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About This Book

The MSC8113 device is based on the StarCore® SC140 DSP core. It addresses the challenges of
the networking market. The benefits of the MSC8113 include not only avery high level of
performance but also a product design that enables effective software development and
integration. Itstool suite provides afull-featured development environment for C/C++ and
assembly languages as well as ease of integration with third-party software, such as off-the-shelf
libraries and a real-time operating system. The MSC8113 islogically partitioned into three
distinct blocks: three extended cores, a system interface unit (SIU), and communications

peripherals.

Read
Chapters 19-25

Read Chapters 1-3 for an
overview of the entire system.

for information on the
communications

peripherals. Serial I/0<» COmmunications

Peripherals

SIU < System Bus

Read Chapters 2 and 9
for an overview of the
SC140 extended core. Also, consult the

SC140 StarCore DSP Core
Reference Manual.

Read Chapters 4-8 for details
on configuration and reset,
including the SIU modules

and functions.

Three Extended Cores <+» Direct Slave Interface

Read Chapters 10-18 for
details on data operations
and exception processing.

Three Extended Cores

Each extended core contains an SC140 DSP core with
internal memory for data and program storage, peripheral
hardware, and two interrupt controllers. Memory includes 224
KB (896 KB total) of zero wait state SRAM and 16 KB (64 KB
total) of instruction cache. The MSC8113 also includes 476
KB of shared memory (M2) and 4 KB of boot ROM. Minimum
code density is achieved using a 16-bit instruction set that is
grouped into execution sets by the compiler (or by the
programmer) for high instruction parallelism.The DSI provides
a glueless 32/64-bit interface to a host processor for data and
command communication. The programmable interrupt
controller (PIC) and local interrupt controller (LIC) process all
internal interrupt requests, notifying the SC140 DSP cores or
external devices of an interrupt event.

SIU

Supports internal and
external system-related
functions. The SIU
includes hardware such
as a direct memory
access (DMA)
controller, clocks, and
reset configuration
registers. It also
includes the memory
controllers, which
interface to external
memory devices and/or
other devices such as a
system host or other
DSPs.

MSC8113 Reference Manual, Rev. 0

Communications
Peripherals

Includes four TDM
interfaces with 256
channels each, a UART,
thirty-two 16-bit timers,
thirty-two programmable
GPIO signals, eight
hardware semaphore
registers, an 12C software
module, an Ethernet
interface, and a global
interrupt controller (GIC).
The serial interfaces give
additional functionality and
flexibility. The semaphore
registers provide resource
control for external hosts.
The GIC extends interrupt
handling capability.
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Before Using This Manual—Important Note

Thismanual describes the structure and function of the MSC8113 device. Theinformation in this
manual is subject to change without notice, as described in the disclaimers on thetitle page of this
manual. Aswith any technical documentation, it isyour responsibility asthe reader to ensure that
you are using the most recent version of the documentation. For more information, contact your
sales representative.

Before using this manual, determine whether it is the latest revision and whether there are errata
or addenda. To locate any published errata or updates associated with this manual or this product,
refer to the Freescale web site. The address for the web site is listed on the back cover of this
manual.

Audience and Helpful Hints

This manual isintended for software and hardware devel opers and applications programmers
who want to develop products with the MSC8113. It is assumed that you have a working
knowledge of DSP technology and that you may be familiar with Freescale products based on the
Freescale DSP56000 or DSP56300 core. Familiarity with Freescale DSP productsis not
necessary.

For your convenience, the chapters of this manual are organized to make the information flow as
predictably as possible. When feasible, the information in each chapter follows this general
sequence:

B Features

Architecture

Signals

Operation/operating modes
Programming

Programming Examples

B Programming Model (registers)

In chapters that include a Programming Model section, this section is the last one in the chapter,
or modul e subsection for those chapters that include multiple modules, and describes all registers
for the module discussed. The Programming Model section begins with a bulleted overview of
the registers that includes the page number where the description of each register begins.

MSC8113 Reference Manual, Rev. 0
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Notational Conventions and Definitions

This manual uses the following notational conventions:

mnemonics

COMMAND
names

italics

Ox
Ob
REG[FIELD]

ACTIVE HIGH
SIGNALS

ACTIVE LOW
SIGNALS

X

I nstruction mnemonics appear in lowercase bold.

Command names are set in small caps, asfollows. GRACEFUL STOP TRANSMIT
Or ENTER HUNT MODE.

Book titlesintext are set in italics, as are cross-referenced section titles. Also,
italics are used for emphasis and to highlight the main itemsin bulleted lists.

Prefix to denote a hexadecima number.
Prefix to denote a binary number.

Abbreviations or acronyms for registers or buffer descriptors appear in
uppercase text. Specific bits, fields, or numeric ranges appear in brackets. For
example, ICR[INIT] refersto the Force Initialization bit in the host Interface
Control Register.

Names of active high signals appear in sans serif capital letters, asfollows:
TT[04], TSIZ[0-3], and DP[0-7].

Signal names of active low signals appear in sans serif capital letters with an
overbar, as follows: DBG, AACK, and EXT_BGI[2].

A lowercaseitalicized x in aregister or signal name indicates that there are
multiple registers or signals with this name. For example, BRCGx refers to
BRCG[1-8], and MxMR refersto the MAMR/MBMR/MCMR registers.

On the MSC8113 device, the SC140 cores are 16-hit DSP processors. The following table shows
the SC140 assembly language data types. For details, see the StarCore SC140 DSP Core
Reference Manual (MNSC140CORE/D).

Name SC140
Byte/Octet 8 bits

Half Word 8 bits

Word 16 hits
Long/Long Word/2 Words 32 bits
Quad Word/4 Words 64 bits

The following table lists the SC140 C language data types recognized by the StarCore C
compiler. For details, see the Star Core SC100 C Compiler User’s Manual (MNSC100CC/D).

