in the BDLC state vector register (BDLCSVR) is cleared to allow
lower priority interrupts to occur. This bit is also used to end an IFR. Bits TSIFR, TMIFR1, and TMIFRO
determine whether a CRC byte is appended before EOD transmission for IFRs.

0 The TEOD bit is automatically cleared after the first CRC bit is sent, or if an error or loss of arbitration is
detected on the bus. When TEOD is used to end an IFR transmission, TEOD is cleared when the BDLC
receives back a valid EOD symbol, or an error condition or loss of arbitration occurs.

1 Transmit EOD symbol
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Table 7-6. BDLC_DLCBCR?2 field descriptions (Continued)

Field Description

TSIFR Transmit Single Byte IFR with no CRC (Type 1 or 2)

0 The TSIFR bitis automatically cleared after the EOD if one or more IFR bytes has been received or an error
is detected on the bus.

1 If this bit is set prior to a valid EOD being received with no CRC error and after the EOD symbol has been
received, the BDLC module attempts to transmit the appropriate normalization bit followed by the byte in
the BDLC Data Register.

TMIFR1 Transmit Multiple Byte IFR with CRC (Type 3)

0 The TMIFR1 bitis automatically cleared once the BDLC module has successfully transmitted the CRC byte
and EOD symbol, by the detection of an error on the multiplex bus, a transmitter underrun, or loss of
arbitration.

1 If this bit is set prior to a valid EOD being received with no CRC error, once the EOD symbol has been
received, the BDLC module attempts to transmit the appropriate normalization bit followed by IFR bytes.
The programmer should set TEOD after the last IFR byte has been written into BDLC Data Register. After
TEOD has been set and the last IFR byte has been transmitted, the CRC byte is transmitted.

TMIFRO Transmit Multiple Byte IFR with no CRC (Type 3)

0 The TMIFRO bit is automatically cleared once the BDLC module has successfully transmitted the EOD
symbol, by the detection of an error on the multiplex bus, a transmitter underrun, or loss of arbitration.

1 If this bit is set prior to a valid EOD being received with no CRC error, once the EOD symbol has been
received the BDLC module attempts to transmit the appropriate normalization bit followed by IFR bytes.
The programmer should set TEOD after the last IFR byte has been written into BDLC Data Register. After
TEOD has been set, the last IFR byte to be transmitted is the last byte written into the BDLC Data Register.

The TSIFR, TMIFR1, and TMIFRO bits control the type of In-Frame Response being sent. The
programmer should not set more than one of these control bits to 1 at any given time. However, if more
than one of these three control bits are set to one, the priority encoding logic forces the internal register
bits to a known value as shown in the following table. However, when these bits are read, they are the same
as written earlier. For instance, if 011 is written to TSIFR, TMIFR1,and TMIFRO, then internally, they are
encoded as 010. However, when these bits are later read back, they are encoded as 011.

The BDLC supports the In-frame Response (IFR) feature of J1850 by setting these bits correctly. The four
types of J1850 IFR are shown in Figure 7-5. The purpose of the in-frame response modes is to allow single
or multiple nodes to acknowledge receipt of the data by responding to a received message after they have
seen the EOD symbol. For VPW modulation, the first bit of the IFR is always passive; therefore, an active
normalization bit must be generated by the responder and sent prior to its ID/address byte. When there are
multiple responders on the J1850 bus, only one normalization bit is sent, which assists all other
transmitting nodes to sync their responses.

The TSIFR bit is used to request the BDLC to transmit the byte in the BDLC Data Register as a single byte
IFR with no CRC. Typically, the byte transmitted is a unique identifier or address of the transmitting
(responding) node.

Set the TSIFR bit before the EOF following the main part of the message frame is received or no IFR
transmit attempts are made for the current message. If another node transmits an IFR to this message, set
the TSIFR bit before the normalization bit is received or no IFR transmit attempts are made for the
message. If another node does transmit a successful IFR or a reception error occurs, the TSIFR bit is
cleared. If not, the IFR is transmitted after the EOD of the next received message.
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If a loss of arbitration occurs when the BDLC module attempts transmission, after the IFR byte winning
arbitration completes transmission, the BDLC module again attempts to transmit the byte in the BDLC
Data Register (with no normalization bit). The BDLC module continues transmission attempts until an
error is detected on the bus, or TEOD is set by the CPU, or the BDLC transmission is successful.

NOTE

Setting the TEOD bit before transmission of the IFR byte directs the BDLC
to make only one attempt at transmitting the byte.

If loss of arbitration occurs in the last bit of the IFR byte, two additional 1 bits is not sent out because the
BDLC attempts to retransmit the byte in the transmit shift register after the IFR byte winning arbitration
completes transmission.

The TMIFRL1 bit requests the BDLC module to transmit the byte in the BDLC Data Register (BDLC Data
Register) as the first byte of a multiple byte IFR with CRC or as a single byte IFR with CRC. Response
IFR bytes are subject to J1850 message length maximums.

After the byte in the BDLC Data Register has been loaded into the transmit shift register, the TDRE flag
is set in the BDLC_DLCBSVR register, similar to the main message transmit sequence. If the interrupt
enable bit (IE in the BDLC_DLCBCRL1 register) is set, an interrupt request from the BDLC module is
generated. The programmer should then load the next byte of the IFR into the BDLC Data Register for
transmission. When the last byte of the IFR has been loaded into the BDLC Data Register, the programmer
should set the TEOD bit in the BDLC control register 2. This instructs the BDLC module to transmit a
CRC byte once the byte in the BDLC Data Register is transmitted, and then transmit an EOD symbol,
indicating the end of the IFR portion of the message frame.

However, if you wish to transmit a single byte followed by a CRC byte, load the byte into the BDLC Data
Register and then set the TMIFRL1 bit before the EOD symbol has been received. Once the TDRE flag is
set and interrupt occurs (if enabled), the programmer should then set the TEOD bit in BDLC Control
Register 2. This results in the byte in the BDLC Data Register being the only byte transmitted before the
IFR CRC byte.

Set the TMIFRL1 bit before the EOF following the main part of the message frame is received or no IFR
transmit attempts are made for the current message. If another node transmits an IFR to this message, set
the TMIFR1 bit before the normalization bit is received or no IFR transmit attempts are made for the
message. If another node does transmit a successful IFR or a reception error occurs, the TMIFR1 bit is
cleared. If not, the IFR is transmitted after the EOD of the next received message.

If a transmitter underrun error occurs during transmission (caused by not writing another byte to the BDLC
data register following the TDRE flag being set), the BDLC module automatically disables the transmitter
after the byte currently in the shifter. Two extra 1-bits have been transmitted. The receiver picks this up as
an framing error and relay it in the state vector register as an invalid symbol error. The TMIFRL1 bit is also
cleared.

If a loss of arbitration occurs when the BDLC module is transmitting a multiple byte IFR with CRC, the
BDLC module goes to the loss of arbitration state, set the appropriate flag and cease transmission. The
TMIFR1 bit is cleared and no attempt is made to retransmit the byte in the BDLC Data Register. If loss of
arbitration occurs in the last bit of the IFR byte, two additional one bits (a passive long followed by an
active short) is sent out.
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NOTE

The extra logic is an enhancement to the J1850 protocol that forces a byte
boundary condition fault. This helps prevent noise on the J1850 bus from
corrupting a message.

The TMIFRO bit is used to request the BDLC module to transmit the byte in the BDLC Data Register as
the first byte of a multiple byte IFR without CRC. Response IFR bytes are subject to J1850 message length
maximums.

After the byte in the BDLC Data Register has been loaded into the transmit shift register, the TDRE flag
is set in the BDLC_DLCBSVR register, similar to the main message transmit sequence. If the interrupt
enable bit (IE in the BDLC_DLCBCRL1 register) is set, an interrupt request from the BDLC module is
generated. The programmer should then load the next byte of the IFR into the BDLC Data Register for
transmission. When the last byte of the IFR has been loaded into the BDLC Data Register, the programmer
should set the TEOD bit in the BDLC Control Register 2. This instructs the BDLC to transmit an EOD
symbol, indicating the end of the IFR portion of the message frame. The BDLC module does not append
a CRC.

However, if the programmer wishes to transmit a single byte, the programmer should load the byte into
the BDLC Data Register and then set the TMIFRO bit before the EOD symbol has been received. Once the
TDRE flag is set and interrupt occurs (if enabled), the programmer should then set the TEOD bitin BDLC
Control Register 2. This results in the byte in the BDLC Data Register being the only byte transmitted.

Set the TMIFRO bit before the EOF following the main part of the message frame is received, or no IFR
transmit attempts is made for the current message. If another node transmits an IFR to this message, the

user must set the TMIFRO bit before the normalization bit is received or no IFR transmit attempts are made
for the message. If another node does transmit a successful IFR or a reception error occurs, the TMIFRO
bit is cleared. If not, the IFR is transmitted after the EOD of the next received message.

If a transmitter underrun error occurs during transmission (caused by the programmer not writing another
byte to the BDLC Data Register following the TDRE flag being set) the BDLC module automatically
disables the transmitter after the byte currently in the shifter plus two extra 1-bits have been transmitted.
The receiver picks this up as an framing error and relay it in the State \ector Register as an invalid symbol
error. The TMIFRO bit is also cleared.

If a loss of arbitration occurs when the BDLC module is transmitting a multiple byte IFR without CRC,
the BDLC module goes to the loss of arbitration state, set the appropriate flag and cease transmission. The
TMIFRO bit is cleared and no attempt is made to retransmit the byte in the BDLC Data Register. If loss of
arbitration occurs in the last bit of the IFR byte, two additional one bits (a passive long followed by an
active short) is sent out.

NOTE

The extra logic is an enhancement to the J1850 protocol that forces a byte
boundary condition fault. This helps prevent noise on the J1850 bus from
corrupting a message.

MPC5121e Microcontroller Reference Manual, Rev. 4

7-12 Freescale Semiconductor



409

m m
Header Data Field CRC O O
o T

m
8 Header Data Field CRC| © |[NB| ID 00
T 9 o T
Type 1—Single Byte From a Single Responder (without CRC)
0 . o 08
Q Header Data Field CRC 8 NB| D1 | - - = ‘ IDn ‘ S R
Type 2—Single Byte From Multiple Responders (without CRC)
) m - m m
ol Header Data Field CRC O |[NB IFR Data Field CRC |O O
T &) o T
Type 3—Multiple Bytes From a Single Responder (with or without CRC)
Figure 7-5. Types of In-Frame Response
Table 7-7. Transmit In-Frame Response Control Bit Priority Encoding
WRITE READ ACTUAL (Internal Register)
TSIFR TMIFR1 | TMIFRO TSIFR TMIFR1 | TMIFRO TSIFR TMIFR1 | TMIFRO
0 0 0 0 0 0 0 0 0
1 — — 1 — — 1 0 0
0 1 — 0 1 — 0 1 0
0 0 1 0 0 1 0 0 1

7.3.2.4 BDLC Data Register (BDLC_DLCBDR)

The BDLC Data Register (BDLC_DLCBDR) passes the data to be transmitted to the J1850 bus from the
CPU to the BDLC module. It is also used to pass data received from the J1850 bus to the CPU.

While transmitting, each data byte (after the first one) should be written only after a Tx Data Register
Empty (TDRE) interrupt has occurred, or the BDLC_DLCBSVR register has been polled indicating this
condition.

Data read from this register is the last data byte received from the J1850 bus. This received data should
only be read after a Rx Data Register Full (RDRF) or Received IFR byte (RXIFR) interrupt has occurred
or the BDLC_DLCBSVR register has been polled indicating either of these two conditions.

The BDLC Data Register is double buffered via a transmit shadow register and a receive shadow register.
After the byte in the transmit shift register has been transmitted, the byte currently stored in the transmit
shadow register is loaded into the transmit shift register. Once the transmit shift register has shifted the first
bit out, the TDRE flag is set, and the shadow register is ready to accept the next byte of data.
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The receive shadow register works similarly. Once a complete byte has been received, the receive shift
register stores the newly received byte into the receive shadow register. The RDRF flag (or RXIFR flag if
the received byte is part of an IFR) is set to indicate that a new byte of data has been received. The
programmer has one BDLC module byte reception time to read the shadow register and clear the RDRF
or RXIFR flag before the shadow register is overwritten by the newly received byte.

If the user writes the first byte of a message to be transmitted to the BDLC Data Register and then
determines that a different message should be transmitted, the user can write a new byte to the BDLC Data
Register up until the transmission begins. This new byte replaces the original byte in the BDLC Data
Register.

From the time a byte is written to the BDLC Data Register until it is transferred to the transmit shift
register, the transmit shadow register is considered full and the byte pending transmission. If one of the
IFR transmission control bits (TSIFR, TMIFR1, or TMIFRO0 in BDLC Control Register 2) is also set, the
byte is pending transmission as an IFR. A byte pending transmission is flushed from the transmit shadow
register and the transmission canceled if one of the following occurs: a loss of arbitration or transmitter
error on the byte currently being transmitted; a symbol error, framing error, bus fault, or BREAK symbol
is received. If the byte pending transmission is an IFR byte, the reception of a message with a CRC error
also causes the byte in the transmit shadow register to be flushed.

To abort an in-progress transmission, the programmer should simply stop loading more data into the
BDLC Data Register. This causes a transmitter underrun error and the BDLC module automatically
disables the transmitter on the next non-byte boundary. This means that the earliest a transmission can be
halted is after at least one byte (plus two extra 1-bits) has been transmitted. The receiver picks this up as
an error and relays it in the state vector register as an invalid symbol error.

Address: Base + 0x05 Access: User read/write
0 1 2 3 4 5 6 7
R
W D7 D6 D5 D4 D3 D2 D1 DO
Reset 0 0 0 0 0 0 0 0

Figure 7-6. BDLC Data Register (BDLC_DLCBDR)

Table 7-8. DLCBDR field descriptions

Field Description

D[7:0] Receive/Transmit Data

7.3.2.5 BDLC Analog Round Trip Delay Register (BDLC_DLCBARD)

The BDLC Analog Round Trip Delay Register (BDLC_DLCBARD) is used to program the BDLC
module so that it compensates for the round trip delays of different external transceivers. Also the polarity
of the receive pin (J1850_RX) is set in this register.

Read: any time

MPC5121e Microcontroller Reference Manual, Rev. 4

7-14 Freescale Semiconductor



Write: write only once.

Address: Base + 0x08 Access: User read/write
0 1 2 3 4 5 6 7
R 0
W RXPOL BO4 BO3 BO2 BO1 BOO
Reset 0 0 0 0 0 0 0 0

Figure 7-7. BDLC Analog Round Trip Delay Register (BDLC_DLCBARD)

Table 7-9. BDLC_DLCBARD field descriptions

Field Description

RXPOL Receive Pin Polarity
The Receive pin Polarity bit is used to select the polarity of incoming signal on the receive pin. Some external
analog transceiver inverts the receive signal from the J1850 bus before feeding back to the digital receive pin.
0 Select inverted polarity, where external transceiver inverts the receive signal.
1 Select normal/true polarity; true non-inverted signal from J1850 bus, i.e., the external transceiver does not

invert the receive signal.
BO[4:0[ BDLC Analog Roundtrip Delay Offset Field

Adjust the transmitted symbol timings to account for the differing round-trip delays found in different SAE
J1850 analog transceivers.The allowable delay range is from 0 ms to 31 ms, with a nominal target of 16 ms
(reset value). Refer to Table 7-10 for the BO[4:0] values corresponding to the expected transceiver delays and
the resultant transmitter timing adjustment (in MUX interface clock periods (tyqc)). Refer to the analog
transceiver device specification for the expected round-trip delay through both the transmitter and the receiver.
The sum of these two delays makes up the total round-trip delay value.

Note: For Digital Loopback test, the Analog Round-trip Delay Offset Field should be set to O ps.

Table 7-10. BARD Values vs. Transceiver Delay and Transmitter Timing Adjustment

sarD otse s sofeol| - SoreendngEiveeed [ Tansmier Sl i
00000 0 0
00001 1 1
00010 2 2
00011 3 3
00100 4 4
00101 5 5
00110 6 6
00111 7 7
01000 8 8
01001 9 9
01010 10 10
01011 11 11
01100 12 12
01101 13 13
01110 14 14
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Table 7-10. BARD Values vs. Transceiver Delay and Transmitter Timing Adjustment (Continued)

sarD e i sofa) | Sopeshondng Boeeted | Tranapitr syl Tiing
01111 15 15
10000 16 16
10001 17 17
10010 18 18
10011 19 19
10100 20 20
10101 21 21
10110 22 22
10111 23 23
11000 24 24
11001 25 25
11010 26 26
11011 27 27
11100 28 28
11101 29 29
11110 30 30
11111 31 31

1 The transmitter symbol timing adjustment is the same for binary and integer bus frequencies.

7.3.2.6 BDLC Rate Select Register (BDLC_DLCBRSR)

The BDLC Rate Select Register (BDLC_DLCBRSR) determines the divider prescaler value for the MUX
interface clock (fyqic). Only integer multiples of the 1 MHz or 1.048576 MHz fy 4 are supported as input
clocks.

Read: any time

Write: write only once.

Address: Base + 0x09 Access: User read/write
0 1 2 3 4 5 6 7
R
R7 R6 R5 R4 R3 R2 R1 RO
w
Reset 0 0 0 0 0 0 0 0

Figure 7-8. BDLC Rate Select Register (BDLC_DLCBRSR)
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Table 7-11. BDLC_DLCBRSR field descriptions

Field Description

R[7:0] Rate Select. These bits determine the amount by which the frequency of the system clock signal is divided to

generate the MUX Interface clock (fyqc), which defines the basic timing resolution of the MUX Interface.The

value programmed into these bits depends on the chosen system clock frequency. See Table 7-12 and

Table 7-13 for example rate selects for different bus frequencies. All divisor values from divide by 1 to divide

by 256 are possible, but are not shown in the tables.

Note: Although the maximum divider is 256, a divider that generates a 1 MHz or 1.048576 MHz fi,q,c must be
selected for J1850 communications to occur.

Table 7-12. BDLC Rate Selection for Binary Frequencies [CLKS = 1]

IP bus clock frequency R[7:0] division fhdic

fcLock = 1.048576 MHz 0x00 1 1.048576 MHz

Table 7-13. BDLC Rate Selection for Binary Frequencies [CLKS = 1]

IP bus clock frequency R[7:0] division fhdic

feLock = 66.00000 MHz 0x41 66 1.000000 MHz
feLock = 54.00000 MHz 0x35 54 1.000000 MHz
fcLock = 33.00000 MHz 0x20 33 1.000000 MHz
fcLock = 27.00000 MHz Ox1A 27 1.000000 MHz

7.3.2.7 BDLC Control Register (BDLC_DLCSCR)
The BDLC Control Register (BDLC_DLCSCR) enables the BDLC module.

Address: Base + 0x0C Access: User read/write
0 1 2 3 4 5 6 7
R 0 0 0
BDLCE BREAK
w
Reset 0 0 0 0 0 0 0 0

Figure 7-9. BDLC Control Register (BDLC_DLCSCR)
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Table 7-14. BDLC_DLCSCR field descriptions

Field

Description

BDLCE

BDLC Enable

This bit serves as a MUX interface clock (f,q,c) enable/disable for power savings.

0 The MUX interface clock (f,qc) is disabled, shutting down the BDLC module for power saving. Bus clocks
continue running, allowing registers to be accessed.

1 The MUX interface clock (fyqc) and BDLC module are enabled to allow J1850 communications to take
place.

BREAK

Send BREAK signal

This bit determines whether the BDLC module generates a BREAK symbol.

0 The BDLC module does not generate a BREAK symbol.

1 The BDLC module immediately sends a Break signal on the bus, regardless of its current transmit or

receive status.

After setting the BREAK bit it is automatically cleared after two IPB clock cycles.

The active Break signal causes any other transmitting module to stop transmitting immediately because it

loses arbitration. It is at least 280 us long.

Note: When the BDLC is operating at the high bus speed all 4X symbol times are one fourth that shown,
except for Break, which is transmitted the same length in 1X or 4X mode.

7.3.2.8

BDLC Status Register (BDLC_DLCBSTAT)

The BDLC Status Register (BDLC_DLCBSTAT) indicates the status of the BLDC module.

Read: any time

Write: any time

Address: Base + 0x0D

Access: User read/write

Reset

0 1 2 3 4 5 6 7
0 TST_DIVTE |TST_CRCV_
T4 T4 IDLE
0 0 0 0 0 0 0 0

Figure 7-10. BDLC Status Register (BDLC_DLCBSTAT)
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Table 7-15. BDLC_DLCBSTAT field descriptions

Field Description

TST_DIVTE_T4
0 The module output Tx pin output normal signal.
1 The module output Tx pin output MUX interface clock (FBDLC).

TST_CRCV_T4 |Status of the receive message CRC.
0 Correct.
1 Incorrect.

IDLE This bit indicates when the BDLC module is idle.

0 BDLC module is either transmitting or receiving data.

1) BDLC module has received IFS and no data is being transmitted or received.

Note: BDLC module is only idle after receiving IFS. The IDLE bit is 0 during reset since the BDLC module
needs to wait for an IFS before becoming idle. Noise on the bus will be filtered and the IDLE bit will
remain unchanged.

7.4  Functional Description

The BDLC module allows the user to send and receive messages across an SAE J1850 serial
communication network. User software manages each transmitted or received message on a byte-by-byte
basis, while the BDLC performs all of the network access, arbitration, message framing and error detection
duties.

7.4.1 J1850 Frame Format

As noted above and in Section 7.1.1, “Features,” the BDLC module communicates across an SAE J1850
network. As such, all messages transmitted on the J1850 bus are structured using the format below. The
following sections describe this format and its meanings.

Optional

Priority Message CRC (o)
(Data0) | ID (Datal) DataN R D

n -

Idle SOF IFR EOF Idle

Figure 7-11. J1850 Bus Message Format (VPW)
SAE J1850 states that each message has a maximum length of 101 bit times or 12 bytes (excluding SOF,
EOD, NB, and EOF).
7.4.1.1 Start of Frame Symbol (SOF)

All messages transmitted onto the J1850 bus must begin with an long active SOF symbol. This indicates
to any listeners on the J1850 bus the start of a new message transmission. The SOF symbol is not used in
the CRC calculation.
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7.4.1.2 In Message Data Bytes (Data)

The data bytes contained in the message include the message priority/type, message 1.D. byte, and any
actual data being transmitted to the receiving node. See SAE J1850 - Class B Data Communications
Network Interface, for more information about 1 and 3 Byte Headers.

Messages transmitted by the BDLC module onto the J1850 bus must contain at least one data byte,
and therefore can be as short as one data byte and one CRC byte. Each data byte in the message is
8 bits in length, transmitted MSB to LSB.

7.4.1.3 Cyclical Redundancy Check Byte (CRC)

This byte is used by the receiver(s) of each message to determine if any errors have occurred during the
transmission of the message. The BDLC calculates the CRC byte and appends it onto any messages
transmitted onto the J1850 bus, and also performs CRC detection on any messages it receives from the
J1850 bus.

CRC generation uses the divisor polynomial X8 + X# + X3 + X2 + 1. The remainder polynomial is initially
set to all ones, and then each byte in the message after the SOF symbol is serially processed through the
CRC generation circuitry. The one’s complement of the remainder then becomes the 8-bit CRC byte,
which is appended to the message after the data bytes, in MSB to LSB order.

When receiving a message, the BDLC uses the same divisor polynomial. All data bytes, excluding the SOF
and EOD symbols, but including the CRC byte, are used to check the CRC. If the message is error free,
the remainder polynomial equals X’ + X5 + X? (0xC4), regardless of the data contained in the message. If
the calculated CRC does not equal 0xC4, the BDLC recognizes this as a CRC error and set the CRC error
flag in the BDLC_DLCBSVR register.

7.4.1.4 End-of-Data Symbol (EOD)

The EOD symbol is a long passive period on the J1850 bus used to signify to any recipients of a message
that the transmission by the originator has completed. No flag is set upon reception of the EOD symbol.

7.4.1.5 In-Frame Response Bytes (IFR)

The IFR section of the J1850 message format is optional. Users desiring further definition of in-frame
response should review the SAE J1850 Class B Data Communications Network Interface specification.

7.4.1.6 End-of-Frame Symbol (EOF)

This symbol is a passive period on the J1850 bus, longer than an EOD symbol, which signifies the end of
a message. Because an EOF symbol is longer than an EOD symbol, if no response is transmitted after an
EOD symbol, it becomes an EOF, and the message is assumed to be completed. The EOF flag is set upon
receiving the EOF symbol.
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7.4.1.7 Inter-Frame Separation Symbol (IFS)

The IFS symbol is a passive period on the J1850 bus that allows proper synchronization between nodes
during continuous message transmission. The IFS symbol is transmitted by a node following the
completion of the EOF period.

When the last byte of a message has been transmitted onto the J1850 bus, and the EOF symbol time has
expired, all nodes must then wait for the IFS symbol time to expire before transmitting an SOF, marking
the beginning of another message.

However, if the BDLC module is waiting for the IFS period to expire before beginning a transmission and
a rising edge is detected before the IFS time has expired, it internally synchronizes to that edge.

A rising edge may occur during the IFS period because of varying clock tolerances and loading of the
J1850 bus, causing different nodes to observe the completion of the IFS period at different times. Receivers
must synchronize to any SOF occurring during an IFS period to allow for individual clock tolerances.

7.4.1.8 Break

If the BDLC module is transmitting at the time a BREAK is detected, it treats the BREAK as if a
transmission error had occurred, and halts transmission.The BDLC module can transmit a BREAK
symbol. If while receiving a message the BDLC module detects a BREAK symbol, it treats the BREAK
as a reception error and sets the invalid symbol flag. If while receiving a message in 4X mode, the BDLC
module detects a BREAK symbol, it treats the BREAK as a reception error, sets BDLC_DLCBSVR
register to 0x1C, and exits 4X mode.The 4XE bit in BDLC Control Register 2 is automatically cleared
upon reception of the BREAK symbol.

7.4.1.9 Idle Bus

An idle condition exists on the bus during any passive period after expiration of the IFS period. Any node
sensing an idle bus condition can begin transmission immediately.

7.4.2 J1850 VPW Symbols

Variable pulse width modulation (VPW) is an encoding technique in which each bit is defined by the time
between successive transitions, and by the level of the bus between transitions, active or passive. Active
and passive bits are used alternately. This encoding technique is used to reduced the number of bus
transitions for a given bit rate. See Section 7.1.1, “Features.”

The symbol values shown below are nominal values. Refer to the electrical specification for a more
complete description of symbol values. Each logic one or logic zero contains a single transition, and can
be at either the active or passive level and one of two lengths, either 64 ps or 128 ps (Tynom at 10.4 kbit/s
baud rate), depending upon the encoding of the previous bit. The SOF, EOD, EOF and IFS symbols are
always encoded at an assigned level and length. See Figure 7-12.

Each message begins with an SOF symbol, an active symbol. Therefore, each data byte (including the CRC
byte) begins with a passive bit, regardless of whether it is a logic 1 or a logic 0. All VPW bit lengths stated
in the following descriptions are typical values at a 10.4 kbit/s bit rate.
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Figure 7-12. 31850 VPW Symbols

7421 Logic O

A logic zero is defined as either an active to passive transition followed by a passive period 64 ps in length,
or a passive to active transition followed by an active period 128 ps in length (see Figure 7-12(a)).

7.4.2.2 Logic 1

A logic one is defined as either an active to passive transition followed by a passive period 128 ps in
length, or a passive to active transition followed by an active period 64 ps in length (see Figure 7-12 (b)).
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7.4.2.3 Normalization Bit (NB)

The NB symbol has the same property as a logic 1 or a logic 0. It is only used in IFR message responses.
This bit is defined as an active bit.

7.4.2.4 Start of Frame Symbol (SOF)

The SOF symbol is defined as passive to active transition followed by an active period 200 s in length
(see Figure 7-12 (c)). This allows the data bytes that follow the SOF symbol to begin with a passive bit,
regardless of whether it is a logic one or a logic zero.

7.4.2.5 End of Data Symbol (EOD)

The EOD symbol is defined as an active to passive transition followed by a passive period 200 ps in length
(see Figure 7-12 (d)).

7.4.2.6 End of Frame Symbol (EOF)

The EOF symbol is defined as an active to passive transition followed by a passive period 280 ps in length
(see Figure 7-12 (e)). If there is no IFR byte transmitted after an EOD symbol is transmitted, after another
80 ps the EOD becomes an EOF, indicating the completion of the message.

7.4.2.7 Inter-Frame Separation Symbol (IFS)

The IFS symbol is defined as a passive period 300 ps in length. The IFS symbol contains no transition,
since when used it always follows an EOF symbol.(see Figure 7-12 (g))

7.4.2.8 Break Signal (BREAK)
The BREAK signal is defined as a passive to active transition followed by an active period of at least
240 ps (see Figure 7-12 (f)).

7.4.2.9 IDLE
An IDLE is defined as a passive period greater than 3000 s in length.

7.4.2.10 J1850 VPW Valid/Invalid Bits and Symbols

The timing tolerances for receiving data bits and symbols from the J1850 bus have been defined to allow
for variations in oscillator frequencies. In many cases the maximum time allowed to define a data bit or
symbol is equal to the minimum time allowed to define another data bit or symbol.

Because the minimum resolution of the BDLC module for determining which symbol is received equals a
single period of the MUX Interface clock (tyqc), the receiver symbol timing boundaries are subject to an
uncertainty of 1 t,g due to sampling considerations.
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This clock resolution of 1 ty,. allows the BDLC module to properly differentiate between the different
bits and symbols, without reducing the valid window for receiving bits and symbols from transmitters onto
the J1850 bus having varying oscillator frequencies.

7.4.2.10.1 Transmit and Receive Symbol Timing Specifications

Table 7-16 through Table 7-21 contain the SAE J1850 transmit and receive symbol timing specifications
for the BDLC module. The units used in these tables are MUX interface clock periods (tpqc). The MUX
interface clock is a divided down version of the bus clock input to the module (see Section 7.3.2.6, “BDLC
Rate Select Register (BDLC_DLCBRSR)”). The MUX interface clock drives the transmit and receive
counters that control symbol generation and identification. The symbol timing in effect during J1850
operations depends on the state of two control bits: the CLKS bit in the BDLC_DLCBCR1 register, which
indicates whether the bus clock is an integer frequency or a binary frequency; the 4XE bit in BDLC
Control Register 2, which is used to select 4X operation.

Table 7-16 andTable 7-18 indicate the transmit and receive timing for integer bus frequencies (CLKS = 0)
and 4X operation disabled (4XE = 0). It is assumed that for integer bus frequencies the divided down
MUX interface clock frequency is 1 MHz (t,gjc = 10 ps).

Table 7-17 and Table 7-19 indicated the transmit and receive timing for binary bus frequencies

(CLKS =1) and 4X operation disabled (4XE = 0). It is assumed that the divided down MUX interface
clock frequency is 1.048576 MHz (t,qj. = 0.953674 0 ps) for binary bus frequencies. The symbol timing
values are adjusted to compensate for the shortening of the MUX interface clock period.

Table 7-20 and Table 7-21 show how the receive symbol timing values are adjusted when 4X operation is
enabled (4XE = 1) for both integer bus frequencies (CLKS = 0) and binary bus frequencies (CLKS = 1),
respectively.

The values specified in the tables are for the symbols appearing on the SAE J1850 bus. These values
assume the BDLC module is communicating on the SAE J1850 bus using an external analog transceiver,
and that the BDLC module analog round-trip delay value programmed into the BDLC_DLCBARD
register is the appropriate value for the transceiver being used. If these conditions are not met, the symbol
timings being measured on the SAE J1850 bus are significantly affected. For a detailed description of how
symbol timings are measured on the SAE J1850 bus, refer to the appropriate SAE documents.

Table 7-16. BDLC Transmitter VPW Symbol Timing for Integer Frequencies

Number Characteristic Symbol Min Typ Max Unit
1 Passive Logic 0 Tovpt 62 64 66 thdic
2 Passive Logic 1 Tovp2 126 128 130 thdic
3 Active Logic 0 Tival 126 128 130 thdic
4 Active Logic 1 Tiva2 62 64 66 thdic
5 Start of Frame (SOF) Tiva3 198 200 202 thdic
6 End of Data (EOD)?* Tip3 162 164 166 thdlc
7 End of Frame (EOF)* Toa 238 240 242 thdic
8 Inter-Frame Separator (IFS)* Tuws 298 300 302 thdic

Note: The transmitter timing for this symbol depends upon the minimum detection time of the symbol by the receiver.
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Table 7-17. BDLC Transmitter VPW Symbol Timing for Binary Frequencies

Number Characteristic Symbol Min Typ Max Unit
1 Passive Logic 0 Tivpt 65 67 69 thdic
2 Passive Logic 1 Tovp2 132 134 136 thdic
3 Active Logic O Tiva1 132 134 136 thdic
4 Active Logic 1 Tiva2 65 67 69 thdic
5 Start of Frame (SOF) Tiva3 208 210 212 thdic
6 End of Data (EOD)?! Tops 170 172 174 todic
7 End of Frame (EOF)! Tiva 250 252 254 thdic
8 Inter-Frame Separator (IFS)! Tuws 313 315 317 thdic
1 The transmitter timing for this symbol depends upon the minimum detection time of the symbol by the receiver.
Table 7-18. BDLC Receiver VPW Symbol Timing for Integer Frequencies
Number Characteristic Symbol Min Typ Max Unit
1 Passive Logic 0 Trvp1 32 64 95 thdic
2 Passive Logic 1 Trvp2 96 128 163 thdic
3 Active Logic 0 Trval 96 128 163 thdic
4 Active Logic 1 Trva2 32 64 95 thdic
5 Start of Frame (SOF) Trva3 164 200 239 thdic
6 End of Data (EOD) Trvp3 164 200 239 thdic
7 End of Frame (EOF) Trva 240 280 299 thdic
8 Inter-Frame Separator (IFS) Tvs 281 — — thdic
9 Break Signal (BREAK) Trve 240 — — thdic
Note: The receiver symbol timing boundaries are subject to an uncertainty of 1 t,q,. due to sampling considerations.
Table 7-19. BDLC Receiver VPW Symbol Timing for Binary Frequencies
Number Characteristic Symbol Min Typ Max Unit
1 Passive Logic 0 Trvp1 34 67 100 thdic
2 Passive Logic 1 Trvp2 101 134 171 thdic
3 Active Logic 0 Trval 101 134 171 thdic
4 Active Logic 1 Trva2 34 67 100 thdic
5 Start of Frame (SOF) Tiva3 172 210 251 thdic
6 End of Data (EOD) Trvp3 172 210 251 todic
7 End of Frame (EOF) Tova 252 293 314 thdic
8 Inter-Frame Separator (IFS) Trvs 315 — — thdic
9 Break Signal (BREAK) Tve 252 — — thdic

Note: The receiver symbol timing boundaries are subject to an uncertainty of 1 t,q,. due to sampling considerations.
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Table 7-20. BDLC Receiver VPW 4X Symbol Timing for Integer Frequencies

Number Characteristic Symbol Min Typ Max Unit
1 Passive Logic 0 Trvp1 8 16 23 thdic
2 Passive Logic 1 Trvp2 24 32 40 thdic
3 Active Logic 0 Trval 24 32 40 thalc
4 Active Logic 1 Trva2 8 16 23 thdic
5 Start of Frame (SOF) Tiva3 41 50 59 thdic
6 End of Data (EOD) Trvp3 41 50 59 todic
7 End of Frame (EOF) Trva 60 70 74 thdic
8 Inter-Frame Separator (IFS) Trs 75 — — thdic
9 Break Signal (BREAK) Tve 60 — — thdic

Note: The receiver symbol timing boundaries are subject to an uncertainty of 1 t,q,. due to sampling considerations.

Table 7-21. BDLC Receiver VPW 4X Symbol Timing for Binary Frequencies

Number Characteristic Symbol Min Typ Max Unit
1 Passive Logic 0 Trvp1 9 17 25 thdic
2 Passive Logic 1 Trvp2 26 34 42 thdic
3 Active Logic O Trval 26 34 42 thdic
4 Active Logic 1 Trva2 9 17 25 thdic
5 Start of Frame (SOF) Trva3 43 53 62 thdic
6 End of Data (EOD) Trvp3 43 53 62 todic
7 End of Frame (EOF) Trva 63 74 78 thdic
8 Inter-Frame Separator (IFS) Tvs 79 — — thdic
9 Break Signal (BREAK) Tve 63 — — thdic

Note: The receiver symbol timing boundaries are subject to an uncertainty of 1 t,q,. due to sampling considerations.

The minimum and maximum symbol limits shown in the following sections (Invalid Passive Bit—Valid
BREAK Symbol) and figures (Figure 7-13 through Figure 7-16) refer to the values listed in Table 7-16
through Table 7-21.

Invalid Passive Bit

If the passive to active transition beginning the next data bit or symbol occurs between the active to passive
transition beginning the current data bit or symbol and Typ1vin), the current bit would be invalid. See
Figure 7-13(1).
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Figure 7-13. 31850 VPW Passive Symbols

If the passive to active transition beginning the next data bit or symbol occurs between Ty min) and
Trvp1(max), the current bit would be considered a logic zero. See Figure 7-13(2).

Valid Passive Logic One

If the passive to active transition beginning the next data bit or symbol occurs between Tiynomin) and
Trvp2(Max)- the current bit would be considered a logic one. See Figure 7-13(3).

Valid EOD Symbol

If the passive to active transition beginning the next data bit or symbol occurs between Ty n3vin) and
Trvp3(vax) the current symbol would be considered a valid EOD symbol. See Figure 7-13(4).
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Figure 7-14. J1850 VPW EOF and IFS Symbols

Valid EOF and IFS Symbol

In Figure 7-14(1), if the passive to active transition beginning the SOF symbol of the next message occurs
between Tyyaqminy and Tryagvax). the current symbol is considered a valid EOF symbol.

If the passive to active transition beginning the SOF symbol of the next message occurs after Ty5(wmin), the
current symbol is considered a valid EOF symbol followed by a valid IFS symbol. See Figure 7-14(2). All
nodes must wait until a valid IFS symbol time has expired before beginning transmission. However, due
to variations in clock frequencies and bus loading, some nodes may recognize a valid IFS symbol before
others, and immediately begin transmitting. Therefore, anytime a node waiting to transmit detects a
passive to active transition once a valid EOF has been detected, it should immediately begin transmission,
initiating the arbitration process.

Idle Bus

If the passive to active transition beginning the SOF symbol of the next message does not occur before
Tws(vin): the bus is considered to be idle, and any node wishing to transmit a message may do so
immediately.
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Figure 7-15. J1850 VPW Active Symbols

Invalid Active Bit

If the active to passive transition beginning the next data bit or symbol occurs between the passive to active
transition beginning the current data bit or symbol and Tyyo(min), the current bit would be invalid. See
Figure 7-15(1).

Valid Active Logic One

If the active to passive transition beginning the next data bit or symbol occurs between Ty ,5(viny and
Trvaz(max): the current bit would be considered a logic one. See Figure 7-15(2).

Valid Active Logic Zero

If the active to passive transition beginning the next data bit or symbol occurs between Ty ,1(miny and
Trvai(max): the current bit would be considered a logic zero. See Figure 7-15(3).

Valid SOF Symbol

If the active to passive transition beginning the next data bit or symbol occurs between Tyya3(miny and
Trvaz(max): the current symbol would be considered a valid SOF symbol. See Figure 7-15(4).
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Valid BREAK Symbol

If the next active to passive transition does not occur until after Ty,g(min), the current symbol is considered
a valid BREAK symbol. A BREAK symbol should be followed by a SOF symbol beginning the next
message to be transmitted onto the J1850 bus. See Figure 7-16.

7.4.2.10.2 Message Arbitration

Message arbitration on the J1850 bus is accomplished in a non-destructive manner, allowing the message
with the highest priority to be transmitted, while any transmitters that lose arbitration stop transmitting and
wait for an idle bus to begin transmitting again.

If the BDLC module wishes to transmit onto the J1850 bus, but detects that another message is in progress,
it automatically waits until the bus is idle. However, if multiple nodes begin to transmit in the same
synchronization window, message arbitration occurs beginning with the first bit after the SOF symbol and
continue with each bit thereafter.

The VPW symbols and J1850 bus electrical characteristics are carefully chosen so that a logic zero (active
or passive type) always dominates over a logic one (active or passive type) simultaneously transmitted.
Hence logic zeroes are said to be dominant and logic ones are said to be recessive.

When a node transmits a recessive bit and detects a dominant bit, it loses arbitration, and immediately stops
transmitting. This is known as bitwise arbitration. The loss of arbitration flag in the BDLC_DLCBSVR
register is set when arbitration is lost. If the interrupt enable bit (IE in the BDLC_DLCBCR1 register) is
set, an interrupt request from the BDLC module is generated. Reading the BDLC_DLCBSVR register
clears this flag.

During arbitration, or even throughout the transmitting message, when an opposite bit is detected,
transmission is immediately stopped unless it occurs on the eighth bit of a byte. In this case, the BDLC
module automatically appends as many as two extra 1 bits and then stops transmitting. These two extra
bits are arbitrated normally and thus do not interfere with another message. The second 1 bit is not sent if
the first loses arbitration. If the BDLC module has lost arbitration to another valid message, the two extra
1s do not corrupt the current message. However, if the BDLC module has lost arbitration due to noise on
the bus, the two extra 1s ensure the current message is detected and ignored as a noise-corrupted message.
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Figure 7-17. J1850 VPW Bitwise Arbitrations

Because a 0 dominates a 1, the message with the lowest value has the highest priority and always wins
arbitration. A message with priority 000 wins arbitration over a message with priority 011. This method
of arbitration works no matter how many bits of priority encoding are contained in the message.

7.4.2.11 J1850 Bus Errors

The BDLC module detects several types of transmit and receive errors that can occur during the
transmission of a message onto the J1850 bus.

7.4.2.11.1 Transmission Error

If the BDLC module is transmitting a message and the message received contains a symbol error, a framing
error, a bus fault, a BREAK symbol, or a logic 1 symbol when a logic 0 is being transmitted, this
constitutes a transmission error. Receiving a logic 0 symbol when transmitting a logic 1 is considered a
loss of arbitration condition (see Section 7.4.2.10.2, “Message Arbitration”) and not a transmission error.
When a transmission error is detected, the BDLC module immediately ceases transmitting. Further
transmission or reception is disabled until a valid EOF symbol is detected on the J1850 bus. The error
condition is reflected by setting the symbol invalid or out of range flag in the BDLC_DLCBSVR register.
If the interrupt enable bit (IE in the BDLC_DLCBCRU register) is set, an interrupt request from the BDLC
module is generated. Reading the BDLC_DLCBSVR register clears this flag.

7.4.2.11.2 CRC Error

A cyclical redundancy check (CRC) error is detected when the data bytes and CRC byte of a received
message are processed, and the CRC calculation result is not equal to 0xC4. The CRC code should detect
any single and 2 bit errors, as well as all 8 bit burst errors, and almost all other types of errors. The CRC
error flag in the BDLC_DLCBSVR register is set when a CRC error is detected. If the interrupt enable bit
(IE in the BDLC_DLCBCRLI register) is set, an interrupt request from the BDLC module is generated.
Reading the BDLC_DLCBSVR register clears this flag.
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7.4.2.11.3 Symbol Error

A symbol error is detected when an abnormal (invalid) symbol is detected in a message being received
from the J1850 bus. See Invalid Passive Bit and Invalid Active Bit, which define invalid symbols. The
symbol invalid or out of range flag in the BDLC_DLCBSVR register is set when a symbol error is
detected. If the interrupt enable bit (IE in the BDLC_DLCBCRL1 register) is set, an interrupt request from
the BDLC module is generated. Reading the BDLC_DLCBSVR register clears this flag.

7.4.2.11.4  Framing Error

A framing error is detected when a received symbol occurs in an inappropriate location in the message
frame. The following situations result in framing errors:

* Anactive logic 0 or logic 1 received as the first symbol of the frame.

* An SOF symbol received in any location other than the first symbol of a frame. Erroneous locations
include: Within the data portion of a message or IFR; Immediately following the EOD in a message
or IFR.

* An EOD symbol received on a non-byte boundary in a message or IFR.
* Anactive logic 0 or logic 1 received immediately following the EOD at the end of an IFR.

The symbol invalid or out of range flag in the BDLC_DLCBSVR register is set when a framing error is
detected. If the interrupt enable bit (IE in the BDLC_DLCBCRL1 register) is set, an interrupt request from
the BDLC module is generated. Reading the BDLC_DLCBSVR register clears this flag.

7.4.2.11.5 Bus Fault
If a bus fault occurs, the response of the BDLC module depends upon the type of bus fault.

If the bus is shorted to Vpp, the BDLC module waits for the bus to fall to a passive state before it attempts
to transmit a message. As long as the short remains, the BDLC never attempts to transmit a message onto
the J1850 bus.

If the bus is shorted to ground, the BDLC module sees an idle bus, begin to transmit the message, and then
detect a transmission error, since the short to ground would not allow the bus to be driven to the active
(dominant) state. The BDLC module waits for assertion of the receive pin for (64 - analog round trip delay)
tqic cycles, after assertion of the transmit pin, before detecting the error. If the transmission is an IFR, the
BDLC module waits for (280 - analog round trip delay) t,qic cycles before detecting an error. The analog
round trip delay is determined by the value stored in the BDLC_DLCBARD register. The BDLC module
sets the symbol invalid or out of range flag in the BDLC_DLCBSVR register, aborts that transmission, and
waits for the next CPU command to transmit. In this case, the transmitter does not have to wait for an EOF
symbol to be received to be enabled. If the interrupt enable bit (IE in the BDLC_DLCBCR1 register) is
set, an interrupt request from the BDLC module is generated. Reading the BDLC_DLCBSVR register
clears this flag.

If the bus fault is temporary, as soon as the fault is cleared, the BDLC module resumes normal operation.
If the bus fault is permanent, it may result in permanent loss of communication on the J1850 bus.
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7.42.11.6 Break

Any BDLC transmitting at the time a BREAK is detected treats the BREAK as if a transmission error had

occurred, and halt transmission.

If while receiving a message the BDLC module detects a BREAK symbol, it treats the BREAK as a

reception error.

If a BREAK symbol is received while the BDLC module is transmitting or receiving, the symbol invalid
or out of range flag in the BDLC_DLCBSVR register is set. Further transmission/reception is disabled
until the J1850 bus returns to the passive state and a valid EOF symbol is detected on the J1850 bus. If the
interrupt enable bit (IE in the BDLC_DLCBCR1 register) is set, an interrupt request from the BDLC
module is generated. Reading the BDLC_DLCBSVR register clears this flag.

The BDLC module can transmit a BREAK symbol. It can receive a BREAK symbol from the J1850 bus.

7.4.2.12 Bus Error Summary

The possible J1850 bus errors and the actions taken by the BDLC module are summarized in Table 7-22.

Table 7-22. BDLC Module J1850 Error Summary

Error Condition

BDLC Module Function

Transmission Error

BDLC module immediately ceases transmitting. Further transmission and reception
is disabled until a valid EOF symbol is detected. The symbol invalid or out of range
flag is set and interrupt generated if enabled.

Cyclical Redundancy Check (CRC) Error

CRC error flag set and interrupt generated if enabled.

Symbol Error

The symbol invalid or out of range flag is set and interrupt generated if enabled.
Transmission and reception is disabled until a valid EOF symbol is detected.

Framing Error

The symbol invalid or out of range flag is set and interrupt generated if enabled.
Transmission and reception is disabled until a valid EOF symbol is detected.

Bus short to Vpp.

The BDLC module does not transmit until short is corrected and a valid EOF is
detected. Depending upon when short occurs and is corrected, this error condition
may set the symbol invalid or out of range, CRC error, or loss of arbitration flags.

Bus short to GND.

Short is seen as an idle bus by BDLC module. If a transmission attempt is made
before short is corrected, the symbol invalid or out of range flag is set and interrupt
generated if enabled. Another transmission can be initiated as soon as short is
corrected.

BREAK symbol reception

If doing so, the BDLC module immediately ceases transmitting. Symbol invalid or out
of range flag set and interrupt generated if enabled.Transmission and reception is
disabled until a valid EOF symbol is detected.

7.4.3 MUX Interface

The MUX Interface is responsible for bit encoding/decoding and digital noise filtering between the
Protocol Handler and the Physical Interface. Refer to Figure 7-1.
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7.4.3.1 MUX Interface—Rx Digital Filter

The Receiver section of the BDLC module includes a digital low pass filter to remove narrow noise pulses
from the incoming message. An outline of the digital filter is shown in Figure 7-18.

Input Sync 4-Bit Up/Down Counter
Rx Data 4 Edge Filtered
From——>{d q > up/down out and > d q > Rx Data
J1850_RX Pad Count Out
>| Comparator

MUX Interface
Clock

Figure 7-18. BDLC Module Rx Digital Filter Block Diagram

7.4.3.2 Operation

The clock for the digital filter is provided by the MUX Interface clock. At each positive edge of the clock
signal, the current state of the Receiver input signal from the J1850_RX pad is sampled. The J1850_RX
signal state is used to determine whether the counter should increment or decrement at the next positive

edge of the clock signal.

The counter increments if the input data sample is high but decrement if the input sample is low. The
counter then progresses up towards 15 if, on average, the J1850_RX signal remains high or progress down
towards 0 if, on average, the J1850 RX signal remains low.

When the counter eventually reaches the value 15, the digital filter decides that the condition of the
J1850 RXsignal is at a stable logic level one and the Data Latch is set, causing the Filtered Rx Data signal
to become a logic level one. Furthermore, the counter is prevented from overflowing and can only be
decremented from this state.

Alternatively, should the counter eventually reach the value 0, the digital filter decides that the condition
of the J1850_RX signal is at a stable logic level zero and the Data Latch is reset, causing the Filtered Rx
Data signal to become a logic level zero. Furthermore, the counter is prevented from underflowing and can
only be incremented from this state.

The Data Latch retains its value until the counter next reaches the opposite end point, signifying a definite
transition of the J1850 RX signal.

7.4.3.3 Performance

The performance of the digital filter is best described in the time domain rather than the frequency domain.

If the signal on the J1850 RX signal transitions, there is a delay before that transition appears at the
Filtered Rx Data output signal. This delay is between 15 and 16 clock periods, depending on where the
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transition occurs with respect to the sampling points. This filter delay must be taken into account when
performing message arbitration.

For example, if the frequency of the MUX Interface clock (fi,q;c) is 1.0486MHz, then the period (tyqc) IS
954ns and the maximum filter delay in the absence of noise is 15.259 ps.

The effect of random noise on the J1850_RX signal depends on the characteristics of the noise itself.
Narrow noise pulses on the J1850 RX signal is completely ignored if they are shorter than the filter delay.
This provides a degree of low pass filtering.

If noise occurs during a symbol transition, the detection of that transition may be delayed by an amount
equal to the length of the noise burst. This is a reflection of the uncertainty of where the transition is truly
occurring within the noise.

Noise pulses that are wider than the filter delay, but narrower than the shortest allowable symbol length is
detected by the next stage of the BDLC module’s receiver as an invalid symbol.

Noise pulses that are longer than the shortest allowable symbol length is normally detected as an invalid
symbol or as invalid data when the frame’s CRC is checked.

7.4.4 Protocol Handler

The Protocol Handler is responsible for framing, collision detection, arbitration, CRC
generation/checking, and error detection. The Protocol Handler conforms to SAE J1850 - Class B Data
Communications Network Interface. Refer to Figure 7-1.

7.4.4.1 Protocol Architecture

The Protocol Handler contains the State Machine, Rx Shadow Register, Tx Shadow Register, Rx Shift
Register, Tx Shift Register, and Loopback Multiplexer as shown in Figure 7-19.

7.4.4.1.1 Rx and Tx Shift Registers

The Rx Shift Register gathers received serial data bits from the J1850 bus and makes them available in
parallel form to the Rx Shadow Register. The Tx Shift Register takes data, in parallel form, from the Tx
Shadow Register and presents it serially to the State Machine so that it can be transmitted onto the J1850
bus.
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Figure 7-19. BDLC Protocol Handler Outline

7.4.4.1.2 Rx and Tx Shadow Registers

Immediately after the Rx Shift Register has completed shifting in a byte of data, this data is transferred to
the Rx Shadow Register and RDRF or RXIFR is set and interrupt is generated if the interrupt enable bit
(IE in the BDLC_DLCBCRLI register) is set. After the transfer takes place, this new data byte in the Rx
Shadow Register is available to the CPU, and the Rx Shift Register is ready to shift in the next byte of data.
Data in Rx Shadow Register must be retrieved by the CPU before it is overwritten by new data from the
Rx Shift Register.

After the Tx Shift Register has completed its shifting operation for the current byte, the data byte in the Tx
Shadow Register is loaded into the Tx Shift Register. After this transfer takes place, the Tx Shadow
Register is ready to accept new data from the CPU.
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7.4.4.1.3 Digital Loopback Multiplexer

The digital loopback multiplexer connects the input of the receive digital filter (See Figure 7-19) to either
the transmit signal out to the pad (J1850_TX) or the receive signal from the pad (J1850_RX), depending
on the DLOOP bit in BDLC Control Register 2 register.

7.4.4.14 State Machine

All of the functions associated with performing the protocol are executed or controlled by the State
Machine. The State Machine is responsible for framing, collision detection, arbitration, CRC
generation/checking, and error detection. The following sections describe the BDLC module’s actions in
a variety of situations.

7.4.4.1.5 4X Mode

The BDLC module can exist on the same J1850 bus as modules that use a special 4X (41.6 kbit/s) mode
of J1850 VPW operation. The BDLC module can transmit and receive messages in 4X mode, if the 4XE
bit is set in BDLC Control Register 2. If the 4XE bit is not set in the BDLC Control Register 2, any 4X
message on the J1850 bus is treated as noise by the BDLC module and is ignored. Likewise, 4X messages
transmitted on the SAE J1850 bus when the BDLC module is in normal mode is interpreted as noise on
the network by the BDLC module.