Name Size
char/unsigned char 8 bits
short/unsigned short 16 bits
int/unsigned int 16 bits

MSC8113 Reference Manual, Rev. 0
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Name Size
fractional short 16 hits
long/unsigned long 32 bits
fractional long 32 bits
pointer 32 hits

Conventions for Registers

The Programming Model section of each chapter includes aregister bit table for each register in
that module, as well as atable describing each bit in the register. The register bit table not only
shows the names and positions of the bitg/bit fields but also their reset value, value after boot, and
their type (Read/Write). For registers that are not changed by the system boot, no boot lineis
listed. The register address is shown with the register name and mnemonic. Reserved bits/fields
areindicated with along dash (—). In the PPC_ALRH shown below, al of the bits are read/write
(R/W). Other registers may include read-only (R) and write-only (W) bits. Notice that the most

significant bit (MSB) is O, or little-endian order.
PPC_ALRH System Bus Arbitration-Level Register

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

Priority Field 0 | Priority Field 1 | Priority Field 2 Priority Field 3

Type R/W

Reset 0 0 0 0 0 0 0 1 0 0 1 0
Boot 1 1 0 1 1 0 1 0 0 1 0 1 0 1 0

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

Priority Field 4 Priority Field 5 Priority Field 6 Priority Field 7

Type R/W

Reset 0 0 1 1 0 1 0 0 0 1 0 1 0 1 1
Boot 0 1 1 1 1 0 0 0 1 0 0 1 1 1 1 0

Organization

Following is asummary and a brief description of the chapters of this manual:

B Chapter 1, MSC8113 Overview. Features, descriptive overview of main modules,
configurations, and application examples.

B Chapter 2, SC140 Core Overview. Target markets, features, overview of development
tools, descriptive overview of main modules.

B Chapter 3, External Signals. Identifies the external signals, lists signal groupings,
including the number of signal connections in each group, and describes each signal
within afunctional group.
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B Chapter 4, System Interface Unit (SIU). Describes the modules and functions of the
SIU, which controls system start-up and initialization as well as operation, protection, and
the external 60x-compatible system bus.

B Chapter 5, Reset. Covers reset sources, causes, and configurations; gives examples of
different reset configuration scenarios, including systems with multiple MSC8113s.

B Chapter 6, Boot Program. Describes the bootloader program, which loads and executes
source code that initializesthe MSC8113 after it completes areset sequence and programs
its registers for the required mode of operation. This chapter covers selection of
bootloader modes, normal sequence of events for bootloading a source program, and
booting in a multi-processor environment.

B Chapter 7, Clocks. Contains an overview of the MSC8113 clock module. For complete
clock information, refer to the MSC8113 Technical Data sheet. The data sheet is available
in PDF format on the Freescale web site listed on the back cover of this manual.

B Chapter 8, Memory Map. Defines the address spaces for all M SC8113 modules; includes
cross references to all registers discussed.

B Chapter 9, Extended Core. Describes the structure of the extended core, which includes
the SC140 core, its internal memory (M1), the extended QBus structure (EQBYS), the
Instruction Cache (ICache), the programmable interrupt controller (PIC), and the local
interrupt controller (LI1C).

B Chapter 10, MQBusand M2 Memory. Describes how the MQBus supports a multi-core
environment by allowing all three SC140 cores to share the M2 memory through the
MQBus. The MQBus ensures alow missratio for SC140 | Cache accesses.

B Chapter 11, SQBus. Explainsthe structure and function of the SQBus, whichisavailable
to al SC140 coresto fetch program code from external memory on the system bus.

B Chapter 12, Memory Controller. Coversthe features and basic architecture of the
memory controller, which is part of the system interface unit (SIU). The memory
controller provides an interface to internal DSP memory and DSP peripherals residing on
theinternal local bus and also to external memory and peripheral devices on the external
60x-compatible system bus. In addition to features and basic architecture, this chapter
extensively covers the three basic machines that compose the memory controller:
synchronous DRAM machine (SDRAM), general -purpose chip-select machine (GPCM),
and the user-programmable machines (UPMs).

B Chapter 13, System Bus. Discusses the system bus, which is a 60x-compatible bus that
provides flexible support for the on-chip SC140 cores as well as other internal and
external 60x-compatible bus masters.

B Chapter 14, Direct Slave Interface (DSI). Discusses the DSI host interface, whichisa
32/64-bit wide, full-duplex, double-buffered, parallel port that can directly connect to the
data bus of a host processor. The DSI supports a variety of buses and provides glueless
connection with a number of industry-standard microcomputers, microprocessors, and
DSPs.
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Chapter 15, Hardware Semaphores. Describes the function and programming of the
hardware semaphores, which control resource sharing.

Chapter 16, Direct Memory Access (DMA) Controller. Describes the different DMA
operating modes, transfer types, and buffer types. The chapter aso gives procedures for
programming different types of transfers. The multi-channel DMA controller includes
hardware support for up to 16 time-multiplexed channels including buffer alignment,
connects to both the system bus and the local bus, and functions as a bridge between both
buses. The DMA controller supports flyby transactions on either bus. and enables hot
swaps between channels, by using time-multiplexed channels that impose no cost in clock
cycles.

Chapter 17, Interrupt Processing. Discusses the three interrupt controllers that provide
maximum flexibility in handling MSC8113 interrupts, enabling interrupts to be handled
by the SC140 core internally, by an external host, or by a combination of the two; also
discusses source priority schemes.

Chapter 18, Debugging. Includes aspects of the JTAG implementation that are specific
to the SC140 and should be used with the supporting | EEE® Std. 1149.1™
documentation. The discussion covers the items that the standard requires to be defined
and provides additional information specific to the MSC8113 implementation.

Chapter 19, Internal Peripheral Bus (IPBus). Describes the internal periphera buss
(IPBus), the devices that connect to it, energy management capabilities for devices on the
bus (Stop modes), and the programming model.

Chapter 20, TDM Interface. Describes the four TDM interfaces. Each can handle up to
256 channels. The interfaces support the seria busrate and format for most standard TDM
buses, including T1 and E1 highways, pulse-code modulation (PCM) highway, and the
ISDN buses in both basic and primary rates.

Chapter 21, UART. Describesthe UART interface, which isafull-duplex serial port
used to communicate with other devices.

Chapter 22, Timers Discusses the 32 identical 16-bit general-purpose timersresiding in
two timer modules (A and B) that each have their set of configuration registers.

Chapter 23, GPIO. Discusses the thirty-two GPIO signals. Each pin is multiplexed with
aTDM, UART, or timer signal and can be configured as an input or output or a dedicated
peripheral pin. Part of the pins can be configured as open-drain (that is, the pin can be
configured in awired-OR configuration on the board). The pin drives a zero voltage but
tri-states when driving a high voltage.

Chapter 24, 12C Software Module. Describes the 12C interface. which allows the
MSC8113 to boot from a serial EEPROM device.

Chapter 25, Ethernet Controller. Discusses the Ethernet controller, which supportsthree
modes of operation: MII, RMII, and SMII.
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B Appendixes:
— Appendix A, Programming Reference.
— Appendix B, MSC8113 Dictionary.
— Appendix C, MSC8113 Boot Code.

Other MSC8113 Documentation

Y ou can find the following documents on the Freescale Semiconductor web site listed on the
back cover of this manual.

B MSC8113 Technical Data sheet (MSC8113). Details the signals, AC/DC characteristics,
PLL/DLL performance issues, clock configuration and signal characteristics, package and
pinout, and electrical design considerations of the MSC8113 device.

B Application Notes. Cover various programming topics rel ated to the StarCore DSP core
and the MSC8113 device.

Further Reading

B SarCore SC140 DSP Core Reference Manual. Covers the SC140 core architecture,
control registers, phase lock loop (PLL), clock registers, hardware debug capabilities
(EONCE), program control, and instruction set.
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MSC8113 Overview 1

The MSC8113 deviceisahighly integrated DSP that combines three StarCore SC140 cores with
large internal memory spaces, an extended core, and several industry-standard peripherals and
external interfacesto target highly computational DSP network and communication applications.
The device is optimized for high-bandwidth wireless transcoding and a high-density packet
telephony DSP farm, as well as high-bandwidth base station applications. The MSC8113 delivers
enhanced performance while maintaining low power dissipation and greatly reducing overall
system cost.

Each SC140 core has four ALUs that provide performance of up to 1600 DSP million multiply
and accumulate commands per second (MMACYS) using an internal 400 MHz clock. The
M SC8113 three-core device therefore delivers atotal performance of up to 4800 DSP MMACS.

Each coreis part of an extended core that includes alevel-1 224 KB internal memory (M1) for
program and data storage, a 16 KB 16-way instruction cache (ICache), afetch unit for the

| Cache, and a 4-entry write buffer queue for boosting core performance. Each extended core also
includes a programmable interrupt controller (PIC), alocal interrupt controller (LIC), and
debugging registersin an Enhanced On-Chip Emulation (EONCE) module and JTAG TAP
controller. All the extended cores share an internal 476 KB level-2 memory (M2) and a genera
interrupt controller (GIC).

The external interfaces and peripherals include a system and local bus managed by a system
interface unit (SIU) and memory controller, a 32/64-bit direct slave interface (DSI) port, four
256-channel TDM interfaces, a serial universal asynchronous receiver/transmitter (UART),
timers, an Ethernet interface that can operate in any of three modes (M11, RMII, or SMI1), an 12C
interface to allow booting from a serial EEPROM, and general-purpose input/output (GPIO)
ports.The MSC8113 device is backward-compatible with the MSC8102; that is, it can replace a
MSC8102 device and execute the same code with no modifications.

MSC8113 Reference Manual, Rev. 0
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8113 Overview

1.1 Features

The tables in this section list the features of the MSC8113 device.

Table 1-1. Extended SC140 Cores and Core Memories

Feature

Description

SC140 Core

Three SC140 cores:

* Up to 4800 MMACS using 12 ALUs running at up to 400 MHz.

» Atotal of 1196 KB of internal SRAM (224 KB per core).

Each SC140 core provides the following:

» Up to 1600 MMACS using an internal 400 MHz clock. A MAC operation includes a
multiply-accumulate command with the associated data move and pointer update.

e 4 ALUs per SC140 core.

» 16 data registers, 40 bits each.

» 27 address registers, 32 bits each.

» Hardware support for fractional and integer data types.

« Very rich 16-bit wide orthogonal instruction set.

» Up to six instructions executed in a single clock cycle.

» Variable-length execution set (VLES) that can be optimized for code density and
performance.

« |IEEE Std. 1149.1 JTAG port.

« Enhanced on-device emulation (EOnCE) with real-time debugging capabilities.

Extended Core

Each SC140 core is embedded within an extended core that provides the following:

» 224 KB M1 memory that is accessed by the SC140 core with zero wait states.

» Support for atomic accesses to the M1 memory.

« 16 KB instruction cache, 16 ways.

A four-entry write buffer that frees the SC140 core from waiting for a write access to
finish.

» External cache support by asserting the global signal (GBL) when predefined memory
banks are accessed.

* Programmable Interrupt Controller (PIC).

 Local Interrupt Controller (LIC).

Multi-Core Shared Memories

* M2 memory (shared memory):

— A 476 KB memory working at the core frequency.

— Accessible from the local bus

— Accessible from all three SC140 cores using the MQBuUS.
» 4 KB bootstrap ROM.