7.4.4.1.6 Receiving a Message in Block Mode

Although not a part of the SAE J1850 protocol, the BDLC module allows for a special block mode of
operation for the receiver. As far as the BDLC module is concerned, a block mode message is simply a
long J1850 frame that contains an indefinite number of data bytes. All of the other features of the frame
remain the same, including the SOF, CRC, and EOD symbols.

Another node wishing to send a block mode transmission must first inform all other nodes on the network
that this is about to happen. This is usually accomplished by sending a special predefined message.

7.4.4.1.7 Transmitting a Message in Block Mode

A Block mode message is transmitted inherently by simply loading the bytes one by one into the BDLC
Data Register register until the message is complete. The programmer should wait until the TDRE flag is
set prior to writing a new byte of data into the BDLC Data Register register. The BDLC module does not
contain any predefined maximum J1850 message length requirement.

7.4.5 Transmitting a Message

The design of the BDLC module enables the separate management of message reception and message
transmission. All received messages can be managed almost identically, regardless of their origin.

This chapter only describes the steps necessary for transmitting a message and does not address the
resulting reception of that message by the BDLC module. Message reception is described in Section 7.4.6,
“Receiving A Message.” Later sections deal with transmitting and receiving In-Frame Responses on the
SAE J1850 bus.
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7.45.1 BDLC Transmission Control Bits

Only one BDLC module control bit is used when transmitting a message onto the SAE J1850 bus. This
bit, the Transmit End of Data (TEOD) bit, is set by the user to indicate to the BDLC module that the last
byte of that part of the message frame has been loaded into the BDLC Data Register. The TEOD bit,
located in BDLC Control Register 2, is also used when transmitting an In-Frame Response (IFR), but that
usage is described in Section 7.4.7, “Transmitting an In-Frame Response (IFR).” Setting the TEOD bit
indicates to the BDLC module that the last byte written to the BDLC Data Register is the final byte to be
transmitted, and that following this byte a CRC byte and EOD symbol should be transmitted automatically.
Setting the TEOD bit also inhibits any further TDRE interrupts until TEOD is cleared. The TEOD bit is
cleared on the rising edge of the first bit of the transmitted CRC byte, or if an error or loss of arbitration is
detected on the bus.

7.45.1.1 BDLC Data Register

The BDLC data register is a double-buffered register that handles the transmitted and received message
bytes. Bytes to be transmitted onto the SAE J1850 bus are written to the BDLC data register, and bytes
received from the bus by the BDLC module are read from the BDLC data register. Because this register is
double buffered, bytes written into it cannot be read by the CPU. If this is attempted, the read byte is the
last byte placed in the BDLC data register by the BDLC module, not the last byte written to the BDLC data
register by the CPU. For an illustration of the BDLC data register, refer to Section 7.3.2.4, “BDLC Data
Register (BDLC_DLCBDR).”

7.45.1.2 Transmitting a Message with the BDLC

To transmit a message using the BDLC module, the user writes the first byte of the message to be
transmitted into the BDLC Data Register, initiating the transmission process. When the TDRE status
appearsinthe BDLC_DLCBSVR register, the user writes the next byte into the BDLC Data Register. After
all of the bytes have been loaded into the BDLC Data Register, the user sets the TEOD bit, and the BDLC
module completes the message transmission. What follows is an overview of the basic steps required to
transmit a message onto an SAE J1850 network using the BDLC module. For an illustration of this
sequence, refer to Figure 7-20.

NOTE

Due to the byte-level architecture of the BDLC module, the 12-byte limit on
message length as defined in SAE J1850 must be enforced by the user’s
software. The number of bytes in a message (transmitted or received) has no
meaning to the BDLC module.

1. Write the first byte into the BDLC data register.

To initiate a message transmission, the CPU simply loads the first byte of the message to be
transmitted into the BDLC Data Register. The BDLC module then performs the necessary bus
acquisition duties to determine when the message transmission can begin.

After the BDLC module determines that the SAE J1850 bus is free, a Start of Frame (SOF) symbol
is transmitted, followed by the byte written to the BDLC Data Register. After the BDLC module
readies this byte for transmission, the BDLC_DLCBSVR register reflects that the next byte can be
written to the BDLC Data Register (TDRE interrupt).
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NOTE

If the user writes the first byte of a message to be transmitted to the BDLC
Data Register and then determines that a different message should be
transmitted, the user can write a new byte to the BDLC Data Register up
until the transmission begins. This new byte replaces the original byte in the
BDLC Data Register.

2. When TDRE is indicated, write the next byte into the BDLC data register.

When a TDRE state is reflected in the BDLC_DLCBSVR register, the CPU writes the next byte to
be transmitted into the BDLC Data Register. This step is repeated until the last byte to be
transmitted is written to the BDLC Data Register.

NOTE

Due to the design and operation of the BDLC module, when transmitting a
message the user may write two, or possibly even three of the bytes to be
transmitted into the BDLC Data Register before the first RDRF interrupt
occurs. For this reason, the user should never use receive interrupts to
control the sequencing of bytes to be transmitted.

3. Write the last byte to the BDLC data register and set TEOD.

After the user has written the last byte to be transmitted into the BDLC Data Register, the user then
sets the TEOD bit in BDLC Control Register 2. When the TEOD bit is set, once the byte written
to the BDLC Data Register is transmitted onto the bus, the BDLC module begins transmitting the
8-bit CRC byte, as specified in SAE J1850. Following the CRC byte, the BDLC module transmits
an EOD symbol onto the SAE J1850 bus, indicating that this part of the message has been
completed. If no IFR bytes are transmitted following the EOD, an EOF is recognized and the
message is complete.

Setting the TEOD bit is the last step the CPU needs to take to complete the message transmission,
and no further transmission-related interrupts occur. After the message has been completely
received by the BDLC module, an EOF interrupt is generated. However, this is technically a
receive function that can be managed by the message reception routine.

NOTE

While the TEOD bit is typically set immediately following the write of the
last byte to the BDLC Data Register, it is also acceptable to wait until a
TDRE interrupt is generated before setting the TEOD bit. While the
example flowchart in Figure 7-20 shows the TEOD bit being set after the
write to the BDLC Data Register, either method is correct. If a TDRE
interrupt is pending, it is cleared when the TEOD bit is set.

7.45.2 Transmitting Exceptions

While this is the basic transmit flow, at times the message transmit process is interrupted. This can be due
to a loss of arbitration to a higher priority message or due to an error being detected on the network. For
the transmit routine, either of these events can be dealt with in a similar manner.
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74521 Loss of Arbitration

If a loss of arbitration (LOA) occurs while the BDLC module is transmitting onto the SAE J1850 bus, the
BDLC module immediately stops transmitting, and a LOA status is reflected in the BDLC_DLCBSVR
register. If the loss of arbitration has occurred on a byte boundary, an RDRF interrupt may also be pending
once the LOA interrupt is cleared.

When a loss of arbitration occurs, the J1850 message handling software should immediately switch into
the receive mode. If the TEOD bit was set, it is cleared automatically. If another attempt is to be made to
transmit the same message, the user must start the transmit sequence over from the beginning of the
message.

74522 Error Detection

Similar to a loss of arbitration, if any error (except a CRC error) is detected on the SAE J1850 bus during
a transmission, the BDLC module stops transmitting immediately. The transmitted byte is discarded, and
the symbol invalid or out of range status is reflected in the BDLC _DLCBSVR register. As with the loss of
arbitration, if the TEOD bit was set, it is cleared automatically and any attempt to transmit the same
message has to start from the beginning.

If a CRC error occurs following a transmission, this is also reflected in the BDLC_DLCBSVR register.
However, since the CRC error is really a receive error based on the received CRC byte, at this point all
bytes of the message have been transmitted. Thus, software must determine whether another attempt
should be made to transmit the message in which the error occurred.

74523 Transmitter Underrun

A transmitter underrun can occur when a TDRE interrupt is not serviced in a timely fashion. If the last byte
loaded into the BDLC Data Register is completely transmitted onto the network before the next byte is
loaded into the BDLC Data Register, a transmitter underrun occurs. If this does happen, the BDLC module
transmits two additional logic ones to ensure that the partial message transmitted onto the bus does not end
on a byte boundary. This is followed by an EOD and EOF symbol. The only indication to the CPU that an
underrun occurred is the Symbol Invalid or Out of Range error indicated in the BDLC _DLCBSVR
register. As with the other errors, software must determine whether another transmission attempt should
be made.

74524 In-Frame Response to a Transmitted Message

If an In-Frame Response (IFR) is received following the transmission of a message, the status indicating
that an IFR byte has been received is indicated in the BDLC_DLCBSVR register before an EOF is
indicated. Refer to Section 7.4.8, “Receiving An In-Frame Response (IFR),” for a description of how to
manage the reception of IFR bytes.
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7.4.5.3 Aborting a Transmission

The BDLC module does not have a mechanism designed specifically for aborting a transmission. Because
the module transmits each message on a byte-by-byte basis, there is little need to implement an abort
mechanism. If the user has loaded a byte into the BDLC Data Register to initiate a message transmission
and decides to send a different message, the byte in the BDLC Data Register can be replaced, right up to
the point that the message transmission begins.

If the user has loaded a byte into the BDLC Data Register and then decides not to send any message at all,
the user can let the byte transmit, and when the TDRE interrupt occurs let the transmitter underrun. This
causes two extra logic ones followed by an EOF to be transmitted. While this method may require a small
amount of bus bandwidth, the need to do this should be rare. Replacing the byte originally written to the
BDLC Data Register with OxFF also increases the probability of the transmitter losing arbitration if
another node begins transmitting at the same time, also reducing the bus bandwidth needed.

7.4.6 Receiving A Message

The design of the BDLC module makes it especially easy to use for receiving messages off of the SAE
J1850 bus. When the first byte of a message comes in, the BDLC_DLCBSVR register indicates to the CPU
that a byte has been received. As each successive byte is received, it is in turn be reflected in the
BDLC_DLCBSVR register. When the message is complete and the EOF has been detected on the bus, the
BDLC_DLCBSVR register reflects this, indicating that the message is complete.

The basic steps required for receiving a message from the SAE J1850 bus are outlined below. For more
information on receiving IFR bytes, refer to Section 7.4.8, “Receiving An In-Frame Response (IFR).”

7.4.6.1 BDLC Reception Control Bits

The only control bit used for message reception, the IMSG bit, is actually used to prevent message
reception. When the IMSG bit is set, some of the BDLC module interrupts of the CPU are inhibited until
the next SOF symbol is received. This allows the BDLC module to ignore the remainder of a message once
the CPU has determined that it is of no interest. This helps reduce the amount of CPU overhead used to
service messages received from the SAE J1850 network, since otherwise the BDLC module would require
attention from the CPU for each byte broadcast on the network. The IMSG bit is cleared when the BDLC
module receives an SOF symbol, or it can also be cleared by the CPU.

NOTE

While the IMSG bit can be used to prevent the CPU from having to service
the BDLC module for every byte transmitted on the SAE J1850 bus, the
IMSG bit should never be used to ignore the BDLC module’s own
transmission. Because setting the IMSG bit prevents some
BDLC_DLCBSVR register bits from being updated, it may be difficult for
the CPU to complete the transmission correctly.
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7.4.6.2 Receiving a Message with the BDLC Module

Receiving a message using the BDLC module is extremely straight-forward. As each byte of a message is
received and placed into the BDLC Data Register, the BDLC module indicates this to the CPU with an Rx
Data Register Full (RDRF) status in the BDLC_DLCBSVR register. When an EOF symbol is received,
indicating to the CPU that the message is complete, this is reflected in the BDLC_DLCBSVR register.

Outlined below are the basic steps to be followed for receiving a message from the SAE J1850 bus with
the BDLC module. For an illustration of this sequence, refer to Figure 7-21.

1. When an RDRF interrupt occurs, retrieve the data byte.

When the first byte of a message following a valid SOF symbol is received that byte is placed in
the BDLC Data Register, and an RDRF state is reflected in BDLC_DLCBSVR. No indication of
the SOF reception is made, since the end of the previous message is marked by an EOF indication.
The first RDRF state following this EOF indication should allow the user to determine when a new
message begins.

The RDRF interrupt is cleared when the received byte is read from the BDLC Data Register. After
this is done, no further CPU intervention is necessary until the next byte is received, and this step
IS repeated.

All bytes of the message, including the CRC byte, are placed into the BDLC Data Register as they
are received for the CPU to retrieve.

2. When an EOF is received, the message is complete.

After all bytes (including the CRC byte) have been received from the bus, the bus is idle for a time
period equal to an EOD symbol. After the EOD symbol is received, the BDLC module verifies that
the CRC byte is correct. If the CRC byte is not correct, this is reflected in BDLC_DLCBSVR.

If no In-Frame Response bytes are transmitted following the EOD symbol, the EOD transitions
into an EOF symbol. When the EOF is received it is reflected in BDLC_DLCBSVR, indicating to
the user that the message is complete. If IFR bytes do follow the first EOD symbol, once they are
complete another EOD is transmitted, followed by an EOF.

After the EOF state is reflected in BDLC_DLCBSVR, this indicates to the user that the message is
complete, and that when another byte is received it is the first byte of a new message.

7.4.6.3 Filtering Received Messages

No message filtering hardware is included on the BDLC module, so all message filtering functions must
be performed in software. Because the BDLC module handles each message on a byte-by-byte basis,
message filtering can be done as each byte is received, rather than after the entire message is complete.
This enables the CPU to decide while a message remains in progress whether or not that message is of any
interest.

At any point during a message, if the CPU determines that the message is of no interest the IMSG bit can
be set. Setting the IMSG bit commands the BDLC module not to update the BDLC_DLCBSVR register
until the next valid SOF is received. This prevents the CPU from having to service the BDLC module for
each byte of every message sent over the network.
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7.4.6.4 Receiving Exceptions

As with a message transmission, this basic message reception flow can be interrupted if errors are detected
by the BDLC module. This can occur if an incorrect CRC is detected or if an invalid or out of range symbol
appears on the SAE J1850 bus. A problem can also arise if the CPU fails to service the BDLC Data
Register in a timely manner during a message reception.

7.4.6.4.1 Receiver Overrun

After a message byte has been received, the CPU must service the BDLC Data Register before the next
byte is received, or the first byte is lost. If the BDLC Data Register is not serviced quickly enough, the next
byte received is written over the previous byte in the BDLC Data Register. No receiver overrun indication
is made to the CPU. If the CPU fails to service the BDLC module during the reception of an entire
message, the byte remaining in the BDLC Data Register is the last byte received (usually a CRC byte).

After a receiver overrun occurs, there is no way for the CPU to recover the lost byte(s), so the entire
message should be discarded. To prevent receiver overrun, the user should ensure that a BDLC RDRF
interrupt is serviced before the next byte can be received. When polling the BDLC_DLCBSVR register,
the user should select a polling interval that provides timely monitoring of the BDLC module.

7.4.6.4.2 CRC Error

If a CRC error is detected during a message reception, this is reflected in the BDLC_DLCBSVR register
once an EOD time is recognized by the BDLC module. Because all bytes of the message have been
received when this error is detected, software must ensure that all the received message bytes are
discarded.

7.4.6.4.3 Invalid or Out of Range Symbol

If an invalid or out of range symbol, a framing error or a BREAK symbol is detected on the SAE J1850
bus during the reception of a message, the BDLC module immediately stops receiving the message and
discard any partially received byte. The symbol invalid or out of range status is immediately reflected in
the BDLC_DLCBSVR register. Following this, the BDLC module waits until the bus has been idle for a
time period equal to an EOF symbol before receiving another message. As with the CRC error, the user
should discard any partially received message if this occurs.

7.4.6.4.4 In-Frame Response to a Received Message

As mentioned above, if one or more IFR bytes are received following the reception of a message, the status
indicating the reception of the IFR byte(s) is indicated in the BDLC_DLCBSVR register before the EOF
is indicated. Refer to Section 7.4.8, “Receiving An In-Frame Response (IFR),” for a description of how to
deal with the reception of IFR bytes.
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7.4.7 Transmitting an In-Frame Response (IFR)

The BDLC module can be used to transmit all four types of In-Frame Response (IFR) that are defined in
SAE J1850. A brief definition of each IFR type is given below. For a more detailed description of each,
refer the SAE J1850 document.

The explanation regarding IFR support by the BDLC module assumes familiarity with the use of IFRs as
defined in SAE J1850 and understands the message header bit encoding and normalization bit formats
used with the different types of IFRs. For more information on this, refer to the SAE J1850 document.

7.4.7.1 IFR Types Supported by the BDLC Module

SAE J1850 defines four distinct types of IFR. The first IFR is Type 0, or no IFR. IFR types 1, 2 and 3 are
each made up of one or more bytes and, depending upon the type used, may be followed by a CRC byte.
The BDLC module is designed to allow the user to transmit and receive all types of SAE J1850 IFRs, but
only the network framing/error checking/bus acquisition duties are performed by the BDLC module. The
user is responsible for determining the type of IFR to be transmitted, the number of retries to be made (if
allowed), and the maximum number of bytes to be transmitted.

7.4.7.1.1 IFR Type O0: No Response

Generally, no IFR is used. The Type 0 IFR, as defined in SAE J1850, is no response. The EOD and EOF
symbols follow directly after the CRC byte at the end of the message frame being transmitted. This type
of IFR is inherently supported by the BDLC module, with no additional user intervention required.

7.4.7.1.2 IFR Type 1: Single Byte from a Single Responder

SAE J1850 defines the Type 1 IFR as a single byte from a single receiver. This type of IFR is used to
acknowledge to the transmitter that the message frame was transmitted successfully on the network, and
that at least one receiver received it correctly. A Type 1 IFR generally consists of the physical node 1D of
the receiver responding to the message, with no CRC byte appended. This type of response is used for
broadcast-type messages, where there may be several intended receivers for a message, but the transmitter
only wants to know that at least one node received it. In this case, all receivers begin transmitting their
node 1D following the EOD. Because all nodes on an SAE J1850 network have a unique node ID, if
multiple nodes begin transmitting their node ID simultaneously, arbitration takes place. The node with the
highest priority (lowest value) ID wins this arbitration process, and that node’s ID makes up the IFR. No
retries are attempted by the nodes that lose arbitration during a Type 1 IFR transmission.

A Type 1 IFR can also be used as a response to a physically addressed message, where the only intended
receiver is the one that responds. In this case, no arbitration would take place during the IFR transmission,
but the resulting IFR would consist of a single byte.

7.4.7.1.3 IFR Type 2: Single Byte from Multiple Responders

The Type 2 IFR, as defined in SAE J1850, is a series of single bytes, each transmitted by a different
responder. This IFR type not only acknowledges to the transmitter that the message was transmitted
successfully, but also reveals which receivers actually received the message. As with the Type 1 IFR, no
CRC byte is appended to the end of a Type 2 IFR.
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This IFR type is typically used with Function-type messages, where the original transmitter may need to
know which nodes actually received the message. The basic difference between this type of IFR and the
Type 1 IFR is that the nodes that lose arbitration while attempting to transmit their node ID during a Type
2 IFR wait until the byte that wins arbitration is transmitted and then again attempt to transmit their node
ID onto the bus. The result is a series of node 1Ds, one from each receiver of the original message.

7.4.7.1.4 IFR Type 3: Multiple Bytes from a Single Responder

The last type of IFR defined by SAE J1850 is the Type 3 IFR. This IFR type consists of one or more bytes
from a single responder. This type of IFR is used to return data to the original transmitter within the
original message frame. This type of IFR may or may not have a CRC byte appended to it.

The Type 3 IFR is typically used with Function Read-type or Function Query-type messages, where the

original transmitter is requesting data from the intended receiver. The node requesting the data transmits
the initial portion of the message, and the intended receiver responds by transmitting the desired data in an
IFR. In most cases, the original message requiring a Type 3 IFR is addressed to one particular node, so no
arbitration should take place during the IFR portion of the message.

7.4.7.2 BDLC IFR Transmit Control Bits

The BDLC module has three bits that are used to control the transmission of an In-Frame Response. These
bits, all located in BDLC Control Register 2, are TSIFR, TMIFR1, and TMIFRO. Each is used in
conjunction with the TEOD bit to transmit one of three IFR types defined in SAE J1850. What follows is
a brief description of each bit.

Because each of the bits used for transmitting an IFR with the BDLC module is used to transmit a
particular type of IFR, only one bit should be set by the CPU at a time. However, should more than one of
these bits get set at one time, a priority encoding scheme is used to determine which type of IFR is sent.
This scheme prevents unpredictable operation caused by conflicting signals to the BDLC module.

Table 7-23 illustrates which IFR bit is acted upon by the BDLC module should multiple IFR bits get set at
the same time.

NOTE

As with transmitted messages, IFRs transmitted by the BDLC module are
also received by the BDLC module. For a description of how IFR bytes
received by the BDLC module should be handled, refer to Section 7.4.8,
“Receiving An In-Frame Response (IFR).”

Table 7-23. IFR Control Bit Priority Encoding

READ/WRITE ACTUAL
TSIFR TMIFR1 TMIFRO TSIFR TMIFR1 TMIFRO
0 0 0 0 0 0
1 — — 1 0 0
0 1 — 0 1 0
0 0 1 0 0 1
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7.4.7.3 Transmit Single Byte IFR

The Transmit Single Byte IFR (TSIFR) bit in BDLC Control Register 2 is used to transmit Type 1 and Type
2 IFRs onto the SAE J1850 bus. If this bit is set after a byte is loaded into the BDLC Data Register, the
BDLC module attempts to send that byte, preceded by the appropriate Normalization Bit, as a single byte
IFR without a CRC. If arbitration is lost, the BDLC module automatically attempts to transmit the byte
again (without a Normalization Bit) as soon as the byte winning arbitration completes transmission.
Attempts to transmit the byte continue until the byte is successfully transmitted, the TEOD bit is set by the
user, or an error is detected on the bus.

The user must set the TSIFR bit before the EOD following the main part of the message frame is received,
or no IFR transmit attempts are made for the current message. If another node does transmit an IFR to this
message or a reception error occurs, the TSIFR bit is cleared. If not, the IFR is transmitted after the EOD
of the next received message.

The TSIFR bit is automatically cleared after the EOD following one or more IFR bytes has been received
or an error is detected on the bus.

7.4.7.4 Transmit Multi-Byte IFR 1

The Transmit Multi-Byte IFR 1 (TMIFR1) bit is used to transmit an SAE J1850 Type 3 IFR with a CRC
byte appended. If this bit is set after the user has loaded the first byte of a multi-byte IFR into the BDLC
Data Register, the BDLC module begins transmitting that byte, preceded by the appropriate Normalization
Bit, onto the SAE J1850 bus. After this happens, a TDRE interrupt occurs, indicating to the user that the
next IFR byte should be loaded into the BDLC Data Register. When the last byte to be transmitted is
written to the BDLC Data Register, the user sets the TEOD bit. This causes a CRC byte and an EOD
symbol to be transmitted following the last IFR byte.

As with the TSIFR bit, the TMIFR1 bit must be set before the EOD symbol is received or it remains cleared
and no IFR transmit attempts are made. The TMIFRL1 bit is cleared after the CRC byte and EOD are
transmitted, if an error is detected on the bus, if a loss of arbitration occurs during the IFR transmission or
if a transmitter underrun occurs when the user fails to service the TDRE interrupt in a timely manner. If a
loss of arbitration occurs while the Type 3 IFR is being transmitted, transmission halts immediately and
the loss of arbitration is indicated in the BDLC_DLCBSVR register.

7.4.7.5 Transmit Multi-Byte IFR O

The Transmit Multi-Byte IFR 0 (TMIFRO) bit is used to transmit an SAE J1850 Type 3 IFR withouta CRC
byte appended. If this bit is set after the user has loaded the first byte of a multi-byte IFR into the BDLC
Data Register, the BDLC module begins transmitting that byte, preceded by the appropriate Normalization
Bit, onto the SAE J1850 bus. After this happens, a TDRE interrupt occurs, indicating to the user that the
next IFR byte should be loaded into the BDLC Data Register. When the last byte to be transmitted is
written to the BDLC Data Register, the user sets the TEOD bit. This causes an EOD symbol to be
transmitted following the last IFR byte.

As with the TSIFR and TMIFR1 bits, the TMIFRO bit must be set before the EOD symbol is received or
it remains cleared and no IFR transmit attempts are made. The TMIFRO bit is cleared after the CRC byte
and EOD are transmitted, if an error is detected on the bus, if a loss of arbitration occurs during the IFR
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transmission or if a transmitter underrun occurs when the user fails to service the TDRE interrupt in a
timely manner. If a loss of arbitration occurs while the Type 3 IFR is being transmitted, transmission halts
immediately and the loss of arbitration is indicated in the BDLC_DLCBSVR register.

NOTE

The TMIFRO bit should not be used to transmit a Type 1 IFR. If a loss of
arbitration occurs on the last bit of a byte being transmitted using the
TMIFRO bit, two extra logic ones are transmitted to ensure that the IFR does
not end on a byte boundary. This can cause an error in a Type 1 IFR.

7.4.7.6 Transmitting An IFR with the BDLC module

While the design of the BDLC module makes the transmission of each type of IFR similar, the steps
necessary for sending each is discussed. Again, a discussion of the bytes making up any particular IFR is
not within the scope of this document. For a more detailed description of the use of IFRs on an SAE J1850
network, refer to the SAE J1850 document.

7.4.7.6.1 Transmitting a Type 1 IFR

To transmit a Type 1 IFR, the user loads the byte to be transmitted into the BDLC Data Register and sets
both the TSIFR bit and the TEOD bit. This directs the BDLC module to attempt transmitting the byte
written to the BDLC Data Register one time, preceded by the appropriate Normalization Bit. If the
transmission is not successful, the byte is discarded and no further transmission attempts are made. For an
illustration of the steps described below, refer to Figure 7-22.

1. Load the IFR byte into the BDLC data register.

The user begins initiation of a Type 1 IFR by loading the desired IFR byte into the BDLC Data
Register. If a byte has already been written into the BDLC Data Register for transmission as a new
message, the user can simply write the IFR byte to the BDLC Data Register, replacing the
previously written byte. This must be done before the first EOD symbol is received.
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EOF, IFR transmit
attempt is completed

Y

Exit Type 1 IFR
( transmit routine )
Figure 7-22. Transmitting A Type 1 IFR

2. Set the TSIFR and TEOD bhits.

The final step in transmitting a Type 1 IFR with the BDLC module is to set the TSIFR and TEOD
bits in BDLC Control Register 2. Setting both bits directs the BDLC module to make one attempt
at transmitting the byte in the BDLC Data Register as an IFR. If the byte is transmitted successfully,
or if an error or loss of arbitration occurs, TEOD and TSIFR are cleared and no further transmit
attempts are made.

7.4.7.6.2 Transmitting a Type 2 IFR

To transmit a Type 2 IFR, the user loads the byte to be transmitted into the BDLC Data Register and sets
the TSIFR bit. After this is done, the BDLC module attempts to transmit the byte in the BDLC Data
Register as a single byte IFR, preceded by the appropriate Normalization Bit. If the first BDLC module
loses arbitration on the first attempt, it makes repeated attempts to transmit this byte until it is successful,
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an error occurs or the user sets the TEOD bit. For an illustration of the steps described below, refer to
Figure 7-23.

1. Load the IFR byte into the BDLC data register.

As with the Type 1 IFR, the user begins initiation of a Type 2 IFR by loading the desired IFR byte
into the BDLC Data Register. If a byte has already been written into the BDLC Data Register for
transmission as a new message, the user can simply write the IFR byte to the BDLC Data Register,
replacing the previously written byte. This must be done before the first EOD symbol is received.

2. Setthe TSIFR bit.

The second step necessary for transmitting a Type 2 IFR is to set the TSIFR bit in BDLC Control
Register 2. Setting this bit directs the BDLC module to attempt to transmit the byte in the BDLC
Data Register as an IFR until it is successful. If the byte is transmitted successfully or if an error or
loss of arbitration occurs, TSIFR is cleared and no further transmit attempts are made.

3. If necessary, set the TEOD bit.

The third step in transmitting a Type 2 IFR is only necessary if the user wishes to halt the
transmission attempts. This may be necessary if the BDLC module’s attempt to transmit the byte
loaded into the BDLC Data Register continually loses arbitration, and the overall message length
approaches the 12-byte limit as defined in SAE J1850.

If it becomes necessary to halt the IFR transmission attempts, the user simply sets the TEOD bit in
BDLC Control Register 2. If the BDLC module is between transmission attempts, it makes one
more attempt to transmit the IFR byte. If it is transmitting the byte when TEOD is set, the BDLC
module continues the transmission until it is successful or it loses arbitration to another transmitter.
At this point, it then discards the byte and make no more transmit attempts.

NOTE

When transmitting a Type 2 IFR, the user should monitor the number of IFR
bytes received to ensure that the overall message length does not exceed the
12-byte limit for the length of SAE J1850 messages. The user should set the
TEOD bit when the 11th byte is received, which prevents the 12-byte limit
from being exceeded.
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Figure 7-23. Transmitting A Type 2 IFR

7.4.7.6.3 Transmitting a Type 3 IFR

Transmitting a Type 3 IFR, with or without a CRC byte, is done in a fashion similar to transmitting a
message frame. The user loads the first byte to be transmitted into the BDLC Data Register and then sets
the appropriate TMIFR bit, depending upon whether a CRC byte is desired. When the last byte is written
to the BDLC Data Register, the TEOD bit is set, and a CRC byte (if desired) and an EOD are then
transmitted. Because the two versions of the Type 3 IFR are transmitted identically, the description that
follows discusses both. For an illustration of the Type 3 IFR transmit sequence, refer to Figure 7-24.
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Figure 7-24. Transmitting A Type 3 IFR
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Load the first IFR byte into the BDLC data register.

The user begins initiation of a Type 3 IFR, as with each of the other IFR types, by loading the
desired IFR byte into the BDLC Data Register. If a byte has already been written into the BDLC
Data Register for transmission as a new message, the user can simply write the first IFR byte to the
BDLC Data Register, replacing the previously written byte. This must be done before the first EOD
symbol is received.

. Set the TMIFR bit.

The second step necessary for transmitting a Type 3 IFR is to set the desired TMIFR bit in BDLC
Control Register 2, depending upon whether or not a CRC is desired. As previously described in
Section 7.4.7.2, “BDLC IFR Transmit Control Bits,” the TMIFR1 bit should be set if the user
requires a CRC byte to be appended following the last byte of the Type 3 IFR, and TMIFRO if no
CRC byte is required.

Setting the TMIFR1 or TMIFRO bit directs the BDLC module to transmit the byte in the BDLC
Data Register as the first byte of a single or multi-byte IFR preceded by the appropriate
Normalization Bit. After this has occurred, the BDLC_DLCBSVR register reflects that the next
byte of the IFR can be written to the BDLC Data Register (TDRE interrupt).

NOTE

The user must set the TMIFR1 or TMIFRO bit before the EOD following the
main part of the message frame is received or no IFR transmit attempts are
made for the current message. If another node does transmit an IFR to this
message or a reception error occurs, the TMIFR1 or TMIFRO bit is cleared.
If not, the IFR is transmitted after the EOD of the next received message.

. When TDRE is indicated, write the next IFR byte into the BDLC data register.

When a TDRE state is reflected in the BDLC_DLCBSVR register, the CPU writes the next IFR
byte to be transmitted into the BDLC Data Register, clearing the TDRE interrupt. This step is
repeated until the last IFR byte to be transmitted is written to the BDLC Data Register.

NOTE

When transmitting a Type 3 IFR, you may write two or three of the bytes to
be transmitted into the BDLC Data Register before the first Rx IFR interrupt
occurs. For this reason, never use receive IFR byte interrupts to control the
sequencing of IFR bytes to be transmitted.

. Write the last IFR byte into the BDLC data register and set TEOD.

After the last IFR byte to be transmitted is written to the BDLC Data Register, the CPU then sets
the TEOD bit in BDLC Control Register 2. After the TEOD bit is set and the last IFR byte written
to the BDLC Data Register is transmitted onto the bus (if the TMIFR1 bit has been set), the BDLC
module begins transmitting the CRC byte, followed by an EOD. If the TMIFRO bit has been set,

the last IFR byte is immediately followed by the transmission of an EOD. Following the EOD, EOF
is recognized and the message is complete.

If a loss of arbitration occurs at any time during the transmission of a Type 3 IFR, the TMIFR bit
is set, and the TEOD bit (if set) is cleared, any IFR byte being transmitted is discarded and the loss
of arbitration state is reflected in the BDLC_DLCBSVR register. Likewise, if an error is detected
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during the transmission of a Type 3 IFR the IFR control bits are cleared, the byte being transmitted
is discarded, and the BDLC_DLCBSVR register reflects the detected error.

If the Type 3 IFR being transmitted is made up of a single byte, the appropriate TMIFR bit and the
TEOD bit can be set at the same time. The BDLC module then treats that byte as the first and last
IFR byte to be sent.

7.4.7.7 Transmitting IFR Exceptions

This basic IFR transmitting flow can be interrupted for the same reasons as a normal message transmission.
The IFR transmit process can be adversely affected due to a loss of arbitration, an Invalid or Out of Range
Symbol, or due to a transmitter underrun caused by the CPU failing to service a TDRE interrupt in a timely
fashion. For a description of how these exceptions can affect the IFR transmit process, refer to

Section 7.4.5.2, “Transmitting Exceptions.”

7.4.8 Receiving An In-Frame Response (IFR)

Receiving an In-Frame Response with the BDLC module is similar to receiving a message frame. As each
byte of an IFR is received, the BDLC_DLCBSVR register indicates this to the CPU. An EOF indication
in the BDLC_DLCBSVR register indicates that the IFR (and message) is complete. Also, the IMSG bit
can also be used to command the BDLC module to mask any further network activity from the CPU,
including IFR bytes being received, until the next valid SOF is received.

NOTE

As with a message transmission, the IMSG bit should never be used to
ignore the BDLC module’s own IFR transmissions. This is again due to the
BDLC_DLCBSVR register bits being inhibited from updating until IMSG
is cleared, preventing the CPU from detecting any IFR-related state changes
that may be of interest.

7.4.8.1 Receiving an IFR with the BDLC Module

Receiving an IFR from the SAE J1850 bus requires the same procedure that receiving a message does,
except that as each byte is received the Received IFR Byte (RxIFR) state is indicated in the
BDLC_DLCBSVR register. All other actions are the same. For an illustration of the steps described below,
refer to Figure 7-25.

1. When RxIFR Interrupt occurs, retrieve IFR byte.

When the first byte of an IFR following a valid EOD symbol is received that byte is placed in the
BDLC Data Register, and an RxIFR state is reflected in the BDLC_DLCBSVR register. No
indication of the EOD reception in made because the RxIFR state indicates that the main portion
of the message has ended and the IFR portion has begun.
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Figure 7-25. Receiving An IFR with the BDLC Module
The RxIFR interrupt is cleared when the received IFR byte is read from the BDLC Data Register.
After this is done, no further CPU intervention is necessary until the next IFR byte is received, and
this step is repeated. As with a message reception, all bytes of the IFR, including the CRC byte, are
placed into the BDLC Data Register as they are received for the CPU to retrieve.
2. When an EOF is received, the IFR (and Message) is complete.
After all IFR bytes (including the possible CRC byte) have been received from the bus, the bus is
idle again for a time period equal to an EOD symbol. Following this, the BDLC module determines
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whether or not the last byte of the IFR is a CRC byte, and if so verify that the CRC byte is correct.
If the CRC byte is not correct, this is reflected in the BDLC_DLCBSVR register.

After an additional period of time, the EOD symbol transitions into an EOF symbol. When the EOF
isreceived, itis reflected in BDLC_DLCBSVR, indicating to the user that the IFR and the message
is complete.

7.4.8.2 Receiving IFR Exceptions

This basic IFR receiving flow can be interrupted for the same reasons as a normal message reception. The
IFR receiving process can be adversely affected due to a CRC error, an Invalid or Out of Range Symbol
or due to a receiver overrun caused by the CPU failing to service an RxIFR interrupt in a timely fashion.
For a description of how these exceptions can affect the IFR receiving process, refer to Section 7.4.6.4,
“Receiving Exceptions.”

7.4.9 Special BDLC Module Operations

There are a few special operations that the BDLC module can perform. What follows is a brief description
of each of these functions and when they might be used.

7.49.1 Transmitting Or Receiving A Block Mode Message

The BDLC module, because it handles each message on a byte-by-byte basis, has the inherent capability
of handling messages any number of bytes in length. While during normal operation this requires the user
to carefully monitor message lengths to ensure compliance with SAE J1850 message limits, often in a
production or diagnostic environment messages that exceed the SAE J1850 limits can be beneficial. This
is especially true when large amounts of configuration data need to be downloaded over the SAE J1850
network.

Because of the BDLC module’s architecture, it can both transmit and receive messages of unlimited
length. The CRC calculations for transmitting and receiving are not limited to eight bytes, but are instead
calculated and verified using all bytes in the message, regardless of the number. All control bits, including
TEOD and IMSG, also work in an identical manner, regardless of the length of the message.

To transmit or receive these block mode messages, no extra BDLC module control functions must be
performed. The user simply transmits or receives as many bytes as desired in one message frame, and the
BDLC module operates as if a message of normal length was being used.
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Figure 7-26. Basic BDLC Module Transmit Flowchart
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7.4.9.2 Transmitting Or Receiving A Message In 4X Mode

In a diagnostic or production environment large amounts of data may need to be downloaded across the
network to a component or module. This data is often sent in a large block mode message (see above) that
violates the SAE J1850 limit for message length. To speed up the downloading of these large blocks of
data, they are sometimes transmitted at four times (4X) the normal bit rate for the Variable Pulse Width
modulation version of SAE J1850. This higher speed transmission, nominally 41.6 kbit/s, allows these
large blocks to be transmitted much more quickly.

The BDLC module is designed to receive and transmit messages at this higher speed. By setting the 4XE
bit in BDLC Control Register 2, the user can command the BDLC module to transmit and receive any
message over the network at a 4X rate.

If the BDLC module is placed in this 4X mode, messages transmitted at the normal bit rate are not received
correctly. Likewise, 4X messages transmitted on the SAE J1850 bus when the BDLC module is in normal
mode are interpreted as noise on the network by the BDLC module. For more information on the 4XE bit,
refer to Section 7.4.4.1.5, “4X Mode.”

7.5 Initialization Information

To initialize the BDLC module, the user should first write the desired data to the configuration bits. The
BDLC module should then be taken out of digital and analog loopback mode and enabled. Exiting from
loopback mode entails change of state indications in the BDLC_DLCBSVR register that must be dealt
with. After this is complete, CPU interrupts can be enabled (if desired), and then the BDLC module is
capable of SAE J1850 serial network communication. For an illustration of the sequence necessary for
initializing the BDLC module, refer to Figure 7-27.

7.5.1 Initializing the Configuration Bits

The first step necessary for initializing the BDLC module following an MCU reset is to write the desired
values to each of the BDLC module control registers. This is best done by storing predetermined
initialization values directly into these registers. The following description outlines a basic flow for
initializing the BDLC module. This basic flow does not detail more elaborate initialization routines, such
as performing digital and analog loopback tests before enabling the BDLC module for SAE J1850
communication. However, from the following descriptions and the BDLC module specification, the user
should be able to develop routines for performing various diagnostic procedures such as loopback tests.

1. Initialize the BDLC_DLCBARD register.

Begin initialization of the configuration bits by writing the desired analog transceiver
configuration data into the BDLC_DLCBARD register. Following this write to the
BDLC_DLCBARD register, all of these bits become read only.

2. Initialize BDLC Baud Rate Select Register.

The next step in BDLC module initialization is to write the desired bus clock divisor minus one
into the BDLC Baud Rate Select Register. The divisor should be chosen to generate a 1 MHz or
1.048576 MHz MUX interface clock (fqc). Following this write to BDLC Baud Rate Select
Register, all of these bits become read only.

3. Initialize BDLC Control Register 2.
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The next step in BDLC module initialization should be writing the configuration bits into the
BDLC Control Register 2 register. This initialization description assumes the BDLC module is put
into normal mode (not 4X mode), and that the BDLC module should not yet exit digital or analog
loopback mode. Therefore, this step should write SMRST and DLOOP as logic ones, 4XE as a
logic zero, write NBFS to the desired level, and write TEOD, TSIFR, TMIFR1, and TMIFRO as
logic zeros. These last four bits MUST be written as logic zeros to prevent undesired operation of
the BDLC module.

4. Initialize the BDLC_DLCBCRL1 register.

The next step in BDLC module initialization is to write the configuration bits in the
BDLC_DLCBCRL1 register. The CLKS bit should be written to its desired values at this time,
following which it becomes read-only. The IE bit should be written as a logic zero at this time so
BDLC module interrupts of the CPU remain masked for the time being. The IMSG bit should be
written as a logic one to prevent any receive events from setting the BDLC_DLCBSVR register
until a valid SOF (or BREAK) symbol has been received by the BDLC module.

7.5.2 Exiting Loopback Mode and Enabling the BDLC Module

After the configuration bits have been written to the desired values, the BDLC module should be taken out
of loopback and connected to the SAE J1850 bus. This is done by clearing the DLOOP bit and then setting
the BDLCE bit in the BDLC Control Register.

1. Perform Loopback Tests (optional)

After the BDLC module is configured for desired operation, the user may wish to perform digital
and/or analog loopback tests to determine the integrity of the link to the SAE J1850 network. This
would involve leaving the DLOOP bit (BDLC Control Register 2) set, setting the BDLCE bit,
preforming the desired loopback tests and finally exiting digital loopback mode by clearing
DLOORP in the BDLC Control Register 2.

2. Exit Loopback Mode and Enable the BDLC Module

If loopback mode tests are not to be preformed the BDLC module can be removed from digital
loopback mode by clearing the DLOOP bit. The BDLC module can then be enabled by setting the
BDLCE bit in the BDLC Control Register.

After DLOORP is cleared and BDLCE is set, the BDLC module is ready for SAE J1850 communication.
However, to ensure that the BDLC module does not attempt to receive a message already in progress or to
transmit a message while another device is transmitting, the BDLC module must first observe an EOF
symbol on the bus before the receiver is activated. To activate the transmitter, the BDLC module needs to
observe an Inter-Frame Separator symbol.

7.5.3 Enabling BDLC Interrupts
The final step in readying the BDLC module for proper communication is to clear any pending interrupt
sources and then, if desired, enable BDLC module interrupts of the CPU.

1. Clear Pending BDLC Interrupts

To ensure that the BDLC module does not immediately generate a CPU interrupt when interrupts
are enabled, the user should read the BDLC_DLCBSVR register to determine if any BDLC module
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interrupt sources are pending before setting the IE bit in the BDLC Control Register 1. If
BDLC_DLCBSVR =0, no interrupts are pending and the user is free to enable BDLC interrupts,
if desired.

If BDLC_DLCBSVR indicates that an interrupt is pending, the user should perform whatever
actions are necessary to clear the interrupt source before enabling the interrupts. Whether any
interrupts are pending depends primarily upon how much time passes between the exit from
loopback modes and enabling the BDLC module and the enabling of interrupts. It is a good practice
to always clear any source of interrupts before enabling interrupts on any MCU subsystem.

If any interrupts are pending (BDLC_DLCBSVR not 0), then each interrupt source should be dealt
with accordingly. After all of the interrupt sources have been dealt with, BDLC_DLCBSVR should
read O, and the user is then free to enable BDLC interrupts.

2. Enable BDLC Interrupts
The last step in initializing the BDLC module is to enable interrupts to the CPU, if so desired. This
is done by simply setting the IE bit in the BDLC_DLCBCRLI register. Following this, the BDLC
module is ready for operating in interrupt mode. If the user chooses not to enable interrupts,
BDLC_DLCBSVR must be polled periodically to ensure that state changes in the BDLC module
are detected and dealt with appropriately.
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Figure 7-27. Basic BDLC Module initialization Flowchart

MPC5121e Microcontroller Reference Manual, Rev. 4

7-62 Freescale Semiconductor



Chapter 8
Clock Frequency Measurement (CFM)

8.1 Introduction

8.1.1 Overview

The Clock Frequency Measurement (CFM) module is used to measure the frequency of the multiplexed
input clocks of MPC5121e in a digital way. The module measures the frequency of the input clock as a
function of the frequency of the system clock (IPG_CLK) and stores the result in the Frequency
Measurement Result Register (FMS). Figure 8-1 provides the block diagram of the CFM. The frequency
measurement circuit calculates the relationship between the IPG_CLK and the clocks to be measured
(Input_clk as shown in Figure 8-1, selected from one of CLK_IN[1:4]). The measured result is stored in
the Frequency Measurement Register (FMS). The Frequency Measurement Configuration Register (FPC)
controls the clock selection logic and provides parameters for the frequency measurement circuit. All
registers can be accessed via the IPS bus.

IPG_CLK >

CLK INL 5 Frequency
- Measurement
CLK_IN2 ——»| | Input_clk Circuit
>
CLK IN3 —>
CLK_IN4 —> A
Y
Config Register FregMeas Register

A

IPSBus ¢ Y
Figure 8-1. Diagram of the CFM

A
Y

\J

8.1.2 Features

* 4-channel frequency measurement of externally received slave clocks

» Supports a sufficient measurement of audio waveform frequency range (64*Audio_Sample, The
Audio_Sample ranged in 32 kHz, 44.1 kHz, 48 kHz, 64 kHz, 88.2 kHz, and 96 kHz)

» Accuracy of measurement: the result with no more than 1e-4 relative error can be get after le7
IPG_CLK cycles measurement time.

« The gain! value configurable to adjust the measurement result to fill a 32-bit register
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Clock Frequency Measurement (CFM)

8.2 Memory Map and Register Definition

8.2.1 Memory Map
Table 8-1 displays the CFM memory-mapped 32-bit registers, described in Register Descriptions. The
bit 0 is MSB, bit 31 is LSB.

Table 8-1. CFM Registers Memory Map

Offset from
CFM_BASE Register Access

(0xFF40_2200)*

2| Reset Value® | Section/Page

0x00 Frequency Measurement Configuration Register (FPC) R/W | 0x0000_0000 | 8.2.2.1/8-3
0x04 Reserved
0x08 Frequency Measurement Result Register (FMS) | R | 0x0000_0000 8.2.2.2/8-4

0x0C — OxFF Reserved
1 Default absolute offset with IMMRBAR at default location of 0xFF40_0000. See Chapter 2, “System Configuration and Memory
Map (XLBMEN + Mem Map).”

2 In this column, R/W = Read/Write, R = Read-only, and W = Write-only.
3 In this column, the symbol “U” indicates one or more bits in a byte are undefined at reset. See the associated description for more

information.

1. The gain value can be used to adjust the result of frequency measure. The frequency measure result is a ratio between the
frequency of measured clock and IPG_CLK and is stored in a 32-bit register. A suitable gain value can make the result close

to a 32-bit value.
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Clock Frequency Measurement (CFM)

8.2.2 Register Descriptions

8.2.2.1 PhaseConfig Register

The PhaseConfig is R/W register, which includes the information of coef(gain) selection and clock source
selection for frequency measurement as follows.

Address: Base + 0x00 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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

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

CoefSel CIkSrc_Sel

Reset O 0 0 0 0 0 0 0 0 0 0 0 ‘ 0 0 0 0
Figure 8-2. PhaseConfig Register

Table 8-2. PhaseConfig field descriptions

Field Description

CoefSel This is the gain value for measurement result. To make the measurement result more close to a 32-bit value.
For instance, a smaller value could be selected responding to a lower frequency of measured clock.

COEF selection:

000 24

001 16

010 12

011 8

100 6

101 4

Others: 3

ClkSrc_Sel |Clock source selection:
000 CLK_IN1

001 CLK_IN2

010 CLK_IN3

011 CLK_IN4
Others: Reserved

Totally 4 clock sources can be selected to be measured: CLK_IN1-CLK_IN4(reference to Figure 8-1). All of
them come from clock module.

For the detail of these 4 clock sources, please reference Section 5.3.1.21, “CFM Clock Control Register
(CCCR) register description in Clocks and Low-Power Modes Chapter.
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Clock Frequency Measurement (CFM)

8.2.2.2 Frequency Measurement Result Register (FMS)

The Frequency Measurement Result Register (FMS) is used to save the result of frequency measurement
of the input clock source. It is read only.

Address: Base + 0x08 Access: User read-only
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R FreqMeas
we | [ ] [ [ ] [ ] [ [ ]

R FreqgMeas

w | | [ 1 [ [ [ [ | [ [ |

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-3. Frequency Measurement Result Register (FMS)

Table 8-3. FMS field descriptions

Field Description

FregMeas The result of frequency measurement. It's a frequency ratio between measured clock and IPG_CLK:
Freqmeas_CLK/IPG_CLK x (2**28) x COEF
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Clock Frequency Measurement (CFM)

8.3  Functional Description
The diagram of frequency measurement is shown in Figure 8-1.

Associated with it, are 2 registers, PhaseConfig and FMS. The GAIN (Coef) is programmable by CPU
writing the CoefSel bits field of the register PhaseConfig. This register is also responsible for the testing
clock selection, CLK_IN1~CLK _IN4. The FMS register is used to save the measurement result in 32-bit
and it can be read by CPU through bus.

The circuit measures the frequency of the incoming clock Freqmeas_CLK (muxed from clk_inl1~clk _in4)
as a function of the IPG_CLK, as follows.

Freqgmeas_CLK = FregMeas[31:0] x IPG_CLK x ((2**28) * COEF) -- -- -- -- -- (1)
The circuit is a second-order filter. The output is a value represented by an unsigned number stored in the
32-bit FreqMeas register, giving the ratio of testing clock frequency vs bus clock frequency. In the circuit,
the frequency measure value shrinks to certain values after enough waiting period. Therefore, after

configuration, it needs a certain period (generally 6 million IPG_CLK cycles) before reading the FMS
register to get an accurate result. A more accurate result is generated with more time.

8.4  Application Example
Here is an example for application. If the CLK _IN2 need to be FreqMeased, and COEF is selected as 8,
the steps are as following.

1. Write the register PhaseConfig as 32’h0000_0019.

2. Wait for 1e7 IPG_CLK cycles, then read the register FreqMeas to get the result no more than
100ppm(ppm means le-6) relative error.

3. Use formula (1) to get the actual frequency of CLK_IN2.

If another clock need to be measured, repeat step 1 — 3.
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Chapter 9
CPU e300 Core Power Architecture

9.1 Introduction

The following sections are contained in this chapter:
» e300c4 Processor Core Functional Overview
» e300c4 Core Reference Manual
» Unsupported e300c4 Core Features

9.2 e300c4 Processor Core Functional Overview

The module integrates a e300c4 processor core, which is based on and compatible with the 603e Power
Architecture-compliant microprocessor. The e300c4 core is completely embedded, as its address, data,
and control signals are not externally visible. The e300c4 core has the following features:

» e300 Power Architecture Core
» Dual Issue, superscalar architecture
» 32 KB instruction cache, 32 KB data cache
* Double precision FPU
* Instruction and data MMU
* Power management modes:
— Nap
— Doze
— Sleep
» Standard and critical interrupt capability

For additional information on the capabilities and features of the e300c4 core, refer to e300 user
documentation.

After power-on or hard reset, initial boot instructions are fetched from the LocalPlus bus, with CSO0 active,
or from page 0 of NAND flash. To facilitate high speed execution, boot code is typically copied from a
flash or ROM device to SDRAM. The e300c4 core can execute code from the on-chip SRAM.
The €300c4 core has memory mapped access to all resources, including:

» All on-chip programming registers

* External SDRAM

* Internal SRAM

» PClI-controlled address space
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CPU e300 Core Power Architecture
» External disk drive control register space (via PIO mode), etc.

Bursting is supported on the Coherent Systems Bus (CSB). Critical word first protocol is employed when
the e300c4 core attempts to fill its address and data caches. The ID values for the MPC5121e are shown

in Table 9-1.
Table 9-1. ID Values for the MPC5121e
M36P Mask Set
PVR 0x8086_2010
MPC5121e SVR 0x8018_0020
MPC5123 SVR 0x8018_0030
PCI Device ID 0x580C
PCI Vendor ID 0x1957
JTAG ID Code 0x1540_A01D

9.3 e300c4 Core Reference Manual

A complete specification for the e300c4 core implementation used on the module is obtained through a
collection of documentation.

» Power Architecture Microprocessor Family: The Programming Environments for 32-bit
Microprocessors, Rev. 2: MPCFPE32B/AD

» e300 Power Architecture Core Family Reference Manual, Rev. 4

The programming environments manual provides information about resources defined by the Power
Architecture architecture common to Power Architecture processors. Implementation variances relative to
Rev. 4 of the Programming Environments Manual are available in the e300 Core Reference Manual.

The e300 Power Architecture Core Family Reference Manual can be obtained from the Freescale
Literature Distribution center at http://www.freescale.com.

9.4 Unsupported e300c4 Core Features

9.4.1 Instructions

Two Power Architecture instructions are not supported by the module. These two instructions are eciwx
and ecowx. The execution of both instructions generates a TEA signal on the CSB. This causes a machine
check exception or a checkstop.

9.4.2 CSB Parity

Enabling of the address or data parity error check by setting the HIDO[EBA, EBD] bits generates a
machine check exception or a checkstop depending on the HIDO[EMCP] bit.
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Chapter 10
CSB Arbiter and Bus Monitor

10.1 Introduction

This chapter describes the Coherent Systems Bus (CSB) arbiter in the MPC5121e device. In addition, it
describes the configuration, control, and status registers of the arbiter.

The CSB arbiter is responsible for providing coherent system bus arbitration. It tracks all the address and
data tenures, and provides all the arbitration signals to masters and slaves. In addition, it monitors the bus
and reports on errors and protocol violations.

10.1.1 Features

The CSB arbiter includes the following features:
» Supports a programmable pipeline depth (from 1 to 4)
» Supports four levels of priority for bus arbitration

e Supports repeat request mode: number of programmable consecutive transactions from the same
master (as many as eight transactions)

» Supports data streaming operations

» Supports programmable address bus parking mode: disable, park to last bus owner, park to s/w
selected master

» Claims address only, reserved, and illegal transaction types, report on it and can raise maskable
interrupt

* Provides timers for address tenure time-out and data tenure time-out detection and can issue
maskable interrupt, if any timer expired

* Reports on transfer error and can issue maskable interrupt
» Can issue regular or machine check interrupt for each type of error event (programmable)

10.1.1.1 Coherent System Bus Overview

Coherent system bus is the central bus. Any data transaction from master to slave in the device passes
through the coherent system bus. The coherent system bus supports pipelined transactions. It has
independent address and data tenures. Pipeline depth determines the number of address tenures that can be
started before the first data tenure is finished.