M2-Accessible Multi-Core Bus

» A QBus protocol multi-master bus connecting the three SC140 cores to the M2
memory.

» Data bus access of up to 128-bit read and up to 64-bit write.

« Operation at the SC140 core frequency.

(MQBus) A central efficient round-robin arbiter controlling SC140 core access on the MQBus.
» Atomic operation control of access to M2 memory by the three SC140 cores and the
local bus.
Table 1-2. Phase-Lock Loop (PLL)
Feature Description
» Generates up to 500 MHz core clock and up to 166 MHz bus clocks for the
Internal PLL 60x-compatible local and system buses and other modules.

» PLL values are determined at reset based on configuration signal values.

MSC8113 Reference Manual, Rev. 0
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Features

Table 1-3. Buses and Memory Controller

Feature Description
* 64/32-bit data and 32-bit address 60x bus.
» Support for multiple-master designs.
» Four-beat burst transfers (eight-beat in 32-bit wide mode).
» Port size of 64, 32, 16, and 8 controlled by the internal memory controller.
System Bus » Bus can access external memory expansion or off-device peripherals, or it can enable

an external host device to access internal resources.

Slave support, direct access by an external host to internal resources including the M1
and M2 memories.

On-device arbitration between up to four master devices.

Direct Slave Interface (DSI)

A 32/64-bit wide slave host interface that operates only as a slave device under the
control of an external host processor.

21-25 bit address, 32/64-bit data.

Direct access by an external host to internal resources, including the M1 and the M2
memories as well as external devices on the system bus.

Synchronous and asynchronous accesses, with burst capability in the synchronous
mode.

Dual or Single strobe modes.

Write and read buffers improve host bandwidth.

Byte enable signals enables 1, 2, 4, and 8 byte write access granularity.

Sliding window mode enables access with reduced number of address pins.

Chip ID decoding enables using one CS signal for multiple DSPs.

Broadcast CS signal enables parallel write to multiple DSPs.

Big-endian, little-endian, and munged little-endian support.

3-Mode Signal Multiplexing

64-bit DSI and 32-bit system bus.
32-bit DSI and 64-bit system bus.
32-bit DSI and 32-bit system bus.

Memory Controller

Flexible eight-bank memory controller:

Three user-programmable machines (UPMs), general-purpose chip-select machine
(GPCM), and a page-mode SDRAM machine
Glueless interface to SRAM, page mode SDRAM, DRAM, EPROM, Flash memory,
and other user-definable peripherals.
Byte enables for either 64-bit or 32-bit bus width mode.
Eight external memory banks (banks 0-7). Two additional memory banks (banks 9,
11) control IPBus peripherals and internal memories. Each bank has the following
features:

— 32-bit address decoding with programmable mask.

— Variable block sizes (32 KB to 4 GB).

— Selectable memory controller machine.

— Two types of data errors check/correction: normal odd/even parity and

read-modify-write (RMW) odd/even parity for single accesses.

— Write-protection capability.

— Control signal generation machine selection on a per-bank basis.

— Support for internal or external masters on the system bus.

— Data buffer controls activated on a per-bank basis.

— Atomic operation.

— RMW data parity check (on system bus only).

— Extensive external memory-controller/bus-slave support.

— Parity byte select pin, which enables a fast, glueless connection to

RMW-parity devices (on system bus only).

— Data pipeline to reduce data set-up time for synchronous devices.

MSC8113 Reference Manual, Rev. 0

Freescale Semiconductor

1-3
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Table 1-4. DMA Controller

Feature

Description

Multi-Channel DMA Controller

» 16 time-multiplexed unidirectional channels.
« Services up to four external peripherals.
» Supports DONE or DRACK protocol on two external peripherals.
» Each channel group services 16 internal requests generated by eight internal FIFOs.
Each FIFO generates:
— A watermark request to indicate that the FIFO contains data for the DMA to
empty and write to the destination.
— A hungry request to indicate that the FIFO can accept more data.
* Priority-based time-multiplexing between channels using 16 internal priority levels.
» Round-robin time-multiplexing between channels.
» A flexible channel configuration:
— All channels support all features.
— All channels connect to the system bus or local bus.
» Flyby transfers in which a single data access is transferred directly from the source to
the destination without using a DMA FIFO.

Table 1-5. Serial Interfaces

Feature

Description

Time-Division Multiplexing
(TDM)

Up to four independent TDM modules, each with the following features:
» Optional operating configurations:
— Totally independent receive and transmit channels, each having one data line,
one clock line, and one frame sync line
— Four data lines with one clock and one frame sync shared among the transmit
and receive lines.
— Glueless interface to E1/T1 framers and switches, as well as to common
buses, such as the ST-BUS.
» Hardware A-law/u-law conversion
* Upto 62.5 Mbps per TDM (62.5 MHz bit clock if one data line is used, 31.25 MHz if
two data lines are used, 15.625 MHz if four data lines are used).
» Up to 256 channels.
» Up to 16 MB per channel buffer (granularity 8 bytes), where A/u law buffer size is
double (granularity 16 byte).
» Receive buffers share one global write offset pointer that is written to the same offset
relative to their start address.
» Transmit buffers share one global read offset pointer that is read from the same offset
relative to their start address.
 All channels share the same word size.
« Two programmable receive and two programmable transmit threshold levels with
interrupt generation that can be used, for example, to implement double buffering.
» Each channel can be programmed to be active or inactive.
e 2-, 4-, 8-, or 16-bit channels are stored in the internal memory as 2-, 4-, 8-, or 16-bit
channels, respectively.
« The TDM Transmitter Sync Signal (TXTSYN) can be configured as either input or
output.
» Frame Sync and Data signals can be programmed to be sampled either on the rising
edge or on the falling edge of the clock.
» Frame sync can be programmed as active low or active high.
» Selectable delay (0-3 bits) between the Frame Sync signal and the beginning of the
frame.
« MSB or LSB first support.
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Features

Table 1-5. Serial Interfaces (Continued)

Feature Description

« Two signals for transmit data and receive data.
* No clock, asynchronous mode.
» Can be serviced either by the SC140 DSP cores or an external host on the system bus
or the DSI.
 Full-duplex operation.
« Standard mark/space non-return-to-zero (NRZ) format.
 13-bit baud rate selection.
» Programmable 8-bit or 9-bit data format.
» Separately enabled transmitter and receiver.
» Programmable transmitter output polarity.
» Two receiver wake-up methods:
— Idle line wake-up.
— Address mark wake-up.
» Separate receiver and transmitter interrupt requests.
 Eight flags, the first five can generate interrupt request:
— Transmitter empty.
— Transmission complete.
— Receiver full.
— Idle receiver input.
— Receiver overrun.
— Noise error.
— Framing error.
— Parity error.
» Receiver framing error detection.
» Hardware parity checking.
» 1/16 bit-time noise detection.
* Maximum bit rate 6.25 Mbps.
* Single-wire and loop operations.

UART

« 32 bidirectional signal lines that either serve the peripherals or act as programmable
General-Purpose 1/0 (GPIO) 1/O ports.

port » Each port can be programmed separately to serve up to two dedicated peripherals,
and each port supports open-drain output mode.

I2C Software Module » Supports booting from a serial EEPROM

MSC8113 Reference Manual, Rev. 0
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Table 1-5. Serial Interfaces (Continued)

Feature Description

» Designed to comply with IEEE Std. 802.3™, 802.3u™, 802.3x™, and 802.3ac™
» Three Ethernet physical interfaces:
— 10/100 Mbps IEEE Std. 802.3 MII.
— 10/100 Mbps RMII.
— 10/100 Mbps SMII.
 Full and half-duplex support.
« |EEE Std. 802.3® full-duplex flow control (automatic PAUSE frame generation or
software programmed PAUSE frame generation and recognition).
» Support of out-of-sequence transmit queue (for initiating flow-control).
* Programmable maximum frame length supports jumbo frames (up to 9.6k) and IEEE
Std. 802.1™ virtual local area network (VLAN) tags and priority.
» Retransmission from transmit FIFO following a collision.
» CRC generation and verification of inbound/outbound packets.
» Address recognition:
— Each exact match can be programmed to be accepted or rejected.
— Broadcast address (accept/reject).
— Exact match 48-bit individual (unicast) address.
— Hash (256-bit hash) check of individual (unicast) addresses.
— Hash (256-bit hash) check of group (multicast) addresses.
— Promiscuous mode.
» Pattern matching:
— Up to 16 unique 4-byte patterns.
— Pattern match on bit-basis.
— Matching range up to 256 bytes deep into the frame.
Ethernet Controller — Offsets to a maximum of 252 bytes.
— Programmable pattern size in 4-byte increments up to 64 bytes.
— Accept or reject frames if a match is detected.
— Up to eight unicast addresses for exact matches.
— Pattern matching accepts/rejects IP addresses.
« Filing of receive frames based on pattern match; prioritization of frames.
« Insertion with expansion or replacement for transmit frames; VLAN tag insertion.
* RMON statistics.
» Master DMA on the local bus for fetching descriptors and accessing the buffers.
» Ethernet PHY can be exposed either on GPIO pins or on the high ms bits of the
DSl/system when the DSI and the system bus are both 32 hits.
* MPC8260(PQ2) 8 byte width buffer descriptor mode as well as 32 byte width buffer
descriptor mode.
» MIl Bridge (MIIGSK):
— Programmable selection of the 50 MHz RMII reference clock source (external
or internal).
— Independent 2 bit wide transmit and receive data paths.
— Six operating modes.
— Four general-purpose control signals.
— Programmable transmitted inter-frame bits to support inter-frame gap for
frames in the SMII domain.
» SMIl features:
— Convey complete MIl information between the PHY and MAC.
— Allow direct MAC-to-MAC communication in SMII mode.
— Can generate an interrupt request line while receiving inter-frame segments.

MSC8113 Reference Manual, Rev. 0
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Features

Table 1-6. Miscellaneous Modules

Feature Description
Two modules of 16 timers each. Each timer has the following features:
» Cyclic or one-shot.
* Input clock polarity control.

Timers * Interrupt request when counting reaches a programmed threshold.

» Pulse or level interrupts.

» Dynamically updated programmed threshold.

» Read counter any time.

Watchdog mode for the timers that connect to the device.

Hardware Semaphores

Eight coded hardware semaphores, locked by simple write access without need for
read-modify-write mechanism.

Global Interrupt Controller

» Consolidation of chip maskable interrupt and non-maskable interrupt sources and
routing to INT_OUT, NMI_OUT, and to the cores.
» Generation of 32 virtual interrupts (eight to each SC140 core) by a simple write

(GIC) access. .
« Generation of virtual NMI (one to each SC140 core) by a simple write access.
Table 1-7. Power and Packaging
Feature Description

Reduced Power Dissipation

* Low power CMOS design.

» Separate power supply for internal logic and I/O.

» Low-power standby modes.

« Optimized power management circuitry (instruction-dependent, peripheral-dependent,
and mode-dependent).

» 0.8 mm pitch High Temperature Coefficient for Expansion Flip-Chip Ceramic Ball-Grid
Array (CBGA (HCTE)).

Packaging » 431-connection (ball).
e 20 mm x 20 mm.
Table 1-8. Software Support
Feature Description

Real-Time Operating System
(RTOS)

The Real-Time Operating System (RTOS) fully supports device architecture (multi-core,
memory hierarchy, ICache, timers, DMA controller, interrupts, peripherals), as follows:
» High-performance and deterministic, delivering predictive response time.