Basic burst size is equal to cache line length, which is 32 bytes. Using repeat request mode enables as many
as eight consecutive bursts to be executed by the same master. The maximum number of consecutive
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transactions can be limited by programming the Arbiter Configuration Register (See Section 10.2.1.1,
“Arbiter Configuration Register (ACR),” for more details).
10.2 Memory Map/Register Definition

Table 10-1 shows the memory map for arbiter’s configuration, control and status registers.
Table 10-1. Arbiter memory map

Offset from
ARB_BASE Register Access?| Reset Value® | Section/Page
(0OXFF40_0D00)*

0x00 ACR—Arbiter Configuration Register R/W | OxOUUO_0000 | 10.2.1.1/10-2
0x04 ATR—Arbiter Timers Register R/W | OXFFFF_FFFF | 10.2.1.2/10-4
0x08 ATER—Arbiter Transfer Error Register R/W | 0x0000_003F | 10.2.1.3/10-5
0x0C AER—Arbiter Event Register R/W | 0x0000_0000 | 10.2.1.4/10-6
0x10 AIDR—Arbiter Interrupt Definition Register R/W | 0x0000_0000 | 10.2.1.5/10-7
0x14 AMR—Arbiter Mask Register R/W | 0x0000_0000 | 10.2.1.6/10-8
0x18 AEATR—Arbiter Event Attributes Register R 0x0000_0000 | 10.2.1.7/10-9
0x1C AEADR—Arbiter Event Address Register R 0x0000_0000 | 10.2.1.8/10-11
0x20 AERR—Arbiter Event Response Register R/W | 0x0000_0000 | 10.2.1.9/10-12

0x24—0xFF Reserved

Default absolute offset with IMMRBAR at default location of 0xFF40_0000. See Chapter 2, “System Configuration and Memory
Map (XLBMEN + Mem Map).

2 In this column, R/W = Read/Write, R = Read-only, and W = Write-only.

In this column, the symbol “U” indicates one or more bits in a byte are undefined at reset. See the associated description for
more information.

10.2.1 Register Descriptions

10.2.1.1  Arbiter Configuration Register (ACR)

The Arbiter Configuration Register (ACR) defines the arbiter modes and parked master on the bus.
Figure 10-1 shows the fields of ACR.
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Address Base + 0x00 Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 |DTO_|ATO_|CORE| O 0 0 0
w ois | bis | Dis AACKWS PIPE_DEP
Reset O 0 0 0 0 0 0 ut 0 0 vt Ut 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 W
PCI_RPTCNT RPTCNT APARK PARKM
W - PARK
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-1. Arbiter Configuration Register (ACR)

1 The reset values of COREDIS and AACKWS are determined from the reset configuration word.

Table 10-2. ACR field descriptions

Field

Description

DTO_DIS

Data time out detection disable.
0 Do not stop the DTO counter and do not prevent data time out detection.
1 Stop the DTO counter and prevent data time out detection.

ATO_DIS

Address time out detection disable.
0 Do not stop the ATO counter and do not prevent address time out detection.
1 Stop the ATO counter and prevent address time out detection.

COREDIS

This bit must always be cleared (set to 0).

AACKWS

Reserved. Write should preserve reset value.

Address acknowledge wait states. Specifies minimum number of address tenure wait states. This is the
minimum delay between assertion of TS and assertion of AACK.

00 AACK is asserted minimum 1 cycle after TS

01 AACK is asserted minimum 2 cycles after TS

10 AACK is asserted minimum 3 cycles after TS

11 AACK is asserted minimum 4 cycles after TS

Note: 00 option can be used only if the processor is not operating in 1:1 or 3:2 bus clock ratios

PIPE_DEP

Pipeline depth (number of outstanding transactions).
000 Pipeline depth 1 (1 outstanding transaction)
001 Pipeline depth 2 (2 outstanding transactions)
010 Pipeline depth 3 (3 outstanding transactions)
011 Pipeline depth 4 (4 outstanding transactions)
Others Reserved

PCI_RPTCNT

PCI/PCI DMA repeat count.Specifies the maximum number of consecutive transactions, that PCI/PCI DMA
master can perform, using REPEAT request mode.

000 1 consecutive transaction (REPEAT request mode disable)

001 2 consecutive transactions

010 3 consecutive transactions

011 4 consecutive transactions

100 5 consecutive transactions

101 6 consecutive transactions

110 7 consecutive transactions

111 8 consecutive transactions
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Table 10-2. ACR field descriptions (Continued)

Field

Description

RPTCNT

Repeat count. Specifies the maximum number of consecutive transactions, that any master (except PCI/PCI
DMA) can perform, using REPEAT request mode.

000 1 consecutive transactions (REPEAT request mode disable)

001 2 consecutive transactions

010 3 consecutive transactions

011 4 consecutive transactions

100 5 consecutive transactions

101 6 consecutive transactions

110 7 consecutive transactions

111 8 consecutive transactions

Note: It is recommended not to program this field for more than 4 consecutive transactions.

WPARK

WOP Parking. Specifies, whether bus is parked to CPU on WOP cycle (cycle after ARTRY assertion).
0 Parkto CPU
1 Do not park bus to any master at WOP cycle

APARK

Address parking. Specifies arbiter bus parking mode.

00 Park to master. Arbiter parks the address bus to the master, that is selected by numeric value of PARKM
field.

01 Park to last owner. Arbiter parks the address bus to last bus owner.

10 Disable. Arbiter does not assert BG to any master, if no BR is present.

11 Reserved

PARKM

Parking master.

0000 Power Architecture Core
0001 PCI/PCI DMA
0010 SAP

0011-1111 Reserved

10.2.1.2 Arbiter Timers Register (ATR)

Arbiter timers register (ATR) defines the arbiter address time out (ATO), data time out (DTO) timer’s
values. Figure 10-2 shows the fields of ATR.

Address: Base + 0x04 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R
DTO
W
Reset 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
ATO
w
Reset 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1

Figure 10-2. Arbiter Timers Register (ATR)
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Table 10-3. ATR field descriptions

Field Description

DTO Data time out. Specifies the time-out period for the data tenure. The granularity of this field is 128 bus clocks.
The maximum value is 8388480 coherent system bus clocks. Data time_out occurs, if the data tenure was not
ended before the specified time-out period timer expires between the assertion of DBB until the assertion of
last TA. When DTO = n, the timeout cycle is n x 128.
0x0000 Reserved
0x0001 128 clock cycles
0x0002 256 clock cycles
0x0003 384 clock cycles
OXFFFF 8388480 clock cycles

ATO Address time out. Specifies the time-out period for the address tenure. The granularity of this field is 128 bus
clocks. Maximum value is 8388480 coherent system bus clocks. Address time-out occurs, if thiaddress
tenure was not ended before the specified time-out period timer expires between assertion of TS signal until
the assertion of AACK signal. When ATO = n, the timeout cycle is n x 128.
0x0000 Reserved
0x0001 128 clock cycles
0x0002 256 clock cycles
0x0003 384 clock cycles
OXFFFF 8388480 clock cycles

10.2.1.3 Arbiter Transfer Error Register (ATER)

The Arbiter Transfer Error Register (ATER) allows defining an event as a non-error event. If an event is
defined as a non-error event, an occurrence of the event is not reported in either the Arbiter Event register
(AER) or the event attributes and address register. For transfer types that are not defined as error events,
the arbiter also does not end address/data tenures. Figure 10-3 shows the fields of ATER.

Address: Base + 0x08

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0
\W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0
W ETEA| RES | ECW | AO | DTO | ATO
Reset O 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1

Figure 10-3. Arbiter Transfer Error Register (ATER)
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Table 10-4. ATER field descriptions

Field

Description

ETEA

External TEA. Specifies whether the assertion of the TEA signal by one of the slaves is reported in arbiter
event registers.
0 Assertion of TEA signal by one of the slaves is not reported in arbiter event registers.

1 Assertion of TEA signal by one of the slaves is reported in arbiter event registers.

RES

Reserved transfer type. Specifies whether a transaction with a reserved transfer type is reported in arbiter
event registers.
0 Reserved transaction is not reported in arbiter event registers.

1 Reserved transaction is reported in arbiter event registers.

ECW

External Control Word transfer type. Specifies whether a transaction with an external control word transfer
type is reported in arbiter event registers.
0 External control word read/write transaction is not reported in arbiter event registers.

1 External control word read/write transaction is reported in arbiter event registers.

AO

Address Only transfer type. Specifies whether a transaction with address only transfer type is reported in
arbiter event registers.
0 Address only transaction is not reported in arbiter event registers.

1 Address only transaction is reported in arbiter event registers.

DTO

Data Time Out. Specifies whether data tenure time out is reported in arbiter event registers.
0 Data time out is not reported in arbiter event registers.

1 Datatime out is reported in arbiter event registers.

ATO

Address Time Out. Specifies whether address tenure time out is reported in arbiter event registers.
0 Address time out is not reported in arbiter event registers.
1 Address time out is reported in arbiter event registers.

10.2.1.4

Arbiter Event Register (AER)

The Arbiter Event Register (AER) reports erroneous transactions. Bits in this register are cleared by
writing logic 1’s to the bit locations in the register. Figure 10-4 shows the fields of AER.

Address: Base + 0x0C

Access: User read/write

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

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

R O 0 0 0 0 0 0 0 0 0 |ETEA| RES |[ECW | AO | DTO | ATO

W wlc | wlc | wlc | wlc | wic | wlc
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-4. Arbiter Event Register (AER)
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Table 10-5. AER field descriptions

Field

Description

ETEA

Transfer error. External TEA. Reports on detection of transfer error assertion of TEA signal by one of the
slaves.

0 No transfer error detected TEA signal is not asserted by one of the slaves.

1 Transfer error detected TEA signal is asserted by one of the slaves.

RES

Reserved transfer type. Reports on transaction with reserved transfer type. See Section 10.3.2.5, “Reserved
Transaction Type,” for more information.

0 No transaction with reserved transfer type occurred.

1 Transaction with reserved transfer type occurred.

ECW

External control word transfer type. Reports on transaction with external control word transfer type. See
Section 10.3.2.6, “lllegal (ECIWX/ECOWX) Transaction Type,” for more information.

0 No transaction with external control word transfer type occurred.

1 Transaction with external control word transfer type occurred.

AO

Address Only transfer type. Reports on transaction with address only transfer type. See Section 10.3.2.4,
“Address-Only Transaction Type,” for more information.

0 No transaction with address only transfer type occurred.

1 Transaction with address only transfer type occurred.

DTO

Data time out. Reports on data tenure time out.
0 Data time out timer is not expired.
1 Data time out timer is expired.

ATO

Address time out. Reports on address tenure time out.
0 Address time out timer is not expired.
1 Address time out timer is expired.

10.2.1.5 Arbiter Interrupt Definition Register (AIDR)

The Arbiter Interrupt Definition Register (AIDR) determines the interrupt that responds to different error
conditions. Setting a bit defines the corresponding interrupt as an MCP interrupt; clearing a bit defines the
corresponding interrupt as a regular interrupt. Figure 10-5 shows the fields of AIDR.

Address: Base + 0x10 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R O 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R O 0 0 0 0 0 0 0 0 0
W ETEA| RES | ECW | AO | DTO | ATO
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-5. Arbiter Interrupt Definition Register (AIDR)
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Table 10-6. AIDR field descriptions

Field

Description

ETEA

Transfer error. External TEA. Detection of transfer error assertion of TEA signal by one of the slaves interrupt
definition.

0 Detection of transfer error assertion of TEA signal by one of the slaves causes a regular interrupt.

1 Detection of transfer error assertion of TEA signal by one of the slaves causes an MCP interrupt.

RES

Reserved transfer type. Transaction with reserved transfer type interrupt definition.
0 Transaction with reserved transfer type causes a regular interrupt.
1 Transaction with reserved transfer type causes an MCP interrupt.

ECW

External control word transfer type. Transaction with external control word transfer type interrupt definition.
0 Transaction with external control word transfer type causes a regular interrupt.
1 Transaction with external control word transfer type causes an MCP interrupt.

AO

Address only transfer type. Transaction with address only transfer type interrupt definition.
0 Transaction with address only transfer type causes a regular interrupt.
1 Transaction with address only transfer type causes an MCP interrupt.

DTO

Data time out. Data tenure time out interrupt definition.
0 Data tenure time out causes a regular interrupt.
1 Data tenure time out causes an MCP interrupt.

ATO

Address time out. Address tenure time out interrupt definition.
0 Address tenure time out causes a regular interrupt.
1 Address tenure time out causes an MCP interrupt.

10.2.1.6  Arbiter Mask Register (AMR)

The Arbiter Mask Register (AMR) is used to mask interrupts or reset requests. Setting a mask bit enables
the corresponding interrupt or reset request; clearing a bit masks it. Regular interrupts, MCP interrupts,
and reset requests can be masked by AMR. Figure 10-6 shows the fields of AMR.

Address: Base + 0x0014 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0
W ETEA| RES |ECW | AO | DTO | ATO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-6. Arbiter Mask Register (AMR)
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Table 10-7. AMR field descriptions

Field

Description

ETEA

Transfer error. External TEA. Detection of transfer error assertion of TEA signal by one of the slaves interrupt
mask bit.

0 Detection of transfer error assertion of TEA signal by one of the slaves interrupt is disabled.

1 Detection of transfer error assertion of TEA signal by one of the slaves interrupt is enabled.

RES

Reserved transfer type.Transaction with reserved transfer type interrupt mask bit.
0 Transaction with reserved transfer type interrupt is disabled.
1 Transaction with reserved transfer type interrupt is enabled.

ECW

External control word transfer type.Transaction with external control word transfer type interrupt mask bit.
0 Transaction with external control word transfer type interrupt is disabled.
1 Transaction with external control word transfer type interrupt is enabled.

AO

Address only transfer type. Transaction with address only transfer type interrupt mask bit.
0 Transaction with address only transfer type interrupt is disabled.
1 Transaction with address only transfer type interrupt is enabled.

DTO

Data time out. Data tenure time out interrupt mask bit.
0 Data tenure time out interrupt is disabled.
1 Data tenure time out interrupt is enabled.

ATO

Address time out. Address tenure time out interrupt mask bit.
0 Address tenure time out interrupt is disabled.
1 Address tenure time out interrupt is enabled.

10.2.1.7 Arbiter Event Attributes Register (AEATR)

The Arbiter Event Attributes Register (AEATR) reports the type of transaction that caused the error that
is specified in the Arbiter Event Register (AER). See Section 10.2.1.4, “Arbiter Event Register (AER),”
for more information. AEATR is cleared only by power-on reset. The attributes of the first error event are
stored. As AEATR is not affected by soft or hard reset, software can read this register and determine the
cause of the bus failure, even if the bus is stalled. Figure 10-7 shows the fields of AEATR.

Address: Base + 0x0018 Access: User read-only
0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
Rl O 0 0 EVENT 0 0 0 MSTR_ID
w [ ] [ [ ]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
Rl O 0 0 0 |TBST TSIZE 0 0 0 TTYPE
w [ ] [ [ ]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 10-7. Arbiter Event Attributes Register (AEATR)
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Table 10-8. AEATR field descriptions

Field Description

EVENT Event type.

000 Address time out.

001 Data time out.

010 Address only transfer type.

011 External control word transfer type.
100 Reserved transfer type.

101 Transfer error External TEA.

11x Reserved

MSTR_ID Master ID.

00000 Power Architecture core data transaction.
00010 Power Architecture core instruction fetch.
01010 JTAG

01011 Reserved

01101 PCI

01111 PCI DMA

Others Reserved

Note: Master ID reflects the source of the transaction and is used for debug purposes.

TBST Transfer burst.
0 Transfer size is 8 bytes or smaller.
1 Transfer size is larger than 8 bytes.

TSIZE Transfer Size. Transfer size encoding depends on the value of TBST.
TBST=0
TSIZE Transfer size TSIZE Transfer size
000 8 bytes 100 4 bytes
001 1 byte 101 5 bytes
010 2 bytes 110 6 bytes
011 3 bytes 111 7 bytes
TBST=1
TSIZE Transfer size TSIZE Transfer size
000 16 bytes 010 32 bytes
001 24 bytes all other Reserved
values
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Table 10-8. AEATR field descriptions (Continued)

Field Description

TTYPE Transfer Type.
TTYPE Transfer type TTYPE Transfer type
00000 Address-only 01101 Address-only
00001 Address-only 01110 Burst read
00010 Single beat or burst write 10000 Address-only
00100 Address-only 10010 Single beat write
00110 Burst write 10100 ECOWX—Illegal single beat write
01000 Address-only 11000 Address-only
01001 Address-only 11010 Single beat or burst read
01010 Single beat or burst read 11100 ECIWX—Illegal single beat read
01011 Single beat or burst read 11110 Burst read
01100 Address-only All other values are reserved.

10.2.1.8 Arbiter Event Address Register (AEADR)

The Arbiter Event Address Register (AEADR) reports the address of a transaction that caused the error
that is specified in the Arbiter Event Register (AER). See Section 10.2.1.4, “Arbiter Event Register
(AER),” for more information. AEADR is cleared only by power-on reset. The address of the first error
event is stored. As AEADR is not affected by soft or hard reset, software can read this register and
determine the cause of the bus failure, even if the bus is stalled.

Figure 10-8 shows the fields of AEADR.

Address: Base + 0x001C Access: User read-only
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R ADDR
we [ [ | [ [ ] [ [ ] [ [ ]

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

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 10-8. Arbiter Event Address Register (AEADR)
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Table 10-9. AEADR field descriptions

Field Description
ADDR Address of the event that was reported in AEATR register. See Section 10.2.1.7, “Arbiter Event Attributes
Register (AEATR),” for more information.
10.2.1.9 Arbiter Event Response Register (AERR)

The Arbiter Event Response Register (AERR) determines whether different error conditions cause an
interrupt or a reset request. Setting a bit defines the corresponding error condition to cause a reset request;
clearing a bit defines the corresponding error condition to cause an interrupt. Figure 10-9 shows the fields

of AERR.
Address: Base + 0x0020 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0
W ETEA| RES |ECW | AO | DTO | ATO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 10-9. Arbiter Event Response Register (AERR)
Table 10-10. AERR field descriptions
Field Description
ETEA Transfer error. External TEA. Detection of transfer error assertion of TEA signal by one of the slaves event
response.
0 Detection of transfer error assertion of TEA signal by one of the slaves causes an interrupt.
1 Detection of transfer error assertion of TEA signal by one of the slaves causes a reset request.
RES Reserved transfer type. Transaction with reserved transfer type interrupt definition.
0 Transaction with reserved transfer type causes an interrupt.
1 Transaction with reserved transfer type causes a reset request.
ECW External control word transfer type. Transaction with external control word transfer type interrupt definition.
0 Transaction with external control word transfer type causes an interrupt.
1 Transaction with external control word transfer type causes a reset request.
AO Address only transfer type. Transaction with address only transfer type interrupt definition.
0 Transaction with address only transfer type causes an interrupt.
1 Transaction with address only transfer type causes a reset request.
DTO Data time out. Data tenure time out interrupt definition.
0 Data tenure time out causes an interrupt.
1 Data tenure time out causes a reset request.
ATO Address time out. Address tenure time out interrupt definition.
0 Address tenure time out causes an interrupt.
1 Address tenure time out causes a reset request.
MPC5121e Microcontroller Reference Manual, Rev. 4
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10.3 Functional Description

The following sections describe arbiter functionality: arbitration policy and bus error detection.

10.3.1 Arbitration Policy

The arbitration process involves the masters and the arbiter. The masters arbitrate for the privilege of
owning the address tenure. For the data tenure, the CSB arbiter uses the same order of transactions as
address tenures. Figure 10-10 shows the interface signals between the CSB arbiter and masters that are
involved in the address bus arbitration.

BR
REPEAT
Master 1 PRIORITY[0:1]
BG

Y VY'Y

A

BR
REPEAT
Master 2 PRIORITY[0:1]
BG

Y

Y VY

Arbiter

A

BR
REPEAT
Master N PRIORITY[0:1]
BG

Y'Y

Y

<
<

Figure 10-10. Address Bus Arbitration

A master has to acquire the address bus ownership before it starts any transaction. The master asserts its
own bus request signal along with the arbitration attribute signals REPEAT and PRIORITY][0:1]. The
arbiter later asserts the corresponding address bus grant signal to the requesting master depending on the
system states and arbitration scheme. See Section 10.3.1.1, “Address Bus Arbitration With
PRIORITY]0:1],” for details information on arbitration scheme. When the address bus grant is received,
the master can start the address tenure.

10.3.1.1 Address Bus Arbitration With PRIORITY[0:1]

When a master asserts its bus request to acquire the address bus ownership, it can drive its PRIORITY[0:1]
signals to indicate request priority. The master would be served sooner because of its higher priority level.
The arbiter takes this extra information into consideration to yield better service for a higher priority
request than a lower priority request. Therefore, the arbiter operates according to the following priority
based arbitration scheme:

1. For every priority level fair arbitration scheme is used (a simple Round Robin scheme).
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2. For every priority level other than 0, one place is reserved as a place holder for lower level
arbitration rings.

3. Each master can change its priority level at any time.
Figure 10-11 shows an example of priority based arbitration algorithm with four priority levels. In this

example, if all masters request the bus continuously, the following order of bus grants occurs with the
specific bandwidth:

* M6 gets 1/2 of the bus bandwidth

* M4 and M5 each get 1/6 of the bus bandwidth
e MO and M3 each get 1/18 of the bus bandwidth
e M1 and M2 each get 1/36 of the bus bandwidth

M6 Z M6 Z ...

M6 M4 M6 M5 M6 MO M6 M4
M6 M5 M6 M3 M6 M4 M6 M5
M6 M1 M6 M4 M6 M5 M6 MO
M6 M4 M6 M5 M6 M3 M6 M4
M6 M5 M6 M2 ...

M4 M5Y M4AMSY ...

M4 M5 MO M4 M5 M3 M4 M5 M1
M4 M5 MO M4 M5 M3 M4 M5 M2 ...

MO M3 X MO M3 X ...

MO M3 M1 MO M3 M2 MO M3 M1 ...

M1 M2 M1 M2 ...

M1 M2
Figure 10-11. Example of Priority Based Arbitration Algorithm

10.3.1.2 Address Bus Arbitration With REPEAT

When a master owns the current address bus and wants to perform another transaction, it can assert bus

request along with REPEAT, to make a repeat request to the arbiter. Consequently, the arbiter asserts bus
grant to the same master if the current address tenure is not being ARTRY’d. This happens regardless of
the priority level of bus request from other masters. In other words, repeat request overrides the priority

scheme.

Even though repeat request can improve the page hit ratio and the overall memory bandwidth efficiency,
it can increase the worst case latency of individual master. Therefore, the arbiter has a programmable
counter to limit the maximum number of consecutive transactions that are performed by masters. When
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the counter expires, the arbiter ignores the REPEAT signal and falls back to the regular arbitration scheme.
The PCI master has a dedicated repeat counter as it might need more repeated transactions before
accepting read requests. PCI ordering rules require that the PCI bridge must empty all queued write
operations before any new read operation can begin. See Section 3.2.5, Transaction Ordering and Posting,
of the PCI Local Bus Specifications Rev 2.2 for more information.

See Section 10.2.1.1, “Arbiter Configuration Register (ACR),” for more details about programming
ACR[RPTCNT] and ACR[PCI_RPTCNT].

10.3.1.3 Address Bus Arbitration After ARTRY

The ARTRY protocol is used primarily by the CPU to interrupt a transaction that hits to a modified line in
its D-cache, so that it can maintain data coherency by performing the snoop copyback. In addition, any
master and/or slave can ARTRY a transaction for whatever reason.

When an address tenure is ARTRY’d, all masters must negate their bus request signals during the cycle
after ARTRY except the master that asserted ARTRY signal. In addition, the PCI master is allowed to
request the bus if the PCI slave asserted ARTRY signal. The cycle after ARTRY is called WOP (Window
Of Opportunity).

During the WOP cycle, the arbiter performs the arbitration the same way as in regular arbitration cycle,
except that the parking master policy does not apply. When the CPU asserts ARTRY, the bus is
immediately granted to the CPU to perform snoop copyback. After the completion of snoop copyback, the
arbiter grants the bus back to the master that had its transaction ARTRY’d. If ARTRY was asserted by any
other master or slave, the arbiter performs the arbitration the same way as it would perform it for a regular
arbitration cycle. The master that had its transaction ARTRYed by any master or slave except CPU is put
at the end of priority list. It can be programmed to park the bus to CPU on WOP cycle or not to park it to
any master. Refer to Section 10.2.1.1, “Arbiter Configuration Register (ACR),” for more detail about
ACR[WPARK].

10.3.1.4 Address Bus Parking

The arbiter supports address bus parking. When no master is requesting the bus, the arbiter can grant
mastership of the bus to a specified master. This is referred to as bus parking. The parked master can skip
the bus request and assume the bus mastership directly. This reduces the access latency for parked master.

See Section 10.2.1.1, “Arbiter Configuration Register (ACR),” for more details about ACR[APARK] and
ACR[PARKM].

10.3.1.5 Data Bus Arbitration

For every committed address tenure except address-only or reserved-type transactions, a data tenure is
required to complete the transaction.

In the MPC5121e system, the arbiter controls the issuing of data bus grants to a master and a slave, which
are involved in a data tenure of a previously performed address tenure.

* In data tenure without data streaming (master or slave or both do not support data streaming), the
arbiter guarantees that the data bus grant is asserted only when the data bus is idle.
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» In data tenure with data streaming (both master and slave support data streaming), the arbiter
guarantees that the data bus grant is asserted when the data bus is either idle or waiting for the last
transfer acknowledge.

10.3.2 Bus Error Detection

The arbiter is responsible for tracking the following cases on the bus:
e Address time out
» Data time out
« Transfer error External TEA
» Address only transaction type
» Reserved transaction type
* lllegal (ECWIX/ECWOX) transaction type

10.3.2.1 Address Time Out

An address time out occurs if the address tenure was not ended before the specified time-out period
(programmed by ATR[ATO]) expires between the assertion of the TS signal until the assertion of the
AACK signal. In this case, the arbiter performs as follows:

1. Ends the address tenure by asserting AACK.
Starts data tenure and ends it by asserting transfer error TEA.
Reports on the event to AER[ATO] if reporting is enabled by ATER[ATO].

Issues a reset request, an MCP, or a regular interrupt according to AERR[ATO] and AIDR[ATO]
if enabled by AMR[ATO] and if reporting is enabled by ATER[ATO].

5. Updates the transaction attributes and address of AEATR and AEADR for the first error event.

M own

10.3.2.2 Data Time Out

A data time out occurs if the data tenure was not ended before the specified time-out period (programmed
by ATR[DTQOY]) expires between the assertion of DBB until the assertion of last TA. In this case, the arbiter
performs as follows:

1. Ends the data tenure by asserting transfer error TEA.
2. Reports on this event in AER[DTQ] if reporting is enabled by ATER[DTO].

3. Issues areset request, an MCP, or a regular interrupt according to AERR[DTO] and AIDR[DTO],
if enabled by AMR[DTO] and if reporting is enabled by ATER[DTO].

4. Updates transaction attributes and address of AEATR and AEADR for the first error event.

10.3.2.3 Transfer error External TEA

The arbiter tracks the transfer error TEA signal that is asserted by one of the slaves. In this case, the arbiter
performs as follows:

1. Reports on the event to AER[ETEA] if reporting is enabled by ATER[ETEA].
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2. Issues areset request, an MCP, or a regular interrupt according to AERR[ETEA] and AIDR[ETEA]
if enabled by AMR[ETEA] and if reporting is enabled by ATER[ETEA].

3. Updates the transaction attributes and address of AEATR and AEADR for the first error event.

10.3.2.4 Address-Only Transaction Type
Table 10-11 lists the transaction types that are defined as address-only:

Table 10-11. Address-Only Transaction Type Encoding

TTYPE[0:4] Bus Command
00000 Clean block
00100 Flush block
01000 Sync
01100 Kill block
10000 eieio
11000 TLB Invalidate
00001 Iwarx reservation set
01001 tibsync
01101 icbi

The arbiter allows address-only (AO) transactions on the bus and the e300 core can issue address-only
(AO) transactions (see HIDO [ABE] in the Power Architecture Core Family Reference Manual). Because
there is no advantage in using AO transactions in this system, the bus monitor allows the detection of AO
transactions and treats them as an error.
For transactions with an address-only transfer type, the arbiter performs as follows:

1. Ends the address tenure by asserting AACK.

2. Reports on the event to AER[AQ] if reporting is enabled by ATER[AO].

3. Issues a reset request, an MCP, or a regular interrupt according to AERR[AQ] and AIDR[AQ] if
enabled by AMR[AOQ] and if reporting is enabled by ATER[AQO].

4. Updates the transaction attributes and address of AEATR and AEADR for the first error event.

10.3.2.5 Reserved Transaction Type
Table 10-12 shows transaction types that are defined as reserved:

Table 10-12. Reserved Transaction Type Encoding

TTYPE[0:4] Bus Command
00101 Reserved
1XX01 Reserved for customer
10110 Reserved
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Table 10-12. Reserved Transaction Type Encoding

TTYPE[0:4] Bus Command
00011 Reserved
00111 Reserved
01111 Reserved
1XX11 Reserved for customer

For transactions with a reserved transfer type, the arbiter performs as follows:

1.
2.
3.

4.

Ends the address tenure by asserting AACK.
Reports on the event to AER[RES] if reporting is enabled by ATER[RES].

Issues a reset request, an MCP, or a regular interrupt according to AERR[RES] and AIDR[RES],
if enabled by AMR[RES] and if reporting is enabled by ATER[RES].

Updates the transaction attributes and address of AEATR and AEADR for the first error event.

10.3.2.6 lllegal (ECIWX/ECOWX) Transaction Type

Table 10-13 shows transaction types that are defined as illegal.

Table 10-13. lllegal Transaction Type Encoding

TTYPE[0:4] Bus Command
10100 External control word write (ecowx)
11100 External control word read (eciwx)

For transactions with an illegal (ECIWX, ECOWX) transfer type, the arbiter performs as follows:

1.
2.
3.
4

5.

Ends the address tenure by asserting AACK.
Starts data tenure and ends data tenure by asserting TEA.
Reports on the event in AER[ECW] if reporting is enabled by ATER[ECW].

Issues a reset request, an MCP, or a regular interrupt according to AERR[ECW] and AIDR[ECW],
if enabled by AMR[ECW] and if reporting is enabled by ATER[ECW].

Updates transaction attributes and address of AEATR and AEADR for the first error event.

See the following for more information:

Section 10.2.1.3, “Arbiter Transfer Error Register (ATER)”
Section 10.2.1.4, “Arbiter Event Register (AER)”

Section 10.2.1.5, “Arbiter Interrupt Definition Register (AIDR)”
Section 10.2.1.6, “Arbiter Mask Register (AMR)”

Section 10.2.1.7, “Arbiter Event Attributes Register (AEATR)”
Section 10.2.1.8, “Arbiter Event Address Register (AEADR)”
Section 10.2.1.9, “Arbiter Event Response Register (AERR)”
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10.4

Initialization/Applications Information

The following sections describe the initialization and error handling sequences for the arbiter:

10.4.1 Initialization Sequence

The following initialization sequence is recommended:

1.

Write to ACR to configure pipeline depth, address bus parking mode, global maximum repeat
count, PCI maximum repeat count, and address acknowledge wait states.

Write to ATER to define which events are considered error events and which are not.
Write to AERR to define whether different error events cause a reset request or an interrupt.

Write to AIDR to define the kind of interrupt (regular or MCP) that is caused by every error event.
This is necessary only if interrupts are enabled and AERR defines error events to generate
interrupts.

Write to AMR to enable interrupts.

Write to ATR to set the ATO and DTO timers. This is necessary only if the required timers are set
to less than their maximum value (the default).

10.4.2 Error Handling Sequence

The following error handling sequence is recommended:

1.

2.

3.

Read AER to find out about the error that occurred in the system. Also, read the values of AEATR
and AEADR to check on the first error event in the system.

If those registers are not accessible because of a stalled bus, reset the chip and read the values of
the AEATR and AEADR registers to check on the event that caused this problem to the system.
Use HRESET to reset the chip to guarantee that the information stored in AEATR and AEADR is
not lost.

Clear all the previous events by writing 1s to AER. This register is also cleared after reset.
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Chapter 11
Direct Memory Access (DMA)

11.1 Introduction

The direct memory access (DMA) module provides a flexible and efficient way to move blocks of data
within the system. The DMA controller reduces the workload on the microprocessor, allowing it to
continue execution of system software.

The DMA module includes a DMA engine, interfaces to peripheral buses and a dynamic clock gating
controller. The DMA engine performs source and destination address calculations, actual data movement
operations, and has a local memory containing the transfer control descriptors (TCD) for the channels. The
interfaces to peripheral buses grab data from source peripherals or pass data to destination peripherals. The
dynamic clock gating controller monitors the DMA engine and interface activities, turns off clocks to the
DMA engine, and DMA interfaces after detecting that the bus is idle.

11.1.1 Features

The DMA module has the following features:
* Programmable multi-channel interface to peripherals
— Support for 64 channels with 32-bit data path widths

— Supports data movement of peripherals: MDDRC, PSC_FIFO, SDHC, NFC, PATA, LPC,
SPDIF, and MBX (not available in MPC5123).

» Unrestricted data movement within physical memory address space
— All data movement via dual-address transfers: read from source, write to destination
— The transfer control descriptors (TCD) support these two-deep, nested transfer operations:
— Inner data transfer loop defined by a minor byte transfer count
— Outer data transfer loop defined by a major iteration count
» Support for external DMA request over GPIO interface
— 31 GPIO pins can be used as DMA requestors
» Flexible protocol programmability
— Programmable source, destination addresses, and transfer size
— Transfer control descriptors (TCD) organized to support two-deep, nested transfer operations
— Support for fixed-priority and round-robin channel arbitration
— Channel completion reported via interrupt requests
— Support for scatter/gather DMA processing
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11.2 Memory Map and Register Definition

Table 11-1 shows the memory map of the DMA unit.

Table 11-1. DMA memory map

Offset from

2

DMA_BASE Register Access? | Reset Value® | Section/Page
(OxFF41_4000)!

0x0000 DMACR—DMA Control Register RIW 0x0000_E400 | 11.2.1.1/11-1
4

0x0004 DMAES—DMA Error Status R 0x0000_0000 | 11.2.1.2/11-1
5

0x0008 DMAERQH—DMA Enable Request High (Channels 63—-32) RIW 0x0000_0000 | 11.2.1.3/11-1
7

0x000C DMAERQL—DMA Enable Request Low (Channels 31-00) RIW 0x0000_0000 | 11.2.1.3/11-1
7

0x0010 DMAEEIH—DMA Enable Error Interrupt High (Channels 63-32) RIW 0x0000_0000 | 11.2.1.4/11-1
8

0x0014 DMAEEIL—DMA Enable Error Interrupt Low (Channels 31-00) RIW 0x0000_0000 | 11.2.1.4/11-1
8

0x0018 DMASERQ—DMA Set Enable Request RIW 0x00 11.2.1.5/11-1
9

0x0019 DMACERQ—DMA Clear Enable Request RIW 0x00 11.2.1.6/11-2
0

0x001A DMASEEI—DMA Set Enable Error Interrupt RIW 0x00 11.2.1.7/11-2
0

0x001B DMACEEI—DMA Clear Enable Error Interrupt RIW 0x00 11.2.1.8/11-2
1

0x001C DMACINT—DMA Clear Interrupt Request RIW 0x00 11.2.1.9/11-2
2

0x001D DMACERR—DMA Clear Error 0x00 11.2.1.10/11-

R/W

22

0x001E DMASSRT—DMA Set Start Bit 0x00 11.2.1.11/11-

R/W

23

0x001F DMACDNE—DMA Clear Done Status Bit RIW 0x00 11.2.1.12/11-
23

0x0020 DMAINTH—DMA Interrupt Request High (Channels 63—-32) RIW 0x0000_0000 | 11.2.1.13/11-
24

0x0024 DMAINTL—DMA Interrupt Request Low (Channels 31-00) RIW 0x0000_0000 | 11.2.1.13/11-
24

0x0028 DMAERRH—DMA Error High (Channels 63-32) RIW 0x0000_0000 | 11.2.1.14/11-
25

0x002C DMAERRL—DMA Error Low (Channels 31-00) RIW 0x0000_0000 | 11.2.1.14/11-
25
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Table 11-1. DMA memory map (Continued)

Offset from

2

DMA_BASE Register Access? | Reset Value® | Section/Page
(OXFF41_4000)!
0x0030 DMAHRSH—DMA Hardware Request Status High (Channels 63—-32) R 0x0000_0000 | 11.2.1.15/11-
27
0x0034 DMAHRSL—DMA Hardware Request Status Low (Channels 31-00) R 0x0000_0000 | 11.2.1.15/11-
27
0x0038 DMAIHSA—DMA Interrupt High Select AXE (Channels 63—-32) R/W 0X0000_0000 11.2.12.36/11-
0x003C DMAILSA—DMA Interrupt Low Select AXE (Channels 31-00) R/W 0x0000_0000 11.2.12.;6/11-
0x0040-0x00FF | Reserved
0x0100 DCHPRIO—DMA Channel 0 Priority R/W —4 11.2.1.17/11-
28
0x0101 DCHPRI1—DMA Channel 1 Priority R/W —4 11.2.1.17/11-
28
0x0102 DCHPRI2—DMA Channel 2 Priority R/W —4 11.2.1.17/11-
28
0x0103 DCHPRI3—DMA Channel 3 Priority R/W —4 11.2.1.17/11-
28
0x0104 DCHPRI4—DMA Channel 4 Priority R/W —4 11.2.1.17/11-
28
0x0105 DCHPRI5—DMA Channel 5 Priority R/W —4 11.2.1.17/11-
28
0x0106 DCHPRI6—DMA Channel 6 Priority R/W —4 11.2.1.17/11-
28
0x0107 DCHPRI7—DMA Channel 7 Priority R/W —4 11.2.1.17/11-
28
0x0108 DCHPRI8—DMA Channel 8 Priority R/W —4 11.2.1.17/11-
28
0x0109 DCHPRI9—DMA Channel 9 Priority R/W —4 11.2.1.17/11-
28
0x010A DCHPRI10—DMA Channel 10 Priority R/W —4 11.2.1.17/11-
28
0x010B DCHPRI11—DMA Channel 11 Priority R/W —4 11.2.1.17/11-
28
0x010C DCHPRI12—DMA Channel 12 Priority R/W —4 11.2.1.17/11-
28
0x010D DCHPRI13—DMA Channel 13 Priority R/W —4 11.2.1.17/11-
28
0x010E DCHPRI14—DMA Channel 14 Priority R/W —4 11.2.1.17/11-
28
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Table 11-1. DMA memory map (Continued)

Offset from

2

DMA_BASE Register Access? | Reset Value® Section/Page
(OXFF41_4000)*

0x010F DCHPRI15—DMA Channel 15 Priority R/W —4 11.2.1.17/11-
28

0x0110 DCHPRI16—DMA Channel 16 Priority R/W —4 11.2.1.17/11-
28

0x0111 DCHPRI17—DMA Channel 17 Priority R/W —4 11.2.1.17/11-
28

0x0112 DCHPRI18—DMA Channel 18 Priority R/W —4 11.2.1.17/11-
28

0x0113 DCHPRI19—DMA Channel 19 Priority R/W 0x00 11.2.1.17/11-
28

0x0114 DCHPRI20—DMA Channel 20 Priority R/W —4 11.2.1.17/11-
28

0x0115 DCHPRI21—DMA Channel 21 Priority R/W —4 11.2.1.17/11-
28

0x0116 DCHPRI22—DMA Channel 22 Priority R/W —4 11.2.1.17/11-
28

0x0117 DCHPRI23—DMA Channel 23 Priority R/W —4 11.2.1.17/11-
28

0x0118 DCHPRI24—DMA Channel 24 Priority R/W —4 11.2.1.17/11-
28

0x0119 DCHPRI25—DMA Channel 25 Priority R/W —4 11.2.1.17/11-
28

0x011A DCHPRI26—DMA Channel 26 Priority R/W —4 11.2.1.17/11-
28

0x011B DCHPRI27—DMA Channel 27 Priority R/W —4 11.2.1.17/11-
28

0x011C DCHPRI28—DMA Channel 28 Priority R/W —4 11.2.1.17/11-
28

0x011D DCHPRI29—DMA Channel 29 Priority R/W —4 11.2.1.17/11-
28

0x011E DCHPRI30—DMA Channel 30 Priority R/W —4 11.2.1.17/11-
28

0x011F DCHPRI31—DMA Channel 31 Priority R/W —4 11.2.1.17/11-
28

0x0120 DCHPRI32—DMA Channel 32 Priority R/W —4 11.2.1.17/11-
28

0x0121 DCHPRI33—DMA Channel 33 Priority R/W —4 11.2.1.17/11-
28
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Table 11-1. DMA memory map (Continued)

Offset from

2

DMA_BASE Register Access? | Reset Value® | Section/Page
(OXFF41_4000)!

0x0122 DCHPRI34—DMA Channel 34 Priority R/W —4 11.2.1.17/11-
28

0x0123 DCHPRI35—DMA Channel 35 Priority R/W —4 11.2.1.17/11-
28

0x0124 DCHPRI36—DMA Channel 36 Priority R/W 4 11.2.1.17/11-
28

0x0125 DCHPRI37—DMA Channel 37 Priority R/W 4 11.2.1.17/11-
28

0x0126 DCHPRI38—DMA Channel 38 Priority R/W 4 11.2.1.17/11-
28

0x0127 DCHPRI39—DMA Channel 39 Priority R/W 4 11.2.1.17/11-
28

0x0128 DCHPRI40—DMA Channel 40 Priority R/W —4 11.2.1.17/11-
28

0x0129 DCHPRI41—DMA Channel 41 Priority R/W —4 11.2.1.17/11-
28

0x012A DCHPRI42—DMA Channel 42 Priority R/W 4 11.2.1.17/11-
28

0x012B DCHPRI43—DMA Channel 43 Priority R/W 4 11.2.1.17/11-
28

0x012C DCHPRI44—DMA Channel 44 Priority R/W 4 11.2.1.17/11-
28

0x012D DCHPRI45—DMA Channel 45 Priority R/W 4 11.2.1.17/11-
28

0x012E DCHPRI46—DMA Channel 46 Priority R/W —4 11.2.1.17/11-
28

0x012F DCHPRI47—DMA Channel 47 Priority R/W —4 11.2.1.17/11-
28

0x0130 DCHPRI48—DMA Channel 48 Priority R/W 4 11.2.1.17/11-
28

0x0131 DCHPRI49—DMA Channel 49 Priority R/W 4 11.2.1.17/11-
28

0x0132 DCHPRI50—DMA Channel 50 Priority R/W 4 11.2.1.17/11-
28

0x0133 DCHPRI51—DMA Channel 51 Priority R/W 0x00 11.2.1.17/11-
28

0x0134 DCHPRI52—DMA Channel 52 Priority R/W 4 11.2.1.17/11-
28

MPC5121e Microcontroller Reference Manual, Rev. 4
Freescale Semiconductor 11-5




Table 11-1. DMA memory map (Continued)

Offset from

2

DMA_BASE Register Access? | Reset Value® Section/Page
(OXFF41_4000)*
0x0135 DCHPRI53—DMA Channel 53 Priority R/W —4 11.2.1.17/11-
28
0x0136 DCHPRI54—DMA Channel 54 Priority R/W —4 11.2.1.17/11-
28
0x0137 DCHPRI55—DMA Channel 55 Priority R/W —4 11.2.1.17/11-
28
0x0138 CHPRI56D—DMA Channel 56 Priority) R/W —4 11.2.1.17/11-
28
0x0139 DCHPRI57—DMA Channel 57 Priority R/W —4 11.2.1.17/11-
28
0x013A DCHPRI58—DMA Channel 58 Priority R/W —4 11.2.1.17/11-
28
0x013B DCHPRI59—DMA Channel 59 Priority R/W —4 11.2.1.17/11-
28
0x013C DCHPRI60—DMA Channel 60 Priority R/W —4 11.2.1.17/11-
28
0x013D DCHPRI61—DMA Channel 61 Priority R/W —4 11.2.1.17/11-
28
0x013E DCHPRI62—DMA Channel 62 Priority R/W —4 11.2.1.17/11-
28
0x013F DCHPRI63—DMA Channel 63 Priority R/W —4 11.2.1.17/11-
28
0x0140-0x0FFC | Reserved
0x1000-0x101C | TCDOO—Transfer Control Descriptors Channel 00 R/W —4 11.2.1.18/11-
29
0x1020-0x103C | TCD01—Transfer Control Descriptors Channel 01 R/W —4 11.2.1.18/11-
29
0x1040-0x105C | TCD02—Transfer Control Descriptors Channel 02 R/W —4 11.2.1.18/11-
29
0x1060-0x107C | TCD0O3—Transfer Control Descriptors Channel 03 R/W 4 11.2.1.18/11-
29
0x1080-0x109C | TCD04—Transfer Control Descriptors Channel 04 R/W 4 11.2.1.18/11-
29
0x10A0-0x10BC | TCDO5—Transfer Control Descriptors Channel 05 R/W —4 11.2.1.18/11-
29
0x10C0-0x10DC | TCDO6—Transfer Control Descriptors Channel 06 R/W —4 11.2.1.18/11-
29
0x10E0-0x10FC | TCDO7—Transfer Control Descriptors Channel 07 R/W —4 11.2.1.18/11-
29
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Table 11-1. DMA memory map (Continued)

Offset from

2

DMA_BASE Register Access? | Reset Value® Section/Page
(OxFF41_4000)*
0x1100-0x113C | TCD08—Transfer Control Descriptors Channel 08 R/W —4 11.2.1.18/11-
29
0x1120-0x113C | TCD09—Transfer Control Descriptors Channel 09 R/W —4 11.2.1.18/11-
29
0x1140-0x115C | TCD10—Transfer Control Descriptors Channel 10 R/W 4 11.2.1.18/11-
29
0x1160-0x117C | TCD11—Transfer Control Descriptors Channel 11 R/W 4 11.2.1.18/11-
29
0x1180-0x119C | TCD12—Transfer Control Descriptors Channel 12 R/W 4 11.2.1.18/11-
29
0x11A0-0x11BC | TCD13—Transfer Control Descriptors Channel 13 R/W —4 11.2.1.18/11-
29
0x11C0-0x11DC | TCD14—Transfer Control Descriptors Channel 14 R/W —4 11.2.1.18/11-
29
0x11E0-0x11FC | TCD15—Transfer Control Descriptors Channel 15 R/W —4 11.2.1.18/11-
29
0x1200-0x121C | TCD16—Transfer Control Descriptors Channel 16 R/W 4 11.2.1.18/11-
29
0x1220-0x123C | TCD17—Transfer Control Descriptors Channel 17 R/W 4 11.2.1.18/11-
29
0x1240-0x125C | TCD18—Transfer Control Descriptors Channel 18 R/W 4 11.2.1.18/11-
29
0x1260-0x127C | TCD19—Transfer Control Descriptors Channel 19 R/W —4 11.2.1.18/11-
29
0x1280-0x129C | TCD20—Transfer Control Descriptors Channel 20 R/W —4 11.2.1.18/11-
29
0x12A0-0x12BC | TCD21—Transfer Control Descriptors Channel 21 R/W —4 11.2.1.18/11-
29
0x12C0-0x12DC | TCD22—Transfer Control Descriptors Channel 22 R/W 4 11.2.1.18/11-
29
0x12E0-0x12FC | TCD23—Transfer Control Descriptors Channel 23 R/W —4 11.2.1.18/11-
29
0x1300-0x133C | TCD24—Transfer Control Descriptors Channel 24 R/W 4 11.2.1.18/11-
29
0x1320-0x133C | TCD25—Transfer Control Descriptors Channel 25 R/W —4 11.2.1.18/11-
29
0x1340-0x135C | TCD26—Transfer Control Descriptors Channel 26 R/W —4 11.2.1.18/11-
29
MPC5121e Microcontroller Reference Manual, Rev. 4
Freescale Semiconductor 11-7




Table 11-1. DMA memory map (Continued)

Offset from

2

DMA_BASE Register Access? | Reset Value® Section/Page
(OXFF41_4000)*
0x1360-0x137C | TCD27—Transfer Control Descriptors Channel 27 R/W —4 11.2.1.18/11-
29
0x1380-0x139C | TCD28—Transfer Control Descriptors Channel 28 R/W —4 11.2.1.18/11-
29
0x13A0-0x13BC | TCD29—Transfer Control Descriptors Channel 29 R/W 4 11.2.1.18/11-
29
0x13C0-0x13DC | TCD30—Transfer Control Descriptors Channel 30 R/W —4 11.2.1.18/11-
29
0x13E0-0x13FC | TCD31—Transfer Control Descriptors Channel 31 R/W —4 11.2.1.18/11-
29
0x1400-0x141C | TCD32—Transfer Control Descriptors Channel 32 R/W —4 11.2.1.18/11-
29
0x1420-0x143C | TCD33—Transfer Control Descriptors Channel 33 R/W —4 11.2.1.18/11-
29
0x1440-0x145C | TCD34—Transfer Control Descriptors Channel 34 R/W —4 11.2.1.18/11-
29
0x1460-0x147C | TCD35—Transfer Control Descriptors Channel 35 R/W 4 11.2.1.18/11-
29
0x1480-0x149C | TCD36—Transfer Control Descriptors Channel 36 R/W 4 11.2.1.18/11-
29
0x14A0-0x14BC | TCD37—Transfer Control Descriptors Channel 37 R/W —4 11.2.1.18/11-
29
0x14C0-0x14DC | TCD38—Transfer Control Descriptors Channel 38 R/W —4 11.2.1.18/11-
29
0x15E0-0x14FC | TCD39—Transfer Control Descriptors Channel 39 R/W —4 11.2.1.18/11-
29
0x1500-0x153C | TCD40—Transfer Control Descriptors Channel 40 R/W —4 11.2.1.18/11-
29
0x1520-0x153C | TCD41—Transfer Control Descriptors Channel 41 R/W 4 11.2.1.18/11-
29
0x1540-0x155C | TCD42—Transfer Control Descriptors Channel 42 R/W 4 11.2.1.18/11-
29
0x1560-0x157C | TCD43—Transfer Control Descriptors Channel 43 R/W 4 11.2.1.18/11-
29
0x1580-0x159C | TCD44—Transfer Control Descriptors Channel 44 R/W —4 11.2.1.18/11-
29
0x15A0-0x115BC | TCD45—Transfer Control Descriptors Channel 45 R/W —4 11.2.1.18/11-
29
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Table 11-1. DMA memory map (Continued)

Offset from

2

DMA_BASE Register Access? | Reset Value® Section/Page
(OXFF41_4000)*
0x15C0-0x15DC | TCD46—Transfer Control Descriptors Channel 46 R/W —4 11.2.1.18/11-
29
0x15E0-0x15FC | TCD47—Transfer Control Descriptors Channel 47 R/W —4 11.2.1.18/11-
29
0x1600-0x161C | TCD48—Transfer Control Descriptors Channel 48 R/W 4 11.2.1.18/11-
29
0x1620-0x163C | TCD49—Transfer Control Descriptors Channel 49 R/W 4 11.2.1.18/11-
29
0x1640-0x165C | TCD50—Transfer Control Descriptors Channel 50 R/W 4 11.2.1.18/11-
29
0x1660-0x167C | TCD51—Transfer Control Descriptors Channel 51 R/W —4 11.2.1.18/11-
29
0x1680-0x169C | TCD52—Transfer Control Descriptors Channel 52 R/W —4 11.2.1.18/11-
29
0x16A0-0x16BC | TCD53—Transfer Control Descriptors Channel 53 R/W —4 11.2.1.18/11-
29
0x16C0-0x16DC | TCD54—Transfer Control Descriptors Channel 54 R/W 4 11.2.1.18/11-
29
0x16E0-0x16FC | TCD55—Transfer Control Descriptors Channel 55 R/W —4 11.2.1.18/11-
29
0x1700-0x173C | TCD56—Transfer Control Descriptors Channel 56 R/W 4 11.2.1.18/11-
29
0x1720-0x1713C | TCD57—Transfer Control Descriptors Channel 57 R/W —4 11.2.1.18/11-
29
0x1740-0x175C | TCD58—Transfer Control Descriptors Channel 58 R/W —4 11.2.1.18/11-
29
0x1760-0x177C | TCD59—Transfer Control Descriptors Channel 59 R/W —4 11.2.1.18/11-
29
0x1780-0x179C | TCD60—Transfer Control Descriptors Channel 60 R/W 4 11.2.1.18/11-
29
0x17A0-0x17BC | TCD61—Transfer Control Descriptors Channel 61 R/W —4 11.2.1.18/11-
29
0x117C0-0x171DC | TCD62—Transfer Control Descriptors Channel 62 R/W —4 11.2.1.18/11-
29
0x17E0-0x17FC | TCD63—Transfer Control Descriptors Channel 63 R/W —4 11.2.1.18/11-
29

0x1800—-0x3FFF

Reserved

1 Default absolute offset with IMMRBAR at default location of 0xFF40_0000. See Chapter 2, “System Configuration and Memory
Map (XLBMEN + Mem Map).”
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2 In this column, R/W = Read/Write, R = Read-only, and W = Write-only.

3 In this column, the symbol “U” indicates one or more bits in a byte are undefined at reset. See the associated description for
more information.