» Optimized to provide low interrupt latency with high data throughput.

* Preemptive and priority-based multitasking.

* Fully interrupt/event driven.

« Small memory footprint.

« Comprehensive set of APIs.

Multi-Core Support

» Use of one instance of kernel code in all three SC140 cores.
» Dynamic and static memory allocation from local memory (M1) and shared memory
(M2).

Distributed System Support

Enables transparent inter-task communications between tasks running inside the SC140

cores and the other tasks running in on-board devices or remote network devices:

» Messaging mechanism between tasks using mailboxes and semaphores.

» Networking support; data transfer between tasks running inside and outside the device
using networking protocols.

« Includes integrated device drivers for such peripherals as TDM, UART, and external
buses.

MSC8113 Reference Manual, Rev. 0
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Table 1-8. Software Support (Continued)

Feature Description

« Incorporates task debugging utilities integrated with compilers and vendors.

» Board support package (BSP) for the application development system (ADS).

* Integrated Development Environment (IDE):
— C/C++ compiler with in-line assembly. Enables the developer to generate
highly optimized DSP code. It translates code written in C/C++ into parallel fetch
sets and maintains high code density.
— Librarian. Enables the user to create libraries for modularity.
— Clibraries. A collection of C/C++ functions for the developer’s use.
— Linker. Highly efficient linker to produce executables from object code.
— Debugger. Seamlessly integrated real-time, non-intrusive multi-mode
debugger that enables debugging of highly optimized DSP algorithms. The
developer can choose to debug in source code, assembly code, or mixed mode.
— Simulator. Device simulation models, enables design and simulation before
the hardware arrival.
— Profiler. An analysis tool using a patented Binary Code Instrumentation (BCI)
technique that enables the developer to identify program design inefficiencies.
— Version control. CodeWarrior™ includes plug-ins for ClearCase, Visual
SourceSafe, and CVS.

Additional Features

» External memory.
» External host.
Boot Options * UART.

* TDM.

. 1°C

Table 1-9. Application Development System (ADS) Board

Feature Description

» Host debug through single JTAG connector supports both processors.
* MSC8103 as the MSC8113 host with both devices on the board. The MSC8103
system bus connects to the MSC8113 DSI.
» Flash memory for stand-alone applications.
» Communications ports:
— 10/100Base-T.
— 155 Mbps ATM over Optical.
MSC8113ADS — T1/E1 TDM interface.
- H.110.
— Voice codec.
- RS-232.
— High-density (MICTOR) logic analyzer connectors to monitor MSC8113
signals
— 6U cPCI form factor.
» Emulates MSC8113 DSP farm by connecting to three other ADS boards.

MSC8113 Reference Manual, Rev. 0
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1.2 Architecture

Figure 1-1 shows the MSC8113 block diagram. Note that the arrows on the buses describe the
direction of the address flow; an arrow points from the master of the bus to the slave(s).

Architecture

SC140 SC140 SC140 SC140
Extended Core Extended Core Extended Core Extended Core
mMoBus | | A | | A 128, | | A |
v SQBus 128
Boot 64 Local Bus
ROM
IP Master
¥ ———>| oc |«
Memory
Controller
476 KB Banks 9, 11 P 32 Timers
M2 A
RAM RS-232
_> UART GPIO
IPBus (2c)
< ’ 4 TDMs
32 > 2
' 8 Hardware
Semaphores
| PLL/Clock ST < 10/100 iMII/RMII/SMII R
_> Ethernet |4 >
JTAG Port
— JTAG Controller MII/RMII
- Local Bus
64 > )
Direct
A A Slave DSI Port
Interface =
System DMA . SIU 32/64
Interface Controller Bridge Registers (S
64 * * 4 4 Memory System Bus
Controller
Internal System Bus Banks 0—7 32/64

Figure 1-1. MSC8113 Block Diagram

Dataistransferred to the M SC8113 device from either the system bus port, the DSI, the Ethernet,
the TDM, the Ethernet interface. The SC140 core processes the datain the buffers and the result
istransferred back to one of the ports.

The MSC8113 architecture is optimized so that applications can efficiently use the available
4800 MMACS for the three SC140 cores. For most applications:

B Thedatais accessed for a bounded number of timeswhile the critical codeisrunin loops
for many cycles. DSP applications have a high degree of code locality and alow degree of
datalocality.

B Different channels can share code but do not share data.
B A small portion of the code is run for most of the time (the “20-80" rule).
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8113 Overview

Since the instructions can be shared, atypical application stores them in the shared memory, M2.
Since each DSP core typically spends most of the time running loops of selected routines, these
routines can be stored either in the local M1 memory or automatically fetched to the local cache.
Achieving high hit ratios on the cache prevents core stalls and thus boosts overall performance.
During a miss, instructions are fetched from the M2 memory through the MQBus. Since the miss
ratio is very low, the probability of a collision with another SC140 core on the MQBusis low.
Therefore, the overall fetch latency islow. Since different channels do not typically share data,
the data can be located in the local M1 memory. The architecture is flexible enough to enable
storage of datain M2 as well. In fact, the powerful DMA can perform data overlays between the
M2 and the M1 memories or between the M1 memory of one SC140 core to the M1 memory of
another SC140 core. For example, while performing channel N, the DMA controller can bringin
the data needed for channel N+1. To achieve the best transfer rate, these DMA transfers can be
programmed as flyby transfers, also called “ single access transactions.” For aflyby transfer, the
data path is between a peripheral and memory with the same port size, located on the same bus.
Flyby transactions can occur only between external peripherals and external memories|ocated on
the system bus, between internal peripherals and internal SRAM located on the local bus, and
between internal memories.

The SC140 core accesses the M2 memory through the MQBus. All accesses to other internal
peripherals and accesses external to the M SC8113 occur on a separate bus, the SQBus. This
separation ensures that the latencies for SC140 core accesses to the M2 memory remain aslow as
possible. Write accesses with high latencies are typically routed through the write buffer. The
write buffer can store the write access, release the SC140 core, and execute it at alater time.

The SC140 cores should be focused on the intensive computational work and should not have to
deal with bringing new data buffers. Data can be prepared in the M1 (or M2) memory in a* next”
buffer while the SC140 core processes the ‘ current’ buffer. The SC140 core can use the flexible
DMA controller to transfer large blocks of datafrom the external memory to theinternal memory
and also between the internal memories. In some applications, datais written from an external
host directly to the MSC8113 M1 and M2 memories through the DSI interface while the SC140
handles the computational work in paralldl.

Note: For details on the SC140 core, see Chapter 2, SC140 Core Overview.

1.2.1 Extended Core

The extended core contains the SC140 core, its M1 memory, an instruction cache, awrite buffer,
aprogrammable interrupt controller (PIC), alocal interrupt controller (L1C) and interfaces to the
MQBus and the SQBus through which accesses are performed to addresses outside the extended
core. See Figure 1-2.

Note: Details on extended core functionality are in Chapter 9, Extended Core.
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Architecture

SC140 Core M1
EONCE™ RAM QBC
wa B4 | [ A
Xb 64
b 128 |
v v v
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Cache
128
QBus I I
PIC l
IRQs vy
QBus QBus
LIC Bankl Bank3
|
|
IRQs IRQs
MQBus A\ 4 128
SQBus 128
Local Bus 64

Notes: 1. The arrows show the data transfer direction.
2. The QBus interface includes a bus switch, write buffer, fetch unit, and a
controller that defines four QBus banks.

Figure 1-2. MSC8113 SC140 Extended Core
1.2.1.1 SC140 Core

The SC140 core is aflexible, programmable DSP core that handles compute-intensive
communications applications, providing high performance, low power, and code density. It
efficiently deploys anovel variable-length execution set (VLES), attaining maximum parallelism
by allowing multiple address generation and data arithmetic logic units to execute multiple
operations in asingle clock cycle. The SC140 core contains four ALU units, each with a 16-bit x
16-bit MAC that results in a40-bit wide and 40-bit parallel barrel shifter. Each ALU performs
one MAC operation per clock cycle, so asingle core running at 400 MHz can perform 1600
MMACS. Having three such cores, the MSC8113 can perform up to 4800 MMACS per second.
An address generation unit includes two address arithmetic units and one bit mask unit. There are
also 16 address registers, of which eight can serve as base address registers.

The main reason for the high code density of the SC140 isthat all instructions are 16 bits wide.
During each clock cycle, the SC140 core reads eight instruction words, referred to as a fetch set.
The SC140 core identifies which instructions can be performed in parallel and runs them on the
AL Us and address generation units. In one clock cycle, up to six instructions, four ALU
operations, and two address generation operations can be performed. In the rich instruction set,
specia attention is given to control code, making the SC140 core ideal for applications
embedding DSP and communications. Arithmetic operations are performed using both fractional
and integer data types, enabling the user to choose a style of code development or use coding
techniques derived from an application-specific standard. The programming model of the SC140
coreis highly orthogonal, and both data and instructions reside in one unified memory. The

MSC8113 Reference Manual, Rev. 0
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powerful SC140 compiler translates code written in C/C++ into parallel fetch sets and maintains
high code density and/or high performance by taking advantage of the core high code
orthogonality and unified memory architecture. For details, see the SC140 DSP Core Reference
Manual, MNSC140CORERM/D.

Note: For details, see Chapter 2, SC140 Core Overview.

1.2.1.2 M1 Memory

The 224 KB M1 memory can be accessed with zero wait states from the SC140 core. Three
accesses are performed concurrently on every SC140 core clock cycle. The SC140 core accesses
one 128-bit instruction fetch set and two 64-bit data words. In addition, an external host or the
DMA controller can access a 64-bit word through the local bus at the bus clock rate. To reduce
the size of the memory, M1 is a single-access memory and is hierarchically divided so that four
accesses can be performed in parallel. Anintelligent memory allocation significantly decreases
the probability of collisions between an SC140 core bus and the DMA bus. For example, two
accesses cannot collide if they belong to different 32 KB memory groups, which isusually the
case since program code is stored in a different group than the data space of the program. The
DMA stores the “next” buffersin yet adifferent group. Even in the same group, if two data
elements are placed on a different 4 KB module, a collision between two SC140 core busesis
prevented. When a collision does occur, the SC140 core stalls for one clock cycle. The overall
memory size available for one SC140 core in both M1 and M2 memories and the partition
between the memories is carefully designed as a trade-off between chip size and the memory
requirements imposed by the bandwidth of the SC140 core. Typically the M1 memory contains
critical routines and most of the channel data.

Note: For details, see Section 9.2, Extended Core Memory (M1), on page 9-3.

1.2.1.3 Instruction Cache

The instruction cache is highly optimized for real-time DSP applications and minimizes miss
ratios, latencies, bus bandwidth requirements, and silicon area. The 16 KB instruction cacheis
16-way set associative. Figure 1-3 illustratesitslogic structure and demonstrates how an address
is mapped to this structure. Each of the 16 ways contains four 256-byte lines and is divided into
16 fetch sets, each with an associated valid bit. The 2-bit index field of the address servesas an
index to the line within the way. The line whose tag matches the tag field of the addressis the
selected line.
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Figure 1-3. Mapping an Address to the Instruction Cache