4 Reset value is indeterminate. See register description for more information.

Table 11-2. DMA Block Memory Map

Offset Register Access Section/Page
0x0000 |DMACR—DMA Control Register R/W 11.2.1.1/11-14
0x0004 |DMAES—DMA Error Status R 11.2.1.2/11-15
0x0008 | DMAERQH—DMA Enable Request High (Channels 63—-32) R/W 11.2.1.3/11-17
0x000C | DMAERQL—DMA Enable Request Low (Channels 31-00) R/W 11.2.1.3/11-17
0x0010 |DMAEEIH—DMA Enable Error Interrupt High (Channels 63-32) R/W 11.2.1.4/11-18
0x0014 |DMAEEIL—DMA Enable Error Interrupt Low (Channels 31-00) R/W 11.2.1.4/11-18
0x0018 |DMASERQ— |DMACERQ— |DMASEEI— DMACEEI— R/W 11.2.1.5/11-19, 11.2.1.6/11-20,

DMA Set DMA Clear DMA Set DMA Clear 11.2.1.7/11-20, 11.2.1.8/11-21
Enable Request | Enable Request | Enable Error Enable Error
Interrupt Interrupt
0x001C |DMACINT— DMACERR— DMASSRT— DMACDNE— R/W |11.2.1.9/11-22,11.2.1.10/11-22,
DMA Clear DMA Clear DMA Set Start | DMA Clear 11.2.1.11/11-23,
Interrupt Error Bit Done Status Bit 11.2.1.12/11-23
Request
0x0020 |DMAINTH—DMA Interrupt Request High (Channels 63-32) R/W 11.2.1.13/11-24
0x0024 | DMAINTL—DMA Interrupt Request Low (Channels 31-00) R/W 11.2.1.13/11-24
0x0028 | DMAERRH—DMA Error High (Channels 63-32) R/W 11.2.1.14/11-25
0x002C | DMAERRL—DMA Error Low (Channels 31-00) R/W 11.2.1.14/11-25
0x0030 | DMAHRSH—DMA Hardware Request Status High (Channels 63-32) R 11.2.1.15/11-27
0x0034 |DMAHRSL—DMA Hardware Request Status Low (Channels 31-00) R 11.2.1.15/11-27
0x0038 | DMAIHSA—DMA Interrupt High Select AXE (Channels 63-32) R/W 11.2.1.16/11-28
0x003c | DMAILSA—DMA Interrupt Low Select AXE (Channels 31-00) R/W 11.2.1.16/11-28
0x0040— Reserved
0x00FC
0x0100 |DCHPRIO— DCHPRI1— DCHPRI2— DCHPRI3— R/W 11.2.1.17/11-28
DMA Channel 0 | DMA Channel 1 | DMA Channel 2 | DMA Channel 3
Priority Priority Priority Priority
0x0104 |DCHPRI4— DCHPRI5— DCHPRI6— DCHPRI7— R/W 11.2.1.17/11-28
DMA Channel 4 | DMA Channel 5 | DMA Channel 6 | DMA Channel 7
Priority Priority Priority Priority
0x0108 |DCHPRI8— DCHPRI9— DCHPRI10— DCHPRI11— R/W 11.2.1.17/11-28
DMA Channel 8 | DMA Channel 9 | DMA Channel | DMA Channel
Priority Priority 10 Priority 11 Priority
0x010C |DCHPRI12— DCHPRI13— DCHPRI14— DCHPRI15— R/W 11.2.1.17/11-28
DMA Channel |DMA Channel |DMA Channel |DMA Channel
12 Priority 13 Priority 14 Priority 15 Priority
0x0110 |DCHPRI16— DCHPRI17— DCHPRI18— DCHPRI19— R/W 11.2.1.17/11-28
DMA Channel |DMA Channel |DMA Channel |DMA Channel
16 Priority 17 Priority 18 Priority 19 Priority
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Table 11-2. DMA Block Memory Map (Continued)

Offset Register Access Section/Page

0x0114 |DCHPRI20— DCHPRI21— DCHPRI22— DCHPRI23— R/W 11.2.1.17/11-28
DMA Channel DMA Channel DMA Channel DMA Channel
20 Priority 21 Priority 22 Priority 23 Priority

0x0118 |DCHPRI24— DCHPRI25— DCHPRI26— DCHPRI27— R/W 11.2.1.17/11-28
DMA Channel DMA Channel DMA Channel DMA Channel
24 Priority 25 Priority 26 Priority 27 Priority

0x011C |DCHPRI28— DCHPRI29— DCHPRI30— DCHPRI31— R/W 11.2.1.17/11-28
DMA Channel DMA Channel DMA Channel DMA Channel
28 Priority 29 Priority 30 Priority 31 Priority

0x0120 |DCHPRI32— DCHPRI33— DCHPRI34— DCHPRI35— R/W 11.2.1.17/11-28
DMA Channel DMA Channel DMA Channel DMA Channel
32 Priority 33 Priority 34 Priority 35 Priority

0x0124 |DCHPRI36— DCHPRI37— DCHPRI38— DCHPRI39— R/W 11.2.1.17/11-28
DMA Channel |DMA Channel |DMA Channel |DMA Channel
36 Priority 37 Priority 38 Priority 39 Priority

0x0128 |DCHPRI40— DCHPRI41— DCHPRI42— DCHPRI43— R/W 11.2.1.17/11-28
DMA Channel DMA Channel DMA Channel DMA Channel
40 Priority 41 Priority 42 Priority 43 Priority

0x012C |DCHPRI44— DCHPRI45— DCHPRI46— DCHPRI47— R/W 11.2.1.17/11-28
DMA Channel DMA Channel DMA Channel DMA Channel
44 Priority 45 Priority 46 Priority 47 Priority

0x0130 |DCHPRI48— DCHPRI49— DCHPRI50— DCHPRI51— R/W 11.2.1.17/11-28
DMA Channel DMA Channel DMA Channel DMA Channel
48 Priority 49 Priority 50 Priority 51 Priority

0x0134 |DCHPRI52— DCHPRI53— DCHPRI54— DCHPRI55— R/W 11.2.1.17/11-28
DMA Channel DMA Channel DMA Channel DMA Channel
52 Priority 53 Priority 54 Priority 55 Priority

0x0138 | CHPRI56D— DCHPRI57— DCHPRI58— DCHPRI59— R/W 11.2.1.17/11-28
DMA Channel DMA Channel DMA Channel DMA Channel
56 Priority) 57 Priority 58 Priority 59 Priority

0x013C |DCHPRI60— DCHPRI61— DCHPRI62— DCHPRI63— R/W 11.2.1.17/11-28
DMA Channel |DMA Channel |DMA Channel |DMA Channel
60 Priority 61 Priority 62 Priority 63 Priority

0x0140- Reserved

OxOFFC

0x1000— TCDO0O0O-TCD15 R/W 11.2.1.18/11-29

0x11FC

0x1200— TCD16-TCD31 R/W 11.2.1.18/11-29

0x13FC

0x1400—- TCD32-TCD47 R/W 11.2.1.18/11-29

0x15FC

0x1600— TCD48-TCD63 R/W 11.2.1.18/11-29

0x17FC

0x1800— Reserved

Ox3FFF
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Table 11-3. DMA Channel Assignments

Requester DMA Channel DMA Request Enable | DMA Interrupt Request DMA Error
GPIO00 DMA_REQ63 ERQ63 INT63 ERRG63
GPIO01 DMA_REQ62 ERQ62 INT62 ERR62
GPI002 DMA_REQ61 ERQ61 INT61 ERRG61
GPIO03 DMA_REQ60 ERQG60 INT60 ERRG60
GPIO04 DMA_REQ59 ERQ59 INT59 ERR59
GPIO05 DMA_REQ58 ERQ58 INT58 ERR58
GPIO06 DMA_REQ57 ERQ57 INT57 ERR57
GPIOO07 DMA_REQ56 ERQ56 INT56 ERR56
GPIO08 DMA_REQ55 ERQ55 INT55 ERR55
GPIO09 DMA_REQ54 ERQ54 INT54 ERR54
GPIO10 DMA_REQ53 ERQ53 INT53 ERR53
GPIO11 DMA_REQ52 ERQ52 INT52 ERR52
GPIO12 DMA_REQ51 ERQ51 INT51 ERR51
GPIO13 DMA_REQ50 ERQ50 INT50 ERR50
GPIO14 DMA_REQA49 ERQ49 INT49 ERR49
GPIO15 DMA_REQ48 ERQ48 INT48 ERRA48
GPIO16 DMA_REQA47 ERQ47 INT47 ERR47
GPIO17 DMA_REQA46 ERQ46 INT46 ERR46
GPIO18 DMA_REQ45 ERQ45 INT45 ERR45
GPIO19 DMA_REQ44 ERQ44 INT44 ERR44
GPI020 DMA_REQA43 ERQ43 INT43 ERRA43
GPIO21 DMA_REQA42 ERQ42 INT42 ERR42
GPI1022 DMA_REQA41 ERQ41 INT41 ERR41
GPI023 DMA_REQ40 ERQ40 INT40 ERR40
GP1024 DMA_REQ39 ERQ39 INT39 ERR39
GPI1025 DMA_REQ38 ERQ38 INT38 ERR38
GPI1026 DMA_REQ37 ERQ37 INT37 ERR37
GPIO27 DMA_REQ36 ERQ36 INT36 ERR36
GPI1028 DMA_REQ35 ERQ35 INT35 ERR35
GPI1029 DMA_REQ34 ERQ34 INT34 ERR34
GPIO30 DMA_REQS33 ERQ33 INT33 ERR33
MDDRC DMA_REQ32 ERQ32 INT32 ERR32

mMBX! DMA_REQ31 ERQ31 INT31 ERR31
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Table 11-3. DMA Channel Assignments (Continued)

Requester DMA Channel DMA Request Enable | DMA Interrupt Request DMA Error
SDHC DMA_REQ30 ERQ30 INT30 ERR30
NFC DMA_REQ29 ERQ29 INT29 ERR29
PATA—TX—;:FO—ALAR DMA_REQ28 ERQ28 INT28 ERR28
PATA—RX—,\FA'FO—ALAR DMA_REQ27 ERQ27 INT27 ERR27
LPC DMA_REQ26 ERQ26 INT26 ERR26
SPDIF_RX DMA_REQ25 ERQ25 INT25 ERR25
SPDIF_TX DMA_REQ24 ERQ24 INT24 ERR24
PSC_FIFO_TX11 DMA_REQ23 ERQ23 INT23 ERR23
PSC_FIFO_TX10 DMA_REQ22 ERQ22 INT22 ERR22
PSC_FIFO_TX9 DMA_REQ21 ERQ21 INT21 ERR21
PSC_FIFO_TX8 DMA_REQ20 ERQ20 INT20 ERR20
PSC_FIFO_TX7 DMA_REQ19 ERQ19 INT19 ERR19
PSC_FIFO_TX6 DMA_REQ18 ERQ18 INT18 ERR18
PSC_FIFO_TX5 DMA_REQ17 ERQ17 INT17 ERR17
PSC_FIFO_TX4 DMA_REQ16 ERQ16 INT16 ERR16
PSC_FIFO_TX3 DMA_REQ15 ERQ15 INT15 ERR15
PSC_FIFO_TX2 DMA_REQ14 ERQ14 INT14 ERR14
PSC_FIFO_TX1 DMA_REQ13 ERQ13 INT13 ERR13
PSC_FIFO_TXO0 DMA_REQ12 ERQ12 INT12 ERR12
PSC_FIFO_RX11 DMA_REQ11 ERQ11 INT11 ERR11
PSC_FIFO_RX10 DMA_REQ10 ERQ10 INT10 ERR10
PSC_FIFO_RX9 DMA_REQ9 ERQ9 INT9 ERR9
PSC_FIFO_RX8 DMA_REQS8 ERQ8 INT8 ERRS8
PSC_FIFO_RX7 DMA_REQ7 ERQ7 INT7 ERR7
PSC_FIFO_RX6 DMA_REQ6 ERQ6 INT6 ERR6
PSC_FIFO_RX5 DMA_REQ5 ERQ5 INT5 ERR5
PSC_FIFO_RX4 DMA_REQ4 ERQ4 INT4 ERR4
PSC_FIFO_RX3 DMA_REQ3 ERQ3 INT3 ERR3
PSC_FIFO_RX2 DMA_REQ2 ERQ2 INT2 ERR2
PSC_FIFO_RX1 DMA_REQ1 ERQ1 INT1 ERR1
PSC_FIFO_RXO0 DMA_REQO ERQO INTO ERRO
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1 Not available in MPC5123. In this don't enable DMA_REQ31 and corresponding interrupt requests

11.21 Register Descriptions

11.2.1.1 DMA Control Register (DMACR)
The 32-bit DMA control register (DMACR) defines the basic operating configuration of the DMA.

The DMA arbitrates channel service requests in groups of 16 channels. The 64 channel configurations
have four groups (3, 2, 1, and 0). Group 3 contains channels 63-48. Group 2 contains channels 47-32.
Group 1 contains channels 31-16. Group 0 contains channels 15-0.

Avrbitration within a group can be configured to use a fixed priority or a round robin. In fixed priority
arbitration, the highest priority channel requesting service is selected to execute. The priorities are
assigned by the channel priority registers. In round robin arbitration mode, the channel priorities are
ignored and the channels within each group are cycled through without regard to priority.

The group priorities operate in a similar fashion. In group fixed priority arbitration mode, channel service
requests in the highest priority group are executed first where priority level 3 is the highest and priority
level O is the lowest. The group priorities are assigned in the GRPnPri registers. All group priorities must
have unique values before any channel service requests occur. Otherwise, a configuration error is reported.
Unused group priority registers, per configuration, are unimplemented in the DMACR. In group round
robin mode, the group priorities are ignored and the groups are cycled through without regard to priority.

Address: Base + 0x0000 Access: User read/write

0 1 2 3 4 10 11 12 13 14 15
0 0 0 0 0 0 0 0 0 0 0 0

o1
o
~
©
©

EDCG

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

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

GRP3PRI GRP2PRI GRP1PRI GRPOPRI ERGA|ERCA|EDBG| O

Reset 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0
Figure 11-1. DMA Control Register (DMACR)

Table 11-4. DMACR field descriptions

Field Description

EDCG Enable Clock Dynamic Gating
0 Disable clock dynamic gating.
1 Enable clock dynamic gating.

GRP3PRI Channel Group 3 Priority. Group 3 priority level when fixed priority group arbitration is enabled.

GRP2PRI Channel Group 2 Priority. Group 2 priority level when fixed priority group arbitration is enabled.

GRP1PRI Channel Group 1 Priority. Group 1 priority level when fixed priority group arbitration is enabled.
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Table 11-4. DMACR field descriptions (Continued)

Field Description

GRPOPRI Channel Group 0 Priority. Group 0 priority level when fixed priority group arbitration is enabled.

ERGA Enable Round Robin Group Arbitration
0 Fixed priority arbitration is used for selection among the groups.
1 Round robin arbitration is used for selection among the groups.

ERCA Enable Round Robin Channel Arbitration
0 Fixed priority arbitration is used for channel selection within each group.
1 Round robin arbitration is used for channel selection within each group.

EDBG Enable Debug

0 Ignore DMA debug input.

1 Setting of TEST dmadbg bit, AXE halt, or e300 breakpoint causes the DMA to stall the start of a new
channel. Executing channels are allowed to complete. Channel execution resumes when TEST dmadbg bit
is cleared, AXE resumes execution, e300 resumes execution, or the EDBG bit is cleared.

Note: AXE and e300 halt need to be enabled by separate TEST dma_halt_en bits.

11.2.1.2 DMA Error Status (DMAES)

The DMA Error Status (DMAES) register provides information concerning the last recorded channel error.
Channel errors can be caused by a configuration error (an illegal setting in the transfer control descriptor
or an illegal priority register setting in fixed arbitration mode) or an error termination to a bus master read
or write cycle.

A configuration error is caused when the starting source or destination address, source or destination
offsets, minor loop byte count and the transfer size represent an inconsistent state. The addresses and
offsets must be aligned on transfer_size boundaries, and the minor loop byte count must be a multiple of
the source and destination transfer sizes. All source reads and destination writes must be configured to the
natural boundary of the programmed transfer size respectively. In fixed arbitration mode, a configuration
error is caused by any two channel priorities being equal within a group, or any group priority levels being
equal among the groups. All channel priority levels within a group must be unique and all group priority
levels among the groups must be unique when fixed arbitration mode is enabled. If a scatter/gather
operation is enabled upon channel completion, a configuration error is reported if the scatter/gather
address (DLAST_SGA) is not aligned on a 32-byte boundary. If minor loop channel linking is enabled
upon channel completion, a configuration error is reported when the link is attempted if the
TCD.CITER.E_LINK bit does not equal the TCD.BITER.E_LINK bit. All configuration error conditions
except scatter/gather and minor loop link error are reported as the channel is activated and asserts an error
interrupt request, if enabled. A scatter/gather configuration error is reported when the scatter/gather
operation begins at major loop completion when properly enabled. A minor loop channel link
configuration error is reported when the link operation is serviced at minor loop completion.

If a system bus read or write is terminated with an error, the data transfer is stopped and the appropriate
bus error flag set. In this case, the state of the channel’s transfer control descriptor is updated by the
DMA_ENGINE with the current source address, destination address, and current iteration count at the
point of the fault. When a system bus error occurs, the channel is terminated after the read or write
transaction already pipelined after errant access, has completed. If a bus error occurs on the last read prior
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to beginning the write sequence, the write executes using the data captured during the bus error. If a bus
error occurs on the last write prior to switching to the next read sequence, the read sequence executes
before the channel is terminated due to the destination bus error.

The occurrence of any type of error causes the DMA_ENGINE to immediately stop, and the appropriate
channel bit in the DMA error register to be asserted. At the same time, the details of the error condition
are loaded into the DMAES register. The major loop complete indicators, setting the transfer control
descriptor done flag and the possible assertion of an interrupt request, are not affected when an error is

detected.
Address: Base + 0x0004 Access: User read-only
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| VLD 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 28 29 30 31
R| GPE | CPE ERRCHN[5:0] SAE | SOE | DAE | DOE | NCE | SGE | SBE | DBE
w | [ 1]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11-2. DMA Error Status Register (DMAES)
Table 11-5. DMAES field descriptions
Field Description
VLD Logical OR of all DMAERRH
and DMAERRL status bits.
0 No DMAERR bits are set.
1 Atleast one DMAERR bit is set indicating a valid error exists that has not been cleared.
GPE Group Priority Error
0 No group priority error.
1 The last recorded error was a configuration error among the group priorities. All group priorities are not
unique.
CPE Channel Priority Error
0 No channel priority error.
1 The last recorded error was a configuration error in the channel priorities within a group. All channel
priorities within a group are not unique.
ERRCHN[5:0] [Error Channel Number
The channel number of the last recorded error (excluding GPE and CPE errors).
SAE Source Address Error
0 No source address configuration error.
1 The last recorded error was a configuration error detected in the TCD.SADDR field. TCD.SADDR is
inconsistent with TCD.SSIZE.
SOE Source Offset Configuration
0 No source offset configuration error.
1 The last recorded error was a configuration error detected in the TCD.SOFF field. TCD.SOFF is
inconsistent with TCD.SSIZE.
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Table 11-5. DMAES field descriptions (Continued)

Field Description

DAE Destination Address Error

0 No destination address configuration error.

1 The last recorded error was a configuration error detected in the TCD.DADDR field. TCD.DADDR is
inconsistent with TCD.DSIZE.

DOE Destination Offset Error

0 No destination offset configuration error.

1 The last recorded error was a configuration error detected in the TCD.DOFF field. TCD.DOFF is
inconsistent with TCD.DSIZE.

NCE NBYTES/CITER Configuration Error

0 No NBYTES/CITER configuration error.

1 The last recorded error was a configuration error detected in the TCD.NBYTES or TCD.CITER fields.
TCD.NBYTES is not a multiple of TCD.SSIZE and TCD.DSIZE, or TCD.CITER is equal to zero, or
TCD.CITER.E_LINK is not equal to TCD.BITER.E_LINK.

SGE Scatter/Gather Configuration Error

0 No scatter/gather configuration error.

1 The last recorded error was a configuration error detected in the TCD.DLAST_SGA field. This field is
checked at the beginning of a scatter/gather operation after major loop completion if TCD.E_SG is enabled.
TCD.DLAST_SGA is not on a 32-byte boundary.

SBE Source Bus Error
0 No source bus error.
1 The last recorded error was a bus error on a source read.

DBE Destination Bus Error
0 No destination bus error.
1 The last recorded error was a bus error on a destination write.

11.2.1.3 DMA Enable Request (DMAERQH, DMAERQL)

The DMA Enable Request High (DMAERQH) and DMA Enable Request Low (DMAERQL) registers
provide a bit map for the implemented 64 channels to enable the request signal for each channel.
DMAERQH supports channels 63-32, while DMAEQRL covers channels 31-00. The state of any given
channel enable is directly affected by writes to this register; it is also affected by writes to the DMASERQ
and DMACERQ registers. The DMASERQ and DMACERQ registers are provided so that the request
enable for a single channel can easily be modified without the need to perform a read-modify-write
sequence to the DMAERQH or DMAERQL registers.

The DMA request input signal and this enable request flag must be asserted before a channel’s hardware
service request is accepted. The state of the DMA enable request flag does not affect a channel service
request made explicitly through software or a linked channel request.

As a given channel completes the processing of its major iteration count, a flag in the transfer control
descriptor (TCD) can affect the ending state of the DMAERQ bit for that channel. If the TCD.D_REQ bit
is set, the corresponding DMAERQ bit is cleared, disabling the DMA request. If the D_REQ bit is cleared,
the state of the DMAERQ bit is unaffected.
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Address: Base + 0x0008 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ
w/| 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ
w| 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11-3. DMA Enable Request Register High (DMAERQH)
Address: Base + 0x000C Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ
w| 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ | ERQ
w| 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11-4. DMA Enable Request Register Low (DMAERQL)
Table 11-6. DMAERQH and DMAERQL field descriptions
Field Description
ERQn Enable DMA Request n
0 The DMA request signal for channel n is disabled.
1 The DMA request signal for channel n is enabled.
11.2.1.4

DMA Enable Error Interrupt (DMAEEIH, DMAEEIL)

The DMA Enable Error Interrupt High and Low (DMAEEIH and DMAEEIL) registers provide a bit map
for the implemented 64 channels to enable the error interrupt signal for each channel. DMAEEIH supports
channels 63-32, while DMAEEIL covers channels 31-00. The state of any given channel’s error interrupt
enable is directly affected by writes to this register; it is also affected by writes to the DMASEEI and
DMACEEI registers. The DMASEEI and DMACEEI registers are provided so that the error interrupt

enable for a single channel can easily be modified without the need to perform a read-modify-write
sequence to the DMAEEIH or DMAEEIL registers.
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The DMA error indicator and this error interrupt enable flag must be asserted before an error interrupt
request for a given channel is asserted. See Figure 11-5 and Figure 11-6, and Table 11-7 for the DMAEEI
definition.
Address: Base + 0x0010 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| EEI | EEI | EEI | EEI | EEl | EEl | EElI | EEI | EEl | EEI | EEI | EEI | EElI | EElI | EEl | EEIl
w| 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| EEI | EEI | EEI | EEI | EEl | EEl | EElI | EEI | EEI | EEI | EEI | EEI | EEI | EElI | EEI | EEIl
w| 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11-5. DMA Enable Error Interrupt High (DMAEEIH) Register
Address: Base + 0x0014 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| EEI | EEI | EEI | EEI | EEl | EEl | EElI | EEI | EEI | EEI | EEI | EEI | EElI | EElI | EEI | EEIl
w| 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| EEI | EEI | EEI | EEI | EEl | EEl | EElI | EEI | EEI | EEI | EEI | EEI | EElI | EElI | EEI | EEIl
w| 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11-6. DMA Enable Error Interrupt Low (DMAEEIL) Register
Table 11-7. DMAEEIH and DMAEEIL field descriptions
Field Description
EEIn Enable Error Interrupt n
0 The error signal for channel n does not generate an error interrupt.
1 The assertion of the error signal for channel n generates an error interrupt request.
11.2.1.5 DMA Set Enable Request (DMASERQ)

The DMA Set Enable Request (DMASERQ) register provides a simple memory-mapped mechanism to
set a given bit in the DMAERQH and DMAERQL registers to enable the DMA request for a given
channel. The data value on a register write causes the corresponding bit in the DMAERQH or DMAERQL
register to be set. A data value of 64 to 127 (regardless of the number of implemented channels) provides
a global set function, forcing the entire contents of the DMAERQH and DMAERQL registers to be
asserted. Reads of this register return all Os. See Figure 11-7 and Table 11-8 for the DMASERQ definition.
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Address: Base + 0x0018 Access: User read/write

0 1 2 3 4 5 6 7
R 0 0 0 0 0 | 0 |
w SERQI[6:0]
Reset 0 0 0 0 \ 0 0 0 0

Figure 11-7. DMA Set Enable Request Register (DMASERQ)

Table 11-8. DMASERQ field descriptions

Field Description

SERQ[6:0] Set Enable Request
0-63  Sets the corresponding bit in the DMAERQH or DMAERQL register.
64-127 Sets all the bits in the DMAERQH and DMAERQL registers.

11.2.1.6 DMA Clear Enable Request (DMACERQ)

The DMA Clear Enable Request (DMACERQ) register provides a simple memory-mapped mechanism to
clear a given bit in the DMAERQH and DMAERQL registers to disable the DMA request for a given
channel. The data value on a register write causes the corresponding bit in the DMAERQH or DMAERQL
register to be cleared. A data value of 64 to 127 (regardless of the number of implemented channels)
provides a global clear function, forcing the entire contents of the DMAERQH and DMAERQL registers
to be cleared, disabling all DMA request inputs. Reads of this register return all 0s. See Figure 11-8 and
Table 11-9 for the DMACERQ definition.

Address: Base + 0x0019 Access: User read/write
0 1 2 3 4 5 6 7
R 0 0 | 0 0 0 | 0 |
w CERQ[6:0]
Reset 0 0 0 0 | 0 0 0 0

Figure 11-8. DMA Clear Enable Request Register (DMACERQ)

Table 11-9. DMACERAQ field descriptions

Field Description

CERQI6:0] Clear Enable Request
0-63  Clears the corresponding bit in the DMAERQH or DMAERQL register.
64-127 Clears all the bits in the DMAERQH and DMAERQL registers.

11.2.1.7 DMA Set Enable Error Interrupt (DMASEEI)

The DMASEEI register provides a simple memory-mapped mechanism to set a given bit in the DMAEEIH
and DMAEEIL registers to enable the error interrupt for a given channel. The data value on a register write
causes the corresponding bit in the DMAEEIH or DMAEEIL register to be set. A data value of 64 to 127
(regardless of the number of implemented channels) provides a global set function, forcing the entire
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contents of DMAEEIH and DMAEEIL registers to be set to 1s. Reads of this register return all 0s. See
Figure 11-9 and Table 11-10 for the DMASEEI definition.

Address: Base + 0x001A Access: User read/write
0 1 2 3 4 5 6 7
R 0 0 | 0 | 0 0 | 0 |
w SEEI[6:0]
Reset 0 0 0 0 | 0 0 0 0

Figure 11-9. DMA Set Enable Error Interrupt Register (DMASEEI)

Table 11-10. DMASEEI field descriptions

Field Description

SEEI[6:0] Set Enable Error Interrupt

0-63 Sets the corresponding bit in the DMAEEIH or DMAEEIL register. For example, writing a value of
0b000_1111 (15 d, OxF) sets the bit for EEI15 in DMAEEIL, allowing the assertion of an error signal
on channel 15 to generate an error interrupt request.

64-127 Sets all the bits in the DMAEEIH and DMAEEIL registers.

11.2.1.8 DMA Clear Enable Error Interrupt (DMACEEI)

The DMA Clear Enable Error Interrupt (DMACEEI) register provides a simple memory-mapped
mechanism to clear a given bit in the DMAERQH and DMAERQL registers to disable the error interrupt
for a given channel. The data value on a register write causes the corresponding bit in the DMAERQH or
DMAERQL register to be cleared. A data value of 64 to 127 (regardless of the number of implemented
channels) provides a global clear function, forcing the entire contents of the DMAERQH and DMAERQL
to be cleared, disabling all DMA request inputs. Reads of this register return all 0s. See Figure 11-10 and
Table 11-11 for the DMACEEI definition.

Address: Base + 0x001B Access: User read/write
0 1 2 3 4 5 6 7
R 0 0 | 0 0 0 | 0 | 0 |
w CEEI[6:0]
Reset 0 0 0 0 | 0 0 0 0

Figure 11-10. DMA Clear Enable Error Interrupt Register (DMACEEI)

Table 11-11. DMACEE!I field descriptions

Field Description

CEEI[6:0] Clear Enable Error Interrupt
0-63 Clears the corresponding bit in the DMAERQH or DMAERQL register.
64-127 Clear all the bits in the DMAERQH and DMAERQL registers.
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11.2.1.9 DMA Clear Interrupt Request (DMACINT)

The DMA Clear Interrupt Request (DMACINT) register provides a simple memory-mapped mechanism
to clear a given bit in the DMAINTH and DMAINTL registers to disable the interrupt request for a given
channel. The given value on a register write causes the corresponding bit in the DMAINTH or DMAINTL
register to be cleared. A data value of 64 to 127 (regardless of the number of implemented channels)
provides a global clear function, forcing the entire contents of the DMAINTH and DMAINTL registers to
be cleared, disabling all DMA interrupt requests. Reads of this register return all Os. See Figure 11-11 and
Table 11-12 for the DMACINT definition.

Address: Base + 0x001C Access: User read/write
0 1 2 3 4 5 6 7
R 0 0 | 0 0 0 | 0 |
w CINTI[6:0]
Reset 0 0 0 0 | 0 0 0 0

Figure 11-11. DMA Clear Interrupt Request Register (DMACINT)

Table 11-12. DMACINT field descriptions

Field Description

CINTI[6:0] Clear Interrupt Request
0-63  Clears the corresponding bit in the DMAINTH or DMAINTL register.
64-127 Clears all the bits in the DMAINTH and DMAINTL registers.

11.2.1.10 DMA Clear Error (DMACERR)

The DMA Clear Error (DMACERR) register provides a simple memory-mapped mechanism to clear a
given bit in the DMAERRH and DMAERRL registers to disable the error condition flag for a given
channel. The given value on a register write causes the corresponding bit in the DMAERRH or
DMAERRL register to be cleared. A data value of 64 to 127 (regardless of the number of implemented
channels) provides a global clear function, forcing the entire contents of the DMAERRH and DMAERRL
registers to be cleared, clearing all channel error indicators. Reads of this register return all 0s. See
Figure 11-12 and Table 11-13 for the DMACERR definition.

Address: Base + 0x001D Access: User read/write
0 1 2 3 4 5 6 7
R 0 0 | 0 | 0 0 | 0 | 0
W CERR[6:0]
Reset 0 0 0 0 | 0 0 0 0

Figure 11-12. DMA Clear Error Register (DMACERR)
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Table 11-13. DMACERR field descriptions

Field Description

CERR[6:0] Clear Error Indicator
0-63 Clears the corresponding bit in the DMAERRH or DMAERRL register.
64-127 Clears all the bits in the DMAERRH and DMAERRL registers.

11.2.1.11 DMA Set START Bit (DMASSRT)

The DMA Set START Bit (DMASSRT) register provides a simple memory-mapped mechanism to set the
START bit in the TCD of the given channel. The data value on a register write causes the START bit in
the corresponding Transfer Control Descriptor to be set. A data value of 64 to 127 (regardless of the
number of implemented channels) provides a global set function, forcing all START bits to be set. Reads
of this register return all 0s. See Figure 11-13 and Table 11-14 for the TCD.START bit definition.

Address: Base + 0x001E Access: User read/write
0 1 2 3 4 5 6 7
R 0 0 | 0 | 0 0 | 0 | 0 |
w SSRT[6:0]
Reset 0 0 0 0 | 0 0 0 0

Figure 11-13. DMA Set START Bit Register (DMASSRT)

Table 11-14. DMASSRT field descriptions

Field Description

SSRT[6:0] Set START Bit (Channel Service Request)
0-63  Sets the corresponding channel's TCD.START bit.
64-127 Sets all TCD.START bits.

11.2.1.12 DMA Clear DONE Status (DMACDNE)

The DMA Clear DONE Status (DMACDNE) register provides a simple memory-mapped mechanism to
clear the DONE bit in the TCD of the given channel. The data value on a register write causes the DONE
bit in the corresponding Transfer Control Descriptor to be cleared. A data value of 64 to 127 (regardless
of the number of implemented channels) provides a global clear function, forcing all DONE bits to be
cleared. Reads of this register return all 0s. See Figure 11-14 and Table 11-15 for the TCD.DONE bit

definition.
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Address: Base + 0x001F Access: User read/write

0 1 2 3 4 5 6 7
R 0 0 0 0 0 | 0 |
w CDNE[6:0]
Reset 0 0 0 0 \ 0 0 0 0

Figure 11-14. DMA Clear DONE Status Register (DMACDNE)

Table 11-15. DMACDNE field descriptions

Field Description

CDNE[6:0] Clear DONE Status Bit
0-63 Clears the corresponding channel’'s DONE bhit.
64-127 Clears all the TCD.DONE bits.

11.2.1.13 DMA Interrupt Request (DMAINTH, DMAINTL)

The DMA Interrupt Request High (DMAINTH) and DMA Interrupt Request Low (DMAINTL) registers
provide a bit map for the implemented 64 channels signaling the presence of an interrupt request for each
channel. DMAINTH supports channels 63—-32, while DMAINTL covers channels 31-00. The
DMA_ENGINE signals the occurrence of a programmed interrupt upon the completion of a data transfer
as defined in the transfer control descriptor by setting the appropriate bit in this register. The outputs of
this register are directly routed to the platform’s interrupt controller. During the execution of the interrupt
service routine associated with any given channel, it is the software’s responsibility to clear the appropriate
bit, negating the interrupt request. Typically, a write to the DMACINT register in the interrupt service
routine is used for this purpose.

The state of any given channel’s interrupt request is directly affected by writes to this register; it is also
affected by writes to the DMACINT register. On writes to the DMAINT, a 1 in any bit position clears the
corresponding channel’s interrupt request. A 0 in any bit position has no effect on the corresponding
channel’s current interrupt status. The DMACINT register is provided so the interrupt request for a single
channel can easily be cleared without the need to perform a read-modify-write sequence to the DMAINTH
or DMAINTL registers.

See Figure 11-15 and Figure 11-16, and Table 11-16 for the DMAINT definition.
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Address: Base + 0x0020

Access: User read/write

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

RIVINT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT

w| 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

RIVINT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT

w| 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 11-15. DMA Interrupt Request Register High (DMAINTH)

Address: Base + 0x0024

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R] INT | INT | INT [ INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT
w| 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R]INT | INT | INT [ INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT | INT
w| 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11-16. DMA Interrupt Request Register Low (DMAINTL)
Table 11-16. DMAINTH and DMAINTL field descriptions
Field Description
INTNn DMA Interrupt Request n

0 The interrupt request for channel n is cleared.
1 The interrupt request for channel n is active.

11.2.1.14 DMA Error (DMAERRH, DMAERRL)

The DMA Error High (DMAERRH) and DMA Error Low (DMAERRL) registers provide a bit map for
the implemented 64 channels signaling the presence of an error for each channel. DMAERRH supports
channels 63-32, while DMAERRL covers channels 31-00. The DMA_ENGINE signals the occurrence of
an error condition by setting the appropriate bit in this register. The outputs of this register are enabled by
the contents of the DMAEEI register, then logically summed across groups of 16, 32, and 64 channels to
form several group error interrupt requests routed to the platform’s interrupt controller. During the
execution of the interrupt service routine associated with any DMA errors, it is software’s responsibility
to clear the appropriate bit, negating the error interrupt request. Typically, a write to the DMACERR
register in the interrupt service routine is used for this purpose. Recall the normal DMA channel
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completion indicators, setting the transfer control descriptor done flag and the possible assertion of an
interrupt request, are not affected when an error is detected.

The contents of this register can also be polled and a non-zero value indicates the presence of a channel
error, regardless of the state of the DMAEEI register. The state of any given channel’s error indicators is
affected by writes to this register; it is also affected by writes to the DMACERR register. On writes to the
DMAERR, a 1 in any bit position clears the corresponding channel’s error status. A 0 in any bit position
has no effect on the corresponding channel’s current error status. The DMACERR register is provided so
the error indicator for a single channel can easily be cleared. See Figure 11-17 and Figure 11-18, and
Table 11-17 for the DMAERR definition.

Address: Base + 0x0028

R
W
Reset

R
W
Reset

0

1

2

3

4

5

6

7

8

9

10

11

Access: User read/write

12

13

14

15

ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Address: Base + 0x002C

R

0

1

2

Figure 11-17. DMA Error Register High (DMAERRH)

4

5

6

7

8

9

10

11

Access: User read/write

12

13

14

15

ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR
w| 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR | ERR
w| 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11-18. DMA Error Register Low (DMAERRL)
Table 11-17. DMAERRH and DMAERRL field descriptions
Field Description
ERRN DMA Error n

0 An error in channel n has not occurred.

1 An error in channel n has occurred.
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11.2.1.15 DMA Hardware Request Status (DMAHRSH, DMAHRSL)

The DMA Hardware Request Status High (DMAHRSH) and DMA Hardware Request Status Low

(DMAHRSL) registers provide a bit map for the implemented 64 channels’ current hardware request
status. DMAHRSH supports channels 63-32, while DMAHRSL covers channels 31-00. The hardware
request status reflects the current state of the registered and qualified (via the DMAERQ field) request
lines as seen by DMA arbitration logic. This view into the hardware request signals may be used for debug
purposes. See Figure 11-19 and Figure 11-20, and Table 11-18 for the DMAHRS definition.

Address: Base + 0x0030

Access: User read-only

0 1 2 3 4 5 () 7 8 9 10 11 12 13 14 15
R| HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48

W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 11-19. DMA Hardware Request Status Register High (DMAHRSH)

Address: Base + 0x0034

Access: User read-only

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS | HRS
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11-20. DMA Hardware Request Status Register Low (DMHRSL)
Table 11-18. DMAHRSH and DMAHRSL field descriptions
Field Description
HSAN DMA Hardware Request Status

0 A Hardware service request for channel n is not present.

1 A Hardware service request for channel n is present.

Note: The hardware request status reflects the state of the request as seen by the arbitration logic. Therefore,
this status is affected by the DMAERQnN bit.
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11.2.1.16 DMA Interrupt Select AXE (DMAIHSA, DMAILSA)

The DMA Interrupt Select AXE High (DMAIHSA) and DMA Interrupt Select AXE Low (DMAILSA)
registers provide a bit map for the implemented 64 channels’ interrupt direction. When a bit in these two
registers is set, the corresponding channel’s interrupt is directed to AXE. Otherwise, the interrupt is
directed to IPIC. DMAIHSA supports channels 63—-32, while DMAILSA covers channels 31-00.

See Figure 11-21 and Figure 11-22, and Table 11-19 for the DMAIHSA and DMAILSA definition.

Address: Base + 0x0038 Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA
w/| 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RI ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA
w| 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 11-21. DMA Interrupt Select AXE Register High (DMAIHSA)

Address: Base + 0x003C

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA
w| 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA | ISA
w| 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11-22. DMA Interrupt Select AXE Register Low (DMAILSA)
Table 11-19. DMAIHSA and DMAILSA field descriptions
Field Description
ISAn DMA Interrupt n selects AXE

0 The interrupt of channel n is directed to IPIC.
1 The interrupt of channel n is directed to AXE.

11.2.1.17 DMA Channel n Priority (DCHPRINn), n =[0,..., {15, 31, 63}

When the fixed-priority channel arbitration mode is enabled (DMACR[ERCA] = 0), the contents of these
registers define the unique priorities associated with each channel within a group. The channel priorities
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are evaluated by numeric value (0O is the lowest priority, 1 is the next higher priority, then 2, 3, etc.).
Software must program the channel priorities with unique values; otherwise, a configuration error is
reported. The range of the priority value is limited to the values of 0 through 15. When read, the GRPPRI
bits of the DCHPRIn register reflect the current priority level of the group of channels in which the
corresponding channel resides. GRPPRI bits are not affected by writes to the DCHPRIn registers. The
group priority is assigned in the DMACR. See Figure 11-1 and Table 11-4 for the DMACR definition.

Channel preemption is enabled on a per channel basis by setting the ECP bit in the DCHPRIn register.
Channel preemption allows the executing channel’s data transfers to be temporarily suspended in favor of
starting a higher priority channel. After the preempting channel has completed all of its minor loop data
transfers, the preempted channel is restored and resumes execution. After the restored channel completes
one read/write sequence, it is again eligible for preemption. If any higher priority channel is requesting
service, the restored channel is suspended and the higher priority channel is serviced. Nested preemption
(attempting to preempt a preempting channel) is not supported. After a preempting channel begins
execution, it cannot be preempted. Preemption is only available when fixed arbitration is selected for
group and channel arbitration modes. See Figure 11-23 and Table 11-20 for the DCHPRIn definition.

Address: Base + 0x0100 + n Access: User read/write
0 1 2 3 4 5 6 7
R 0 GRPPRI[1:0]
ECP CHPRI[3:0]
w |
Reset 0 0 -1 _1 _2 _2 _2 — 2

Figure 11-23. DMA Channel n Priority Register (DCHPRIn)

1 GRPPRI[1:0] equals the corresponding group's GRPxPRI value of the DMACRn register.
2 CHPRI[3:0] defaults to the values for channel number (n) after reset.

Table 11-20. DCHPRIn field descriptions

Field Description

ECP Enable Channel Preemption
0 Channel n cannot be suspended by a higher priority channel’s service request.
1 Channel n can be temporarily suspended by the service request of a higher priority channel.

GRPPRI[1:0] [Channel n Current Group Priority. Group priority assigned to this channel group when fixed-priority arbitration
is enabled. These two bits are read only; writes are ignored.

CHPRI[3:0] |[Channel n Arbitration Priority. Channel priority when fixed-priority arbitration is enabled.

11.2.1.18 Transfer Control Descriptor (TCD)

Each channel requires a 32-byte transfer control descriptor (TCD) for defining the desired data movement
operation. The channel descriptors are stored in the local memory in sequential order. The definitions of
the TCD are presented as eight 32-bit values. Table 11-21 is a 32-bit view of the basic TCD structure.
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Table 11-21. TCDn 32-bit Memory Structure

TCDn Word

DMA Offset

TCDn Field

0

0x1000 + (32 x n) + 0x0000

Source Address (SADDR)

Transfer Attributes

Signed Source Address Offset

(BITER)

! 0x1000 + (32 x ) +0x0004 | V160, sSIZE, DMOD, DSIZE) (SOFF)

2 0x1000 + (32 % n) + 0x0008 Inner Minor Byte Count (NBYTES)

3 0x1000 + (32 x n) + 0x000C Last Source Address Adjustment (SLAST)

4 0x1000 + (32 % n) + 0x0010 Destination Address (DADDR)

5 0x1000 + (32 % n) + 0x0014 | Current Major Iteration Count (CITER) Signed Destination Address Offset
(DOFF)

6 0x1000 + (32 % n) + 0x0018 Last Destination Address Adjustment/Scatter Gather Address (DLAST_SGA)

Channel Control/Status
7 0X1000 + (32 x 1) + 0X001C Beginning Major Iteration Count (BWC, MAJOR.LINKCH, DONE,

ACTIVE, MAJOR.E_LINK, E_SG,
D_REQ, INT_HALF, INT_MAJ, START)

Table 11-22 shows the addresses of the eight TCD words in TCDO0O. The other TCD channels repeat this

addressing, based on their individual addresses as shown in Table 11-1.

Table 11-22. Sample TCD Memory Structure for TCDOO

TCDOO Word

Offset from DMA_BASE

0x1000

0x1004

0x1008

0x100C

0x1010

0x1014

0x1018

~N|lo|lo| Ml W[N] P]| O

0x101C

Figure 11-24 and Table 11-23 define word 0 of the TCDn structure, the SADDR field.
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Address: TCDn Base + 0x1000 + (32 x n) + 0x0000

See Table 11-1 and Table 11-22. Access: User read/write
0 1 2 3 ‘4 5 6 7‘8 9 10 11‘12 13 14 15
R
SADDRJ[31:16]
W
Reset — — — —[— — - —][—=- - - —|-= - - —
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
SADDR[15:00]
W
Reset — — — —[— — - —][—=- - - —|-= - - —
Figure 11-24. TCDn Word 0 (TCDn.SADDR) Field
Table 11-23. TCDn Word O field descriptions
Field Description

SADDR[31:0] |[Source Address. Memory address pointing to the source data.

Figure 11-25 and Table 11-24 define word 1 of the TCDn structure, the SOFF and transfer attribute fields.

Address: Base + 0x1000 + (32 x n) + 0x0004

See Table 11-1 and Table 11-22. Access: User read/write
0 1 2 3 ‘ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R
W SMODI[4:0] SSIZE[2:0] DMODI[4:0] DSIZE[2:0]
Reset — — — — ‘ — — — — — — — — ‘ — — — —
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
SOFF[15:0]
W
Reset — — — —|— - —- —|—- - - —|—= - - -
Figure 11-25. TCDn Word 1 (TCDn.{SOFF,SMOD,SSIZE,DMOD,DSIZE}) Field
Table 11-24. TCDn Word 1 field descriptions
Field Description

SMODI[4:0] |Source address modulo

0
non-0

Source address modulo feature is disabled.

The value defines a specific address bit selected to be the value after SADDR + SOFF calculation is
performed on the original register value. This feature provides the ability to easily implement a circular
data queue. For data queues requiring power-of-two size bytes, the queue should be based at a
zero-modulo-size address and the smod field set to the appropriate value to freeze the upper address
bits. The bit select is defined as ((1 << smod[4:0]) — 1) where a resulting 1 in a bit location selects the
next state address for the corresponding address bit location and a 0 selects the original register value
for the corresponding address bit location. For this application, the SOFF is typically set to the transfer
size to implement post-increment addressing with the SMOD function constraining the addresses to
a zero-modulo-size range.
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Table 11-24. TCDn Word 1 field descriptions (Continued)

Field

Description

SSIZE[2:0]

Source data transfer size

000 8-hit

001 16-bit

010 32-bit

011 Reserved

100 16-byte

101 32-byte

110 Reserved

111 Reserved

The attempted specification of a reserved source size produces a configuration error.

DMODI[4:0]

Destination address modulo. See the SMOD[5:0] definition.

DSIZE[2:0]

Destination data transfer size. See the SSIZE[2:0] definition.

SOFF[15:0]

Source address signed offset. Sign-extended offset applied to the current source address to form the
next-state value as each source read is completed.

Figure 11-26 and Table 11-25 define word 2 of the TCDn structure, the NBYTES field.

Address: Base + 0x1000 + (32 x n) + 0x0008

See Table 11-1 and Table 11-22. Access: User read/write
0 1 2 3 ‘4 5 6 7‘8 9 10 11‘12 13 14 15
R
NBYTES[31:16]
w
Reset — — — —|— - - —|—- - - —|-=- - - -
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
NBYTES[15:00]
w
Reset — — — —|— - —- —|—- - - —|—= - - -
Figure 11-26. TCDn Word 2 (TCDn.NBYTES) Field
Table 11-25. TCDn Word 2 field descriptions
Field Description
NBYTES[31:0] |Inner Minor Byte Transfer Count. Number of bytes to be transferred in each service request of the channel.

As a channel is activated, the contents of the appropriate TCD is loaded into the DMA_ENGINE, and the
appropriate reads and writes perform until the complete byte transfer count has been transferred. This is an
indivisible operation and cannot be stalled or halted. After the minor count is exhausted, the current values of
the SADDR and DADDR are written back into the local memory, the major iteration count is decremented and
restored to the local memory. If the major iteration count is completed, additional processing is performed.
The NBYTES value of 0x0000_0000 is interpreted as 0x1_0000_0000, thus specifying a 4 GB transfer.

Figure 11-27 and Table 11-26 define word 3 of the TCDn structure, the SLAST field.
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Address: Base + 0x1000 + (32 x n) + 0x000C
See Table 11-1 and Table 11-22.

123‘45

7‘8

Access: User read/write

‘ 12 13 14

0 6 9 10 11 15
R
SLAST[31:16]
w
Reset — — — —[— — - —][-=- - - —|-= - = —
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
SLAST[15:00]
w
Reset — — — —|[— — - —][—- - - —|-= - - —
Figure 11-27. TCDn Word 3 (TCDn.slast) Field
Table 11-26. TCDn Word 3 (TCDn.slast) field descriptions
Field Description

SLAST[31:0]

Last source address adjustment. Adjustment value added to the source address at the completion of the outer

major iteration count.

This value can be applied to restore the source address to the initial value, or adjust the address to reference

the next data structure.

Figure 11-28 and Table 11-27 define word 4 of the TCDn structure, the DADDR field.

Address: Base + 0x1000 + (32 x n) + 0x0010
See Table 11-1 and Table 11-22.

1 2 3‘4 5

7 | s

Access: User read/write

‘ 12 13 14

0 6 9 10 11 15
R
DADDR[31:16]
W
Reset — — — —|— - —-— —|—- - - —|-=- - - -
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
DADDR[15:00]
W
Reset — — — —|— - — —]—- - - —| - - - —
Figure 11-28. TCDn Word 4 (TCDn.DADDR) Field
Table 11-27. TCDn Word 4 field descriptions
Field Description
DADDR[31:0] |Destination address. Memory address pointing to the destination data.
Figure 11-29 and Table 11-28 define word 5 of the TCDn structure, the CITER and DOFF fields.
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Address: Base + 0x1000 + (32 x n) + 0x14

See Table 11-1 and Table 11-22. Access: User read/write
0 1 2 3 ‘4 5 6 7‘8 9 10 11‘12 13 14 15
R|CITER. CITER[14:9] or ,
w |E_LINK CITER.LINKCHI[5:0] CITER[8:0]
Reset — — — —[— — - —][—-=- - - —|-= = = —
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
DOFF[15:0]
W
Reset — — — —|[— — - —][—- - - —|-= - - —
Figure 11-29. TCDn Word 5 (TCDn.{CITER,DOFF}) Field
Table 11-28. TCDn Word 5 field descriptions
Field Description

CITER.E_LINK |Enable Channel-to-Channel Linking on Minor Loop Complete. As the channel completes the inner minor
loop, this flag enables the linking to another channel, defined by CITER.LINKCHI[5:0]. The link target
channel initiates a channel service request via an internal mechanism that sets the TCD.START bit of the
specified channel. If channel linking is disabled, the CITER value is extended to 15 bits in place of a link
channel number. If the major loop is exhausted, this link mechanism is suppressed in favor of the
MAJOR.E_LINK channel linking. This bit must be equal to the BITER.E_LINK bit otherwise a
configuration error is reported.

0 The channel-to-channel linking is disabled.
1 The channel-to-channel linking is enabled.

CITER[14:9] Current Major Iteration Count
or or
CITER.LINKCH[5:0] |Link Channel Number
If TCD.CITER.E_LINK equals O,
No channel-to-channel linking (or chaining) is performed after the inner minor loop is exhausted. TCD
word 5, bits [30:25] are used to form a 15-bit CITER field.
or
After the minor loop is exhausted, the DMA_ENGINE initiates a channel service request at the channel
defined by CITER.LINKCH[5:0] by setting that channel’s TCD.START bit.

The value contained in CITER.LINKCH[5:0] must not exceed the number of implemented channels.

CITER[8:0] Current major iteration count.

DOFF[15:0] Destination address signed offset.

Figure 11-30 and Table 11-29 define word 6 of the TCDn structure, the DLAST_SGA field.
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Address: Base + 0x1000 + (32 x n) + 0x0018
See Table 11-1 and Table 11-22.

Access: User read/write

0 1 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R
DLAST_SGA[31:16]
w
Reset — — — —[— — - —[-=- - - —|-= - - —
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
DLAST_SGA[15:00]
w
Reset — — — —[— — - —][—=- - - —|-= - - —
Figure 11-30. TCDn Word 6 (TCDn.DLAST_SGA)
Table 11-29. TCDn Word 6 field descriptions
Field Description

DLAST_SGA[31:0]

If TCD.e_sg equals 0,

reference the next data structure.
or

Last destination address adjustment or the memory address for the next transfer control descriptor to be
loaded into this channel (scatter/gather)

Adjustment value is added to the destination address at the completion of the outer major iteration count.
This value can be applied to restore the destination address to the initial value or adjust the address to

This address points to the beginning of a 0-modulo-32 region containing the next transfer control descriptor
to be loaded into this channel. This channel reload is performed as the major iteration count completes.
The scatter/gather address must be 0-modulo-32 or a configuration error is reported.

Figure 11-31 and Table 11-30 define word 7 of the TCDn structure, the BITER and control/status fields.

Address: Base + 0x1000 + (32 x n) + 0x001C
See Table 11-1 and Table 11-22.

3‘456

Access: User read/write

11 ‘ 12 13 14 15

0 1 2
R|BITER. BITER[14:9] or ,
w |E_LINK BITER.LINKCHI5:0] BITER[8:0]
Reset — — — —|— - - —|—- - - —|-=- - - -
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 28 29 30 31
R _ AC  |MAJIOR. INT_ | INT_
w|  BWwC MAJOR.LINKCH[5:0] DONE| Ve |g Link|E-SC |PREQ| ya | maT |SART
Reset — — — — ‘ — — — — — — — — — — — —

Figure 11-31. TCDn Word 7 (TCDn.{BITER,control/status}) Fields
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Table 11-30. TCDn Word 7 field descriptions

Field Description
BITER.E_LINK Enable channel-to-channel linking on major loop complete. This is the initial value copied into the

CITER.E_LINK field when the major loop is completed. The CITER.E_LINK field controls channel linking
during channel execution. This bit must be equal to the CITER.E_LINK bit otherwise a configuration error
is reported.
0 The channel-to-channel linking is disabled.
1 The channel-to-channel linking is enabled.

BITER[14:9] Beginning major iteration count or beginning link channel number. This is the initial value copied into the

or CITER field or CITER.LINKCH field when the major loop is completed. The CITER fields controls the

BITER.LINKCH [5:0]

interation count and linking during channel execution.
If TCD.BITER.E_LINK equals 0,

No channel-to-channel linking (or chaining) is performed after the inner minor loop is exhausted. TCD
word 5, bits [30:25] are used to form a 15-bit BITER field.

or

After the minor loop is exhausted, the DMA_ENGINE initiates a channel service request at the channel
defined by BITER.LINKCHI[5:0] by setting that channel’s TCD.START bit.

The value contained in BITER.LINKCH[5:0] must not exceed the number of implemented channels.

BITER[8:0]

Beginning major iteration count. This is the initial value copied into the CITER field or ciTer.LINKCH field
when the major loop is completed. The CITER fields controls the interation count and linking during
channel execution.

This 9- or 15-bit count represents the beginning major loop count for the channel. As the major iteration
count is exhausted, the contents of the entire 16-bit BITER entry is reloaded into the 16-bit CITER entry.

When the BITER field is initially loaded by software, it must be set to the same value as that contained in
the CITER field.

If the channel is configured to execute a single service request, the initial values of BITER and CITER
should be 0x0001.

BWC[1:0]

Bandwidth control. This two-bit field provides a mechanism to effectively throttle the amount of bus
bandwidth consumed by the DMA. In general, as the DMA processes the inner minor loop, it continuously
generates read/write, read/write, etc. sequences until the minor count is exhausted. This field forces the
DMA to stall after the completion of each read/write access to control the bus request bandwidth seen by
the platform’s cross-bar arbitration switch. To minimize start-up latency, bandwidth control stalls are
suppressed for the first two AHB bus cycles and after the last write of each minor loop.

The dynamic priority elevation setting elevates the priority of the DMA as seen by the cross-bar arbitration
switch for the executing channel. Dynamic priority elevation is suppressed during the first two AHB bus
cycles.

00 No DMA_ENGINE stalls.

01 Dynamic priority elevation.

10 DMA_ENGINE stalls for four cycles after each r/w.

11 DMA_ENGINE stalls for eight cycles after each r/w.

MAJOR.LINKCH]I5:0]

Link channel number

If TCD.MAJOR.E_LINK equals 0, no channel-to-channel linking (or chaining) is performed after the outer
major loop counter is exhausted.

or

After the major loop counter is exhausted, the DMA_ENGINE initiates a channel service request at the
channel defined by MAJOR.LINKCH]I5:0] by setting that channel's TCD.START bit.

The value contained in MAJOR.LINKCH]I5:0] must not exceed the number of implemented channels.
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Table 11-30. TCDn Word 7 field descriptions (Continued)

Field

Description

DONE

Channel done. This flag indicates the DMA has completed the outer major loop. It is set by the
DMA_ENGINE as the CITER count reaches 0; it is cleared by software or the hardware when the channel
is activated.

This bit must be cleared to write the MAJOR.E_LINK or E_SG bits.

ACTIVE

Channel active. This flag signals the channel is currently in execution. It is set when channel service
begins, and is cleared by the DMA_ENGINE as the inner minor loop completes or if any error condition
is detected.

MAJOR.E_LINK

Enable channel-to-channel linking on major loop complete. As the channel completes the outer major
loop, this flag enables the linking to another channel, defined by MAJOR.LINKCHI[5:0]. The link target
channel initiates a channel service request via an internal mechanism that sets the TCD.START bit of the
specified channel. To support the dynamic linking coherency model, this field is forced to zero when
written to while the TCD.DONE bit is set.

0 The channel-to-channel linking is disabled.

1 The channel-to-channel linking is enabled.

Enable scatter/gather processing. As the channel completes the outer major loop, this flag enables

scatter/gather processing in the current channel. If enabled, the DMA_ENGINE uses DLAST_SGA as a

memory pointer to a 0-modulo-32 address containing a 32-byte data structure that is loaded as the

transfer control descriptor into the local memory. To support the dynamic scatter/gather coherency model,

this field is forced to zero when written to while the TCD.DONE bit is set.

0 The current channel’'s TCD is normal format.

1 The current channel’'s TCD specifies a scatter gather format. The DLAST_SGA field provides a
memory pointer to the next TCD to be loaded into this channel after the outer major loop completes its
execution.

D_REQ

Disable request. If this flag is set, the DMA hardware automatically clears the corresponding DMAERQ
bit when the current major iteration count reaches zero.

0 The channel's DMAERQ bit is not affected.

1 The channel's DMAERQ bit is cleared when the outer major loop is complete.

INT_HALF

Enable an interrupt when major counter is half complete. If this flag is set, the channel generates an
interrupt request by setting the appropriate bit in the DMAINT register when the current major iteration
count reaches the halfway point. Specifically, the comparison performed by the DMA_ENGINE is (CITER
== (BITER >> 1)). This halfway point interrupt request is provided to support double-buffered schemes or
other types of data movement where the processor needs an early indication of the transfer’'s progress.
The halfway complete interrupt is disabled when BITER values are less than 2.

0 The half-point interrupt is disabled.

1 The half-point interrupt is enabled.

INT_MAJ

Enable an interrupt when major iteration count completes. If this flag is set, the channel generates an
interrupt request by setting the appropriate bit in the DMAINT register when the current major iteration
count reaches 0.

0 The end-of-major loop interrupt is disabled.

1 The end-of-major loop interrupt is enabled.

START

Channel start. If this flag is set, the channel is requesting service. The DMA hardware automatically
clears this flag after the channel begins execution.

0 The channel is not explicitly started.

1 The channel is explicitly started via a software initiated service request.
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11.3 Initialization/Application Information

11.3.1 DMA Initialization

A typical initialization of the DMA would be:
1. Write the DMACR register if a configuration other than the default is desired.

2. Write the channel priority levels into the DCHPRIn registers if a configuration other than the
default is desired.

Enable error interrupts in the DMAEEI registers if so desired.
Write the 32-byte TCD for each channel that may request service.
Enable any hardware service requests via the DMAERQ register.

Request channel service by either software (setting the TCD.START bit) or by hardware (slave
device asserting its IPD_REQ signal).

o 0~ w

After any channel requests service, a channel is selected for execution based on the arbitration and priority
levels written into the programmer's model. The DMA_ENGINE reads the entire TCD for the selected
channel into its internal address path module. As the TCD is being read, the first transfer is initiated on the
AHB bus unless a configuration error is detected. Transfers from the source (as defined by the source
address, TCD.SADDR) to the destination (as defined by the destination address, TCD.DADDR) continue
until the specified number of bytes (TCD.NBYTES) have been transferred. When the transfer is complete,
the DMA_ENGINE'S local TCD.SADDR, TCD.DADDR, and TCD.CITER are written back to the main
TCD memory and any minor loop channel linking is performed, if enabled. If the major loop is exhausted,
further post processing is executed, such as interrupts, major loop channel linking, and scatter/gather
operations, if enabled.

11.3.2 DMA Programming Errors

The DMA performs various tests on the transfer control descriptor to verify consistency in the descriptor
data. Most programming errors are reported on a per-channel basis, with the exception of two errors, group
priority error (GPE) and channel priority error (CPE) in the DMAES register.

For all error types other than group or channel priority errors, the channel number causing the error is
recorded in the DMAES register. If the error source is not removed before the next activation of the
problem channel, the error is detected and recorded again.

The typical application enables error interrupts for all channels. You receive an error interrupt, but the
channel number for the DMAERR register and the error interrupt request line may be wrong because they
reflect the selected channel.

Channel priority errors are identified within a group after that group has been selected as the active group.
For example:

1. The DMA is configured for fixed-group and fixed-channel arbitration modes.

2. Group3 is the highest priority and all channels are unique in that group.

3. Group2 is the next highest priority and has two channels with the same priority level.

4. 1f Group3 has any service requests, those requests are executed.
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5. After all of Group3 requests have completed, Group2 is the next active group.

6. If Group2 has a service request, an undefined channel in Group?2 is selected and a channel priority
error occurs.

7. This repeats until the all of the Group2 requests have been removed or a higher priority Group3
request comes in.

A group priority error is global and any request in any group causes a group priority error.

In general, if priority levels are not unique, the highest (channel/group) priority with an active request is
selected, but the lowest numbered (channel/group) with that priority is selected by arbitration and executed
by the DMA_ENGINE. The hardware service request handshake signals, error interrupts, and error
reporting is associated with the selected channel.

11.3.3 DMA Arbitration Mode Considerations

11.3.3.1 Fixed Group Arbitration, Fixed Channel Arbitration

In this mode, the channel service request from the highest priority channel in the highest priority group is
selected to execute. If the DMA is programmed so the channels within one group use fixed priorities and
that group is assigned the highest fixed priority of all groups, that group may take all the bandwidth of the
DMA controller. No other groups are serviced if there is always at least one DMA request pending on a
channel in the highest priority group when the controller arbitrates the next DMA request.

The advantage of this scenario is that latency can be small for channels that need to be serviced quickly.

Preemption is available in this scenario only.

11.3.3.2 Round Robin Group Arbitration, Fixed Channel Arbitration

The occurrence of one or more DMA requests from one or more groups, the channel with the highest
priority from a specific group is serviced first. Groups are serviced starting with the highest group number
with a service request and rotating through to the lowest group number containing a service request.

After the channel request is serviced, the group round robin algorithm selects the highest pending request
from the next group in the round robin sequence. Servicing continues round robin, always servicing the
highest priority channel in the next group in the sequence or skipping a group if it has no pending requests.

If a channel requests service at a rate that equals or exceeds the round robin service rate, that channel is
always serviced before lower priority channels in the same group. Therefore, the lower priority channels
are never serviced.

The advantage of this scenario is that no one group consumes all the DMA bandwidth.
The highest priority channel selection latency is potentially greater than fixed/fixed arbitration.

Excessive request rates on high priority channels could prevent the servicing of lower priority channels in
the same group.
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11.3.3.3 Round Robin Group Arbitration, Round Robin Channel Arbitration

Groups are serviced as described in section Section 11.3.3.2, “Round Robin Group Arbitration, Fixed
Channel Arbitration,” but channels are serviced in channel number order this time. Only one channel is
serviced from each requesting group for each round robin pass through the groups.

Within each group, channels are serviced starting with the highest channel number and rotating through to
the lowest channel number without regard to channel priority levels.

Because channels are serviced in round robin manner, any channel that generates DMA requests faster than
a combination of the group round robin service rate and the channel service rate for its group does not
prevent the servicing of other channels in its group. Any DMA requests not serviced are simply lost, but
at least one channel is serviced.

This scenario ensures all channels are guaranteed service at some point, regardless of the request rates.
However, the potential latency could be quite high.

All channels are treated equally. Priority levels are not used in round robin mode.

11.3.3.4 Fixed Group Arbitration, Round Robin Channel Arbitration

The highest priority group with a request is serviced. Lower priority groups are serviced if no pending
requests exist in the higher priority groups.

Within each group, channels are serviced starting with the highest channel number and rotating through to
the lowest channel number without regard to the channel priority levels assigned within the group.

This scenario could cause the same bandwidth consumption problem as indicated in section
Section 11.3.3.1, “Fixed Group Arbitration, Fixed Channel Arbitration,” but all the channels in the highest
priority group are serviced.

Service latency is short on the highest priority group, but could potentially become longer as the group
priority decreases.

11.3.4 DMA Transfer

11.3.4.1 Single Request

To perform a single transfer of n bytes of data with one activation, set the major loop to one
(TCD.CITER = TCD.BITER = 1). The data transfer begins after the channel service request is
acknowledged and the channel is selected to execute. After the transfer is complete, the TCD.DONE bit is
set and an interrupt is generated if properly enabled.

For example, the following TCD entry is configured to transfer 16 bytes of data. The DMA is programmed
for one iteration of the major loop transferring 16 bytes per iteration. The source memory has a byte wide
memory port located at 0x1000. The destination memory has a word wide port located at 0x2000. The
address offsets are programmed in increments to match the size of the transfer; one byte for the source and
four bytes for the destination. The final source and destination addresses are adjusted to return to their
beginning values.

TCD.citer =TCD.biter = 1
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TCD.nbytes=16

TCD.saddr =0x1000

TCD.soff =1

TCD.ssize =0

TCD.slast =-16

TCD.daddr =0x2000

TCD.doff =4

TCD.dsize =2

TCD.dlast_sga=-16

TCD.int_maj =1

TCD.start =1 (TCD.word7 should be written last after all other fields have
been initialized)

All other TCD fields = 0

These settings generate the following sequence of events:

1. IPS write to the TCD.START bit requests channel service.
The channel is selected by arbitration for servicing.
DMA_ENGINE writes: TCD.DONE =0, TCD.START =0, TCD.ACTIVE = 1.
DMA_ENGINE reads: channel TCD data from local memory to internal register file.
The source to destination transfers are executed as follows:

a) READ BYTE(0x1000), READ_BYTE(0x1001), READ BYTE(0x1002),
READ_BYTE(0x1003).

b) WRITE_WORD(0x2000) — first iteration of the minor loop.

¢) READ BYTE(0x1004), READ_ BYTE(0x1005), READ_BYTE(0x1006),
READ_BYTE(0x1007).

d) WRITE_WORD(0x2004) — second iteration of the minor loop.

e) READ BYTE(0x1008), READ BYTE(0x1009), READ_BYTE(0x100A),
READ_BYTE(0x100B).

f) WRITE_WORD(0x2008) — third iteration of the minor loop

g) READ BYTE(0x100C), READ BYTE(0x100D), READ_BYTE(0x100E),
READ_BYTE(Ox100F).

h) WRITE_WORD(0x200C) — last iteration of the minor loop — major loop complete.

6. DMA_ENGINE writes: TCD.SADDR = 0x1000, TCD.DADDR = 0x2000, TCD.CITER = 1
(TCD.BITER).

7. DMA_ENGINE writes: TCD.ACTIVE =0, TCD.DONE =1, DMAINT][n] = 1.
8. The channel retires.

SARE ol O A

The DMA becomes idle or services the next channel.

11.3.4.2 Multiple Requests

The next example is the same as previous with the exception of transferring 32 bytes via two hardware
requests. The only fields that change are the major loop iteration count and the final address offsets. The
DMA is programmed for two iterations of the major loop transferring 16 bytes per iteration. After the
channel’s hardware requests are enabled in the DMAERQ register, channel service requests are initiated
by the slave device.
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TCD.citer TCD.biter = 2
TCD.slast = -32
TCD.dlast_sga= -32

These settings generate the following sequence of events:

1. First hardware (IPD_REQ) request for channel service.
The channel is selected by arbitration for servicing.
DMA_ENGINE writes: TCD.done =0, TCD.start = 0, TCD.active = 1.
DMA_ENGINE reads: channel TCD data from local memory to internal register file.
The source to destination transfers are executed as follows:

a) READ_BYTE(0x1000), READ_ BYTE(0x1001), READ_BYTE(0x1002),
READ_BYTE(0x1003).

b) WRITE_WORD(0x2000) — first iteration of the minor loop.

c) READ_BYTE(0x1004), READ_BYTE(0x1005), READ_BYTE(0x1006),
READ_BYTE(0x1007).

d) WRITE_WORD(0x2004) — second iteration of the minor loop.

e) READ_BYTE(0x1008), READ BYTE(0x1009), READ_BYTE(0x100A),
READ_BYTE(0OX100B).

f) WRITE_WORD(0x2008) — third iteration of the minor loop.

g) READ_BYTE(0x100C), READ_BYTE(0x100D), READ_BYTE(0x100E),
READ_BYTE(0OX100F).

h) WRITE_WORD(0x200C) — last iteration of the minor loop.
6. DMA_ENGINE writes: TCD.SADDR = 0x1010, TCD.DADDR = 0x2010, TCD.CITER = 1.
7. DMA_ENGINE writes: TCD.ACTIVE =0.
8. The channel retires — one iteration of the major loop.

o~ wDN

The DMA becomes idle or services the next channel.
9. Second hardware (IPD_REQ) requests channel service.
10. The channel is selected by arbitration for servicing.
11. DMA_ENGINE writes: TCD.DONE =0, TCD.START =0, TCD.ACTIVE = 1.
12. DMA_ENGINE reads: channel TCD data from local memory to internal register file,
13. The source to destination transfers are executed as follows:

a) READ BYTE(0x1010), READ_BYTE(0x1011), READ BYTE(0x1012),
READ BYTE(0x1013).

b) WRITE_WORD(0x2010) — first iteration of the minor loop.

¢) READ BYTE(0x1014), READ BYTE(0x1015), READ_BYTE(0x1016),
READ BYTE(0x1017).

d) WRITE_WORD(0x2014) — second iteration of the minor loop.

e) READ BYTE(0x1018), READ BYTE(0x1019), READ_BYTE(0x101A),
READ_BYTE(0x101B).

f) WRITE_WORD(0x2018) — third iteration of the minor loop.
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g) READ BYTE(0x101C), READ_BYTE(0x101D), READ BYTE(Ox101E),
READ_BYTE(0x101F).

h) WRITE_WORD(0x201C) — last iteration of the minor loop — major loop complete.

14. DMA_ENGINE writes: TCD.SADDR = 0x1000, TCD.DADDR = 0x2000, TCD.CITER = 2
(TCD.BITER).

15. DMA_ENGINE writes: TCD.ACTIVE =0, TCD.DONE =1, DMAINT][n] = 1.
16. The channel retires — major loop complete.

The DMA becomes idle or services the next channel.

11.3.5 TCD Status

11.3.5.1 Minor Loop Complete

There are two methods to test for minor loop completion when using software initiated service requests.
The first method is to read the TCD.CITER field and test for a change. Another method may be extracted
from the sequence shown below. The second method is to test the TCD.START bit and the TCD.ACTIVE
bit. The minor loop complete condition is indicated by both bits reading zero after the TCD.START was
written to a one. Polling the TCD.ACTIVE bit may be inconclusive because the active status may be
missed if the channel execution is short in duration.

The TCD status bits execute the following sequence for a software activated channel:

TCD.START =1, TCD.ACTIVE =0, TCD.DONE = 0 (channel service request via software).
TCD.START =0, TCD.ACTIVE =1, TCD.DONE = 0 (channel is executing).

TCD.START =0, TCD.ACTIVE =0, TCD.DONE = 0 (channel completed minor loop and is idle).
TCD.START =0, TCD.ACTIVE = 0, TCD.DONE = 1 (channel completed major loop and is idle).
The best method to test for minor loop completion when using hardware initiated service requests is to

read the TCD.CITER field and test for a change. The hardware request and acknowledge handshakes
signals are not visible in the programmer’s model.

A wbdh e

The TCD status bits execute the following sequence for a hardware activated channel:
1. IPD_REQ asserts (channel service request via hardware).
2. TCD.START =0, TCD.ACTIVE =1, TCD.DONE = 0 (channel is executing).
3. TCD.START =0, TCD.ACTIVE =0, TCD.DONE = 0 (channel completed minor loop and is idle).
4. TCD.START =0, TCD.ACTIVE =0, TCD.DONE = 1 (channel completed major loop and is idle).

For both activation types, the major loop complete status is explicitly indicated via the TCD.DONE bit.

The TCD.START bit is cleared automatically when the channel begins execution regardless of how the
channel was activated.
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11.3.5.2 Active Channel TCD Reads

The DMA reads back the true TCD.SADDR, TCD.DADDR, and TCD.NBYTES values if read while a
channel is executing. The true values of the SADDR, DADDR, and NBYTES are the values the
DMA_ENGINE is currently using in its internal register file and not the values in the TCD local memory
for that channel. The addresses (SADDR and DADDR) and NBYTES (decrements to 0 as the transfer
progresses) can give an indication of the progress of the transfer. All other values are read back from the
TCD local memory.

11.3.5.3 Preemption Status

Preemption is only available when fixed arbitration is selected for group and channel arbitration modes. A
preemptable situation is when a preempt-enabled channel is running and a higher priority request becomes
active. When the DMA_ENGINE is not operating in fixed group, fixed channel arbitration mode, the
determination of the relative priority of the actively running and the outstanding requests become
undefined. Channel and/or group priorities are treated as equal (or more exactly, constantly rotating) when
round-robin arbitration mode is selected.

The TCD.ACTIVE bit for the preempted channel remains asserted throughout the preemption. The
preempted channel is temporarily suspended while the preempting channel executes one iteration of the
major loop. Two TCD.ACTIVE bits set at the same time in the overall TCD map indicates a higher priority
channel is actively preempting a lower priority channel.

The worst case latency when switching to a preempt channel is the summation of:
» Arbitration latency (2 cycles)
» Bandwidth control stalls (if enabled)

* The time to execute two read/write sequences (including AHB bus holds; a system dependency
driven by the slave devices or the crossbar)

11.3.6 Channel Linking

Channel linking (or chaining) is a mechanism where one channel sets the TCD.START bit of another
channel (or itself) that initiates a service request for that channel. This operation is automatically
performed by the DMA_ENGINE at the conclusion of the major or minor loop when properly enabled.

The minor loop channel linking occurs at the completion of the minor loop (or one iteration of the major
loop). The TCD.CITER.E_LINK field is used to determine whether a minor loop link is requested. When
enabled, the channel link is made after each iteration of the major loop except for the last. When the major
loop is exhausted, only the major loop channel link fields are used to determine if a channel link should be
made.

For example, with the initial fields of:

TCD.citer.e_link= 1
TCD.citer.linkch= 0OxC
TCD.citer value= 0x4
TCD.major.e_link= 1
TCD.major . linkch= 0x7
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Execute as:
1. Minor loop done — set channel 12 TCD.START bit.
2. Minor loop done — set channel 12 TCD.START bit.
3. Minor loop done — set channel 12 TCD.START bit.
4. Minor loop done, major loop done — set channel 7 TCD.START bit.

When minor loop linking is enabled (TCD.CITER.E_LINK = 1), the TCD.CITER field uses a 9-bit vector
to form the current iteration count.

When minor loop linking is disabled (TCD.CITER.E_LINK = 0), the TCD.CITER field uses a 15-bit
vector to form the current iteration count. The bits associated with the TCD.CITER.LINKCH field are
concatenated onto the CITER value to increase the range of the CITER.

NOTE

The TCD.CITER.E_LINK bit and the TCD.BITER.E_LINK bit must equal
or a configuration error is reported. The CITER and BITER vector widths
must be equal to calculate the major loop, half-way done interrupt point.

11.3.7 Dynamic Programming

This section provides recommended methods to change the programming model during channel execution.

11.3.7.1 Dynamic Priority Changing

The following two options are recommended for dynamically changing channel priority levels:

» Switch to round-robin channel arbitration mode, change the channel priorities, and then switch
back to fixed arbitration mode

» Disable all the channels within a group, change the channel priorities within that group only, and
then enable the appropriate channels.
The following two options are available for dynamically changing group priority levels:

» Switch to round-robin group arbitration mode, change the group priorities, and then switch back to
fixed arbitration mode,

» Disable all channels, change the group priorities, and then enable the appropriate channels.

11.3.7.2 Dynamic Channel Linking and Dynamic Scatter/Gather

Dynamic channel linking and dynamic scatter/gather is the process of changing the
TCD.MAJOR.E_LINK or TCD.E_SG bits during channel execution. These bits are read from the TCD
local memory at the end of channel execution, allowing you to enable either feature during channel
execution.

Because you can change the configuration during execution, a coherency model is needed. Consider the
scenario where you attempt to execute a dynamic channel link by enabling the TCD.MAJOR.E_LINK bit
at the same time the DMA_ENGINE is retiring the channel. The TCD.MAJOR.E_LINK would be set in
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the programmer’s model, but it would be unclear whether the actual link was made before the channel
retired.

The following coherency model is recommended when executing a dynamic channel link or dynamic
scatter/gather request:

1. Setthe TCD.MAJOR.E_LINK bit.

2. Read back the TCD.MAJOR.E_LINK bit.

3. Testthe TCD.MAJOR.E_LINK request status.

4. If the bit is set, the dynamic link attempt was successful.

5. Ifthe bit is cleared, the attempted dynamic link did not succeed. The channel was already retiring.
This same coherency model is true for dynamic scatter/gather operations. For both dynamic requests, the
TCD local memory controller forces the TCD.MAJOR.E_LINK and TCD.E_SG bits to 0 on any writes to
achannel’s TCD.WORD?7 after that channel’s TCD.DONE bit is set, indicating the major loop is complete.

NOTE

Clear the TCD.DONE bit before writing the TCD.MAJOR.E_LINK or
TCD.E_SG bits. The TCD.DONE bit is cleared automatically by the
DMA_ENGINE after a channel begins execution.
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Chapter 12
Display Interface Unit (DIU)

12.1

Introduction

The Display Interface Unit (DIU) is a display controller designed to manage a thin film transistor liquid
crystal display (TFT-LCD). Besides generating all the signals required to drive the display, the DIU
manages real-time blending of as many as three planes onto the display.

12.1.1 Features

Display color depth as high as 24 bits per pixel (bpp)

Display interfaces: parallel TTL

Maximum of three physical input planes

— Memory writeback mode to store intermediate results, extending the number of graphics planes
RGB and 256-level grayscale input pixel formats

Programmable bit order definition as high as 8 bits per component

Hardware cursor: 32 x 32 pixels, 16 bpp

a-blending range as high as 256 levels

Chroma Keying: Selectable by range

Independent programmable gamma adjustments for each color component

12.1.2 Modes of Operation

The DIU has five modes of operation:

Mode 0: DIU OFF. In this mode, the DIU is disabled.
Mode 1: All three planes output to display. This is the typical operating mode of the DIU.

Mode 2: Plane 1 to display, Planes 2 and 3 written back to memory. This mode is used to display a
plane while processing (and writing back to memory) the data for other planes.

Mode 3: All three planes written back to memory. This mode is used to process and write back to
memory the data for the planes without displaying any of them.

Mode 4: Color Bar Generation. This is a debug mode to check the operation of the DIU without
the need for setting up the display memory structures in memory.

These modes are set by programming the DIU_MODE register. See Section 12.3.3.8, “DIU Mode of
Operation Register (DIU_MODE),” for more information.
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12.2 External Signal Description

Table 12-1 describes the DIU input and output signals, the meaning of their different states, and relative
timing information for assertion and negation.

Table 12-1. Display Interface Detailed Signal Descriptions

Signal 110 Description
DIU_CLK! O | Pixel clock. This signals is used to drive the display panel.
DIU_VSYNC O | Vertical synchronizing signal. This signal indicates the beginning of a new frame. This signal may

alternately be programmed to output a composite sync (CSYNC) signal by programming
SYN_POL[BP_VS]. See Section 12.3.3.16, “Synchronization Signals Polarity Register
(SYN_POL),” for more information. The composite sync signal combines the horizontal and vertical
synchronizing signals to form a composite synchronizing signal. It includes both the HSYNC pulse
and the VSYNC pulse. The default output is DIU_VSYNC.

State Asserted at the beginning of a new frame.
Meaning

Timing | Asserted with the first cycle of the frame period. The length of the pulse is programmable.

DIU_HSYNC O | Horizontal synchronizing signal. This signal indicates the beginning of a new line. This signal may
alternately be programmed to output a composite sync (CSYNC) signal by programming
SYN_POL[BP_HS]. See Section 12.3.3.16, “Synchronization Signals Polarity Register
(SYN_POL),” for more information. The composite sync signal combines the horizontal and vertical
synchronizing signals to form a composite synchronizing signal. It includes both the HSYNC pulse
and the VSYNC pulse. The default output is DIU_HSYNC.

State Asserted at the beginning of a new line.
Meaning

Timing | Asserted with the first cycle of a new line. The length of the pulse is programmable.

DIU_DE O |Data enable. This signal qualifies the data on the data output signals (DIU_LD)

State Deasserted: DIU_LD data is not valid.
Meaning | Asserted: DIU_LD data is valid.

DIU_LDJ[23:0] O |Data output signals.

« DIU_LDJ[23:16] = Red[7:0].
DIU_LD[23] is the most significant bit, and DIU_LD[16] is the least significant bit of the Red
component.

e DIU_LDJ[15:8] = Green[7:0].
DIU_LD[15] is the most significant bit, and DIU_LD[8] is the least significant bit of the Green
component.

e DIU_LDI[7:0] = Blue[7:0].
DIU_LD[7] is the most significant bit, and DIU_LD[0] is the least significant bit of the Blue
component.

1 Refer to the system clock chapter for details on this clock.

12.3 Memory Map and Register Definition

12.3.1 Memory Map

Table 12-2 shows the register memory map for the DIU memory controller.
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Table 12-2. DIU memory map

Offset from

2

DIU_BASE Register Access?| Reset Value® | Section/Page
(0OXFF40_2100)*

0x00 DESC_1—Plane 1 Area Descriptor Pointer Register R/W | 0x0000_0000 12.3.3.1/12-8
0x04 DESC_2—Plane 2 Area Descriptor Pointer Register R/W | 0x0000_0000 12.3.3.2/12-8
0x08 DESC_3—Plane 3 Area Descriptor Pointer Register R/W | 0x0000_0000 12.3.3.3/12-9
0x0C GAMMA—Gamma Table Pointer Register R/W | 0x0000_0000 12.3.3.4/12-9
0x10 PALETTE—Palette Table Pointer Register R/W | 0x0000_0000 | 12.3.3.5/12-10
0x14 CURSOR—Cursor Bitmap Table Pointer Register R/W | 0x0000_0000 | 12.3.3.6/12-11
0x18 CURS_POS—cCursor Position Register R/W 0x0000_0000 12.3.3.7/12-11
0x1C DIU_MODE—DIU Mode of Operation Register R/W | 0x0000_0000 | 12.3.3.8/12-12
0x20 BGND—Background Color Register R/W | 0x0000_0000 | 12.3.3.9/12-12
0x24 BGND_WB—Background Color in Writeback Mode Register| R/W | 0x0000_0000 | 12.3.3.10/12-13
0x28 DISP_SIZE—Display Size Register R/W 0x0000_0000 | 12.3.3.11/12-14
0x2C WB_SIZE—Writeback Plane Size Register R/W 0x0000_0000 | 12.3.3.12/12-14
0x30 WB_MEM_ADDR—Writeback Plane Address Register R/W 0x0000_0000 | 12.3.3.13/12-15
0x34 HSYN_PARA—Horizontal Sync Pulse Parameters Register | R/W | 0x0000_0000 | 12.3.3.14/12-16
0x38 VSYN_PARA—Vertical Sync Pulse Parameters Register R/W | 0x0000_0000 | 12.3.3.15/12-16
0x3C SYN_POL— Synchronization Signals Polarity Register R/W | 0x0000_0000 | 12.3.3.16/12-17
0x40 THRESHOLDS—Thresholds Register R/W 0x8000_F800 | 12.3.3.17/12-18
0x44 INT_STATUS—Interrupt Status Register R 0x0000_0000 | 12.3.3.18/12-18
0x48 INT_MASK—Interrupt Mask Register R/W | 0x0000_003F | 12.3.3.19/12-19
0x4C COLBAR_1—Color #1 in the Color Bar (Black) Register R/W | OxFFO0_0000 |12.3.3.20.1/12-21
0x50 COLBAR_2—Color #2 in the Color Bar (Blue) Register R/W | OXFFOO_OOFF |12.3.3.20.2/12-21
0x54 COLBAR_3—cColor #3 in the Color Bar (Cyan) Register R/W | OXFFOO_FFFF | 12.3.3.20.3/12-21
0x58 COLBAR_4—cColor #4 in the Color Bar (Green) Register R/W | OXFFOO_FF00 |12.3.3.20.4/12-22
0x5C COLBAR_5—cColor #5 in the Color Bar (Yellow) Register R/W | OXFFFF_FFOO | 12.3.3.20.5/12-22
0x60 COLBAR_6—Color #6 in the Color Bar (Red) Register R/W | OXFFFF_0000 |12.3.3.20.6/12-22
0x64 COLBAR_7—cColor #7in the Color Bar (Purple) Register R/W | OXFFFF_OOFF | 12.3.3.20.7/12-23
0x68 COLBAR_8—Color #8 in the Color Bar (White) Register R/W | OXFFFF_FFFF | 12.3.3.20.8/12-23
0x6C FILLING—Filling Status Register R 0x0000_0000 | 12.3.3.21/12-23
0x70 PLUT—Priority Look Up Table Register R/W | 0x0000_0000 | 12.3.3.22/12-24

0x74—0xFF Reserved

1 Default absolute offset with IMMRBAR at default location of 0XFF40_0000. See Chapter 2, “System Configuration and Memory
Map (XLBMEN + Mem Map).”
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2 In this column, R/W = Read/Write, R = Read-only, and W = Write-only.

3 In this column, the symbol “U” indicates one or more bits in a byte are undefined at reset. See the associated description for
more information.

12.3.2 Register Summary

Table 12-3. DIU Block Register Summary

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
R
- DESC_1[31:16]
pEsc 1 |W
0x00 R
- DESC_1[15: 0]
w
R
- DESC_2[31:16]
DESc 2 |W
0x04 R
- DESC_2[15: 0]
w
R
- DESC_3[31:16]
pEsc 3 |W
0x08 R
- DESC_3[15: 0]
w
R
- GAMMA[31:16]
GAMMA | W
0x0C R
- GAMMA([15: 0]
w
R
- PALETTE[31:16]
PALETTE |W
0x10 R
- PALETTE[15: 0]
w
R
- CURSOR[31:16]
CURSOR |W
0x14 R
- CURSOR][15: 0]
w
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Table 12-3. DIU Block Register Summary (Continued)

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
Rl ol o]l o] o] ol o
CURSOR_Y[10: 0]
CURS_POs |W
0x18 Rl ol o] o] o] ol o
CURSOR_X[10: 0]
W
Rl o|lo|o]o|lo|lo|o|o|]o|]o|]o|lo|o|o]|]o]o
DIU_MODE |W
0x1C Rl o|lo|lo|]o|lo|lo|lo|o|o|]o]o]olo
DIU_MODE[2:0]
W
Rl o]l o|o]o|lo|o]| o] o
BGND_R[7:0]
BGND w
0x20 R
- BGND_G[7:0] BGND_B[7:0]
w
Rl o]l o|o]o|lo|o]| o] o
BGND_WB_R[7:0]
BGND wB | W
0x24 R
- BGND_WB_G[7:0] BGND_WB_B[7:0]
w
Rl ol o] o] ol o
DELTA_Y[10: 0]
DIsP_size | W
0x28 Rl ol o] o] ol o
DELTA_X[10: 0]
W
Rl ol o] o] ol o
DELTA_Y_WB[10: 0]
wB size |W
0x2C Rl ol o] o] ol o
DELTA_X_WB[10: 0]
w
R
- WB_MEM_ADDR[31:16]
WB_MEM_AD |w
DR
0x30 R
- WB_MEM_ADDRI[15: 0]
w
R 0
- BP_H[9:0] PW_H[9:5]
HSYN_PARA |W
— PW_HI[4:0] FP_H[9:0]
W
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Table 12-3. DIU Block Register Summary (Continued)

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
R 0
- BP_V[9:0] PW_V[9:5]
vsYn_ParA | W -
- PW_V[4:0] FP_V[9:0]
W
Rl olof|]o|o]lo n olo|o|lo|lo|o|lo|o]o]lo

W
SYN_POL
e |R| 0|0 o ]o]o]ojo]o]o]o]o0 ],
>|
W o

INV_VS
INV_HS

LS_BF_VS[10:0]

[a]
Rl 1]ofojo]o]
THRESHOLDS | W
a0 fw[ ||| 1 o]0 ]
W

OUT_BUF_LOW[7:0]

o
o
o
o
o
o

Rlojojojojojojojojo]o
W

INT_STATUS
W

VSYNC

WB_PEND
LS_BF VS
UNDRUN

PARERR

VSYNC_WB

Rlojojojojojojojojojojojojo]o o]0
w

INTMASK |R| 0 ] 0 Jojojofojojo]o0]o0/8 g g z|8
— >
0x48 i A A = 2|9
o zZ >
SO B O =T = %
W (] a 35 0
;| ]S 2] S
s | s =z | s
ISR RN NN
COLBAR_1_R[7:0]
coLBAR 1 |W
0x4C R
| COLBAR_1_G[7:0] COLBAR_1_B[7:0]
W
R| 1| 1| 1|1 ] 1]1]1]1
COLBAR_2_R[7:0]
COLBAR 2 |W
0X50 R
| COLBAR_2_G[7:0] COLBAR_2_B[7:0]
W
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Table 12-3. DIU Block Register Summary (Continued)

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
R| 1| 1| 1| 1] 1] 1]1]1
COLBAR_3_R[7:0]
COLBAR 3 |W
0x54 R
| COLBAR_3_G[7:0] COLBAR_3_B[7:0]
W
R| 1| 1| 1| 1] 1]1]1]1
COLBAR_4_R[7:0]
COLBAR 4 |W
0x58 R
| COLBAR_4_G[7:0] COLBAR_4_B[7:0]
W
R| 1| 1| 1| 1] 1]1]1]1
COLBAR_5_R[7:0]
COLBAR 5 |W
0x5C R
| COLBAR_5_G[7:0] COLBAR_5_B[7:0]
W
R| 1| 1| 1| 1] 1] 1]1]1
COLBAR_6_R[7:0]
COLBAR 6 |W
0x60 R
| COLBAR_6_G[7:0] COLBAR_6_B[7:0]
W
R| 1| 1| 1| 1] 1] 1]1]1
COLBAR_7_R[7:0]
COLBAR 7 |W
0x64 R
| COLBAR_7_G[7:0] COLBAR_7_B[7:0]
W
R| 1| 1| 1| 1] 1] 1]1]1
COLBAR_8_R[7:0]
COLBAR 8 |W
0x68 R
| COLBAR_8_G[7:0] COLBAR_8_B[7:0]
W
Rl ol o] o] o] o] o FILLING_OBF[9:0]
FILLING |W
0x6C R| FILLING_WB[3:0] FILLING_P3[3:0] FILLING_P2[3:0] FILLING_P1[3:0]
W
R
| PRIORITY_7[3:0] PRIORITY_6[3:0] PRIORITY_5[3:0] PRIORITY_4[3:0]
PLUT w
0x70 R
| PRIORITY_3[3:0] PRIORITY_2[3:0] PRIORITY_1[3:0] PRIORITY_0[3:0]
W
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12.3.3 Register Descriptions

12.3.3.1

Plane 1 Area Descriptor Pointer Register (DESC_1)

The Plane 1 Area Descriptor Pointer (DESC_1) register is the plane 1 Area Descriptor (AD) pointer. It sets
the base address of the first plane 1 AD. This address must be 64-bit boundary aligned (set the lowest 3

bits to 0).
Address: Base + 0x00 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R
DESC 1
" _
Reset 0 0 0 oo 0 0 0 | 0 0 0 oo 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
DESC_1
W
Reset 0 0 0 oo 0 0 0 | 0 0 0 oo 0 0 0
Figure 12-1. Plane 1 Area Descriptor Pointer Register (DESC_1)
Table 12-4. DESC_1 field descriptions
Field Description
DESC_1 Plane 1 area descriptor pointer
DESC_1 = 0x0000_0000 means that no AD is available for this plane.
12.3.3.2 Plane 2 Area Descriptor Pointer Register (DESC_2)

The Plane 2 Area Descriptor Pointer (DESC_2) register is the plane 2 Area Descriptor (AD) pointer. It sets
the base address of the first plane 2 AD. This address must be 64-bit boundary aligned (set the lowest 3

bits to 0).
Address: Base + 0x04 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R
DESC_2
W
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
DESC_2
W
Reset O 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
Figure 12-2. Plane 2 Area Descriptor Pointer Register (DESC_2)
MPC5121e Microcontroller Reference Manual, Rev. 4
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Table 12-5. DESC_2 field descriptions

Field Description

DESC_2 Plane 2 area descriptor pointer.
DESC_2 = 0x0000_0000 means that no AD is available for this plane.

12.3.3.3 Plane 3 Area Descriptor Pointer Register (DESC_3)

The Plane 3 Area Descriptor Pointer (DESC _3) register is the plane 3 Area Descriptor (AD) pointer. It sets
the base address of the first plane 3 AD. This address must be 64-bit boundary aligned (set the lowest 3
bits to 0).

Address: Base + 0x08 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R
DESC 3
w

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

Reset 0 0 o0 o0/[O0 ©0 o0 ©0J]o0 o0 ©0 o0 0 0 o0 0
Figure 12-3. Plane 3 Area Descriptor Pointer Register (DESC_3)

Table 12-6. DESC_3 field descriptions

Field Description

DESC_3 Plane 3 area descriptor pointer.
DESC_3 = 0x0000_0000 means that no AD is available for this plane.

12.3.3.4 Gamma Table Pointer Register (GAMMA)

Gamma Table Pointer Register (GAMMA) sets the base address to the GAMMA table in memory. Writing
to this register causes the DIU to load the new GAMMA table from there. This address must be 64-bit
boundary aligned (set the lowest 3 bits to 0). A 32-byte boundary-aligned address is more efficient.
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Address: Base + 0x0C

123‘456 7

Access: User read/write

0 13 14 15
R
GAMMA
w
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
GAMMA
w
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
Figure 12-4. GAMMA Register
Table 12-7. GAMMA field descriptions
Field Description
GAMMA Base address to the GAMMA table in memory.
12.3.3.5 Palette Table Pointer Register (PALETTE)

The Palette Table Pointer Register (PALETTE) sets the base address to the Palette table in memory.
Writing to this register causes the DIU to load the new Palette table from there. This address must be 64-bit
boundary aligned (set the lowest 3 bits to 0). A 32-byte boundary aligned address is more efficient.

Address: Base + 0x10

1 2 3 ‘ 4 5 6 7

‘ 8 9 10 11

‘12

Access: User read/write

0 13 14 15
R
PALETTE
W
Reset 0 0 0 oo 0 0 o 0 0 0 oo 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
PALETTE
W
Reset 0 0 0 oo 0 0 o | 0 0 0 oo 0 0 0
Figure 12-5. Palette Table Pointer Register (PALETTE)
Table 12-8. PALETTE field descriptions
Field Description
PALETTE Base address to the PALETTE table in memory.
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12.3.3.6 Cursor Bitmap Table Pointer Register (CURSOR)

The Cursor Bitmap Table Pointer Register (CURSOR) sets the base address to the CURSOR bitmap in
memory. Writing to this register causes the DIU to load the new CURSOR bitmap from there. This address
must be 64-bit boundary aligned (set the lowest 3 bits to 0). A 32-byte boundary aligned address is more

efficient.

Address: Base + 0x14

Access: User read/write

9 10 11 ‘ 12 13 14 15

0 1 2 3 ‘ 4 5 6 7 ‘ 8
R
CURSOR
W
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
CURSOR
W
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 12-6. Cursor Bitmap Table Pointer Register (CURSOR)

Table 12-9. CURSOR field descriptions

Field

Description

CURSOR Base address to the CURSOR bitmap in memory.

12.3.3.7 Cursor Position Register (CUR_POS)

The Cursor Position Register (CUR_POS) sets the position of the cursor in the display. Table 12-10 shows

its field descriptions.

Address: Base + 0x18

Access: User read/write

9 10 11 ‘ 12 13 14 15

0 1 2 3 4 5 6 7 ‘ 8
R[ 0 0 0 0 0
CURSOR_Y
W
Reset 0 0 0 0 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R[ 0 0 0 0 0
CURSOR_X
W _
Reset 0 0 0 0 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 12-7. Cursor Position Register (CUR_POS)
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Table 12-10. CUR_POS field descriptions

Field Description
CURSOR_Y |Vertical position of the cursor (in pixels), from the top-left corner.
CURSOR_X |Horizontal position of the cursor (in pixels), from the top-left corner.

12.3.3.8 DIU Mode of Operation Register (DIU_MODE)

The DIU Mode of Operation Register (DIU_MODE) sets the operation mode of the DIU. See Table 12-11
for its field descriptions.

Address: Base + 0x1C

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 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
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0 0 0 0
DIU_MODE
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 12-8. DIU Mode of Operation Register (DIU_MODE)
Table 12-11. DIU_MODE field descriptions
Field Description
DIU_MODE |DIU Operation Mode
000 Encoding Mode 0: DIU OFF.
001 Encoding Mode 1: All three planes output to display.
010 Encoding Mode 2: Plane 1 to display, planes 2 and 3 written back to memory.
011 Encoding Mode 3: All three planes written back to memory.
100 Encoding Mode 4: Color Bar Generation.
All other encodings are reserved
Note: Writing a reserved value is blocked and does not affect the register value.
12.3.3.9 Background Register (BGND)

The Background (BGND) register sets the default background color for plane 1 (for mode 1 or 2). This is

the color used to fill the areas for which no data is assigned in the area descriptor.
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Address: Base + 0x20

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R| 0 0 0 0 0 0
BGND_R
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R
BGND_G BGND_B
w
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0

Figure 12-9. Background Register (BGND)

Table 12-12. BGBD field descriptions

Field Description
BGND_R BGND_R represents the red component of the background.
BGND_G BGND_G represents the green component of the background.
BGND_B BGND_B represents the blue component of the background.

12.3.3.10 Background Writeback Register (BGND_WB)

The Background Writeback (BGND_WB) register sets the default background color for the writeback
planes (plane 2 in mode 2 or plane 1 in mode 3). This is the color used to fill the areas for which no data
is assigned in the area descriptor. The bottom plane is expanded to the writeback frame size with the
background color, and then blended with the top plane(s).

Address: Base + 0x24

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R[ 0 0 0 0 0 0 0 0
BGND_WB_R
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R
W BGND_WB_G BGND_WB_B
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0

Figure 12-10. Background Writeback Register (BGND_WB)
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Table 12-13. BGND_WB field descriptions

Field Description

BGND_WB_R |BGND_WB_R represents the red component of the background for the writeback planes.

BGND_WB_G |BGND_WB_G represents the green component of the background for the writeback planes.

BGND_WB_B |BGND_WB_B represents the blue component of the background for the writeback planes.

12.3.3.11 Display Size Register (DISP_SIZE)
The Display Size Register (DISP_SIZE) sets the display size (in pixels).

Address: Base + 0x28 Access: User read/write
0 1 2 3 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R| O 0 0 0 0
DELTA_Y
w

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

DELTA_X

Reset 0 0 0 0 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
Figure 12-11. Display Size Register (DISP_SIZE)

Table 12-14. DISP_SIZE field descriptions

Field Description

DELTA_Y DELTA_Y represents the vertical resolution.

DELTA_X DELTA_X represents the horizontal resolution.

12.3.3.12 Writeback Plane Size Register (WB_SIZE)
The Writeback Plane Size Register (WB_SIZE) register sets the writeback frame size (in pixels).
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Address: Base + 0x2C Access: User read/write

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

15
Rl ©
DELTA_Y_WB
w
Reset 0 0 0 0 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R| 0 0 0 0 0
DELTA_X_WB
w
0

Reset 0 0 0 0 0 0 0 0 \ 0 0 0 0 \ 0 0 0
Figure 12-12. Writeback Plane Size Register (WB_SIZE)

Table 12-15. WB_SIZE field descriptions

Field Description

DELTA_Y_WB |DELTA_Y_WB represents the vertical resolution.

DELTA_X_WB |DELTA_X_WB represents the horizontal resolution.

12.3.3.13 Writeback Plane Address Register (WB_MEM_ADDR)

The Writeback Plane Address Register (WB_MEM_ADDR) sets the base address where the writeback
frame is written to in the memory. A write to this register triggers a writeback frame refresh. This address
must be 64-bit boundary aligned (set the lowest 3 bits to 0). A 32-byte boundary aligned address is more

efficient.
Address: Base + 0x30 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R
WB_MEM_ADDR
W _ _
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
WB_MEM_ADDR
W _ _
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
Figure 12-13. Writeback Plane Address Register (WB_MEM_ADDR)
Table 12-16. WB_MEM_ADDR field descriptions
Field Description
WB_MEM_ ADDR |Base address where the writeback frame is written to in the memory.
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12.3.3.14 Horizontal Sync Pulse Parameters Register (HSYN_PARA)

The Horizontal Sync Pulse Parameters Register (HSYN_PARA) sets timing parameters related to the
horizontal synchronization signal generation. See Figure 12-48, the display timing diagrams, for detailed
signal meaning.

Address: Base + 0x34 Access: User read/write

0 1 2 11 ‘ 12 13 14 15

16 17 18 27 ‘ 28 29 30 31

Resetoooo\oooo\ooo

Figure 12-14. Horizontal Sync Pulse Parameters Register (HSYN_PARA)

Table 12-17. HSYN_PARA field descriptions

Field Description

BP_H HSYNC back-porch pulse width (in pixel clock cycles). It can be 0.

PW_H HSYNC active pulse width (in pixel clock cycles). It must be greater than or equal to 1.
FP_H HSYNC front-porch pulse width (in pixel clock cycles). It can be 0.

12.3.3.15 Vertical Sync Pulse Parameters Register (VSYN_PARA)

The Vertical Sync Pulse Parameters Register (VSYN_PARA) sets timing parameters related to the vertical
synchronization signal generation. See Figure 12-49, the display timing diagram, for detailed signal

meaning.

Address: Base + 0x38

Access: User read/write

11 ‘ 12 13 14 15

0 1 2
R 0
BP_V PW_V
w
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R 0
PW_V FP_V
W
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 12-15. Vertical Sync Pulse Parameters Register (VSYN_PARA)
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Table 12-18. VSYN_PARA field descriptions

Field Description
BP_V VSYNC back-porch pulse width (in HSYNC signal cycles) It can be 0.
PW_V VSYNC active pulse width (in HSYNC signal cycles).

Note: This bit must be set to a non-zero value for the display to operate.
FP_V VSYNC front-porch pulse width (in HSYNC signal cycles). It can be 0.

12.3.3.16 Synchronization Signals Polarity Register (SYN_POL)

The Synchronization Signals Polarity Register (SYN_POL) selects polarity for the horizontal sync
(HSYNC), vertical sync (VSYNC), and composite sync (CSYNC) synchronization signals, and controls
bypassing the HSYNC or VSYNC signals with the CSYNC signal.

Address: Base + 0x3C Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 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
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 | BP_ | BP_ |INV_|INV_|INV_
W VS HS | CS | VS HS
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 12-16. Synchronization Signals Polarity Register (SYN_POL)
Table 12-19. SYN_POL field descriptions
Field Description
BP_VS Bypass Vertical Synchronize Signal (internal pin muxing)
0 Do not bypass the VSYNC signal output.
1 CSYNC bypasses the VSYNC signal and outputs CSYNC instead of VSYNC.
BP_HS Bypass Horizontal Synchronize Signal (internal pin muxing)
0 Do not bypass the HSYNC signal output.
1 CSYNC bypasses the HSYNC signal, and outputs CSYNC instead of HSYNC.
INV_CS Invert Composite Synchronize Signal
0 CSYNC signal is not inverted and is active HIGH.
1 CSYNC signal is inverted and is active LOW.
INV_VS Invert Vertical Synchronize Signal
0 VSYNC signal is not inverted and is active HIGH.
1 VSYNC signal is inverted and is active LOW.
INV_HS Invert Horizontal Synchronize Signal
0 HSYNC signal is not inverted and is active HIGH.
1 HSYNC signal is inverted and is active LOW.
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12.3.3.17 Thresholds Register (THRESHOLDS)

The Thresholds Register (THRESHOLDS) sets threshold values related to DIU operations.

Address: Base + 0x40

s

Access: User read/write

11 ‘ 12 13 14 15

0 1 2 3 4 5 6 7 9 10
Rl 1 0 0 0
LS BF VS
W _BF_
Reset 11 0 0 0 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
Rl 1 1 1 1 1 0 0 0
OUT_BUF_LOW
w
Reset 11 11 11 11 11 0 0 0 0 0 0 0 \ 0 0 0 0

Figure 12-17. Thresholds Register (THRESHOLDS)
1 These reserved bits are set to 1 on reset and must always be set to 1.

Table 12-20. THRESHOLDS field descriptions

Field

Description

LS_BF_VS

Lines Before VSYNC Threshold. This threshold value generates the LS_BF_VS interrupt status. It sets the
number of lines ahead of the vertical front porch (FP_V) when the interrupt is generated.

OUT_BUF_LOW

Output Buffer Filling Low Threshold (in pixels). Generates the buffer underrun exception. An underrun
exception is generated if the display needs data, and the output buffer filling is lower than or equal to the
OUT_BUF_LOW threshold.

12.3.3.18

Interrupt Status Register (INT_STATUS)

The Interrupt Status Register (INT_STATUS) indicates the interrupt status. DIU has only one interrupt
signal. The CPU reads the INT_STATUS register to decide which exception occurred when an interrupt is

detected. The read operation also clears the register.

Address: Base + 0x44

Access: User read-only

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 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
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R WB_ |[LS_B| PAR | UND |[VSYN| V
0 0 0 0 0 0 0 0 0 0 PEND|F VS| ERR | RUN |C_WB|SYNC
W ric ric ric ric ric ric
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 12-18. Interrupt Status Register (INT_STATUS)
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Table 12-21. INT_STATUS field descriptions

Field

Description

WB_PEND

Writeback Pending Interrupt.

If enabled, this interrupt is generated in mode 2 (the combined display and writeback mode) when a writeback
operation does not complete before the display frame parallel to it. This is considered an error. The user can
select whether to redo the writeback frame, or ignore it.

This interrupt is disabled by default, and is enabled by clearing INT_MASK[M_WB_PEND].

LS_BF_VS

Lines Before VSYNC interrupt.

If enabled, this interrupt is generated at the number of lines specified by THRESHOLDS[LS BF_VS] ahead
of the vertical front porch (FP_V).

This interrupt is disabled by default, and is enabled by clearing INT_MASK[M_LS_BF_VS].

PARERR

Display parameter error interrupt.
If enabled, this interrupt is generated if the user sets incorrect display parameters.
This interrupt is disabled by default, and is enabled by clearing INT_MASK[M_PARERR].

UNDRUN

Underrun exception interrupt.

If enabled, this interrupt is generated when the display needs data, and the output buffer filling is lower than
or equal to the OUT_BUF_LOW threshold.

This interrupt is disabled by default, and is enabled by clearing INT_MASK[M_UNDRUN].

VSYNC_WB

Vertical Synchronize Interrupt for writeback operation.
If enabled, this interrupt is generated at the end of a writeback frame. Used in mode 2 and 3 only.
This interrupt is disabled by default, and is enabled by clearing INT_MASK[M_VSYN_WB].

VSYNC

Vertical synchronization interrupt.
If enabled, this interrupt is generated at the beginning of a frame.
This interrupt is disabled by default, and is enabled by clearing INT_MASK[M_VSYNC].

12.3.3.19

Interrupt Mask Register (INT_MASK)

The Interrupt Mask Register (INT_MASK) enables or masks interrupts corresponding to the interrupt
status bits in the INT_STATUS register.

Address: Base + 0x48

Access: User read/write

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

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

R| O 0 0 0 0 0 0 0 0 0 M_ M_ M_ M_ M_ M_

W WB_ |LS B| PAR | UND |VSYC| V
PEND|F_VS | ERR | RUN | _WB |SYNC

Reset 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1

Figure 12-19. Interrupt Mask Register (INT_MASK)
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Table 12-22. INT_MASK field descriptions

Field Description

M_WB_PEND |Writeback Pending Interrupt Mask Bit.
0 Interrupt is enabled.
1 Interrupt is masked (the default setting).

M_LS_BF_VS |Lines Before VSYNC Interrupt Mask Bit.
0 Interrupt is enabled.
1 Interrupt is masked (the default setting).

M_PARERR |Display Parameter Error Interrupt Mask Bit.
0 Interrupt is enabled.
1 Interrupt is masked (the default setting).

M_UNDRUN |Underrun Exception Interrupt Mask Bit.
0 Interrupt is enabled.
1 Interrupt is masked (the default setting).

M_VSYN_WB |Vertical Synchronize Interrupt for Writeback Mask Bit.
0 Interrupt is enabled.
1 Interrupt is masked (the default setting).

M_VSYNC | Vertical Synchronization Interrupt Mask Bit.
0 Interrupt is enabled.
1 Interrupt is masked (the default setting).

12.3.3.20 COLBAR Registers

The COLBAR registers are used to generate color bars in functional test mode. Eight different pixel values
are taken as input data to display eight color bars on the display. After reset, they take the default values
shown in Table 12-23.

Table 12-23. COLBAR_n field descriptions

COLBAR_N Default Value Color COLBAR_n Default Value Color
COLBAR_1 OxFF00_0000 Black COLBAR_5 OxFFFF_FFOO0 Yellow
COLBAR_2 OxFFOO_OOFF Blue COLBAR_6 OxFFFF_0000 Red

COLBAR_3 0XxFFO0_FFFF Cyan COLBAR_7 OXFFFF_OOFF Purple
COLBAR_4 OxFFOO_FFO0 Green COLBAR_8 OXFFFF_FFFF White

Programming the COLBAR registers at the middle of a frame affects the display immediately, so the user
should reprogram them after VSYNC interrupt is detected.

Table 12-24. COLBAR_n field descriptions

Field Description

COLBAR_n_R |Red component of RGB color.

COLBAR_Nn_G |Green component of RGB color.

COLBAR_n_B |Blue component of RGB color.
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12.3.3.20.1 Color #1 in the Color Bar (Black) Register (COLBAR_1)

Address: Base + 0x4C Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
Rl 1 1 1 1
COLBAR 1 R
w
Reset 1 1 1 1 1 1 1 1 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R
W COLBAR 1 G COLBAR 1 B
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0

Figure 12-20. COLBAR_

1 Register (Black)

12.3.3.20.2 Color #2 in the Color Bar (Blue) Register (COLBAR_2)

Address: Base + 0x50 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R 1 1 1 1 1
COLBAR_ 2 R
W
Reset 1 1 1 1 1 1 1 1 0 0 0 0 ‘ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R
W COLBAR_2_G COLBAR_2_ B
Reset O 0 0 0 \ 0 0 0 0 1 1 1 1 \ 1 1 1 1

Figure 12-21. COLBAR_2 Register (Blue)

12.3.3.20.3 Color #3in the Color Bar (Cyan) Register (COLBAR_3)
Address: Base + 0x54 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
Rl 1 1 1 1
COLBAR_3 R
W
Reset 1 1 1 1 1 1 1 1 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R
W COLBAR 3 G COLBAR 3 B
Reset 1 1 1 1 \ 1 1 1 1 1 1 1 1 \ 1 1 1 1

Figure 12-22. COLBAR_3 Register (Cyan)
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12.3.3.20.4 Color #4 in the Color Bar (Green) Register (COLBAR_4)

Address: Base + 0x58

Access: User read/write

11 ‘ 12 13

0 1 2 3 4 5 6 7 8 9 10 14 15
Rl 1 1 1 1 1 1 1 1
COLBAR 4 R
W
Reset 1 1 1 1 1 1 1 1 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R
W COLBAR 4 G COLBAR 4 B
Reset 1 1 1 1 \ 1 1 1 1 0 0 0 0 \ 0 0 0 0

Figure 12-23. COLBAR_4 Register (Green)

12.3.3.20.5 Color #5in the Color Bar (Yellow) Register (COLBAR_5)

Address: Base + 0x5C Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R 1 1 1 1
COLBAR 5 R
W
Reset 1 1 1 1 1 1 1 1 1 1 1 1 ‘ 1 1 1 1
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R
w COLBAR 5 G COLBAR 5 B
Reset 1 1 1 1 \ 1 1 1 1 0 0 0 0 \ 0 0 0 0

Figure 12-24. COLBAR_5 Register (Yellow)

12.3.3.20.6 Color #6 in the Color Bar (Red) Register (COLBAR_6)

Address: Base + 0x60 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
Rl 1 1 1 1 1 1 1 1
COLBAR 6 R
w
Reset 1 1 1 1 1 1 1 1 1 1 1 1 ‘ 1 1 1 1
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R
W COLBAR 6 G COLBAR 6 B
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0

Figure 12-25.

COLBAR_6 Register (Red)
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12.3.3.20.7 Color #7 in the Color Bar (Purple) Register (COLBAR_7)

Address: Base + 0x64

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
Rl 1 1 1 1
COLBAR_7_R
W
Reset 1 1 1 1 1 1 1 1 1 1 1 1 \ 1 1 1 1
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R
W COLBAR 7_G COLBAR 7 B
Reset 0 0 0 0 \ 0 0 0 0 1 1 1 1 \ 1 1 1 1

12.3.3.20.8

Address: Base + 0x68

Figure 12-26. COLBAR_7 Register (Purple)

Color #8 in the Color Bar (White) Register (COLBAR_8)

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R[ 1 1 1 1
COLBAR_8_R
w
Reset 1 1 1 1 1 1 1 1 1 1 1 1 \ 1 1 1 1
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R
W COLBAR_8_G COLBAR_8_B
Reset 1 1 1 1 \ 1 1 1 1 1 1 1 1 \ 1 1 1 1

Figure 12-27. COLBAR_8 Register (White)

12.3.3.21 Filling Status Register (FILLING)

The Filling Status Register (FILLING) is a read-only register that indicates current filling status of the
input and output buffers. It is useful for debug purpose.

Address: Base + 0x6C

7‘8 9 10

11‘12

Access: User read-only

0 1 2 3 4 5 6 13 14 15
R O 0 0 0 0 0 FILLING_OBF

w | L L
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

R FILLING_WB FILLING_P3 FILLING_P2 FILLING_P1

we ] ] L[] ]

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

Figure 12-28. Filling Status Register (FILLING)
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Table 12-25. FILLING field descriptions

Field Description
FILLING_OBF |Filling status of the output buffer (in pixels, 24 bits per pixel).
FILLING_WB |Filling status of the writeback pixel buffer (number of filled buffers out of the eight 256-byte buffers).
FILLING_P3 |Filling status of plane 3 input pixel buffer (number of filled buffers out of the eight 256-byte buffers).
FILLING_P2 |Filling status of plane 2 input pixel buffer (number of filled buffers out of the eight 256-byte buffers).
FILLING_P1 |Filling status of plane 1 input pixel buffer (number of filled buffers out of the 8 256-byte buffers).

12.3.3.22 Priority Look Up Table Register (PLUT)

The Priority Look Up Table Register (PLUT), shown in Figure 12-29, determines the priority of the DIU
transactions relative to other initiators on the DDR DRAM buses. The PLUT register includes the eight
Priority Look Up Table components. A 4-bit priority output is selected from this look up table according
to the input buffer filling status. This register must be configured so that the DIU can escalate its priority
dynamically. See Section 12.4.12, “Dynamic Priority Generation,” for details on how to configure it.

Address: Base + 0x70

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
VF:/ PRIORITY_7 PRIORITY_6 PRIORITY_5 PRIORITY_4
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
VF\{/ PRIORITY_3 PRIORITY_2 PRIORITY_1 PRIORITY_O
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 12-29. Priority Look Up Table Register (PLUT)

Table 12-26. PLUT field descriptions

Field

Description

PRIORITY_7

Priority Look Up Table component 7.
PRIORITY_7 is the lowest priority.

PRIORITY_6

Priority Look Up Table component 6.

PRIORITY_5

Priority Look Up Table component 5.

PRIORITY_4

Priority Look Up Table component 4.

PRIORITY_3

Priority Look Up Table component 3.

PRIORITY_2

Priority Look Up Table component 2.

PRIORITY_1

Priority Look Up Table component 1.

PRIORITY_O

Priority Look Up Table component 0.
PRIORITY_O is the highest priority.
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12.4 Functional Description

The DIU does not have internal frame buffers. It reads the data from the main memory (DDR DRAM) at
the same rate it refreshes the display.

Besides generating all the signals required to drive the display, the DIU manages real time blending of as
many as three planes onto the display. Alpha blending is performed between the planes. Chroma key
support is also present to help relieve the host processor from all the computational and bandwidth
consuming blending tasks while simultaneously allowing the users to maintain the graphics quality
required by many applications.

i\w COME
TORUSTIN

Plane 1

Display

Plane 2

Plane 3
Figure 12-30. Three Plane Blending

12.4.1 Area Descriptor

The area descriptor (AD) defines each area to be displayed on a plane. A plane can display more than one
area as long as the areas do not share a scan line.

The areas (for a plane) must be sorted in vertical order from top to bottom. The area descriptor is set up in
the system’s main memory (DDR DRAM) and then retrieved by the DIU directly from there.

Change the displayed data between frames by changing the data in the current area descriptor or create a
new one and change the pointer in the DIU while keeping the previous one for future use or reference. It
is always assumed that the bitmaps are stored pixel by pixel in memory, starting from the top-left most
pixel in the image and continued sequentially until the last pixel (the bottom-right most pixel) by scanning
the image always from left to right and top to bottom.
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Figure 12-31 and Figure 12-32 show graphical representations of the area descriptor parameters that
define an area. Figure 12-31 shows the parameters that specify how the source bitmap located in memory
is interpreted by the DIU. You might want to display only a limited area of the bitmap by specifying an
area of interest (AOI) as a subset of this bitmap.

L “
- Xl A
Plane ol
(Area of Interest)
Ayl
Ays
- Axl -

A |

- AXS -
¥

Figure 12-31. Source Bitmap Parameters

The complete source bitmap is specified by its starting address in memory, its pixel format, and its
dimensions. The subset to be displayed is defined by its relative position to the beginning of the bitmap
(top left corner) and its own size, which can be as large as the original image for the case where the whole
image is to be displayed. The DIU automatically fetches the data, optimizing the accesses to minimize the
bandwidth consumed by the operation.

There are some limitations on the size of an AOI, which include:

* The height and width of an AOI (Ayi, Axi) must be greater than or equal to two pixels.
» The first AOI of a plane must be greater than or equal to 32 bytes of pixel data.

Figure 12-32 shows the parameters that specify how the image is to be displayed.
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Figure 12-32. Display Parameters

Two parameters determine how this image is to be displayed. The first is its relative position with respect
to the top-left corner of the display, and the second is its orientation (the source image can be flipped on
its x-axis or y-axis, but not both simultaneously).

Since the size of the display is common to all area descriptors of all planes, it is not part of the area
descriptor.

12.4.2 Area Descriptor Format

Each AD is composed of a ten-word data structure. The general format for an AD is shown in Table 12-27.
Table 12-27. Area Descriptor Format

Offset from the start address of the
area descriptor table in memory General Format

0x00 Word 0—Pixel format
0x04 Word 1—Bitmap address
0x08 Word 2—Source size/Global alpha
0x0C Word 3—AOl size
0x10 Word 4—AOI offset
0x14 Word 5—Display offset
0x18 Word 6—Chroma key maximum
0x1C Word 7—Chroma key minimum
0x20 Word 8—Next AD
0x24 Word 9—Reserved

The following sections describe the individual components that make up the area descriptor.
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NOTE

The area descriptor uses little-endian byte ordering. Do a 32-bit word endian
swap for each word before writing it to memory.

12.4.2.1 Area Descriptor Word 0-Pixel Format

Figure 12-33 shows the fields of AD Word 0, which defines the pixel format. Table 12-28 describes the

pixel format fields.

Address: Base + 0xC8

1 2 3 4 5

9 10

Access: User read-only

11 ‘ 12 13

14 15

PALE

ALPHA_C GREEN_C PIXEL_S

TTE

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

COMP_2 COMP_1

Reset O

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 12-33. Area Descriptor Word 0 Pixel Format

Table 12-28. Area Descriptor Word 0—Pixel Format field descriptions

Field

Description

BYTE_F

Byte flip disable. When cleared, flips the byte order for the pixel data. See Section 12.4.3, “Pixel Structure,” for
more information.

0 Bytes are flipped.

1 Bytes are not flipped.

ALPHA C

Alpha component assignment. This field assigns the component number used for the alpha channel.
000 Component O.

001 Component 1.

010 Component 2.

011 Component 3.

100 Global alpha.

Default value is 011.

BLUE_C

Blue component assignment. This field assigns the component number used for the blue channel.
00 Component 0.
01 Component 1.
10 Component 2.
11 Component 3.
Default value is 00.

GREEN_C

Green component assignment. This field assigns the component number used for the green channel.
00 Component 0.

01 Component 1.

10 Component 2.

11 Component 3.

Default value is 01.
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Table 12-28. Area Descriptor Word 0—Pixel Format field descriptions (Continued)

Field

Description

RED_C

Red Component assignment. This field assigns the component number used for the red channel.
00 Component 0.

01 Component 1.

10 Component 2.

11 Component 3.

Default value is 10.

PALETTE

Palette mode. Determines whether palette mode is used.
0 Palette mode disabled.
1 Palette mode enabled.

PIXEL_S

Pixel size. Specifies the number of bytes per pixel. The actual number of bytes per pixel is PIXEL_S + 1.
00 1 byte per pixel.

01 2 bytes per pixel.

10 3 bytes per pixel.

11 4 bytes per pixel.

COMP_3

Number of bits for component 3. Valid range is 0 through 8.

COMP_2

Number of bits for component 2. Valid range is 0 through 8.

COMP_1

Number of bits for component 1. Valid range is 0 through 8.

COMP_0

Number of bits for component 0. Valid range is 0 through 8.

12.4.2.2 Area Descriptor Word 1-Bitmap Address

Figure 12-34 shows the fields of AD Word 1, which defines the bitmap address. Table 12-29 describes the
bitmap address fields.

Address: Base + OxCC

Access: User read-only

11 ‘ 12 13 14 15

0 1 2

R BM_ADDR

w [ | [ [ ] [ [ [ [ ]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R BM_ADDR

w || [ [ ] [ [ | [ [ ]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 12-34. Area Descriptor Word 1—Bitmap Address
Table 12-29. Area Descriptor Word 1—Bitmap Address field descriptions
Field Description

BM_ADDR |Bitmap address pointer. It points to the bitmap data in memory.

12.4.2.3 Area Descriptor Word 2—-Source Size/Global Alpha

Figure 12-35 shows the fields of AD Word 2, which defines the source size and the global alpha value.
Table 12-30 describes the source size/global alpha fields.
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Address: Base + 0xDO

Access: User read-only

11‘12

0 1 2 5 6 7 8 9 10 13 14 15
R G_ALPHA 0 DELTA_YS
we | [ ] [ [ ] [ | [ [ ]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R DELTA_YS 0 DELTA_XS
we | [ ] [ | [ ] [ [ ]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 12-35. Area Descriptor Word 2—Source Size/Global Alpha
Table 12-30. Area Descriptor Word 2—Source Size/Global Alpha field descriptions
Field Description
G_ALPHA Global alpha. Value used for the alpha channel for all pixels in the area when the data format does not include
an alpha component or when the user wants to override the alpha values in the data (ALPHA_C = 100). Pixels
to be displayed on Plane 1 ignore the alpha value.
DELTA_YS |The Ays parameter that defines the vertical size (in pixels) of the source bitmap.
DELTA XS |The Axs parameter that defines the horizontal size (in pixels) of the source bitmap.

12.4.2.4 Area Descriptor Word 3—AOI Size

Figure 12-36 shows the fields of AD Word 3, which defines the size of the area of interest. Table 12-31

describes the area of interest size fields.

Address: Base + 0xD4

Access: User read-only

0 1 2 3 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R FLIP 0 0 0 DELTA_YI
w [ | [ ] [ [ ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R| O 0 0 0 0 DELTA_XI
w [ | [ ] [ [ ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 12-36. Area Descriptor Word 3—AOI Size
Table 12-31. Area Descriptor Word 3—AOI Size field descriptions
Field Description
FLIP Area of interest image flip. Flips the bitmap image either horizontally or vertically within the area of interest.
00 Normal.
01 Flip image horizontally (about the y-axis).
10 Flip image vertically (about the x-axis).
11 Reserved.
DELTA_YI The AYI parameter that defines the vertical size (in pixels) of the area of interest.
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Table 12-31. Area Descriptor Word 3—AOQI Size field descriptions (Continued)

Field Description

DELTA_XI The AXI parameter that defines the horizontal size (in pixels) of the area of interest.

12.4.2.5 Area Descriptor Word 4-AOI Offset

Figure 12-37 shows the fields of AD Word 4, which defines the offset for the area of interest. Table 12-32
describes the area of interest offset fields.

Address: Base + 0xD8 Access: User read-only
0 1 2 3 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R| O 0 0 0 0 OFFSET_YI
W [ ] [ [ | [ [ |

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

w - [ [ [ [ |

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 12-37. Area Descriptor Word 4—AOI Offset

Table 12-32. Area Descriptor Word 4—AOQI Offset field descriptions

Field Description

OFFSET_YI |The Yl parameter that defines the vertical offset (in pixels) of the area of interest from the start of the source
bitmap in memory.

OFFSET_XI |The Xl parameter that defines the horizontal offset (in pixels) of the area of interest from the start of the source
bitmap in memory.

12.4.2.6 Area Descriptor Word 5-Display Offset

Figure 12-38 shows the fields of AD Word 5, which defines the offset for the area of interest in the display.
Table 12-33 describes the display offset fields.

Address: Base + 0xDC Access: User read-only
0 1 2 3 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
Rl O 0 0 0 0 OFFSET_YD
w [ | [ ] [ [ ]

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| 0 0 0 0 0 0 \ 0 | 0 0 \ 0 \ 0 | 0 0 \ 0 \ 0 \ 0
w OFFSET_XD

Reset 0 0 0 0 0 0 0 0 | 0 0 0 oo 0 0 0
Figure 12-38. Area Descriptor Word 5—Display Offset
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Table 12-33. Area Descriptor Word 5—Display Offset field descriptions

Field

Description

OFFSET_YD

The YD parameter that defines the vertical offset (in pixels) of the area of interest in the display.

OFFSET_XD

The XD parameter that defines the horizontal offset (in pixels) of the area of interest in the display.

12.4.2.7

Area Descriptor Word 6—Chroma Key Max

Figure 12-39 shows the fields of AD Word 6, which defines the maximum values for chroma key. See
Section 12.4.6, “Chroma Keying,” for more information. Table 12-34 describes the chroma key max

fields.
Address: Base + OxEOQ Access: User read-only
0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R| O 0 0 0 0 0 CKMAX_B
w | [ [ ]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R CKMAX_G CKMAX_R
we | [ ] | | [ [ ]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 12-39. Area Descriptor Word 6—Chroma Key Max
Table 12-34. Area Descriptor Word 6—Chroma Key Max field descriptions
Field Description
CKMAX_B Chroma key maximum blue component value.
CKMAX_G |Chroma key maximum green component value.
CKMAX_R  |Chroma key maximum red component value.

12.4.2.8 Area Descriptor Word 7-Chroma Key Minimum

Figure 12-40 shows the fields of AD Word 7, which defines the minimum values for chroma key. See
Section 12.4.6, “Chroma Keying,” for more information. Table 12-35 describes the chroma key minimum

fields.
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Address: Base + OxE4

Access: User read-only

0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R O 0 0 0 0 0 CKMIN_B
w | 1 ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 ‘ 28 29 30 31
R CKMIN_G CKMIN_R
Wi | | | | | 1 ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 12-40. Area Descriptor Word 7—Chroma Key Minimum

Table 12-35. Area Descriptor Word 7—Chroma Key Minimum field descriptions

Field Description
CKMIN_B Chroma key minimum blue component value.
CKMIN_G Chroma key minimum green component value.
CKMIN_R Chroma key minimum red component value.

12.4.2.9 Area Descriptor Word 8-Next AD

Figure 12-41 shows the fields of AD Word 8, which defines the next AD address. If more than one area is
to be displayed in the same plane, the next AD points to the next area descriptor. If this is the last AD in
the current frame, the next AD address must be set to 0x0000_0000. The next AD address must be aligned
to an 8-byte boundary (that is, the lowest three bits should be 000). Table 12-36 describes the next area
descriptor address fields.

Address: Base + OXE8 Access: User read-only

7 ‘ 8 9 10 11 ‘ 12 13 14 15

R NEXT_AD_ADDR

19 ‘ 20 21 22
R NEXT_AD_ADDR

w | [ [ [ [ 1 [ [ [ [ [ [ [ |

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 12-41. Area Descriptor Word 8—Next AD

Table 12-36. Area Descriptor Word 8—Next AD field descriptions

Field Description

NEXT_AD_ADDR |The next Area Descriptor address pointer. It is used to point to the next AD in memory when more than
one area is to be displayed in a plane. This field must be set to 0x0000_0000 if this is the last AD in the

current frame. This address must be 64-bit boundary aligned (set the lowest 3 bits to 0).
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12.4.3 Pixel Structure

The DIU has been designed for maximum flexibility in the format of its input data. Each pixel can contain
as many as four basic components: alpha, red, green, and blue. The contents of several registers in an area
descriptor (see Figure 12-33) determine how the DIU parses the bitmap data into the pixel components.

The first step is to define the size of each pixel (PIXEL_S+1) and the number of bits for each component
of a pixel (COMP_0to COMP_3) in the data stream. The next step is to assign the components of the pixel
(alpha, R, G, and B) to the components of the data stream (COMP_0 to COMP_3). The RED_C,
GREEN_C, BLUE_C, and ALPHA_C fields in the pixel format (word 0) of the AD are used to control the
assignments, selecting which component is red, which is green, and so on. The three color components
(red, green, and blue) must be mapped to one of the components of the data stream; alpha can be assigned
to a fourth component of the data stream or the pixel can use the global alpha value specified for the current
area descriptor (G_ALPHA in word 2).

The pixel format (word 0) of the AD also contains the BYTE_F bit, which can have a significant impact
on the way the DIU interprets the pixel data. If the BYTE_F bitin the AD is set (that is, flipping is disabled)
then the pixel is constructed as shown in Figure 12-42.

Access: User read-only

0 1 2 3 ‘ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R COMP_3 COMP_2 COMP_1

16 17 18 19 ‘ 20 21 22 23 24 25 26 27 28 29 30 31
R COMP_1 COMP_0O 0 0 0 0 0 0 0 0

w || [
Reset 0 o0 o0 0,0 OO0 OO0 0O o o o0 o o o

Figure 12-42. Example of 24-bit ARGB 8:5:6:5 Pixel Structure Definition when BYTE_F =1

Table 12-37. Example of 24-bit ARGB 8:5:6:5 Pixel Structure Definition when BYTE_F =1

Field Description

COMP_3 Alpha (8 bits).

COMP_2 Red (5 bits).
COMP_1 Green (6 bits).
COMP_O Blue (5 bits).

If the BYTE_F bit in the AD is cleared (that is, bytes in the pixel are flipped) then the pixel is constructed
as shown in Figure 12-43. The DIU performs the byte flipping on each pixel before it performs the

mapping.
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Access: User read-only

0 1 2 3 ‘ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R COMP_1 COMP_0 COMP_2 COMP_1
w | ] | ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 28 29 30 31
R COMP_3 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 12-43. Example of 24-bit ARGB 8:5:6:5 Pixel Structure Definition when BYTE_F =0

Table 12-38. Example of 24-bit ARGB 8:5:6:5 Pixel Structure Definition when BYTE_F=0

Field Description
COMP_1 Green_low (3 bits).
COMP_0 Red (5 bits).
COMP_2 Blue (5 bits).
COMP_1 Green_high (3 bits).
COMP_3 Alpha (8 bits).

12.4.4 Pixel Format Conversion

The DIU is designed to support a variety of pixel bit formats. Table 12-39 lists some examples of DIU
supported pixel formats.

Table 12-39. Examples of DIU Supported Pixel Formats

Component Order | Number of BIS per | G alpha Palette

A'R:GB 8:8:8:8 No No
R:G:B 8:8:8 Yes No
A'R:G:B 8:5:6:5 No No
R:G:B 5:6:5 Yes No
A:R:G:B 4:4:4:4 No No
A'R:GB 1:5:5:5 No No

n/a n/a no Yes
R:G:B:A 8:8:8:8 No No
R:G:B:A 5:6:5:8 No No
R:G:B:A 4:4:4:4 No No
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Table 12-39. Examples of DIU Supported Pixel Formats

Component Order | Number of Bits per
3,210 Component G.Alpha Palette
R:G:B:A 5:5:5:1 No No
n/a 8 Yes No

Internally, all the calculations are performed using pixels represented by 8 bits per component. For those
pixel formats in which fewer than 8 bits per color components are specified, the specified bits are used as
MSB, and the LSB are filled with 0s. The alpha values are extended to 8 bits as well, but the LSB are filled
by sign extension to make sure that minimum value is 0 and the maximum value is extended to 255.

If the original data bitmap does not include alpha, it can be specified in the global alpha (G_ALPHA) field
of the area descriptor and/or use chroma keying.

12.4.4.1 Palette Mode

As an alternate to the larger bitmap formats, the DIU supports an 8-bit pixel format through a palette table
(256 x 32-bit look up table). The palette table maps an 8-bit input pixel to a 32-bit color format. The palette
table is stored in a 256 x 32 bit embedded SRAM. It is accessed by the hardware as an indexed matrix such
that palettized_pixel [31:0] = palette_table[input_pixel [7:0]].

The palette table should be created in advance in memory (DDR DRAM) as a consecutive sequence of
256 x 64 bits (with bits 32 to 63 filled with 0s). Writing to the PALETTE register (described in

Section 12.3.3.5, “Palette Table Pointer Register (PALETTE)”) causes the DIU to automatically reload a
new palette table from memory before it starts processing the next frame. Figure 12-44 shows the format
of the palette table in main memory.

Palette | PALETTE Local Address [2:0]

Entry Offset 000 001 010 011 100 101 110 111
0 0x000 PO_B PO_G PO_R PO_A 0X00 0X00 0X00 0X00
1 0x008 P1 B P1 G P1_R P1_A 0X00 0X00 0X00 0X00
2 0x010 P2_B P2_G P2_R P2_A 0X00 0X00 0X00 0X00
3 0x018 P3_B P3G P3_R P3_A 0X00 0X00 0X00 0X00
254 OX7FO | P254 B | P254 G | P254 R | P254_A 0X00 0X00 0X00 0X00
255 Ox7F8 | P255 B | P255.G | P255 R | P255 A 0X00 0X00 0X00 0X00

Figure 12-44. Palette Table Format in Memory

12.45 AlphaBlending

For each pixel, besides the three color components (R, G, B), a fourth component defines the transparency
of the pixel. This transparency value is called alpha and has a range between 0 (pixel is completely
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transparent) to 255 (pixel is completely opaque). The following equation represents the transfer function
of the blending operation including the alpha values. No alpha component is defined for plane 1, because
it has no planes behind it.

Eqgn. 12-1
pixel 1 x (255- oc2) x (255 - oc3) + pixel_2 x 0Ly X (255 - oc3) + pixel 3 x 255 x og

out_pixel=
2552

For mode 2, when only planes 2 and 3 are blended to write back, the equation changes to:

Eqgn. 12-2
plane2 x (255 - a3) + plane3 x g

255

writeback =

12.4.6 Chroma Keying

For each area (see Section 12.4.1, “Area Descriptor”), the user needs to specify a maximum and a
minimum value for the chroma keying function. The maximum and minimum values are specified as R,
G, and B values to which every pixel in the bitmap is compared. If all the components are greater or equal
to the minimum and less than or equal to the maximum, then the alpha component for that particular pixel
is replaced with 0. The chroma keying operation is performed after the color format conversion with all
the components extended to 8 bits.

To turn the chroma keying off, set the minimum to 255 and the max to 0 for each component. To produce
a green-screen type of effect in which all green pixels (0,255,0) are to be turned transparent, the maximum
and minimum should both be set to (0,255,0).

12.4.7 Gamma Correction

The gamma table allows the user to define a completely arbitrary transfer function at the output of each
color component. The gamma table should be created in memory as a consecutive sequence of 256 bytes
for each color component accessed by the hardware as an indexed matrix so that
output_color_component = gamma_table[input_color_component].

All three gamma tables must be stored in memory (DDR DRAM) consecutively beginning with red, then
green, and blue at the end.

Similar to the palette, the gamma table is also automatically loaded by the DIU from memory into an
embedded SRAM before it starts on processing the next frame if the CPU writes to the GAMMA register
(see Section 12.3.3.4, “Gamma Table Pointer Register (GAMMA)”).

The size of the SRAM is 3 x 256 bytes, but it is organized as 96 x 64 bits. So the address range for each
color component table is:

e Gamma_red: 0x0~0x0FF

e Gamma_green: 0x100~0Ox1FF

e Gamma_blue: 0x200~0x2FF
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Figure 12-45 shows the format of the gamma table in main memory.

Color GAMMA Local Address [2:0]

Component | Offset | 4 001 010 011 100 101 110 111
Red 0x000 GOred Glred G2red G3red GAred GSred GBred G7red
0X008 | GBeq G9%y | GlOpg | Glleg | Gl2eq | Gl3req | Gldey | Gl5eq

OXOF0 | G240,0q | G24l,q | G242,eq | G243,eq | G244req | G245y | G246,0q | G247(eq

OXOF8 | G248,y | G249,q | G250,eq | G25lieq | G252;eq | G253req | G2541eq | G255eq

Green 0x100 GOgreen Glgreen G2green G3yreen Glgreen GSgreen G6green GT7green

0x108 G8green G9green Gl0green | Gllgreen | Gl2green | Gl3green | Gl4green | GlSgreen

OX1FO | G240green | G241green | G242green | G243green | G244green | G245green | G246green | G247 green

OX1F8 | G248yeen | G249green | G250green | G251green | G252green | G253green | G254green | G255green

Blue 0x200 GOpiue Glpiue G2piue G3piue GApiue GSpiue G6piue G7blue

0x208 G8piue GO%iue G10piue Gllpe G12he G13piue Gl4piue G15piue

0x2F0 G240 e | G241lye | G242y e | G243pue | G244pe | G245y | G246h e | G247 e

OX2F8 | G248y, | G249%e | G250pue | G251pue | G252uue | G253pue | G254pue | G255pue

Figure 12-45. Gamma Table Format in Memory

12.4.8 Cursor

The DIU supports a 32 x 32 hardware cursor that is overlapped on top of all three planes. Figure 12-46
shows the structure of the cursor bitmap in memory (DDR DRAM). In Figure 12-47, each cursor pixel is
labeled as C(n,m) where n indicates the row and m indicates the column of the 32 x 32 matrix. The cursor
bitmap data is stored in memory as a continuous sequence of 16-bit pixels, starting from the top left corner,
C(0,0), and continuing across the row (left to right) and then on to the next column (top to bottom) until
the last cursor pixel, C(31,31), is at the bottom right corner.
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Cursor

Local Address [2:0]

. CURSOR
Pixel Offset
Row 000 001 010 011 100 101 110 111
0 0x000 C(0,0) C(0,1) C(0,2) C(0,3)
0x008 C(0,4) C(0,5) C(0,6) C(0,7)
0x038 C(0,28) C(0,29) C(0,30) C(0,31)
1 0x040 C(1,0) C(1,1) C(1,2) C(1,3)
0x048 C(1,4) C(1,5) C(1,6) C(1,7)
0x078 C(1,28) C(1,29) C(1,30) C(1,31)
2 0x080 C(2,0) C(2,1) C(2,2) C(2,3)
0x088 C(2,4) C(2,5) C(2,6) C(2,7)
0x0B8 C(2,28) C(2,29) C(2,30) C(2,31)
31 0x7CO0 C(31,0) C(31,1) C(31,2) C(31,3)
Ox7F0 C(31,24) C(31,25) C(31,26) C(31,27)
Ox7F8 C(31,28) C(31,29) C(31,30) C(31,31)

Figure 12-46. Cursor Structure in Memory

Each cursor pixel is in 16-bit, ARGB 1:5:5:5 format, as shown in Figure 12-47. The field descriptions for

a cursor pixel are provided in Table 12-40.

Conventional

Power Architecture

The cursor pixel uses little-endian byte ordering. Do a 16-bit halfword

NOTE

endian swap for each pixel while rendering the cursor bitmap in software.

15 12 13 12 11 9 8 6 5 4 2 1 0
0 1 2 3 4 6 7 9 10 11 13 14 15
| Alpha ‘ Red Green ‘ Blue

Figure 12-47. Cursor Pixel Format
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Table 12-40. Field Descriptions for Cursor Pixel

Field Description

Alpha Alpha component of cursor pixel C(n,m).
Red Red component of cursor pixel C(n,m).

Green Green component of the cursor pixel is made up of Greenyg||Green o,
Blue Blue component of cursor pixel C(n,m).

To achieve cursors with shapes other than the basic square, set the alpha value to 0 in those pixels that are
to be transparent. To make the cursor disappear, set the alpha value to 0 for all the pixels.

Similar to the palette and gamma, the cursor bitmap is also automatically loaded by the DIU from memory
into an embedded SRAM before it starts processing the next frame if the CPU writes to the CURSOR
register (See Section 12.3.3.6, “Cursor Bitmap Table Pointer Register (CURSOR)”). The SRAM size is
256 x 64 bits.

The cursor position is determined by the register CURSOR_POS (See Section 12.3.3.7, “Cursor Position
Register (CUR_POS)”); the specified coordinate corresponds to the top left corner of the cursor bitmap.
The cursor can be partially or totally off the screen.

12.4.9 Writeback Operation

Besides driving the LCD display, the DIU supports two operating modes (mode 2 and 3) with memory
writeback operation. Intermediate blending results are stored back into the memory (DDR DRAM). These
intermediate results can be then forwarded to other processing or display units or blended with other image
source(s) again in the DIU, virtually extending the number of graphics planes.

DIU mode 1 supports the blending and display of as many as three planes. If an application requires the
display of an image blended from four or more planes, this can be accomplished in DIU mode 2. Plane 1
is used to display one frame while the following frame is blended by the DIU. Planes 2 and 3 are used
initially to read in the first and second planes to be combined, and the DIU writes back a combined plane
1 + 2. Then, while the DIU displays the same frame on plane 1, the DIU reads back in on plane 2 the
intermediate plane 1 + 2, and on plane 3 the new third plane, writing back a combined plane 1 + 2 + 3.
Then (while the DIU displays the same frame on plane 1), the DIU reads back in on plane 2 the
intermediate plane 1 + 2 + 3, and on plane 3 the new fourth plane, writing back the combined plane

1+ 2+ 3 + 4. This combined plane is then ready to be displayed on plane 1 in the following frame, or extra
steps can be added to blend more than four planes.

The writeback pixel format is always 24-bit RGB 8:8:8. stored in the memory continuously and
packed.Table 12-41 shows the format of the writeback pixels in main memory.
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Table 12-41. writeback Pixel Format in Memory

Memory Local Address [2:0]

Offset 000 001 010 011 100 101 110 111
0x00 BO GO RO B1 G1 R1 B2 G2
0x08 R2 B3 G3 R3 B4 G4 R4 B5
0x10 G5 R5 B6 G6 R6 B7 G7 R7
0x18 B8 G8 RS B9 G9 RO B10 G10
0x20 R10

The register WB_MEM_ADDR (described in Section 12.3.3.13, “Writeback Plane Address Register
(WB_MEM_ADDR)”) specifies the address in the memory to which the writeback data should be written.
Writing to this address triggers a writeback frame refresh. When enabled, a VSYNC_WB interrupt occurs
at the end of a writeback frame.

The writeback frame size is specified by the WB_SIZE register (see Section 12.3.3.12, “Writeback Plane
Size Register (WB_SIZE)”).
NOTE

In mode 2, the DIU works on the basis that the writeback frame completes
before the end of the display frame parallel to it (i.e. before the vertical front
porch). AWB_PEND interrupt can be generated (if enabled), indicating the
writeback operation did not complete in time.

12.4.10 Color Bar Generation

For testing purposes, it is desirable to generate color bars within the DIU itself. This is achieved by setting
the DIU_MODE register to 4. The pattern produced is a simple one with eight vertical color bars. This
mode allows the user to verify that the DIU is operational without the need to interact with the system
memory. A basic color sequence is preloaded, but the user can overwrite the default values if needed. See
Section 12.3.3.20, “COLBAR Registers,” for more information.

The size of the bars is set by dividing the horizontal resolution by 8 using integer math. If the horizontal
resolution is not divisible by 8 exactly, not all color bars have the same width.

12.4.11 Interrupt Generation

The DIU generates interrupts through a single line controlled by the contents of two registers:

INT_STATUS (see Section 12.3.3.18, “Interrupt Status Register (INT_STATUS)”) and INT_MASK (see
Section 12.3.3.19, “Interrupt Mask Register (INT_MASK)”). When an interrupt occurs, the host needs to
read the INT_STATUS register to find the source of the interrupt. This read operation clears the register.

Six interrupt statuses are defined:
*  VSYNC—\Vertical Synchronization
*  VSYNC_WB—\Vertical Synchronization for Writeback
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*  UNDRUN—Under Run Exception
 PARERR—Display Parameter Error
e LS BF VS—Lines Before VSYNC
 WB_PEND—Writeback Pending
A display parameter error interrupt is generated if the user sets the display parameters incorrectly.
Table 12-42 lists the parameter error conditions under different DIU operating modes. When a PARERR

interrupt is detected, the user can turn off the DIU (program the DIU_MODE to 0), correct the wrong
parameter(s), and turn it on again. The DIU is initialized internally.

Table 12-42. Parameter Error Conditions

Mode 1 & 2 | DELTA_XI > DELTA_XS

DELTA_YI > DELTA_YS

DELTA_XI + OFFSET_XD > DELTA_X

DELTA_YI + OFFSET_YD > DELTA_Y

DELTA_XI + OFFSET_XI > DELTA_XS

DELTA_YI + OFFSET_YI > DELTA_YS

Mode 2 & 3 |DELTA_XI > DELTA_X_WB

DELTA_YI > DELTA_Y_WB

DELTA_XI + OFFSET_XD > DELTA_X_WB

DELTA_YI + OFFSET_YD > DELTA_Y_WB

DELTA_XI + OFFSET_XI > DELTA_XS

DELTA_YI + OFFSET_YI > DELTA_YS

12.4.12 Dynamic Priority Generation

The multi-port DRAM controller has built-in arbiters that use a 4-bit priority signal (i.e., 16 levels of
priority). The DRAM controller tries to service the request with the highest priority first. The task of
setting the priorities is done by the DRAM Controller Priority Manager block, the priority manager. It
dynamically sets the priorities of the DRAM buses in such a way that bandwidth is divided fairly and each
master receives its fair share of the bandwidth. Programming the look-up tables in the priority manager
allows controlling relative priority to other channels and the average share of the bandwidth the current
master gets.

The DIU outputs a 4-bit priority signal to the priority manager. The priority is a function of the internal
input buffer filling level (buffer full - low priority, buffer empty — high priority). The buffer filling level
ranges from 0 to 7 and its used to select a LUT component from the PLUT register as the priority. Filling
level 0 selects PRIORITY_0 and filling level 7 selects PRIORITY_7.

The priority manager can be programmed to take the DIU priority output directly (option 1) or to follow
the normal priority schema (option 2). It is recommended to use option 2, the default option.

To use option 1, the user should set PRIOMAN_CONFIG2[DIU-OVERRULE] (refer to DRAM
Controller Priority Manager chapter), and program a set of priority values in the PLUT register
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(PRIORITY_0 to PRIORITY _7 from high to low). The priority value ranges from 0 to 15 and accesses
are blocked if the priority value is 0.

To use option 2, it is recommended to program PRIOMAN_CONFIG2[LUT SELO] to 3, so that the
priority manager selects the alternate look-up table for the DIU if DIU incoming priority bit 3 is high. So
the user can set the DIU priority low in the main look-up table and set it high in the alternate look-up table,
and program the PLUT register so for example its priority bit 3 is high (0x8) when the buffer is lower than
half full. The purpose to do this is to only escalate the DIU priority when necessary, and save the DRAM
bandwidth to the other masters like the Power Architecture e300 core.

12.4.13 Display Signal Timing

The first step to generate appropriate timing signals for the selected display is to adjust the frequency of
the pixel clock to a frequency within the specified parameters of the display (see Section 12.4.13.1,
“Refresh Rate”). Program the SCFR1 register in the system clock module, SCFR1[DIU_DIV], to set the
divide ratio for the DIU pixel clock (refer to the system clock chapter).

Then the horizontal and vertical synchronize signals are generated based on the pixel clock. The
relationship between pixel clock, HSYNC, and VSYNC signals is shown in diagram Figure 12-48 and
Figure 12-49.

Refer to Section 12.3.3.11, “Display Size Register (DISP_SIZE),” Section 12.3.3.14, “Horizontal Sync
Pulse Parameters Register (HSYN_PARA),” Section 12.3.3.15, “Vertical Sync Pulse Parameters Register
(VSYN_PARA),” and Section 12.3.3.16, “Synchronization Signals Polarity Register (SYN_POL),” for
related display parameter configuration registers.

DELTA_X
PIXEL Dat: ! \ \ =, W j W Dat:
DATA Invalid Data $ 1 X2 X 3 ){ 4 X’ ){‘ X }\ {  Invalid Data
< PW_H >
i -
HSYNC ) J h - A
l«—— BP_H >l Res H »le— FP H
P,
OE Ji 1\\

Figure 12-48. Horizontal Sync Signals
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Figure 12-49. Vertical Sync Signals

By default, the DIU outputs (data and sync signals) switch at same time with the pixel clock rising edge.
To provide flexibility in meeting the timing requirements of different LCD display drivers, the user can
perform minor tuning of the timing of the pixel clock found on the DIU_CLK pin relative to all the other
DIU signals (DIU_LD[23:0], DIU_VSYNC, DIU_HSYNC, DIU_DE). This phase tuning is done using
programmable parameters in the DCCR register, specifically DCCR[CLK _INV] and DCCR[DLY_NUM]
(refer to Chapter 5, “Clocks and Low-Power Modes™). Phase tuning using CLK_INV and DLY _NUM
does not change the pixel clock frequency or duty cycle.

12.4.13.1 Refresh Rate

The refresh rate (or frame rate) is the number of times that the display is updated in a second. It can be
calculated from the timing parameters using this formula:
Eqgn. 12-3

_ pix_clk
= (delta x+fp_h+pw_h+bp h)x(delta_y+fp v+pw v+bp v)

Because the user probably has a set target refresh rate (RR), the PIX_CLK value has been set already and
the DELTA_Xand DELTA Y values are determined exactly by the panel used. The rest of the parameters
in this equation must be chosen to approach the desired refresh rate while complying with the requirements
established in the panel’s data sheet for the front and back porches.

12.5 Initialization/Application Information

12.5.1 DIU Initialization

The procedure to bring up the DIU out of hardware reset state, start executing data processing, and display
functions is as follows:

1. Hardware reset.
2. Configure I/O function multiplexing and drive strength for DIU related pins.

3. Program the display timing signal generation related registers. Failing to set appropriate values for
the display timing parameters may result in damage to the display.
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4. Program DIU pixel clock divide ratio and turn on the clock in the system clock module. Enable
pixel clock inversion or the programmable pixel clock delay if necessary so that the interface AC
timing requirement can be met.

5. Program the DIU PLUT register and the DRAM controller priority manager as appropriate so that
the DIU priority can be escalated dynamically, to make sure no buffer underrun would be hit.

6. Prepare the palette, gamma tables, and cursor bitmap in memory (DDR DRAM) and set the
pointers to them. This step is not strictly required because the user might be using it in an
application without palette, gamma, or cursor. However, it is recommended to load zero contents
in this case so that the internal SRAM can be initialized. The gamma table is always in use except
in mode 3.

7. Prepare the area descriptors in memory (DDR DRAM) and set the pointers to them. This step is
also not strictly required because the default background colors can be displayed or a mode that
does not require area descriptors (mode 4) may be selected.

8. Program the INT_MASK register and enable the interrupts needed for the application (by default,
all interrupts are disabled after hardware reset).

9. Configure the WB_MEM_ADDR register if the operating mode is mode 2 or 3.
10. Set the operating mode (by configuring the DIU_MODE register) to turn on the DIU.

12.5.2 Controlling DIU Planes after the DIU is Enabled

The DIU is initialized by correctly configuring its registers before enabling the DIU by setting the
DIU_MODE to a legal, non-zero value. The DIU supports as many as three planes, which are activated by
setting the corresponding DESC _n register to a non-zero value, and deactivated by setting the
corresponding DESC_n register to 0x0000_0000.

12.5.3 Synchronizing with the Host (CPU)

Three interrupt status bits are defined in the DIU for synchronization purpose. They are VSYNC,
LS BF_VS, and VSYNC_WB.

If enabled, the VSYNC status bit is always asserted in the first cycle in which the VSYNC pulse is active.
With this interrupt the host can always observe the beginning of a new frame. Beside this, another
interrupt, LS _BF_VS (lines before vsync) can be used to set a deadline for the host to program the DIU
for the next frame. This interrupt is asserted at a user-specified number of lines (set by the LS BF VS
threshold, Figure 12-17) before the vertical front porch (FP_V).

Figure 12-50 shows a timing diagram on how these two interrupts can be used to synchronize the host and
the DIU. At the end of each frame the DIU starts processing the next frame by first loading the necessary
AD, palette, cursor, and gamma information from external memory pointed to by its internal register

values. All of this takes place in the time window marked by the two dotted blue lines in Figure 12-50. The
host needs to make sure the proper data is in external memory and proper address values are programmed
into the DIU’s registers before this window. Reprogramming the palette, gamma, cursor, or AD pointers
in this time window is blocked. For this reason the host should use the LS_BF_VS interrupt to start setting
up the DIU for the next frame, while the LS_BF_VS threshold should be set to trigger the interrupt before
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FP_V pulse of the current frame (set it to greater than 0) or the host does not have enough time to properly
reprogram the DIU. Use the VSYNC_WB interrupt for mode 3.

LS_BF_VS Interrupt VSYNC Interrupt LS_BF_VS VSYNC
I ‘ ‘ I
| | startof | |

l'FP_V [ PW V | BP.V | FRAME n ‘RES_V =Y PW_V | BP.V

|<—><—><—_>H—'—>‘€ <>
I | \ |

| |
| | Start of
| |
| I
| |
| | | | | |
| |
| |
| |
| |
| |

FRAME n + 1

Y
i

IDIU load|cursor, palette, gamma |CPU prograni the

|Area Descriptors for FRAME n registers for FRAME n|+ 1
< — 7 — = — < — — >

| DIU Window Host Window

Figure 12-50. Synchronizing the Host and the DIU

For operating mode with writeback operation, a VSYNC_WB interrupt can be used to find the end of a
writeback frame. To enable the DIU to work on the next writeback frame, the user need to reprogram the
DESC_1/DESC_2/DESC _3 pointers for related planes, and the WB_MEM_ADDR register after the
VSYNC_WB interrupt is detected.

12.5.4 Recovering from Parameter Error

A parameter error exception occurs under the conditions detailed in Table 12-42. If enabled, a PARERR
interrupt is issued to the host. On reception of a PARERR interrupt, the user should turn off the DIU,
correct the wrong parameters, and then turn it on again (by programming the DIU_MODE register). The
DIU is initialized internally.

12.5.5 Recovering from Underrun Error

In a heavily loaded system, the DIU may experience buffer underrun errors because of long DRAM access
latency. To eliminate buffer underrun issues, the user should program the MPC5121E DRAM controller

priority manager so that the DIU has higher priority compared to the other masters, or program the priority
manager and the DIU PLUT register to enable dynamic DIU priority escalation so that the DIU priority

can be high enough while its buffer filling is low.

If a single buffer underrun occurs and it is short, the DIU may repeat the pixel before the underrun and then
recover automatically when the underrun is gone to minimize impact to the display. Slight underrun
error(s) do not propagate between frames, but if underrun errors take place frequently, the user should turn
off the DIU, escalate the DIU priority (if necessary), and then turn it on again so that it can display
normally.
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Chapter 13
DRAM Controller

13.1 Introduction

The DDR DRAM controller is a multi-port DRAM controller (four ports). It supports Mobile-DDR?,
DDR-1, DDR-2, and SDR memories.

A block diagram of the multi-port DRAM controller is given in Figure 13-1.

13.1.1 Overview

The DRAM controller is a multi-port controller that listens to incoming requests on the five incoming
buses and decides on each rising clock edge what command needs to be sent to the DRAM.
Each incoming bus is a 64-bit bus. The four incoming buses are:

* Bus0: the DIU, VIU

* Bus 1: the Power Architecture e300 core, PCI controller

* Bus 2: NFC nand flash controller

* Bus 3: DMA, USB, FEC
The block supports connection of two DRAM rank (two chip selects) and supports the four major classes
of DRAM:

* Mobile-DDR (LPDDR)

« DDR1
« DDR2
« SDR

It supports these memories in 16-bit or 32-bit wide configurations. SDR is supported in only 32-bit wide
configuration.

The DRAM controller listens to the incoming requests to the four buses in parallel and then sends
commands to the DRAM from the highest priority bus at the current time, while the DRAM is ready to
receive the command from this particular bus. If the DRAM is blocked because it needs to meet a timing
requirement, the controller sends a command from a bus where there is no blockage.

For example, suppose bus one has an incoming request on priority five, and it hits in bank 1 and the page
is not open (the bank needs a precharge+activate command before the request can be serviced). Bus two
has an incoming request on priority four, it hits in bank two and the correct page is already open. In this
case, the DRAM controller accepts the bus two request first. While it is reading from the appropriate bank,

1. JEDEC standard calls these LPDDR. Most DRAM vendors call them Mobile-DDR.
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it issues the active+precharge command for the bus one request. Because the DRAM controller sees it
cannot issue the read for the bus one request (the bank needs precharge + activate), it takes the bus two
request first. Because it can issue the read, the correct page is open. During this, it issues the

precharge + activate for the bus 1 request in the background. This request does not suffer from the bus two
request being serviced first.

The embedded priority manager determines the relative priority of each bus, and this is used by the DRAM
controller to determine which requests are more urgent.

‘ » INT_REQ

<« DDR_DQS_IN

DDR
Read Block |™ DDR_DQ_IN
<«——— CONFIG
DDR Bus 0 Y _, » DRAM_CLK
—— DRAM_CLKB
DDR Bus 1 y > L » DRAM_CS
Y |, DRAM_RAS
I » DRAM_WE
DDR Bus 3 v » -
—» DRAM_BA[2:0]
DRAM | 5 DRAM_ADDRESS[15:0]
Command
L » DRAM_CKE
CONFIG—> » o
Timing 1 conFig
- Manager
Command
Bypass >
__ » DDR_DQS_OUT
Write ——» DDR DM _OUT
Buffers | 5 DDR —V_
Write Block — DDR_DQ_OUT
——» DRAM_ODT
l«— CONFIG
IPS BUS ———»
SELF REFRESH REQ — Bus
Interface ]
SELF_REFRESH_ACK -——— —» All Config

Figure 13-1. Block Diagram of the Multi-port DRAM Controller

13.2 Features
» Supports CAS latency of 2, 3, or 4 clock cycles.
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* Master buses
— Four incoming master buses
— Supports 16-byte and 32-byte bursts
— Supports byte enables
— Supports 4-bit priority signal for each bus.
» Arbitration protocol
— Inside the arbiter block, there are a total of six different arbiters that each take out the highest
priority request in a certain class. All the arbiters are DRAM state aware, meaning they
disregard requests that cannot be sent to the DRAM because of DRAM timing limitations.

Arbiter 1: Looks for highest priority read command

Avrbiter 2: Looks for highest priority write command

Arbiter 3: Looks for highest priority activate-for-read command
Arbiter 4: Looks for highest priority activate-for-write command
Arbiter 5: Looks for highest priority precharge-for-read command
Arbiter 6: Looks for highest priority precharge-for-write command

— After the first prioritization, the next round of arbitrating between the different arbiters is done.
A fixed-priority schema is followed:

Read and write commands have highest priority

Activate has next-highest priority

Precharge has lowest priority

The DRAM is in read or write mode. In read mode, reads have priority over writes. In write
mode, writes have priority over read.

DRAM only switches from read to write mode or vice-versa if:

A high-priority write is found, and the write buffer is full.

A high-priority read is found.

The device is in read mode, but no more reads pending

The device is in write mode, but no more writes pending.

» Write buffer contains five 32-byte entries.

» Supports 16- and 32-bit-wide DDR1/DDR2 and Mobile-DDR DRAM devices
» Supports 32-bit-wide SDR devices

» Controller supports two chip selects, 8 banks per chip select (16 banks total).
» Supports dynamic on-die termination in the host device and in the DRAM.
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13.3 Memory Map and Register Definition

13.3.1

Memory Map

Table 13-1. DRAM Controller memory map

Offset from

2

DRAM_BASE Register Access?| Reset Value® Section/Page
(OxFF40_9000)*
0x0000 DDR_SYS_CONFIG—DDR System Configuration Register R/W | 0x1000_0000 | 13.3.2.1/13-5
0x0004 DDR_TIME_CONFIGO—DDR Time Config0 Register R/W 0x0000_0000 | 13.3.2.2.1/13-9
0x0008 DDR_TIME_CONFIG1—DDR Time Configl Register R/W 0x0000_0000 |13.3.2.2.2/13-10
0x000C DDR_TIME_CONFIG2—DDR Time Config2 Register R/W 0x0000_0000 |13.3.2.2.3/13-11
0x0010 DDR_COMMAND—DRAM Command Register R/W 0x0000_0000 | 13.3.2.3/13-14
0x0014 DDR_COMPACT_COMMAND—Compact Command Register R/W 0x0000_0000 | 13.3.2.4/13-15
0x0018 SELF_REFRESH_CMD_0—Self-Refresh Command Register 0 R/W 0x0000_0000 | 13.3.2.5/13-17
0x001C SELF_REFRESH_CMD_1—Self-Refresh Command Register 1 R/W 0x0000_0000 | 13.3.2.5/13-17
0x0020 SELF_REFRESH_CMD_2—Self-Refresh Command Register 2 R/W 0x0000_0000 | 13.3.2.5/13-17
0x0024 SELF_REFRESH_CMD_3—Self-Refresh Command Register 3 R/W | 0x0000_0000 | 13.3.2.5/13-17
0x0028 SELF_REFRESH_CMD_4—Self-Refresh Command Register 4 R/W 0x0000_0000 | 13.3.2.5/13-17
0x002C SELF_REFRESH_CMD_5—Self-Refresh Command Register 5 R/W 0x0000_0000 | 13.3.2.5/13-17
0x0030 SELF_REFRESH_CMD_6—Self-Refresh Command Register 6 R/W 0x0000_0000 | 13.3.2.5/13-17
0x0034 SELF_REFRESH_CMD_7—Self-Refresh Command Register 7 R/W 0x0000_0000 | 13.3.2.5/13-17
0x0038 DQS_CONFIG_OFFSET_COUNT—DQS Config Offset Count | R/W | 0x0000_0000 | 13.3.2.6/13-18
Register
0x003C DQS_CONFIG_OFFSET_TIME—DQS Config Offset Time R/W 0x0000_0000 | 13.3.2.7/13-18
Register

0x0040 DQS_DELAY_STATUS—DQS Delay Status Register R 0x0000_0000 | 13.3.2.8/13-19

0x0064—-0x0FFF

Reserved

1 Default absolute offset with IMMRBAR at default location of 0xFF40_0000. See Chapter 2, “System Configuration and Memory
Map (XLBMEN + Mem Map).”

2 In this column, R/W = Read/Write, R = Read-only, and W = Write-only.

3 In this column, the symbol “U” indicates one or more bits in a byte are undefined at reset. See the associated description for
more information.
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13.3.2

Register Descriptions

13.3.2.1 DDR System Configuration Register (DDR_SYS_CONFIG)
Address: Base + 0x0000 Access: User read/write
0 1 2 3 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
RIRsT CLK | CMD SELF 1 681T| RDLY
w| g | °KE | SN |vope|PRAM_ROW_SELECT| DRAM_BANK_SELECT |READ_TEST RI’EIiIF MODE| [3]
Reset 0 0 0 1 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R FIFO | FIFO
ON
QUA ov uv
HALF | 0 EARL| DIE pEND|PEND | FIFO | FIFO
RDLY[2:0] DQS DOS WDLY[2:0] Y | TER ov | uv
w DLY | o5y opT | mi- | FIFO | FIFO EN | EN
NATE| OV | W
CLEAR|CLEAR
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 13-2. DDR System Configuration Register (DDR_SYS_CONFIG)

Table 13-2. DDR_SYS_CONFIG field descriptions

Field Description
RST_B DRAM controller soft reset. When this bit is 0, the DRAM controller is in the reset state. When this
bitis 1, the DRAM controller is out of reset. The bit controls the reset to the internal state machines.
The configuration registers are reset by the resets from the hardware reset block, not by this bit.
CKE Value on the DRAM CKE pin. For functional operation, this needs to be high. During power-down,
value can be low.
CLK ON When this bit is 1, the DRAM clock is running. When this bit is 0, the DRAM clock is stopped
CMD MODE When this bitis 0, the DRAM controller is in normal operation. When this bitis 1, the DRAM controller

is in command mode and does not respond to requests on the incoming buses. Command mode is
used for DRAM initialization and to switch the DRAM into and out of the different power-down and
self-refresh modes.

DRAM_ROW_SELECT

These fields control the multiplexing of the bus address to the DRAM bank and row address.

and Table 13-5 and Table 13-6 give the details. DRAM column address depends on 16-bit mode bit, and
DRAM_BANK_SELECT |relationship is given in Table 13-5.
READ_TEST These fields are for production test. Do not use.
SELFREFEN Self-refresh enable. When this bit is 1, the DRAM controller autonomously enters and exits the
self-refresh using the self-refresh command registers when requested by the PMC. When the bit is
0, the transition is blocked.
16-BIT MODE When this bit is set, the DRAM controller assumes a 16-bit wide memory is used. When this bit is

cleared, a 32-bit wide memory is assumed.
Note: This does not configure the pins for 16-bit mode. That must be done in the pin configuration.
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Table 13-2. DDR_SYS_CONFIG field descriptions (Continued)

Field

Description

RDLY[3:0]

This field controls the expected delay between sending a read command to the DRAM and receiving
the read data from the DRAM.

RDLY, HALF DQS DLY, and QUART DQS delay together to code for tpgsen-

The tposen is the delay between the read command and when the internal DQS enable goes high.
See Figure 13-3. Timing is internally compensated, and is referred to timing at the device pins.
tpgsen should be selected so the L-H transition of DQS enable is always in the preamble of the DQS
input of the READ command. Required tposen value depends on the CAS latency (CL), the distance
between the DRAM and the device, and the type of DRAM used. Table 13-3 gives the detail on

programming tboseN.

HALF DQS DLY

This field is an extra field to control the expected read delay between issuing the read command and
getting read data from the DRAM. This field offers 1/2 CSB clock granularity when programming the
delay. See description of field RDLY for details.

QUART DQS DLY

This field is an extra field to control the expected read delay between issuing the read command, and
getting read data from the DRAM. This field offers 1/4 csb clock granularity when programming the
delay. See the description of the RDLY bitfield.

WDLY[2:0] This field controls the write latency (WL) for write commands.
WDLY[2:0] Write Latency (CSB Clocks)

0b001 1

0b010 2

0b011 3

0b100 4

Other values of WDLY are reserved.

EARLY ODT This bit needs to be set if write latency is 1 (WDLY[2:0] = 001) and on die termination is used with

DDR2 DRAM. It makes sure the DRAM controller asserts the ODT signal going to the DRAM one
clock ahead of issuing the write command.

ON DIE TERMINATE

This bit controls on-die termination (ODT) in the controller. If this bit is 1, the internal pads generate
ODT during read. If the bit is 0, no ODT is provided. The ODT in the DRAM is controlled via the
DRAM internal configuration registers. Please consult DRAM data sheet for it.
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Table 13-2. DDR_SYS_CONFIG field descriptions (Continued)

Field Description

FIFO OV CLEAR These bits control the interrupt generation by the DRAM controller. The DRAM controller has two
FIFO UV CLEAR interrupts: FIFO OV pending and FIFO UV pending. These interrupts are set on overflow or

FIFO OV PENDING underflow of the FIFO in the read block. When a read command is sent to the DRAM, it is entered

FIFO UV PENDING into a FIFO. The DRAM is expected to answer by sending back the read data with some up and down
FIFO OV EN edges on the DQS lines (the DQS strobes) used to clock the data. The DRAM controller clocks the
FIFO UV EN read data with the DQS strobes supplied by the DRAM and retrieves the read command from the

FIFO after receiving the correct number of read strobes. When the read data strobes returned by the

DRAM do not match the expectations of the controller, the FIFO may underflow (if too many DQS

strobes are coming back from the DRAM) or overflow (if not enough DQS strobes are coming back).

These underflows and overflows are basically the result of problems with the DRAM interface or

incorrect parameter settings in the controller or the DRAM. Care has been taken during the design

of the DRAM controller not to enter a hang-up state when this occurs. However, read data is corrupt

and CPU is informed via the FIFO overflow and FIFO underflow interrupts. The issue is also

discussed in Section 13.4.7, “Bus Interface.”

* FIFO_OV_PENDING and FIFO_UV_PENDING signal to the CPU if an overflow or underflow
interrupt is pending

* FIFO_OV_EN and FIFO_UV_EN bits are interrupt enable bits. If the pending + enable bit is set
at the same time, the interrupt is sent to the e300 CPU.

* FIFO_OV_CLEAR and FIFO_UV_CLEAR are clear bits. Writing a 1 to either of these clears the
pending interrupt.

DRAM Clock

DRAM Command

<_tDQSEN:/>|
DQS Enable (Internal)

DQS (in) —\_/_\_/
DQS enable L-to-H must
fall in preamble of DQS (in)
Figure 13-3. tposen

Table 13-3. Programming tposen

{rdly[3:0],half_dgs_dly,quart_dqgs_dly} tposen (CSB Clock Periods)
100000 0.5
100001 0.75
100010 1.0
100011 1.25
010000 1.5
010001 1.75
010010 2.0
010011 2.25
001000 2.5
001001 2.75

MPC5121e Microcontroller Reference Manual, Rev. 4

Freescale Semiconductor 13-7



Table 13-3. Programming tposen (Continued)

{rdly[3:0],half_dgs_dly,quart_dqgs_dly} tposen (CSB Clock Periods)
001010 3.0
001011 3.25
000100 35
000101 3.75
000110 4.0
000111 4.25
000000 4.5
000001 4.75
000010 5.0
000011 5.25

Table 13-4. Number of DRAM Banks Addressed and Mapping of Address to DRAM Bank Address

DRAM_BANK_SELECT | Number of DRAM_BANK
Banks
0 4 DRAM_BANK([1:0] = address[11:10]
1 4 DRAM_BANK([1:0] = address[12:11]
2 8 DRAM_BANK][2:0] = address[13:11]
3 4 DRAM_BANK([1:0] = address[13:12]
4 8 DRAM_BANK][2:0] = address[14:12]
5 4 DRAM_BANK([1:0] = address[14:13]
6 8 DRAM_BANK][2:0] = address[15:13]
7 4 DRAM_BANK([1:0] = address[15:14]
8 8 DRAM_BANK][2:0] = address[16:14]
9 4 DRAM_BANK([1:0] = address[25:24]
10 8 DRAM_BANK][2:0] = address[26:24]
11 4 DRAM_BANK([1:0] = address[26:25]
12 8 DRAM_BANK([2:0] = address[27:25]
13 8 DRAM_BANK([2:0] = address[28:26]
14 8 DRAM_BANK][2:0] = address[29:27]
15 8 DRAM_BANK][2:0] = address[30:28]
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13.3.2.2

13.3.2.2.1

Address: Base + 0x0004

Table 13-5. Mapping of Address to DRAM Column Address

16-Bit Mode DRAM_COLUMN][12:0]
0 DRAM_COLUMN[12:0] = address[14:2]
1 DRAM_COLUMN[12:0] = address[13:1]
NOTE

In 16-bit mode (16BITMODE = 1), DDR memories with column address
line O to 7 are not supported.

Table 13-6. Mapping of Address to DRAM Row Address

DRAM_ROW_SELECT [2:0] DRAM_ROW([15:0]

DRAM_ROWI[15:0] = address[25:10]

DRAM_ROWI[15:0] = address[26:11]

DRAM_ROWI[15:0] = address[27:12]

DRAM_ROWI[15:0] = address[28:13]

DRAM_ROWI[15:0] = address[29:14]

DRAM_ROWI[15:0] = address[30:15]

DRAM_ROWI[14:0] = address[30:16]

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

DRAM_ROWI[13:0] = address[30:17]

Timing Configuration

DDR Time Configuration Register 0 (DDR_TIME_CONFIGO0)

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

Access: User read/write

0 15
R
W DRAM_REFRESH_TIME[15:0]
Reset 0O 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 \ 20 21 22 23 24 25 26 27 \ 28 29 30 31
R
W DRAM_COMMAND_TIME[7:0] DRAM_BANK_PRE_TIME[7:0]
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0
Figure 13-4. DDR Time Configuration Register 0 (DDR_TIME_CONFIGO)
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Table 13-7. DDR_TIME_CONFIGO field descriptions

Field

Description

DRAM_REFRESH_TIME
[15:0]

Refresh interval of the DRAM. Program in this register the number of CSB clocks between any two
refresh requests. This register should contain the maximum number of CSB clocks between two
refresh requests.

The average time in CSB clock periods between two refreshes to the DRAM is this number.

DRAM_COMMAND_TIME
[7:0]

Time-out after sending a command to the DRAM in bypass mode. For command sent to the DRAM
using the DDR_COMMAND and DDR_COMPACT_COMMAND register, the normal checking of the
timing parameters is not done. Instead, any new command to the DRAM is disabled for
DRAM_COMMAND_TIME[7:0] dram clock periods. This parameter needs to be programmed for
the worst-case time-out.

DRAM_BANK_PRE_TIME

Time-out. Any active bank, that has no outstanding requests, is automatically precharged by the

[7:0] DRAM controller after this time-out has elapsed since the last access to the bank. This time can be
set short, which results in open banks being precharged quite fast to long, which results in open
banks left open for a long time. The value is a time count in DRAM clock periods.

13.3.2.2.2 DDR Time Configuration Register 1 (DDR_TIME_CONFIG1)
Address: Base + 0x0008 Access: User read/write
0 1 2 3 ‘4 5 6 7‘8 9 10 11‘12 13 14 15
R DRAM
W DRAM_TIME_RFC[5:0] DRAM_TIME_WR1[4:0] DRAM_TIME_WTR1[3:0] —Egs
5]

Reset 0 0

16 17

18

o\o 0 0 0

19 ‘ 20 21 22 23 ‘ 24 25 29 30 31

DRAM_TIME_RRD[4:0]

DRAM_TIME_RC[5:0] DRAM_TIME_RAS[4:0]

Reset 0 0

oo\ooo

o\oooo\oooo

Figure 13-5. DDR Time Configuration Register 1 (DDR_TIME_CONFIG1)
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13.3.2.2.3 DDR Time Configuration Register 2 (DDR_TIME_CONFIG2)

Address: Base + 0x000C Access: User read/write
0 1 2 3 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
DRAM_TIME_RCD[3:0] DRAM_TIME_FAW[4:0] DRAM_TIME_RTW1[3:0] DRAM—[E';’;E—CCD

Reset 0 0 0 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R L
2=
wWlE <
= g DRAM_TIME_RTP[4:0] DRAM_TIME_RP[4:0] DRAM_TIME_RPA[4:0]
50
(&)
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 13-6. DDR Time Configuration Register 2 (DDR_TIME_CONFIG2)

The DDR_TIME_CONFIG1 and DDR_TIME_CONFIG2 registers need to be programmed with the
DDR1/DDR2 timing parameters. All times are given in clock cycles.

The timing parameters are conceived so the controller CSB clock cycles match with the JEDEC DDR2
specification. To interface with DDR1 or Mobile-DDR (LPDDR), some timing parameters need not be
enforced, or are calculated differently. Refer to the DRAM datasheet to determine their value. The timing
parameters need to be programmed in function of this DRAM requirement. Table 13-8 gives the details.

Table 13-8. Timing Parameters

Controls JEDEC Formulae
Timing Parameter Parameter (All times in CSB clock Description
(JEDEC spec) periods)
DRAM_TIME_RFC trRrc DRAM_TIME_RFC =tgec | REFRESH to ACTIVE or REFRESH to REFRESH
command interval.
DRAM_TIME_RRD tRRD DRAM_TIME_RRD =trgp |ACTIVE bank A to ACTIVE bank B command.
DRAM_TIME_RC trc DRAM_TIME_RC = tg¢ ACTIVE to ACTIVE (same bank) command.
DRAM_TIME_RAS trAS DRAM_TIME_RAS =tras |ACTIVE to PRECHARGE command.
DRAM_TIME_RCD treD DRAM_TIME_RCD =tgcp |ACTIVE to READ or WRITE delay.
DRAM_TIME_FAW teaw DRAM_TIME_FAW! = tgny, | 4-bank activate period.
DRAM_TIME_CCD tcenp DRAM_TIME_CCD? = CAS to CAS delay
max(tccp,2) (32-bit mode) | Because time is needed for data to be sent over,
max(tccp.4)(16-bit mode) | this time is minimum two clocks in 32-bit mode and
four clocks in 16-bit mode.
DRAM_TIME_RTP trRTP DRAM_TIME_RTP3 = Read to precharge delay.
trtp (32-bit mode, DDR2) DRAM_TIME_RTP is the read-to-precharge delay
trTpt2 (16-bit mode, DDR2) |and tgyp is the internal read-to-precharge delay,
hence, the difference for 16-bit mode.
Figure 13-7 gives the details.
DRAM_TIME_RP trp DRAM_TIME_RP = tgp Precharge command period.
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Table 13-8. Timing Parameters (Continued)

Controls JEDEC Formulae
Timing Parameter Parameter (All times in CSB clock Description
(JEDEC spec) periods)
DRAM_TIME_RPA trp DRAM_TIME_RPA? = tgp + 1 | Precharge all command period.
(8 bank device)
DRAM_TIME_RPA =tgp (4
bank device)
DRAM_TIME_WR1 twr DRAM_TIME_WR1 = DRAM_TIME_WR1 is the write recovery time,
WL + tyyr + 2 (32-bit mode) | measured in clocks between write command and
WL + tyyr + 4 (16-bit mode) | precharge command. For this reason, WL (the
write latency) and the length of the actual write (2
or 4) need to be added to tyg.
Figure 13-8 gives the details.
DRAM_TIME_WTR1 twWTr DRAM_TIME_WTR1 = DRAM_TIME_WTR1 is the write to read time,

WL + tyr + 2 (32-bit mode)
WL + tyr + 4 (16-bit mode)

measured in clocks between write command and
read command. For this reason, WL (the write
latency) and the length of the actual write (2 or 4)
need to be added to tyr-

Figure 13-9 gives the details.

DRAM_TIME_RTW1

DRAM_TIME_RTW1 =
CL - WL + 2 + tgTa (32-bit)
CL-WL+4+ tBTA (16'b|t)

DRAM_TIME_RTWL1 is the read-to-write time,
measured in clocks between the read and write
command. There is no limitation on the DRAM on
how to set this parameter. The parameter should
be set such that there is no contention on the DQ
data bus when switching from read to write.
Equation given at left tries to come up with a
formulae that defines the minimum value of
DRAM_TIME_RTW1 to avoid contention. CL is the
cas latency, WL is the write latency, and tgra is the
bus turn-around time. tg1 is the minimum dead
time that needs to be put on the bus between the
MPC5121e driving the bus and the DRAM driving
the bus to take into account the transit delay on the
PCB, the pad delay, the DRAM skew, and the
on-chip delay.

DRAM_TIME_CCD_
OTHER®

dram_time_ccd =
max(tcep,2) (32-bit mode) +1
max(tccp,4)(16-bit mode) +1

CAS to CAS delay from one chip select to the other
Because time is needed for data to be sent over,
this time is minimum 2 clocks in 32-bit mode, 4
clocks in 16-bit mode

DRAM_TIME_WTR1
_OTHER®

dram_time_wtrl =
WL - RL + 2 + 2(32-bit mode)
WL - RL + 4 + 2(16-bit mode)

dram_time_wtrl is the write to read time for write
and read happening on different chip selects,
measured in clocks between write command and
read command. For this reason, WL (the write
latency) and the length of the actual write (2 or 4)
need to be added to tyr-

Figure 13-9 gives the details.

A W N P

For DRAMSs that do not need this check, set equal to 4 x tgrp
For DDR1 and Mobile-DDR tccp is 2 for 32-bit operation, 4 for 16-bit operation.

For DDR1 and Mobile-DDR mode, tgtp is not explicitly given. It is equal to 4 for 16-bit mode, equal to 2 for 32-bit mode.
This timing parameter controls precharge all command period duration. The equations shown are the JEDEC definition of the

trpa. Some DRAM vendors do not follow JEDEC on this, and list tgpa directly. In this case, set DRAM_TIME_RPA = tgpa.
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5 Field is part of register 0x60, dram_extra_attributes

DRAM_TIME_RTP

DRAM_CLK
DRAM_COMMAND X READ X NOP X' NOP X PRECHGX X X
DRAM_ADDRESS>< Bank A XOOOOO000ONOOO00O0K Bank A ><

DRAM_DQS

oRa 00 X XXX

D1 D2 D3 D4
Figure 13-7. Read to Precharge Timing Diagram

DRAM_CLK | / \_ /
DRAM_COMMAND X WRITE X NOP X NOP X X X X X PRECHG X

DRAM_ADDRESS X Bank A XO0OOM0000000000 Bank A/allX

twr

< —
-t

DRAM_TIME_WR1

A

DRAM_DQS

ORAN DQ XXX

D1 D2 D3 D4
Figure 13-8. Write to Precharge Timing Diagram

DRAM_CLK | / /
DRAM_COMMAND>< WRITE X NOP X' NoP X X X ><

twrr

-
<

DRAM_TIME_WT

A

v2 VD >

DRAM_DQS

oRA_DQ XX

D1 D2 D3 D4
Figure 13-9. Write to Read Timing Diagram

MPC5121e Microcontroller Reference Manual, Rev. 4

Freescale Semiconductor 13-13



DRAM_CLK  / /
DRAM_COMMAND X READ X' Nop X NoP X X X X WRITE X X
oravt_ApDRess X XTDCIND XX

DRAM_TIME_RTW1

A
\i

DRAM_DQS

oRAN DG XXX

D1 D2 D3 D4
Figure 13-10. Read to Write Timing Diagram

13.3.2.3 DRAM Command (DDR_COMMAND) Register

The DRAM Command (DDR_COMMAND) register gives the option to send commands directly to the
DRAM. This register only operates when the command mode bit (CMD MODE, bit 3) is set in the
DDR_SYS_CONFIG register.

Address: Base + 0x0010 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl 0 0 0 0 0 0 \ 0 \ 0 | 0 0 \ 0 \ 0 \ 0
w DRAM_COMMANDI[23:16]

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

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl 0 | 0 \ 0 \ 0 0 \ 0 \ 0 | 0 0 \ 0 \ 0 | 0 0 \ 0 \ 0 \ 0
W DRAM_COMMANDI15:0]

Resetoooo\oooo\oooo\oooo
Figure 13-11. DRAM Command (DDR_COMMAND) Register
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Table 13-9. DDR_COMMAND field descriptions

Field Description

DRAM_COMMAND |When the DDR_SYS_CONFIG[CMD MODE] hit is set, the value written to bits [23:0] of this register is
[23:0] output on the DRAM address group with following mapping:

« DRAM_ADDRESS[14:0] = DRAM_COMMAND[14:0]

« DRAM_ADDRESS[15] =0

« if(DRAM_COMMANDI[15] == 1) turn off CKE DRAM attribute bit®

* DRAM_BA[2:0] = DRAM_COMMANDI18:16]

 DRAM_WEB = DRAM_COMMANDI19]

* DRAM_CAS = DRAM_COMMANDI[20]

« DRAM_RAS = DRAM_COMMANDI21]

« DRAM_CS0 = DRAM_COMMANDI22]

* DRAM_CS1 = DRAM_COMMANDI23]

Note: The intended use of the command interface is to initialize the DRAM and to put the DRAM into or
out of the self-refresh and power-down modes.

1 If CKE is turned off, it is turned off on the same clock cycle as when the command is being written to the DRAM.

13.3.2.4 Compact Command Register (DDR_COMPACT_COMMAND)

Address: Base + 0x0014 Access: User write-only
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl 0 | 0 \ 0 \ 0 0 \ 0 \ 0 | 0 0 \ 0 \ 0 | 0 0 \ 0 \ 0 \ 0
W DRAM_COMPACT_COMMANDI[15:0]

Reset 0 0 o0 o0/ 0 ©0 O O0J]O0O O O O/ 0O 0 0 O
Figure 13-12. Compact Command (DDR_COMPACT_COMMAND) Register

Table 13-10. DDR_COMPACT_COMMAND field descriptions

Field Description

DRAM_COMPACT_ |The compact command register gives the option to sent commands to the DRAM using 16-bit writes. See
COMMANDI[15:0] |Table 13-11.
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Table 13-11. DDR_COMPACT_COMMAND register options

COMPACT_COMMAND[15:14] Description

00 Write DRAM attributes and wait (wait time = wait time till next command) Wait is executed
after writing attributes.

* CKE = COMPACT_COMMANDI13]

* Self Ref En = COMPACT_COMMANDI[12]

¢ CLK ON = COMPACT_COMMANDI[11]

« CMD MODE = COMPACT_COMMANDI10]

If (COMPACT_COMMANDI7] == 1'b1)

* Wait time = (COMPACT_COMMANDI6:0] x 512) dram clock periods

Or

« Wait time = (COMPACT_COMMAND]I6:0] x 32) dram clock periods

01 DRAM command

« DRAM_CS = COMPACT_COMMANDI[12]

« DRAM_RAS = COMPACT_COMMANDJ[11]

« DRAM_CAS = COMPACT_COMMAND[10]

« DRAM_WEB = COMPACT_COMMANDI9]

« DRAM_BA[2:0] = COMPACT_COMMANDI8:6]

« DRAM_ADDRESS[10] = COMPACT_COMMAND|5]

« if(COMPACT_COMMAND[4] == 1'b1) turn off CKE DRAM attribute bit*

1x DRAM set mode registers

« DRAM_CS=0

* DRAM_RAS =0

* DRAM_CAS =0

« DRAM_WEB =0

« DRAM_ADDRESS[13] =0

« DRAM_BA[2] =0

« DRAM_ADDRESS[12:0] = COMPACT_COMMAND[12:0]

« DRAM_ADDRESS[14:13] = COMPACT_COMMAND[14:13]

1 CKE is turned off the clock cycle when sending the requested command to the DRAM.

The COMPACT_COMMAND register’s main purpose is to be written during enter/exit of self-refresh (the
auto-sequencer). This is described in the following section.
The compact command register allows three types of actions to be executed:

* Write DRAM attributes and wait. Wait is executed after updating the DRAM attributes. It is
possible to update the CKE bit, the self-refresh enable, the CLK configuration (on/off), and the
CMD mode setting.

If, during the time the wait is executed, another command is written to the Compact Command
register, this write is delayed until the wait is over.

During this time, the peripheral bus and all buses connected to it block and are not able to process
any other read or write.

* Write a command to DRAM without controlling the address. In this mode, it is possible to send
refresh, activate, and precharge commands to the DRAM

* Write a DRAM mode register.
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13.3.2.5 Enter/Exit Self-Refresh Registers

Address: Base + 0x0018 (SELF_REFRESH_CMD _0) Base + 0x0028 (SELF_REFRESH_CMD_4) Access: User read/write
Base + 0x001C (SELF_REFRESH_CMD_1)  Base + 0x002C (SELF_REFRESH_CMD_5)
Base + 0x0020 (SELF_REFRESH_CMD_2) Base + 0x0030 (SELF_REFRESH_CMD_6)
Base + 0x0024 (SELF_REFRESH_CMD_3) Base + 0x0034 (SELF_REFRESH_CMD _7)

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

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

SELF_REFRESH_CMDn[15:0]

Reset 0 0 o0 o0/ 0 ©0 O oO0J]O0O O O O/ 0O 0 0 0
Figure 13-13. Self-Refresh Command n Register

Table 13-12. SELF_REFRESH_CMD _n field descriptions

Field Description

SELF_REFRESH_CMDn[15:0]

The self-refresh command registers contain the commands sent to the DRAM when a self-refresh request
is given. Figure 13-14 gives the details.

Self-refresh REQ / \

Self-refresh ACK / \

Figure 13-14. Enter/exit Self-Refresh Command Protocol

When the DRAM controller sees a low-to-high transition on the incoming self-refresh REQ signal coming
from the PMC controller, its reaction depends on the state of the internal self-refresh EN command bit.

» If the self-refresh EN bit is set, the DRAM controller writes self-refresh CMDJ[0:3] registers,
starting with reg 0 and ending with reg 3, to the compact command register. After the last register
has been written and its wait time has expired (if any), it pulls high the self-refresh ACK signal to
the PMC to acknowledge entry to self-refresh mode.

» If the self-refresh EN bit is clear, the DRAM controller does not react to the request and keeps
self-refresh ACK signal low.

When the DRAM controller sees a high-to-low transition on the incoming self-refresh REQ signal coming
from the PMC controller, its reaction is similar and depends on the state of the internal self-refresh EN
command bit again.
* If the self-refresh EN bit is set, the DRAM controller writes self-refresh CMD[4:7] registers,
starting with register CMD4 and ending with register CMD?7, to the compact command register.
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After the last register has been written and its wait time has expired (if any), it pulls low the
self-refresh ACK signal to the PMC to acknowledge exit from self-refresh mode.

» If the self-refresh EN bit is clear, the DRAM controller does not react to the request and keeps
self-refresh ACK signal high.

13.3.2.6 DQS Config Offset Count (DQS_CONFIG_OFFSET_COUNT) Register

Address: Base + 0x0038 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
Rl O 0
w DQS SLAVE 3 OFFSET COUNT[7:0] DQS SLAVE 2 OFFSET COUNTJ[7:0]

Resetoooo\oooooooo\oooo

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

DQS SLAVE 1 OFFSET COUNT[7:0] DQS SLAVE 0 OFFSET COUNT[7:0]

Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0
Figure 13-15. DQS Config Offset Count (DQS_CONFIG_OFFSET_COUNT) Register

Table 13-13. DQS_CONFIG_OFFSET_COUNT field descriptions

Field Description

DQS_SLAVE_[3:0]_|There is a separate field for each DQS input to the controller. These fields code for an offset counted in
OFFSET_COUNT |elemental gate delay increments applied to each DQS slave. The number is a two-complement number

that can be positive and negative.

This register can be used to compensate systematic delay shift in the DRAM controller due to processing.
Leave this register all-zero, unless Freescale issues a report giving a different value.

13.3.2.7 DQS Config Offset Time (DQS_CONFIG_OFFSET_TIME) Register

Address: Base + 0x003C Access: User read/write
0 1 2 3 ‘ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R| O 0
W DQS SLAVE 3 OFFSET TIME[5:0] DQS SLAVE 2 OFFSET TIME[5:0]

Resetoooo\oooooooo\oooo

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

DQS SLAVE 1 OFFSET TIME[5:0] DQS SLAVE 0 OFFSET TIME[5:0]

Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0
Figure 13-16. DQS Config Offset Time (DQS_CONFIG_OFFSET_TIME) Register
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Table 13-14. DQS_CONFIG_OFFSET_TIME field descriptions

Field Description

DQS_SLAVE_[3:0]_ |There is a separate field for each DQS input to the controller. These fields code for an offset counted in

OFFSET_TIME  [time units.
This register can be used to advance or delay the read strobe. Negative values advance the read strobe,

positive values retard the read strobe.
Time delay coded = [field value (2-complement)] x Tdram-clock/256.
The applied offset range for a 200 MHz clock is approximately + 290 ps.

13.3.2.8 DQS Delay Status (DQS_DELAY_STATUS) Register

Address: Base + 0x0040 Access: User read/write

0 1 2 3 4 5 6 7 ‘ 8 9 10 11 ‘ 12 13 14 15
R O 0 0 0 DQS MASTER COUNT 2[11:0]
w L L ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R O 0 0 0 DQS MASTER COUNT 1[11:0]
w L L ]

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 13-17. DQS Delay Status (DQS_DELAY_STATUS) Register

Table 13-15. DQS_DELAY_STATUS field descriptions

Field Description

DQS MASTER COUNT 2 |Delay count output by the controller for the first DQS master to code for 1/4 CSB clock delay.

DQS MASTER COUNT 1 |Delay count output by the controller for the second DQS master to code for 1/4 CSB clock delay.

13.4 Functional Description

The DRAM controller is a multi-port DRAM controller. It listens to incoming requests on multiple buses
and decides on each rising clock edge what command needs to be sent to the DRAM.

A block diagram is given in Figure 13-1. The major blocks of the DRAM controller are described in the
following sections.

13.4.1 Interfacing with the DRAM

13.4.1.1 Connecting the DRAM

» 32-bit DRAM systems need to be connected to all DQ, DM, DQS lines.
» 16-bit DRAM systems need to connected to the low order bits of the data bus.
(DQ[15:0], DQS[1:0], and DM[1:0])
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*  Row/column address pins need to be connected starting with bit [0] and ending with the highest
order DRAM bit. Leave MSB’s unconnected if the DRAM has fewer address pins than the
controller.

* DRAM bank address pins need to be connected starting with bit [0] and ending with the highest
order bank address bit. Leave MSB unconnected if the DRAM has fewer bank address pins than
the controller.

13.4.2 Programming DRAM Device Internal Configuration Register

» Set burst type to sequential

» Burst length is always 16-byte. Means 4-beat bursts in a 32-bit system, 8-beat burst in a 16-bit
system

» Set CAS latency to lowest value DRAM can tolerate at intended speed, and then set write latency
and read latency accordingly.

» Set posted CAS additive latency to 0

» Controller never uses auto-precharge on read or write.

» Configure DQS operation for single-ended operation.

* RTT and output drive strength configuration depends on electrical characteristics.

13.4.3 DRAM Command Engine

This block decides what command to send to the DRAM controller next. There are four different
commands that can be sent to the DRAM to service incoming requests from the five incoming buses.

* Precharge

e Activate
* Read
*  Write

On every rising clock edge, the DRAM command engine first determines using parallel logic what is
highest priority pending precharge, activate, read and write command. Next, it decides which of these
commands to send to the DRAM.

The arbiters that make the decisions about what command to send next to the DRAM are aware of the
current state the DRAM is in. When arbitrating a command on the DRAM bus, the following information
Is processed:

» For each bank, if it is precharged or not

» For each incoming request, if it hits in an already active bank or not

» For each bank, if the DRAM currently can accept a precharge command to it
» For each bank, if the DRAM currently can accept an activate command to it
» For each bank, if the DRAM currently can accept a read command to it

» For each bank, if the DRAM currently can accept a write command to it
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The logic keeping track of what is currently possible on each of the banks is not in the DRAM command
engine. It is part of the timing manager, whose task is to signal to the DRAM command engine that
commands are currently possible.

13.4.4 \Write Buffer

All incoming writes are sent first to the write buffer, part of the command engine. Writes are sent to the
DRAM in background, whenever possible. The DRAM tries to postpone the writes until there are no
further outstanding read requests. However, when the write buffer is full, or when there is a new request
for an address already inside the write buffer, the DRAM controller writes the content of the write buffer
to the DRAM.

13.4.5 Timing Manager

The timing manager consists of a bank of counters. These counters keeps track of all DRAM timing
parameters and signals to the DRAM command engine when a precharge, activate, read or write command
is possible. This information is supplied to the DRAM command engine for each bank separately.

All timing parameters are programmable in software.

13.4.6 DRAM Read Block and DRAM Write Block

Sending a read or write command to the DRAM is a two-step process. First, the command is sent, which
is done by the command engine. After some clock cycles, the data must follow.

Manipulating the read data is done by the read block. For every read command sent to the DRAM, the
command engine informs the read block. Upon receiving the read command, the read block delays this to
account for DRAM pipelining. Then, it receives the correct amount of data from the DRAM DQ inputs
and forwards this data to the correct bus.

Manipulating the write data is done by the write block. It works the same way as the read block. The
command engine informs the write block of a pending write. Upon receiving the command, the write block
delays this to account for DRAM pipelining. Then, it receives the relevant data from the write buffer and
transmits this to the DRAM.

13.4.7 Bus Interface

The bus interface accepts a slave peripheral bus. The bus interface fulfills several functions:
» It contains all configuration registers

» It contains logic to send an error interrupt to the processor. The error interrupt is active when the
FIFO overflow or FIFO underflow error condition and corresponding interrupt enable in register
DDR_SYS_CONFIG is set. The register summary is given in Table 13-1.

The FIFO overflow and underflow flags are tied to a FIFO that keeps track of the number of DQS
strobes the DRAM is expected to produce. If a read command is sent to the DRAM, the DRAM is
expected to answer after producing the read data on its DQ outputs, with some edges on its DQS
output used by the controller to clock the read data. If the DRAM controller produces the read
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strobes at an incorrect time, or produces not enough or too many read strobes, the DRAM controller
may detect some error conditions because they result in an overflow or underflow of the FIFO that
keeps track of the number of outstanding DQS pulses. These bits do not detect timing configuration
errors. Underflows and overflows signaled by the read FIFO point to following possible error
sources:

— Incorrect configuration of the DRAM. Burst length set incorrectly

— Incorrect configuration of the DRAM controller.

Incorrect RDLY

Incorrect HALF_DQS DLY

Incorrect QUART_DQS_DLY

Incorrect DRAM timing parameters or mis-match between various settings.

— Problems with the electrical connections between the DRAM controller and the DRAM

It contains a bypass path to send commands to the DRAM. This is because the DRAM controller
contains no logic to take care of DRAM initialization, programming the mode registers, or putting
the DRAM into or out of the sleep and standby modes like self-refresh. Essentially, these functions
are made available over the peripheral bus. To program the mode registers, the DRAM controller
needs to be put in a bypass mode, where incoming requests are not serviced. In this bypass mode,
commands are sent from the peripheral interface directly to the DRAM to program the mode
registers or to put the DRAM into or out of sleep mode.

During bypass mode, all reads and writes are blocked. Refresh keeps running, but can be separately
disabled.
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Chapter 14
Multi-port DRAM Controller Priority Manager

14.1 Introduction

IPMXO0_PRIO(DIU,VIU}—»]

IPMX0_REQ —— —— IPMX0_PRIO[3:0]
IPMX1_REQ —> ——» IPMX1_PRIO[3:0]
IPMX2_REQ —» —» IPMX2_PRIO[3:0]
IPMX3_REQ —» ——» IPMX3_PRIO[3:0]

IPMX4_REQ — Priority Manager - IPMX4_PRIO[3:0]

IPMX0_ACK ——>
IPMX1_ACK —»
IPMX2_ACK —»

IPMX3_ACK ——»
IPMX4_ACK ——»

IP Bus —— IPS Interface

Figure 14-1. Priority Manager Block Diagram

The multi-port DRAM controller services the highest priority request from five different buses using a
4-bit priority signal. This 4-bit priority is dynamically set by the DRAM controller priority manager based
on register settings and the most recent activity on each bus. In general, the DRAM priority manager
increases the priority of a channel if it has not been recently serviced and decreases the priority of channels
that have been recently serviced.

A block diagram of the priority manager is given in Figure 14-1. It accepts the request and ACK-signals
for all five DRAM buses, and produces the priority signals for the five buses.

The priority manager uses an ACK-based schema; the priority depends on how many times for the last N
requests accepted by the DRAM controller the current owner of the bus won the request. A running
average counter keeps track of how many acknowledgements out of the last N acknowledgements have
been for a specific bus. This number is then put in a look-up table configurable by writing some config
registers. The output of the look-up table is the priority for the next request on this bus.

This priority schema is versatile because programming the look-up table allows controlling relative
priority to other channels and the average share of the bandwidth the current master gets. The priority
schema introduces fairness because the look-up table can be programmed to reduce the priority of a bus
that has won a large share of requests and increase the priority of a bus that lost a large share of requests.
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141.1

Features

* Dynamic priority calculation based on ACKing history
— Fully programmable using look-up table

— Can be configured for high or low latency and high or low bandwidth

— Separate control over average latency and average bandwidth

— Versatile so it can mimic the CSB arbitration schema

— Fairness guaranteed by reducing priority of channels that receive a lot of grants, and increasing
priority of channels that are denied the bus often

— Repeat transfer built into the DRAM controller. Priority manager can set the maximum repeat
count by controlling when lowest priority occurs.

» Feed-through mode where DIUand VIU priority is controlled directly by the DIU and VIU

14.2 Bus Connections

The following masters are connected to five buses.
 Bus0: DIU, VIU
» Bus 1: Power architecture e300, PCI
* Bus 2: AXE audio engine
« Bus 3: MBX graphics engine!
* Bus4: USB, DMA, FEC, SATA

14.3 Memory Map and Register Definition

14.3.1

Memory Map

Table 14-1. PRIOMAN memory map

Offset from

2

PRIOMAN_BASE Register Access?| Reset Value® | Section/Page
(OxFF40_9000)!
0x0080 Priority Manager Configuration 1 Register R/W | 0x0007_7777 | 14.3.2.1/14-5
(PRIOMAN_CONFIG1)
0x0084 Priority Manager Configuration 2 Register R/W | 0x0000_00U1 | 14.3.2.2/14-6
(PRIOMAN_CONFIG2)
0x0088 High Priority Configuration Register (HIPRIO_CONFIG) R/W | 0x0000_UUUU | 14.3.2.3/14-7
0x008C Look-Up Table 0 Main Upper (LUT_TABLEO_MAIN_UP) R/W | 0x1111_1222 | 14.3.2.4/14-8
0x0090 Look-Up Table 1 Main Upper (LUT_TABLE1_MAIN_UP) R/W | 0x1111_1222 | 14.3.2.4/14-8
0x0094 Look-Up Table 2 Main Upper (LUT_TABLE2_MAIN_UP) R/W | 0x1111_1222 | 14.3.2.4/14-8
0x0098 Look-Up Table 3 Main Upper (LUT_TABLE3_MAIN_UP) R/W | 0x1111_1222 | 14.3.2.4/14-8

1. Only on MPC5121e. Not on MPC5123
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Table 14-1. PRIOMAN memory map (Continued)

Offset from

2

PRIOMAN_BASE Register Access?| Reset Value® Section/Page
(OXFF40_9000)*

0x009C Look-Up Table 4 Main Upper (LUT_TABLE4_MAIN_UP) R/W 0x1111 1222 | 14.3.2.4/14-8

0x00A0 Look-Up Table 0 Main Lower (LUT_TABLEO_MAIN_LOW) R/W 0x2334_567A | 14.3.2.5/14-9

0x00A4 Look-Up Table 1 Main Lower (LUT_TABLE1_MAIN_LOW) R/W 0x2334_567A | 14.3.2.5/14-9

0x00A8 Look-Up Table 2 Main Lower (LUT_TABLE2_MAIN_LOW) R/W 0x2334_567A | 14.3.2.5/14-9

0x00AC Look-Up Table 3 Main Lower (LUT_TABLE3_MAIN_LOW) R/W 0x2334_567A | 14.3.2.5/14-9

0x00BO Look-Up Table 4 Main Lower (LUT_TABLE4_MAIN_LOW) R/W 0x2334_567A | 14.3.2.5/14-9

0x00B4 Look-Up Table 0 Alternate Upper (LUT_TABLEO_ALT_UP) R/W | 0x0000_0000 | 14.3.2.6/14-10

0x00B8 Look-Up Table 1 Alternate Upper (LUT_TABLEQO_ALT_UP) R/W | 0x0000_0000 | 14.3.2.6/14-10

0x00BC Look-Up Table 2 Alternate Upper (LUT_TABLEQO_ALT_UP) R/W | 0x0000_0000 | 14.3.2.6/14-10

0x00CO0 Look-Up Table 3 Alternate Upper (LUT_TABLEO_ALT_UP) R/W | 0x0000_0000 | 14.3.2.6/14-10

0x00C4 Look-Up Table 4 Alternate Upper (LUT_TABLEQO_ALT_UP) R/W | 0x0000_0000 | 14.3.2.6/14-10

0x00C8 Look-Up Table 0 Alternate Lower (LUT_TABLEO_ALT_LOW) R/W | 0x0000_0000 | 14.3.2.7/14-11

oxoo0cCcC Look-Up Table 1 Alternate Lower (LUT_TABLEO_ALT_LOW) R/W | 0x0000_0000 | 14.3.2.7/14-11

0x00DO0 Look-Up Table 2 Alternate Lower (LUT_TABLEO_ALT_LOW) R/W 0x0000_0000 | 14.3.2.7/14-11

0x00D4 Look-Up Table 3 Alternate Lower (LUT_TABLEO_ALT_LOW) R/W 0x0000_0000 | 14.3.2.7/14-11

0x00D8 Look-Up Table 4 Alternate Lower (LUT_TABLEO_ALT_LOW) R/W 0x0000_0000 | 14.3.2.7/14-11

0x00DC Performance Monitor Configuration Register R/W | 0x0800_0000 | 14.3.2.8/14-12
(PERF_MONITOR_CONFIG)

0xO00EO Event Time Counter (EVENT_TIME_COUNTER) Register R/W | 0x0000_0000 | 14.3.2.9/14-13

0x00E4 Event Time Preset (EVENT_TIME_PRESET) Register R/W 0x0000_0000 |14.3.2.10/14-14

0x00E8 Performance Monitor 1 Address Low R/W | 0x0000_0000 |14.3.2.11/14-14
(PERF_MNTR1_ADDR_LOW) Register

O0x00EC Performance Monitor 2 Address Low R/W | 0x0000_0000 |14.3.2.11/14-14
(PERF_MNTR2_ADDR_LOW) Register

0x00F0 Performance Monitor 1 Address High R/W | 0x0000_0000 |14.3.2.11/14-14
(PERF_MNTR1_ADDR_HI) Register

0x00F4 Performance Monitor 2 Address High R/W | 0x0000_0000 |14.3.2.11/14-14
(PERF_MNTR2_ADDR_HI) Register

0x0100 Performance Monitor 1 Read Counter R 0x0000_0000 |14.3.2.12/14-15
(PERF_MNTR1_READ_CNTR)

0x0104 Performance Monitor 2 Read Counter R 0x0000_0000 |14.3.2.12/14-15
(PERF_MNTR2_READ_CNTR)

0x0108 Performance Monitor 1 Write Counter R 0x0000_0000 |14.3.2.12/14-15

(PERF_MNTR1_WRITE_CNTR)
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Table 14-1. PRIOMAN memory map (Continued)

Offset from
PRIOMAN_BASE Register Access?| Reset Value® | Section/Page
(0xFF40_9000)*
0x010C Performance Monitor 2 Write Counter R 0x0000_0000 |14.3.2.12/14-15
(PERF_MNTR2_WRITE_CNTR)
0x0110 Granted Ack Counter 0 (GRANTED_ACK_CNTRO) R 0x0000_0000 |14.3.2.13/14-16
0x0114 Granted Ack Counter 1 (GRANTED_ACK_CNTR1) R 0x0000_0000 |14.3.2.13/14-16
0x0118 Granted Ack Counter 2 (GRANTED_ACK_CNTR2) R 0x0000_0000 |14.3.2.13/14-16
0x011C Granted Ack Counter 3 (GRANTED_ACK_CNTRS3) R 0x0000_0000 |14.3.2.13/14-16
0x0120 Granted Ack Counter 4 (GRANTED_ACK_CNTR4) R 0x0000_0000 |14.3.2.13/14-16
0x0124 Cumulative Wait Counter 0 (CUMULATIVE_WAIT_CNTRO) R 0x0000_0000 |14.3.2.14/14-16
0x0128 Cumulative Wait Counter 1 (CUMULATIVE_WAIT_CNTR1) R 0x0000_0000 |14.3.2.14/14-16
0x012C Cumulative Wait Counter 2 (CUMULATIVE_WAIT_CNTR?2) R 0x0000_0000 |14.3.2.14/14-16
0x0130 Cumulative Wait Counter 3 (CUMULATIVE_WAIT_CNTRS3) R 0x0000_0000 |14.3.2.14/14-16
0x0134 Cumulative Wait Counter 4 (CUMULATIVE_WAIT_CNTR4) R 0x0000_0000 |14.3.2.14/14-16
0x0138 Summed Priority Counter 0 (SUMMED_PRIORITY_CNTRO) R 0x0000_0000 |14.3.2.15/14-17
0x013C Summed Priority Counter 1 (SUMMED_PRIORITY_CNTR1) R 0x0000_0000 |14.3.2.15/14-17
0x0140 Summed Priority Counter 2 (SUMMED_PRIORITY_CNTR2) R 0x0000_0000 |14.3.2.15/14-17
0x0144 Summed Priority Counter 3 (SUMMED_PRIORITY_CNTR3) R 0x0000_0000 |14.3.2.15/14-17
0x0148 Summed Priority Counter 4 (SUMMED_PRIORITY_CNTR4) R 0x0000_0000 |14.3.2.15/14-17

0x014C—-0x03FF

Reserved

1

Default absolute offset with IMMRBAR at default location of 0XFF40_0000. See Chapter 2, “System Configuration and
Memory Map (XLBMEN + Mem Map).”

In this column, R/W = Read/Write, R = Read-only, and W = Write-only.
In this column, the symbol “U” indicates one or more bits in a byte are undefined at reset. See the associated description for

more information.
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14.3.2

Register Descriptions

14.3.2.1  Priority Manager Configuration 1 Register (PRIOMAN_CONFIG1)
Address: Base + 0x0080 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R O 0 LUT LUT LUT LUT LUT ,
W SEL4[1:0] SEL3[1:0] | SEL2[1:0] SEL1[1:0] SELO[1:0] ACK_COUNTA4[3:0]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
W ACK_COUNT3J2:0] ACK_COUNT2[3:0] ACK_COUNT1[3:0] ACK_COUNTOI[3:0]
Reset 0 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1

Figure 14-2. Priority Manager Configuration 1 Register (PRIOMAN_CONFIG1)

Table 14-2. PRIOMAN_CONFIGL1 field descriptions

Field

Description

LUT SELn
00
01
10

11

Lookup Table Select. Selects between primary and secondary Look-Up table configuration register.
Select main look-up table configuration register.
Select alternate look-up table configuration register.
Select alternate look-Up table configuration register if congested flag is set. See

Section 14.3.2.3, “High Priority Configuration Register (HIPRIO_CONFIG).”

Select alternate look-up table configuration register if DIU/VIU incoming priority bit 3 is high. The
switch for all tables is based on the DIU/VIU flag. If LUT_SELn = 11, the e300/PCl table switches
to the alternate table if the DIU/VIU flag is set.

ACK_COUNTN [3:0]

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011

1 ACK is counted.

2 ACKs are counted.
3 ACKs are counted.
4 ACKs are counted.
6 ACKs are counted.
8 ACKs are counted.
12 ACKs are counted.
16 ACKs are counted.
24 ACKs are counted.
32 ACKs are counted.
48 ACKs are counted.
63 ACKs are counted.

Configuration fields. One for every channel. Determines how many requests the number of ACKs for
the self-channel is counted.!

1 Look-up table input is running average of the number of acks for the self channel counted over the grant total of the last N acks.
ACK_COUNT][2:0] controls the parameter N.
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14.3.2.2

Address: Base + 00084

Priority Manager Configuration 2 Register (PRIOMAN_CONFIG2)

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 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
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R CON | DIU/
0 0 0 0 0 0 0 0 0 GEST g\I/UE ACK | ACK | AC | ACK | ACK
SEL4 | SEL3 | SEL2 | SEL1 | SELO
W RRUL
E
Reset 0 0 0 0 0 0 0 0 0 — 0 1 0 0 0 1
Figure 14-3. Priority Manager Configuration 2 Register (PRIOMAN_CONFIG2)
Table 14-3. PRIOMAN_CONFIG2 field descriptions
Field Description
CONGESTED Read only
0 Congested flag is cleared.
1 Congested flag is set.
DIU/VIU-OVER
RULE 0 DIU/NVIU priority follows normal schema.
1 Priority for channel O taken from DIU/VIU directly.
ACK SELn There is one of these bits for each priority manager channel. They determine what happens if the
current channel is not requesting.
0 No special overrule. Regulates default priority to high value.
1 If current channel is not requesting, every ACK for other channel is treated like an ACK for the current
channel. Regulates default priority to low value.
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14.3.2.3 High Priority Configuration Register (HIPRIO_CONFIG)

The High Priority Configuration Register (HIPRIO_CONFIG) controls the high priority detection logic.
The hiprio detection logic detects what percentage of the requests ACKed by the DRAM controller are
ACKed with a priority larger than eight.

Address: Base + 0x0088 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R
W SET_CONGEST_LEVEL[11:4] CLEAR_CONGEST_LEVEL[11:4]
Reset 0 0 0 0 \ 0 0 0 0 0 0 0 0 \ 0 0 0 0

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

R FILTER AVERAGE_HIPRIORITY[12:0]

w| BANDWIDTH ‘ | | | | | | | |

Reset O 0 0 — — — — — — — — — — — — —
Figure 14-4. High Priority Configuration Register (HIPRIO_CONFIG)

Table 14-4. HIPRIO_CONFIG field descriptions

Field Description

SET_CONGEST_LEVEL[11:4] |If(average_hipriority[12:4] > set_congest_level[12:4]) — set the congested flag.

CLEAR_CONGEST_LEVEL[11:4]|If(average_hipriority[12:4] < clear_congest_level[12:4]) — clear the congested flag.

AVERAGE_HIPRIORITY[12:0] |Average number of high priority requests to DRAM, coded between values 0x1000 and
0x0000

0x1000: 100% high-priority requests.

0x0000: 0% high-priority requests.

FILTER BANDWIDTH[2:0] This setting controls the averaging time of the filter used for average_hipriority[lZ:O]l
000 Time constant WO = 8 ACKS, K=0.125

001 Time constant WO = 16 ACKS, K =0.0625

010 Time constant WO = 32 ACKS, K =0.0312

011 Time constant WO = 64 ACKS, K =0.0156

100 Time constant WO = 128 ACKS, K = 0.0078

101 Time constant WO = 256 ACKS, K = 0.0039

110 Time constant WO = 512 ACKS, K = 0.0020

111 Time constant WO = 1024 ACKS, K = 0.0010

1 Referto Equation 14-1 and Equation 14-2 for the relationship between filter bandwidth and filter behavior.
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14.3.2.4

Look-Up Table n Main Upper (LUT_TABLEn_MAIN_UP) Registers

The Look-Up Table n Main Upper (LUT_TABLEn_MAIN_UP) registers contain the upper eight entries
of the look-up tables for channels 0 to 4, main table. All registers contain identical fields.

Address: Base + 0x008C (LUT_TABLEO_MAIN_UP)
Base + 0x0090 (LUT_TABLE1_MAIN_UP)
Base + 0x0094 (LUT_TABLE2_MAIN_UP)
Base + 0x0098 (LUT_TABLE3_MAIN_UP)
Base + 0x009C (LUT_TABLE4_MAIN_UP)

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R
W PRIO15[3:0] PRIO14[3:0] PRIO13[3:0] PRIO12[3:0]
Reset 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R
W PRIO11[3:0] PRIO10[3:0] PRIO9[3:0] PRIO8[3:0]
Reset 0 0 0 1 0 0 1 0 0 0 1 0 0 0 1 0
Figure 14-5. Look-Up Table n Main Upper (LUT_TABLEn_MAIN_UP) Registers
Table 14-5. LUT_TABLENn_MAIN_UP field descriptions
Field Description
PRIO15[3:0] |Priority setting if 15 or more ACKs for own channel counted
PRIO14[3:0] |Priority setting if 14 ACKs for own channel counted
PRIO13[3:0] [Priority setting if 13 ACKs for own channel counted
PRIO12[3:0] |Priority setting if 12 ACKs for own channel counted
PRIO11[3:0] |Priority setting if 11 ACKs for own channel counted
PRIO10[3:0] |Priority setting if 10 ACKs for own channel counted
PRIO9[3:0] |Priority setting if 9 ACKs for own channel counted
PRIO8[3:0] |Priority setting if 8 ACKs for own channel counted
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14.3.2.5

Look-Up Table n Main Lower (LUT_TABLEn_MAIN_LOW) Registers

The Look-Up Table n Main Lower (LUT_TABLEn_MAIN_LOW) registers contain the lower eight
entries of the look-up tables for channels 0 to 4, main table. All registers contain identical fields.

Address: Base + 0x00AO (LUT_TABLEO_MAIN_LOW)
Base + 0x00A4 (LUT_TABLE1_MAIN_LOW)
Base + Ox00A8 (LUT_TABLE2_MAIN_LOW)
Base + OxO0AC (LUT_TABLE3_MAIN_LOW)

Base + 0x00BO (LUT_TABLE4_MAIN_LOW) Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R

W PRIO7[3:0] PRIO6[3:0] PRIO5[3:0] PRIOA4[3:0]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R

W PRIO3[3:0] PRIO2[3:0] PRIO1[3:0] PRIOO0[3:0]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14-6. Look-Up Table n Main Lower (LUT_TABLEn_MAIN_LOW) Registers
Table 14-6. LUT_TABLENn_MAIN_LOW field descriptions
Field Description

PRIO7[3:0] |Priority setting if seven ACKs for own channel counted
PRIOG6[3:0] |Priority setting if six ACKs for own channel counted
PRIO5[3:0] |Priority setting if five ACKs for own channel counted
PRIOA4[3:0] |Priority setting if four ACKs for own channel counted
PRIO3[3:0] |Priority setting if three ACKs for own channel counted
PRIO2[3:0] |Priority setting if two ACKs for own channel counted
PRIO1[3:0] |Priority setting if one ACK for own channel counted
PRIOO0[3:0] |Priority setting if zero ACKs for own channel counted
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14.3.2.6

LUTO — LUT4 Alternate Upper

These registers contain the upper eight entries of the look-up tables for channels 0 to 4, alternate table. All
registers contain identical fields.

Address:

Base + 0x00B4 (LUTO alternate upper)
Base + 0x00B8 (LUT1 alternate upper)
Base + 0xO0BC (LUT2 alternate upper)
Base + 0x00CO (LUT3 alternate upper)
Base + 0x00C4 (LUT4 alternate upper)

Access: User read/write

0 1 2 3 4 5 8 9 10 11 12 13 14 15
R
W PRIO15[3:0] PRIO14[3:0] PRIO13[3:0] PRIO12[3:0]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R
W PRIO11[3:0] PRIO10[3:0] PRIO9[3:0] PRIO8[3:0]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 14-7. LUT — LUT4 Alternate Upper Register
Table 14-7. LUT Table Alternate Upper field descriptions
Field Description
PRIO15[3:0] |Priority setting if 15 or more ACKs for own channel counted
PRIO14[3:0] |Priority setting if 14 ACKs for own channel counted
PRIO13[3:0] [Priority setting if 13 ACKs for own channel counted
PRIO12[3:0] |Priority setting if 12 ACKs for own channel counted
PRIO11[3:0] |Priority setting if 11 ACKs for own channel counted
PRIO10[3:0] |Priority setting if 10 ACKs for own channel counted
PRIO9[3:0] |Priority setting if 9 ACKs for own channel counted
PRIO8[3:0] |Priority setting if 8 ACKs for own channel counted
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14.3.2.7

LUTO — LUT4 Alternate Lower

These registers contain the lower eight entries of the look-up tables for channels 0 to 4, alternate table. All
registers contain identical fields.

Address: Base + OxHHHH

Access: User read/write

0xC8 LUTO alternate lower

oxCC LUT1 alternate lower

0xD0 LUT2 alternate lower

0xD4 LUT3 alternate lower

0xD8 LUT4 alternate lower

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
VF; PRIO7[3:0] PRIO6[3:0] PRIO5[3:0] PRIO4[3:0]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
VF; PRIO3[3:0] PRIO2[3:0] PRIO1[3:0] PRIOO0[3:0]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 14-8. LUT Table [4:0] Alternate Lower Register
Table 14-8. LUT Table Alternate Lower field descriptions
Field Description

PRIO7[3:0] |Priority setting if seven ACKs for own channel counted
PRIOG6[3:0] |Priority setting if six ACKs for own channel counted
PRIO5[3:0] |Priority setting if five ACKs for own channel counted
PRIOA4[3:0] |Priority setting if four ACKs for own channel counted
PRIO3[3:0] |Priority setting if three ACKs for own channel counted
PRIO2[3:0] |Priority setting if two ACKs for own channel counted
PRIO1[3:0] |Priority setting if one ACK for own channel counted
PRIOOQ[3:0] |Priority setting if zero ACKs for own channel counted
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14.3.2.8 Performance Monitor Configuration (PERF_MONITOR_CONFIG)
Register
Address: Base + 0x00DC Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RIINT g'gé EVEN 0 0 0 0 0 0 0 0 0
INTE DMA | TCO
w N REQ |UNTF|EVEN
INTC sToP| REE | 1€CO
LEAR RUN |UNTT
RIG

Reset 0 0

16 17

18

19 20 21 22 23 24 25 26 27 28 29 30 31

R| O 0

LUT SEL4 LUT SEL3 LUT SEL2 LUT SEL1 LUT SELO

w

Reset 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14-9. Performance Monitor Configuration (PERF_MONITOR_CONFIG) Register

Table 14-9. PERF_MONITOR_CONFIG field descriptions

Field Description
INT Read-Only Sticky Bit. Interrupt pending register. Set when interrupt is made pending.
INTCLEAR Write-Only. Writing a 1 to this bit clears the INT bit.
INTEN Interrupt Enable. When this bit is 1 and the INT bit is 1, the processor gets an interrupt request.
DMAREQ DMA request. This read-only bit is set when event counter time reaches 0, and cleared when the
first counter register is read.
DMAREQSTOP! Read/Write.

0 DMA request functions as expected.
1 DMA request is cleared and cannot get set.

EVENTCOUNT FREERUN

0 Event Counter Single-Shot. After reaching 0, the event time counter stays at 0 and is not
reloaded.

1 Event Counter Free Run. After reaching 0, the event time counter is reloaded from event time
preset and a new cycle starts.

EVENTCOUNT TRIGGER

Write-Only Bit. Writing to this bit causes all count registers to be transferred to the buffer registers,
and subsequent be cleared. It causes the event counter to be reloaded from the event time preset
register. No interrupt or DMA request is generated on writing this register, but both are generated
when the event time counter register reaches 0.

LUT SELn

Selectors between primary and secondary look-up table configuration register.

These selectors determine which LUT table is used for the summed priority counters. The priorities
entered into these counters may depend on a different LUT table than the priorities sent to the
DRAM controller.

00 Select main look-up table configuration register

01 Select alternate look-up table configuration register

10 Select alternate look-up table configuration register if congested flag is set?

11 Select alternate look-up table configuration register if DIU/VIU incoming priority bit 3 is high
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1 This bit should be set as long as the DMA channel is not configured to manage the request. After configuring the DMA, clear
the bit, and data starts to be transferred on every time tick.

2 Congested flag is explained in Section 14.4.3, “Congestion Detector.”

14.3.2.9 Event Time Counter (EVENT_TIME_COUNTER) Register

The Event Time Counter (EVENT_TIME_COUNTER) register contains the 24-bit
EVENT_TIME_COUNTER bitfield. The counter decrements to 0. The interrupt and the DMA request are
made pending when it reachers 0. On reaching 0, the counter reloads from the event count preset register
if the EVENTCOUNTFREERUN bit is set in the PERMON_CONFIG register (see Section 14.3.2.8,
“Performance Monitor Configuration (PERF_MONITOR_CONFIG) Register).

On reaching 0, all performance monitor count registers are loaded in the performance monitor buffer
registers, and cleared.

Address: Base + 0x00EO Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
R O

EVENT_TIME_COUNTER[23:0]

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

EVENT_TIME_COUNTER[23:0]

Resetoooo\oooo\oooo\oooo
Figure 14-10. Event Time Counter (EVENT_TIME_COUNTER) Register

Table 14-10. EVENT_TIME_COUNTER field descriptions

Field Description

EVENT_TIME_ |Current count in the register.
COUNTER[23:0]
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14.3.2.10 Event Time Preset (EVENT_TIME_PRESET) Register

The Event Time Preset (EVENT_TIME_PRESET) register contains the 24-bit preset value to be loaded
into the event time counter register in case this preloads.

Address: Base + OxO0E4 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
Rl O 0

EVENT_TIME_PRESET[23:0]

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

EVENT_TIME_PRESET[23:0]

Resetoooo\oooo\oooo\oooo
Figure 14-11. Event Time Preset (EVENT_TIME_PRESET) Register

Table 14-11. EVENT_TIME_PRESET field descriptions

Field Description

EVENT_TIME_ | Current preset value in the register.
PRESET[23:0]

14.3.2.11 Performance Monitor 1 and 2 Address Registers

These registers determine if a Power Architecture (e300) processor access hits in the performance monitor
1 or performance monitor 2 address space.

* If ((e300 CPU address > performance monitor 1 address low) &&
(e300 CPU address < performance monitor 1 address hi))
Increment performance monitor 1 read counter on reads
Increment performance monitor 1 write counter on writes.

* If ((e300 CPU address > performance monitor 2 address low) &&
(e300 CPU address < performance monitor 2 address hi))
Increment performance monitor 2 read counter on reads
Increment performance monitor 2 write counter on writes.
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Address: Base + OXOE8 (PERF_MNTR1_ADDR_LOW)

Base + OXOEC (PERF_MNTR2_ADDR_LOW)
Base + OxOF0 (PERF_MNTR1_ADDR_HI)
Base + OxOF4 (PERF_MNTR2_ADDR_HI)

3‘4 5 6 7‘8 9 10 11‘12

Access: User read/write

0 1 2 13 14 15
PERFORMANCE MONITOR {1,2} ADDRESS {LOW,HIGH}[31:16]
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 28 29 30 31
R 0 0 0 0 0
PERFORMANCE MONITOR {1,2} ADDRESS {LOW, HIGH} [15:5]
Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 0 0 0 0

Figure 14-12. Performance Monitor Address Registers

Table 14-12. Performance Monitor Address Registers field descriptions

Field

Description

PERFORMANCE
MONITORADDRESS

14.3.2.12 Performance Monitor Counters

Address: Base + 0x100 (Performance monitor 1 read counter)
Base + 0x104 (Performance monitor 2 read counter)
Base + 0x108 (Performance monitor 1 write counter)

Base + 0x10C (Performance monitor 2 write counter)

0 1 2 3 4 5 6 7

Access: User read-only

8 9 10 11 ‘ 12 13 14 15

0 0 0 0 0 0 0 0

PERFORMANCE MONITOR 1, 2 READ/WRITE
COUNTER[23:16]

Reset O 0 0 0 0 0 0 0

16 17 18 19 ‘ 20 21 22

R PERFORMANCE MONITOR 1, 2 READ/WRITE
COUNTER([15:0]

we | | [ [ [ T |

Reset O 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

Figure 14-13. Performance Monitor Counter Registers

Table 14-13. Performance Monitor Counter Register field descriptions

Field

Description

PERFORMANCE
MONITOR READ/WRITE
COUNTER[23:0]
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14.3.2.13 Granted Ack Counters

Address: Base + 0x110 (GRANTED_ACK_CNTRO)
Base + 0x114 (GRANTED_ACK_CNTR1)
Base + 0x118 (GRANTED_ACK_CNTR2)
Base + 0x11C (GRANTED_ACK_CNTR3)
Base + 0x120 (GRANTED_ACK_CNTR4)

0 1 2 3 4 5 9 10

Access: User read-only

11 ‘ 12 13 14 15

o
[@R NI
©

GRANTED ACK COUNTER 0 — 4[23:16]

19 ‘ 20 21 22

16 17 18
R GRANTED ACK COUNTER 0 — 4[15:0]
wi | | [ [ ] [ [
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 14-14. Granted ACK Counter 0—4 Registers
Table 14-14. GRANTED_ACK_CNTRn field descriptions
Field Description
GRANTED ACK
COUNTERN[23:0]
14.3.2.14 Cumulative Wait Counters
Address: Base + 0x124 (CUMULATIVE_WAIT_CNTRO)
Base + 0x128 (CUMULATIVE_WAIT_CNTR1)
Base + 0x12C (CUMULATIVE_WAIT_CNTR2)
Base + 0x130 (CUMULATIVE_WAIT_CNTR3)
Base + 0x134 (CUMULATIVE_WAIT_CNTR4) Access: User read-only
0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
Rl O 0 0 0 0 CUMULATIVE WAIT COUNTER 0 — 4[23:16]
w | ] [ 1

16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26

27 ‘ 28 29 30 31

R CUMULATIVE WAIT COUNTER 0 — 4[15:0]

w | | [ T ]

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

Figure 14-15. Cumulative Wait Counter 0-4 Registers
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Table 14-15. CUMULATIVE_WAIT_CNTRn Registers field descriptions

Field Description
CUMULATIVE WAIT
COUNTERN[23:0]
14.3.2.15 Summed Priority Counters
Address: Base + 0x138 (SUMMED_PRIORITY_CNTRO)
Base + 0x13C (SUMMED_PRIORITY_CNTR1)
Base + 0x140 (SUMMED_PRIORITY_CNTR2)
Base + 0x144 (SUMMED_PRIORITY_CNTRS3)
Base + 0x148 (SUMMED_PRIORITY_CNTR4) Access: User read-only
0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
Rl O 0 0 SUMMED PRIORITY COUNTER 0 — 4[23:16]
w [ [ ] [ [ ]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R SUMMED PRIORITY COUNTER 0 — 4[15:0]
wle [ ] [ [ ] [ [
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 14-16. Summed Priority Counter 0—4 Registers
Table 14-16. SUMMED_PRIORITY_CNTRnN Registers field descriptions
Field Description

SUMMED PRIORITY
COUNTERN[23:0]

14.3.2.16 Counter Register Descriptions and Values

The counter registers contain 19 different 24-bit counter values. All these counter values count certain
events. Table 14-17 gives the details on the nature of the event. Counter values Summed Priority Counter
2, Summed Priority Counter 3 and Summed Priority Counter 4 are available in two sets of registers. They
are available in registers with the same name, but they are also available in a set of three other registers
(granted ack counter or cumulative wait counter registers). The multiple-mapping of the three upper
Summed Priority Counter registers allows easy and compact DMA transfer to memory. Because of the
multiple mapping, all 19 count values can be transferred to memory with a 64-byte DMA transfer starting
at address 0x100. The multiple mapping allows the DMA to get all information with a 64-byte transfer,
but some decompression is needed on decoding the data, while the CPU can read the 19 registers and mask
out the upper eight bits to get relevant information.
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Table 14-17. Monitor Counter Descriptions

Field Description

PERFORMANCE MONITOR 1-2 Every time the Processor or PCI performs a read access with an address that hits in

READ COUNTER the address window for counter 1 or 2, the respective counter is incremented. An
address hits in the address window for performance monitor read counter 1 if the
address is higher or equal than the performance monitor 1 address low, and lower than
the performance monitor 1 address high. Similar for the second counter.

PERFORMANCE MONITOR 1-2 Every time the Processor or PCI performs a write access with an address that hits in

WRITE COUNTER the address window for counter 1 or 2, the respective counter is incremented. An
address hits in the address window for performance monitor write counter 1 if the
address is higher or equal than the performance monitor 1 address low, and lower than
the performance monitor 1 address high. Similar for the second counter.

GRANTED ACK COUNTER 0-4 Every time the Multi-port DRAM controller grants a request for channel 0 — 4, the
respective counter is incremented.

CUMULATIVE WAIT COUNTER 0-4 | Every time there is a request pending to the multi-port DRAM controller for channel
0 — 4 and its not granted in the current cycle, the respective counter is incremented.

SUMMED PRIORITY COUNTER 0—4 | Every time a request is granted by the multi-port DRAM controller for channel 0 — 4, a
priority code is added to the respective counter. See text for details.

Trigger Condition condition » R L En
Event —— +1

l

Y

—» Readable value

Counter register Buffer register
Figure 14-17. Monitor Counters

All counters in Table 14-17 are double-buffered and Figure 14-17 gives details. There are always two
registers associated with every counter. The first register is the counter. It counts the events mentioned in
the table. When the trigger condition occurs, the time event counter reaches zero, and the counter register
is transferred to the buffer register, the counter register is then cleared. When accessing the register, the
buffer register value is always returned.

The priority code added may or may not be the same as the priority code the request used on the DRAM
controller. The codes are equal if the LUT SEL bitfield for the channel is the same in the
PRIOMAN_CONFIG and PERMON_CONFIG registers. If the LUT SEL bitfields differ, the bitfield in
PRIOMAN_CONFIG is used to calculate the channel priority code on the DRAM, and the bitfield in
PERMON_CONFIG is used to calculate the priority code added to this register.

MPC5121e Microcontroller Reference Manual, Rev. 4
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The possibility to use unequal LUT SEL bitfields makes it possible to use the main look-up tables for
DRAM priority programming and the alternate look-up tables for performance monitoring. Making the
look-up tables independent increases the possibility of what can be monitored.

14.4 Functional Description

The priority manager calculates the outgoing priority for all five channels of multi-port DRAM controller.
The priority of any channel at a given time is a function of the request granting history of the DRAM
controller. A granted request is called an ACK, so this schema is called an ACK-based schema, because
the priority is determined by the history of which channels have been ACK-ed in the past and when.

The priority manager calculates the priorities in a dynamic way. This means, a priority is never constant,
but changes over time, even when the request is not serviced. As a request ages while its not being
serviced, its priority escalates to a higher level, and as the level increases, it is eventually serviced.

The DRAM controller has a built-in preference to offer repeat for any incoming read request. The repeat
goes on as long as the requesting channel keeps requesting, and its priority is greater than 0. When the
outgoing priority for any channel is 0, the DRAM controller no longer services or repeats the request. This
feature allows the priority manager to control the maximum repeat count for any incoming channel.

14.4.1 Description of Operation — Overview

Priority calculation for all channels is independent. There is no direct cross-dependency of the priority of
one channel on the priority of another channel. The algorithm looks at the last N arbitration cycles on the
bus. N is a programmable number, set by the ACK_COUNTR bitfields in the PRIOMAN_CONFIG1
register, described in Figure 14-2. For the last N arbitration cycles, the number of times the own channel
won the bus, is summed up, and saturated to a maximum of 15. This number of 0 to 15 is input into the
applicable look-up table. LUT table O is for channel O, LUT table 1 is for channel 1, and so on. The value
for the particular number is the priority code going to the multiport DRAM controller. If N is set to 16 and
the own channel was granted the bus four times in the last 16 bus grant, the index into the look-up table is
four. The PRIOA4[3:0] bitfield of the relevant look-up table is the priority going to the multi-port DRAM
controller.

There are two look-up tables for every channel, the main and the alternate. The algorithm may switch
between both, depending on some settings. The default look-up table is the main. However, the alternate
is used if:

» The particular channel has been configured to look at the DIU/VIU incoming priority, and the
DIU/VIU incoming priority is eight or higher.

» The particular channel has been configured to look at the congestion monitor, and this block
indicates the multi-port DRAM is congested.

14.4.2 Block Diagram
Figure 14-18 contains a block diagram of the block.
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Read or writeon
20 any channel OR —>{ en
idle pulse

28 DIU priority[3:0] DIU overrule 29

chan_priority[3:0] 30

Own channel
21 serviced OR pata
Own channel not in
requesting

L J
ONLY DIU channel

alternate look-up table 27
main look-up table 26

LUT sl 25

Combinatorial
Logic

23DIU_priority[3]

22ack_count 24 congested

Figure 14-18. Priority Channel Block Diagram

The shift register shifts in information of the recent ACKSs. This 63-stage shift register contains
information on the last 63 bus cycles of the DRAM controller.

The shift register is shifted any time a read or write request has been granted to the DRAM (An ACK to
the requesting bus) or when there is an IDLE_PULSE. An idle pulse is generated every time the DRAM
is idle for four consecutive clock cycles. Idle means none of the five incoming buses is making a request.

The shift data in is the corrected ACK for the self channel. If the shift register shifts because the current
cycle is granted to the self channel, a 1 is shifted in, if not a 0 is shifted in. It always occurs like this when
the own channel is requesting access. However, if the own channel is not requesting access, depending on
control bit ACK_SEL, a1 ora0isshifted in. If ACK_SEL is 1, a 1 is shifted in all the time when the self
channel is not requesting and there is an ACK on any other channel or an idle pulse. If ACK_SEL is 0,
zeros are shifted in.

The correction for the non-requesting channel allows you to steer the default priority, the priority that the
channel gets, when it has not been requesting for some time. If ACK_SEL is set 1, the default priority is
low. This setting is appropriate for peripherals with (large) FIFOs. When they are not requesting, the FIFO
is quite full. When they do get on the bus, they can start with low priority and escalate to higher after some
time.

Setting ACK_SEL to 0 is appropriate for peripherals that desire high priority. The Power Architecture
processor and AXE core are in this case. When they are not on the bus, it is because they find the
instruction or data that they need in the processor caches, so they don’t request. When the cache misses,
the request comes on the bus, and needs to be serviced fast. Therefore, ACK_SEL is set to 0, the default
priority is high and servicing fast. If Power Architecture Processor and/or AXE get on the bus a lot (due
to a lot of cache swapping), the priority manager detects this and degrades their priorities over time. The
other masters continue to receive their fair share of bus bandwidth.

The output of the shift register is ANDED in to look at only the last n ACKSs. Logic decodes the ANDing
code from the ACK_COUNT bitfield. The number of ones after the ANDing is added up in ADDER 4 and
saturated. The result out of ADDER 4 is a number from 0 to 15. This number is input in the look-up table.
Table look-up content is taken for channel 1 from register lut table 1 main[63:0] or lut table 1
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alternate[63:0]. Because of the 64-bit nature of the registers, four 32-bit registers are involved. The
description is given in Figure 14-5, Figure 14-6, Figure 14-7, and Figure 14-8.

The MUX selects whether to use the main or the alternate register. The MUX condition has two possible
sources again, selected by MUX 7, by means of control bit LUT SEL described in the
PRIOMAN_CONFIG register, with details in Figure 14-2.

If LUT SEL is 1, the alternate table is selected when the multi-port controller is congested. If LUT SEL
is 0, the alternate table is selected when DIU/VIU incoming priority is higher than eight.

Pipeline register is present purely for implementation reasons. It has no algorithmic function.

For the DIU and VIU, an additional bypass multiplexer is present. It overrules the prioman logic and
inserts the incoming DIU/VIU priority in the output if control bit DIU/VIU overrule is set. This bit is
present in register PRIOMAN_CONFIG, with details in Figure 14-2.

14.4.3 Congestion Detector

The congestion detectors purpose is to detect when the multi-port DRAM controller is congested.
Congestion is assumed if the share of the requests with priorities equal or greater than eight is more than
a certain percentage. If congestion occurs, the priority manager may react by exchanging the look-up
tables with the alternate look-up tables. This reduces the average priority of the incoming requests. The
reduced priorities mean that on average, every incoming channel gets a lower priority and the DRAM
controller tries harder to optimize on bandwidth and less to optimize to service the high-priority requests
first. The switch-over is driven by the congestion state. If many requests come in on high priority, they all
need to be serviced first, the congested flag goes high, and the controller reacts to this by reducing the
request priorities (by switching in the alternate tables). Therefore, it can concentrate on the ones that are
important and have room again for optimized bandwidth.

Set congest level

Clear congest level

|Requests granted _ | Weighted average over Average ——» Congested
| past granted requests high priority Comparator
with hysteresis

Requests granted to

high or low priority | programmable averaging
| depth

-
'

Figure 14-19. Congestion Detector—Simplified Block Diagram

A block diagram of the congestion detector is given in Figure 14-19. The congestion detector consists of
an averaging block, followed by a comparator with hysteresis. The averaging block calculates the
weighted average of the percentage of high-priority requests, like given below.

average priority = Zweight(k) -val(k) Eqn. 14-1
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The weighted average uses an exponential weighting when looking at the past granted requests. Requests
granted in a more distant past have a lower weighting coefficient. The weighting coefficient uses an
exponential back-off, following the formulae.

weight(k) = V—\%(_) . exp(—\—Nl—(-é) Eqn. 14-2

In this formula, weight(k) is the weighting coefficient used for the request granted k acknowledges ago,
meaning k other requests have been granted after this one. The coefficient WO is programmable and
depends on the control field filter bandwidth in register HIPRIO_CONFIG, detailed in Figure 14-4.

The value input in the weighting block, val(k), depends on the priority of the request granted. It is O if the
priority was 7 or lower; it is 0x1000 if the priority was 8 or higher.

The result of the weighted average is a number between 0 and 0x1000 input in the comparator with
hysteresis. This result, AVERAGE_HIPRIORITY, can be monitored in register HIPRIO_CONFIG
(Figure 14-4).
The weighted averaging block is followed by a comparator with hysteresis, with a programmable low
threshold.

* If AVERAGE_HIPRIORITY is greater than SET_CONGEST_LEVEL, the congested flag is set.

* If AVERAGE_HIPRIORITY is lower than CLEAR_CONGEST_LEVEL, the congested flag is
cleared.
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Chapter 15
External Memory Bus (EMB)

15.1 Introduction

15.1.1 Overview

The EMB includes three different parallel interfaces. They are LocalPlus bus, NAND flash bus, and
parallel ATA bus. The different buses are time multiplexed. The NFC bus and the ATA bus can work
together at the same time. No multiplexing for this function is needed.

An EMB arbiter controls the multiplexing of the external pins (address and data lines) and grants the
different bus masters to allow them to drive the external bus. The arbiter can be configured via the EMB
Share and Wait Count (LPC_EMB_SC) Register and EMB Pause Control (LPC_EMB_PC) Register
within the LPC memory map.

15.1.2 Features

» Arbitration between LPC and NFC/pATA
— LPC CSB transfers cannot be paused.
— LPC CSB request pauses NFC and pATA DMA transactions immediately or after share counter
expires.
— LPC FIFO request pauses NFC and pATA DMA transactions after share counter expires
— PATA PIO transactions cannot be paused

— pPATA PIO request pauses LPC FIFO transaction within a BPT transfer (dynamic bus sizing),
depending on the ATA_P bit setting (EMB Pause Control (LPC_EMB_PC) Register)

— pATA DMA and NFC requests cannot pause LPC FIFO transaction within a BPT transfer.
* Pin muxing between LPC and NFC/pATA

15.2 Functional Description

15.2.1 EMB Mux

The EMB mux switches, depending on EMB arbiter state, between the three different functions. The
activated, granted module can drive the external bus.

Table 15-1 describes which functionality is at the EMB bus depending on the activated, granted module.

MPC5121e Microcontroller Reference Manual, Rev. 4

Freescale Semiconductor 15-1



PR 4

External Memory Bus (EMB)

Table 15-1. EMB_AD Multiplexing

Activated, Granted

Multiplexed Functionality at

Multiplexed Functionality at

Multiplexed Functionality at

Module EMB_AD[31:16] EMB_AD[15:0] EMB_AX[2:0]
LPC LPC_AD[31:16] LPC_AD[15:0] LPC_AX[2:0]
NFC/pATA NFC_AD[15:0] PATA_DATA[15:0] PATA_ADDRESS[2:0]
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Chapter 16

Fast Ethernet Controller (FEC)

16.1

16.1.1

Introduction

FEC Top Level

The block diagram of the Fast Ethernet Controller (FEC) is shown in Figure 16-1. To implement the FEC,
a combination of hardware and microcode is employed. The network interfaces are shown on the bottom
of the diagram, complying with industry and IEEE 802.3 standards.

Internal bus Internal bus
Internal bus interface
FEC
Bus ¢
Requests
> Bus o
Controller ——
Control/Status
A i FIFO
Register RAM FIFO DMA
Controller
Descriptor |
Controller RAM I/F |
(RISC +
Microcode)
FEC BUS
Mil MIB Transmit Receive
Counters
7\ A
MDO
mDEN | MD!
Y
110 TX_EN RX_CLK
PAD TXD[3:0] RX_DV
TX_ER RXDI[3:0]
TX_CLK RX_ER
Y CRS.COL MIl/7-WIRE DATA
MDIO MDC -

OPTION

Figure 16-1. FEC Block Diagram
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Fast Ethernet Controller (FEC)

A RISC-based controller, called the descriptor controller, provides the following functions in the FEC:
 Initialization (those internal registers not initialized by the user or hardware)
» High-level control of the DMA channels (initiating DMA transfers)
* Interpreting buffer descriptors
» Address recognition for receive frames
* Random number generation for transmit collision backfill timer

NOTE
DMA references in this section refer to the FEC’s DMA engine. This DMA

engine transfers FEC data only and is not related to the DMA controller in
MPC5121e.

NOTE

The FIFO is used by FEC itself and can only be accessed by the DMA. You
can configure the transmit/receive FIFO boundary (ETH_R_FSTART
register).

The RAM is the central point of all data flow in the Fast Ethernet controller. The RAM is divided into
transmit and receive FIFOs and the boundary is programmable (ETH_R_FSTART register). User data
flows to/from the DMA unit from/to the receive/transmit FIFOs. Transmit data flows from the transmit
FIFO into the transmit block and receive data flows from the receive block into the receive FIFO.

The bus controller decides which block is the tbus master on each clock. All of the blocks receive their
control information from the tbus and, for the most part, provide status information over this same bus.

The user controls FEC by writing into control registers located in each block. The CSR (control and status
register) block provides global control (e.g., Ethernet reset and enable, mode control) and interrupt
managing registers.

The MII block provides a serial channel for control/status communication with the external physical layer
device (transceiver). This serial channel consists of the MDC (clock) and MDIO (bidirectional data) lines
of the MII interface.

The FEC DMA block (not to be confused with DMA controller) provides multiple channels allowing
transmit data, transmit descriptor, receive data and receive descriptor accesses to run independently.

The transmit and receive blocks provide the Ethernet MAC functionality (with some assist from
microcode). Internal to these blocks are clock domain boundaries between the system clock and the
network clocks.

The MIB block maintains counters for a variety of network events and statistics. It is not necessary for
operation of the FEC but provides valuable counters for network management. The counters supported are
the RMON (RFC 1757) Ethernet Statistics group and some of the IEEE 802.3 counters.

16.1.2 Features

The fast Ethernet controller (FEC) incorporates several features/design goals important to its market:
» Support for different Ethernet physical interfaces:
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Fast Ethernet Controller (FEC)

— 100 Mbit/s IEEE 802.3 Ml

— 10 Mbit/s IEEE 802.3 Ml

— 10 Mbit/s 7-wire interface (industry standard)

IEEE 802.3 full-duplex flow control

Programmable maximum frame length supports IEEE 802.1 VLAN tags and priority

Support for full-duplex operation (200 Mbit/s throughput) with a minimum system clock rate of
50 MHz

Support for half-duplex operation (100 Mbit/s throughput) with a minimum system clock rate of
25 MHz

Retransmission from transmit FIFO following a collision (no processor bus utilization)

Automatic internal flushing of the receive FIFO for runts (collision fragments) and address
recognition rejects (no processor bus utilization)

— Address recognition

— Frames with broadcast address may always be accepted or always be rejected
— Exact match for single 48-bit individual (unicast) address

— Hash (64-bit hash) check of individual (unicast) addresses

— Hash (64-bit hash) check of group (multicast) addresses

— Promiscuous mode

16.1.3 Modes of Operation

The primary operational modes are described in this section.

Full- and half-duplex operation

This is determined by the FDEN bit in the ETH_X_ CNTRL register. Full-duplex mode is intended
for use on point-to-point links between switches or end node to switch. Half-duplex mode is used
in connections between an end node and a repeater or between repeaters.

Full-duplex flow control is an option that may be enabled in full-duplex mode. Refer to the
RFC_PAUSE and TFC_PAUSE bits in Section 16.3.5.12, “Transmit Control (ETH_X_CNTRL)
Register,” the FCE bit in Section 16.3.5.10, “Receive Control Register (R_CNTRL),” and
Section 16.6.4, “Full-Duplex Flow Control,” for more details.

10 Mbit/s and 100 Mbit/s MII interface operation

The MAC-PHY interface operates in M1l mode by asserting the MII_MODE bit in the
ETH_R_CNTRL register. The MII is the media-independent interface defined by the 802.3
standard for 10/100 Mbit/s operation.

The speed of operation is determined by the TX _CLK and RX_CLK pins, which are driven by the
transceiver. The transceiver auto-negotiates the speed or may be controlled by software via the
serial management interface (MDC/MDIO pins) to the transceiver. Refer to the ETH_MII_DATA
and ETH_MII_SPEED register descriptions as well as the section on the MII for a description of
how to read and write registers in the transceiver via this interface.

10 Mbit/s 7-wire interface operation
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The FEC supports 7-wire interface used by many 10Mbit/s Ethernet transceivers.The MIl_MODE
bit in the ETH_R_CNTRL register controls this functionality. If this bit is cleared, M1l mode is
disabled and the 10Mbit/s 7-wire mode is enabled.

» Address recognition options

Refer to the ETH_R_CNTRL register for address recognition options. Also, refer to

Section 16.6.3, “Ethernet Address Recognition,” for a detailed description. The options supported
are promiscuous, broadcast reject, individual address hash, or exact match and multicast hash
match.

* Internal loopback

Internal loopback mode is selected via the LOOP bit in the ETH_R_CNTRL register. Also, refer
to Section 16.6.7, “Internal and External Loopback,” for a detailed description.

16.2 External Signal Description (Off Chip)

16.2.1 1/O Signal Overview
This section defines the FEC to chip pin 1/0.

The FEC network interface supports multiple options. One is the MII option, which requires 18 /O pins
and supports both data and an out-of-band serial management interface to the PHY (transceiver) device.
The MII option supports both 10 and 100 Mbps Ethernet rates. The second is referred to as the 7-wire

interface and supports only 10 Mbps Ethernet data. The 7-wire interface uses a subset of the MII signals.

Another option is the SMII interface, which replaces the 16 pins required for the MII datapath with 6 pins.
The SMII interface is an optional module that can be included or not included with the FEC, depending on
which interface style is desired.

Table 16-1 details the network interface signals. This table lists 18 signals, all of which are used for the
10/100 MII interface. The MDIO pin is bidirectional and corresponds to the MDI, MDO and MDIO pins
on the FEC block. A subset of these signals is used for the 7-wire or SMII interface option.

Table 16-1. Signal Properties

Signal Name Function Reset
COoL MiII - collision input undefined
7-wire — collision input
CRS MIl — carrier sense input undefined
MDC MII — management clock output 0
MDIO MII — management data bidirectional High-impedance
(input)
RX_CLK MIl — receive clock input undefined

7 Wire — receive clock input

RX_DV MIl — receive data valid input undefined
7-wire — receive data input
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Table 16-1. Signal Properties (continued)

Signal Name Function Reset
RDATA][3] MIl — receive data bit 3 input undefined
RDATA[2] MIlI — receive data bit 2 input undefined
RDATA[1] MIl — receive data bit 1 input undefined
RDATA[O] MIl — receive data bit 0 input undefined

7-wire — receive data input
RX_ER MIl — receive error input undefined
TX_CLK MIl — transmit clock input undefined
7-wire — transmit clock input
TDATA[3] MII — transmit data bit 3 output undefined
TDATA[2] MII — transmit data bit 2 output undefined
TDATA[1] MIl — transmit data bit 1 output undefined
TDATA[O] MIlI — transmit data bit 0 output undefined

7-Wire — transmit data output

TX_EN MIlI — transmit data valid output 0
7-Wire — transmit data valid output

TX_ER MIlI — transmit error output 0

16.2.2 Detailed Signal Descriptions

This section gives a detailed description of the Ethernet MAC-PHY Interface. First, an overview of
Ethernet interfaces is presented, followed by a description of the interface signals. Next, the two different
types of MII frames are described. Then, a brief overview of the MII management function is given. This
is followed by a section on MII signal timing. Finally, the electrical specifications for this interface are
given.

16.2.2.1 Ethernet MAC-PHY Interface

FEC support two kinds of Ethernet MAC-PHY interface: 7-wire and MII. A description of their interface
follows.

16.2.2.1.1 Seven-Wire Ethernet MAC-PHY Interface

The Ethernet module can operate in a 10 Mbps mode using a 7-wire interface to an external physical
interface. Serial mode connections to the external transceiver are defined in Table 16-2.

Table 16-2. 7-Wire Interface

Signal Description FEC Pin

Transmit clock TX_CLK
Transmit enable TX_EN
Transmit Data TXDI[0]
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16.2.2.1.2

16.2.2.2

Table 16-2. 7-Wire Interface (continued)

Signal Description FEC Pin
Collision COL
Receive Clock RX_CLK
Receive Enable RX_DV
Receive Data RXD[0]
Unused FEC inputs — tie to GND RX_ER, CRS, RXDI[3:1], MDI
Unused FEC outputs — ignore TX_ER, TXD[3:1], MDC, MDO, MDEN

MIl Ethernet MAC-PHY Interface
MII interface is defined in the IEEE 803.3 standard. Table 16-1 lists the MII interface with keyword MII.

Signal Description

The MII interface consists of 18 signals. The transmit and receive functions require seven signals each:
four data signals, a delimiter, error, and clock. In addition, there are two signals that indicate the status of
the media; one indicates the presence of a carrier and the second indicates a collision has occurred. The
remaining two signals provide a management interface. Each MII signal is described in Table 16-3.

Table 16-3. Detailed Signal Descriptions

Signal I/O Description
TX _CLK I State |Asserted—A continuous clock that provides a timing reference for TX_EN, TXD, and TX_ER.
Meaning
Timing |Asserted—The frequency of TX_CLK is 25% of the transmit data rate, +/- 100 ppm. Duty cycle
is 35%-65%, inclusive.
RX_CLK | State |Asserted—A continuous clock that provides a timing reference for RX_DV, RXD, and RX_ER.
Meaning
Timing |Asserted—The frequency of RX_CLK is 25% of the receive data rate, with a duty cycle between
35% and 65%.
TX_EN (0] State |Asserted—Assertion of this signal indicates there are valid nibbles being presented on the MII.
Meaning
Timing [Asserted—This signal is asserted with the first nibble of preamble and is negated prior to the
first TX_CLK following the final nibble of the frame.
TXD (0] State |Asserted—TXD<3:0> represent a nibble of data when TX_EN is asserted and has no meaning
Meaning |when TX_EN is deasserted.
Timing |Asserted—Table 16-1 summarizes the permissible encoding of TXD.
TX_ER (0] State |Asserted—Assertion of this signal for one or more clock cycles while TX_EN is asserted
Meaning |causes the PHY to transmit one or more illegal symbols.
Timing |Asserted—Asserting TX_ER has no effect when operating at 10 Mbps or when TX_EN is
deasserted. This signal transitions synchronously with respect to TX_CLK.
RX_DV | State |Asserted—When this signal is asserted, the PHY indicates a valid nibble is present on the MII.
Meaning
Timing |Asserted—This signal remains asserted from the first recovered nibble of the frame through the

last nibble. Assertion of RX_DV must start no later than the SFD and excludes any EOF.
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Table 16-3. Detailed Signal Descriptions (continued)

Signal I/O Description

RXD | State |Asserted—RXD<3:0> represents a nibble of data to be transferred from the PHY to the MAC
Meaning |when RX_DV is asserted. A completely formed SFD must be passed across the Mil.

Timing |Asserted—When RX_DV is not asserted, RXD has no meaning. There is an exception to this
explained later. Table 16-5 summarizes the permissible encoding of RXD.

RX_ER | State |Asserted—When RX_ER and RX_DV are asserted, the PHY has detected an error in the
Meaning |current frame.

Timing [Asserted—When RX_DV is not asserted, RX_ER has no effect. This signal transitions
synchronously with RX_CLK.

CRS | State |Asserted—This signal is asserted when the transmit or receive medium is not idle. If a collision
Meaning |occurs, CRS remains asserted through the duration of the collision.

Timing |Asserted—This signal is not required to transition synchronously with TX_CLK or RX_CLK.

COL | State |Asserted—This signal is asserted upon detection of a collision and remains asserted while the
Meaning |collision persists. The behavior of this signal is not specified when in full-duplex mode.

Timing |Asserted—This signal is not required to transition synchronously with TX_CLK or RX_CLK.

MDC (0] State |Asserted—This signal provides a timing reference to the PHY for data transfers on the MDIO
Meaning |signal. MDC is aperiodic and has no maximum high or low times.

Timing |Asserted—The minimum high and low times are 160ns; the minimum period is 400ns.

MDIO I/O State |Asserted—This signal transfers control/status information between the PHY and MAC. It
Meaning |transitions synchronously to MDC. The MDIO pin is a bidirectional pin. The internal FEC signals
that connect to this pad are MDI (data in), MDO (data out), and MD_EN (direction control, high
for output).

Table 16-4 provides the interpretation of the possible encodings of TX_EN and TX_ER.

Table 16-4. MIl: Valid Encoding of TXD, TX_EN and TX_ER

TX_EN TX_ER TXD Indication
0 0 0000 through 1111 Normal inter-frame
0 1 0000 through 1111 Reserved
1 0 0000 through 1111 Normal data transmission
1 1 0000 through 1111 Transmit error propagation

A false carrier condition occurs if the PHY detects a bad start-of-stream delimiter. This condition is
signaled to the MII by asserting RX_ER and placing 1110 on RXD. RX_DV must also be deasserted. The
valid encodings of RX_DV, RX_ER, and RXD[3:0] are shown in Table 16-5.

Table 16-5. MIl: Valid Encoding of RXD, RX_ER, and RX_DV

RX_DV RX_ER RXD Indication
0 0 0000 through 1111 Normal inter-frame
0 1 0000 Normal inter-frame
0 1 0001 through 1101 Reserved
0 1 1110 False carrier
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Table 16-5. MIl: Valid Encoding of RXD, RX_ER, and RX_DV (continued)

RX_DV RX_ER RXD Indication
0 1 1111 Reserved
1 0 0000 through 1111 Normal data reception
1 1 0000 through 1111 Data reception with errors

16.2.2.2.1 MIl Data Frame

Ethernet/802.3 data frames transmitted across the MII have the following format:
<inter-frame><preamble><sfd><data><efd>

The inter-frame period is an unspecified amount of time during which no data activity occurs on the MIlI.
The deassertion of RX_DV and TX_EN indicates the absence of data activity.

The preamble begins a frame and has a bit value of the following:
10101010 10101010 10101010 10101010 10101010 10101010 10101010

The left-most 1 represents the LSB of the byte.
The SFD represents the start of a frame and has the bit value 10101011.

The data portion of the frame consists of N octets that corresponds to 2N nibbles being transmitted. The
order of each nibble is defined in Figure 16-2.

LSB First Nibble Second Nibble MSB

First
git| DO D1 D2 D3 D4 D5 D6 D7

LSB

T
I
I
DO -—— =+ -+ — =

D1 - —— 4 - — = = -

D2 il -

B — = -

MSB MII Nibble

Figure 16-2. Mll Nibble/Octet to Octet/Nibble Mapping

The end-of-frame delimiter is indicated by the deassertion of the TX_EN signal for data on TXD. For data
on RXD, the deassertion of RX_DV constitutes an end-of-frame delimiter.

MPC5121e Microcontroller Reference Manual, Rev. 4

16-8 Freescale Semiconductor



Fast Ethernet Controller (FEC)

16.2.2.2.2 MIl Management Frame Structure

A transceiver management frame transmitted on the M1l management interface uses the MDIO and MDC
pins. A transaction or frame on this serial interface has the following format:

<preamble><st><op><phyad><regad><ta><data><idle>
The (optional) preamble consists of a sequence of 32 continuous logic ones.
The start of frame (ST) is indicated by a <01> pattern.
The operation code (OP) for a read instruction is <10>. For a write operation, the operation code is <01>.

The PHYAD is a 5-bit field that allows for up to 32 PHYs to be addressed. The first address bit transmitted
is the MSB of the address.

The REGAD is a 5-bit field that allows for 32 registers to be addressed within each PHY. The first register
bit transmitted is the MSB of the address.

The TA field is a 2-bit field that provides spacing between the register address field and the data field,
avoiding contention on the MDIO signal during a read operation.

The data field is 16 bits wide. The first data bit transmitted and received is data bit 15.
During the idle condition, MDIO is in the high impedance state.

The MII management register set located in the PHY may consist of a basic register set and an extended
register set, as defined in Table 16-6.

Table 16-6. MIl Management Register Set

Register Address Register Name Basic/Extended

0 Control B

1 Status B

2,3 PHY ldentifier E

4 Auto-negotiation advertisement E

5 AN link partner ability E

6 AN expansion E

7 AN next page transmit E

8-15 Reserved E

16-31 Vendor specific E

16.3 Memory Map and Register Definition

16.3.1 Overview

The FEC is programmed by a combination of control/status registers (CSRs) and buffer descriptors. The
CSRs are used for mode control, interrupts, and to extract status information. The descriptors are used to
pass data buffers and related buffer or frame information between the hardware and software.
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All accesses to and from the registers must be via 32-bit accesses. There is no support for accesses other
than 32-Dbit.

This section defines the memory map and the registers, and then defines the buffer descriptors.

16.3.2

The FEC implementation requires a 1 KB memory map space that is divided into two sections of 512 bytes
each. The first is used for control/status registers. The second contains event/statistic counters held in the
MIB block. Table 16-7 defines the top-level memory map.

Top-Level Module Memory Map

Table 16-7. Module Memory Map

Address Function
0x000-1FF Control/status registers
0x200-3FF MIB block counters

16.3.3

Table 16-8 shows the address of the register, what block the register pertains to, the name of the register,
and a brief description of the register.

Detailed Memory Map—Control/Status Registers

Table 16-8. FEC memory map

Offset from
FEC_BASE! Register Access? | Reset Value® | Section/Page
OxFF40_2800

0x000 FEC Identification Register (ETH_FEC_ID) R/W | 0x0000_0000 | 16.3.5.1/16-14

0x004 Interrupt Event Register (ETH_IEVENT) R/W | 0x0000_0000 | 16.3.5.2/16-15

0x008 Interrupt Mask Register (ETH_IMASK) R/W | 0x0000_0000 | 16.3.5.3/16-17

0x00C Reserved

0x010 CSR Receive Descriptor Active Register R/W | 0x0000_0000 | 16.3.5.4/16-18

(ETH_R_DES_ACTIVE)

0x014 Transmit Descriptor Active Register (ETH_X_DES_ACTIVE) | R/W | 0x0000_0000 | 16.3.5.5/16-19
0x018-0x023 Reserved

0x024 Ethernet Control Register (ETH_ECNTRL) R/W | 0x0000_0000 | 16.3.5.6/16-20
0x028-0x03C Reserved

0x040 MII Management Frame Register (ETH_MII_DATA) R/W | 0x0000_0000 | 16.3.5.7/16-21

0x044 MII Speed Control Register (ETH_MII_SPEED) R/W | 0x0000_0000 | 16.3.5.8/16-22
0x048-0x063 Reserved

0x064 Control Register (ETH_MIB_CONTROL) R/W | OxC0O00_0000 | 16.3.5.9/16-23
0x068-0x083 Reserved

0x084 Receive Control Register (ETH_R_CNTRL) R/W | OXO5EE_0001 | 16.3.5.10/16-24
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Table 16-8. FEC memory map (continued)

Fast Ethernet Controller (FEC)

Offset from

2

FEC_BASE! Register Access? | Reset Value® | Section/Page
OxFF40_2800

0x088 Receive Hash Register (ETH_R_HASH) R 0x0000_0000 |16.3.5.11/16-25
0x08C-0x0C3 Reserved

0x0C4 Transmit Control Register (ETH_X_CNTRL) R/W | 0x0000_0000 |16.3.5.12/16-26
0x0C8-0x0E3 Reserved

OxOE4 Physical Address Low Register (ETH_PADDR1) R/W | 0x0000_0000 |16.3.5.13/16-27

OxOE8 Physical Address High Register (ETH_PADDR?2) R/W | 0x0000_8808 |16.3.5.14/16-28

OxOEC Opcode/Pause Duration Register (ETH_OP_PAUSE) R/W | 0x0001_UUUU | 16.3.5.15/16-28
0xOF0-0x117 Reserved

0x118 Descriptor Individual Address Register 1 (ETH_IADDR1) R/W —4 16.3.5.16/16-29

0x11C Descriptor Individual Address Register 2 (ETH_IADDR2) R/W —4 16.3.5.17/16-30

0x120 Descriptor Group Address Register 1 (ETH_GADDR1) R/W —4 16.3.5.18/16-30

0x124 Descriptor Group Address Register 2 (ETH_GADDR?2) R/W —4 16.3.5.19/16-31
0x128-0x143 Reserved

0x144 FIFO Transmit FIFO Watermark Register (ETH_X_WMRK) R/W | 0x0000_0000 | 16.3.5.20/16-31

0x148 Reserved

0x14C FIFO Receive Bound Register (ETH_R_BOUND) R 0x0000_0600 |16.3.5.21/16-32

0x150 FIFO Receive Start Register (ETH_R_FSTART) R/W | 0x0000_0500 | 16.3.5.22/16-33
0x154-0x17F Reserved

0x180 Beginning of Receive Descriptor Ring Register R/W —4 16.3.5.23/16-33

(ETH_R_DES_START)
0x184 Beginning of Transmit Descriptor Ring Register R/W —4 16.3.5.24/16-34
(ETH_X_DES_START)

0x188 Buffer Size Register (ETH_R_BUFF_SIZE) RIW —4 16.3.5.25/16-35
0x18C-0x1FO0 Reserved

Ox1F4 DMA Function Control Register (ETH_DMA_CONTROL) R/W 0xU000_0000 |16.3.5.26/16-35

0x1F8—0x1FF

Reserved

Default absolute offset with IMMRBAR at default location of 0XFF40_0000. See Chapter 2, “System Configuration and Memory
Map (XLBMEN + Mem Map).”

In this column, R/W = Read/Write, R = Read-only, and W = Write-only.
3 In this column, the symbol “U” indicates one or more bits in a byte are undefined at reset. See the associated description for

more information.

Reset value is indeterminate.
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16.3.4 MIB Block Counters Memory Map

Table 16-9 defines the MIB counters memory map, which defines the locations in the MIB RAM space
where hardware-maintained counters reside. These fall in the 0x0200-0x03FF address offset range. The
counters are divided into two groups.

RMON counters cover the Ethernet statistics counters defined in RFC 1757. In addition to the counters
defined in the Ethernet statistics group, a counter is included to count truncated frames because the FEC
supports frame lengths only as large as 2047 bytes. The RMON counters are implemented independently
for transmit and receive to ensure accurate network statistics when operating in full-duplex mode.

IEEE counters support the mandatory and recommended counter packages defined in section 5 of
ANSI/IEEE Std. 802.3 (1998 edition). The IEEE basic package objects are supported by the FEC, but do
not require counters in the MIB block. In addition, some of the recommended package objects that are
supported do not require MIB counters. Counters for transmit and receive full-duplex flow control frames
are also included.

Table 16-9. MIB Counters

Offset from
FEC_BASE! Register Access? | Reset Value® | Section/Page
OxFF40_2800

0x200 RMON_T_DROP—Frames counted incorrectly

0x204 RMON_T_PACKETS—RMON TX packet count

0x208 RMON_T_BC_PKT—RMON TX broadcast packets

0x20C RMON_T_MC_PKT—RMON TX multicast packets

0x210 RMON_T_CRC_ALIGN—RMON TX packets with CRC/align error

0x214 RMON_T_UNDERSIZE—RMON TX packets < 64 bytes; good CRC

0x218  |RMON_T_OVERSIZE—RMON TX packets > MAX_FL bytes; good
CRC

0x21C RMON_T_FRAG—RMON TX packets < 64 bytes; bad CRC

0x220 RMON_T_JAB—RMON TX packets > MAX_FL bytes; bad CRC

0x224 RMON_T_COL—RMON TX collision count

0x228 RMON_T_P64—RMON TX 64-byte packets

0x22C RMON_T_P65T0O127—RMON TX 65- to 127-byte packets

0x230 RMON_T_P128T0O255—RMON TX 128- to 255-byte packets

0x234 RMON_T_P256TO511—RMON TX 256- to 511-byte packets

0x238 RMON_T_P512T01023—RMON TX 512- to 1023-byte packets

0x23C RMON_T_P1024TO2047—RMON TX 1024- to 2047-byte packets

0x240  |RMON_T_P_GTE2048—RMON TX packets with > 2048 bytes

0x244 RMON_T_OCTETS—RMON TX octets
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Table 16-9. MIB Counters (continued)

Fast Ethernet Controller (FEC)

Offset from
FEC_BASE!
0xFF40_2800

Register

Access

Reset Value3

Section/Page

0x248 IEEE_T_DROP—Frames counted incorrectly

0x24C IEEE_T_FRAME_OK—Frames transmitted OK

0x250 IEEE_T_1COL—Frames transmitted with single collision

0x254 IEEE_T_MCOL—Frames transmitted with multiple collisions
0x258 I