When a cache miss occurs, the new datais fetched in bursts of 1, 2, or 4 fetch sets. Thereisalso
an option to fetch until the end of the line. Thisoption, referred to as pre-fetch, takes advantage of
the spatial locality of the code. When there is a need to fetch new data to the cache and the cache
isfull, one of the lines of the cacheisthrashed using the least recently used (LRU) algorithm. The
cache can be programmed so that only part of it is thrashed. For example, suppose task A needs
to be preempted in favor of task B. Whiletask B runs, the instructions of task A are thrashed from
the instruction cache. When task B finishes and task A takes over, task A may not find its most
recently used instructions in the cache. To prevent such a situation and thus keep task A’s most
recently used instructions in the cache, the operating system can exclude the ways of task A from
the part of the cache that can be thrashed. Another method of guaranteeing that the critical
routines are always available for atask is to store them in the SC140 core M1 private memory.
All the cache entries are flushed by issuing a cache flush command from the SC140 core, which
isuseful, for example, when new code is written to lines in the M2 memory that are already
cached. The ICache has run-time debug support. A counter in the Emulation and Debug (EOnCE)
module is incremented for cache hits and misses. When the SC140 core isin Debug mode, its
fetch unit isin Debug mode and all the cache arrays can be read.

Note: For details, see Section 9.4, Instruction Cache (ICache).
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1.2.1.4 QBus System

The QBC isabus controller that handles internal memory contentions. It snoops the activity on
the buses connected to the internal memory and freezes the SC140 core and address bus activity.
It creates the atomic instruction acknowledge to the SC140 core during the reservation process.
The EQBS enables the SC140 core to communicate with external devices efficiently. It handles
the switching between the three core buses and the QBus. SC140 core accesses that apply to
memory space above the internal memory (QBus Base Line = 0x0O0F00000) are transferred to the
QBus through the EQBS. The EQBS also connects to the instruction cache and initiates requests
for cache updates in order to improve the hit ratio. The EQBS operates at the same frequency as
the SC140 core. The module handles the SC140 core and the instruction cache requests, bringing
the data on the QBus. As Figure 1-4 shows, the EQBS consists of a bus switch to handle data
read operations, awrite buffer to handle data write operations, a fetch unit to handle all program
read operations, a control unit, and the banks to handle the communication with the slaves and all
EQBS registers.

v

T 1
; A 4 128 QBus | |
|
| | | | Data -
v I L | | Address - — -
. - |
EQBS |Banks Multiplexer coss | |
i 2
Registers | + A + A vy ¥
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1 1 1 »
éa XB-Bus >

Figure 1-4. EQBS Block Diagram
Note: For details, see Section 9.4, Instruction Cache (ICache), on page 9-24.

The QBus masters are the fetch unit, write buffer, and bus switch. The control unit is the arbiter
for the QBus masters.The bus switch handles all data read above the QBus baseline, write
operations when the write buffer is disabled, and atomic (read modify write) write operations.
Read accesses of program (fetch) that are above the QBus baseline occur through the fetch unit.
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This unit istriggered by a cache “miss” access. It brings the data into the SC140 core and
continues to update the cache until the end of the cache line or until anew “miss’ is accepted.
Thisimproves the overall performance of the cache in the system. The fetch unit initiates cache
update requests for data of consecutive addresses after every “miss.” The block and burst sizes
are configurable. When the SC140 core writes to an external address (that is, to an address
beyond the M1 memory), it can stall while waiting for the access to complete. To prevent such
stalls, al the external accesses are first written to awrite buffer. The write buffer releases the
SC140 core and then compl etes the access. Located on the SC140 core buses, the write buffer isa
zero wait state client and thus boosts the SC140 core performance. The write buffer isa
four-entry FIFO that automatically handles data coherency problems. For example, if the write
buffer contains data to be written to address A, and a read access occurs before the buffer

compl etes the write access, the contents of the write buffer are written to the destination before
the read can be executed. Not al writes beyond the M1 memory are routed through the write
buffer. Write accesses do not use the write buffer in the following cases:

B The address of the destination belongs to a bank that is defined asimmediate.
B |tisan atomic operation essentially writing to a semaphore.
B The write buffer is disabled.

The write buffer counts the number of clocks that elapse between the time data is written to the
write buffer and the time it is emptied. When the counter exceeds a pre-programmed value, the
contents of the write buffer are flushed so that the time for the write accesses through the write
buffer can be limited.

1.2.2 Power Saving Modes

The MSC8113 deviceis alow-power CMOS design. Also, you can put unused modulesinto
power saving modes. The TDM, DS, timers, GPIO, GIC, UART, and Ethernet controller can be
put into Stop mode, in which their clocks are frozen as described in Section 19.10, Stop Options.
Each of the extended cores can be put into either Stop or Wait mode.

1.2.2.1 Extended Core Wait Mode

An extended core enters Wait mode when it issues the wait instruction. In Wait mode, the SC140
core consumes minimal power because its clocks are frozen. The clocks of other modules inside
the extended core do not stop, so the QBus, PIC, LIC, and MQBus and SQBus controllers are
functional. The extended core exits Wait mode when there is an interrupt or areset or when the
MSC8113 device enters Debug mode by either aJTAG DEBUG_REQUEST command or
assertion of EEO.

Note: When multiple cores are in Wait mode, issuing a simultaneous virtual interrupt to all
these cores does not guarantee that the cores exit Wait mode on the same clock cycle.
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1.2.2.2 Extended Core Stop Mode

An extended core enters Stop mode when it issues the stop instruction. In Stop mode, the SC140
core and all the extended core peripherals except for the MQBus and SQBus controllers consume
minimal power because their clocks are frozen. The extended core exits this mode when reset.

1.2.3 M2 Memory

TheM2isa476 KB RAM and 4 KB ROM that is shared between the three SC140 cores. Up to
128 bits of data are accessed at up to 500 MHz. Each SC140 core treats the M2 as its secondary
memory. Only one SC140 core can access this memory at a given time. When an SC140 core
needs to access this memory, it arbitrates on the MQBus, and when access is granted it performs
the access. The DMA controller or an external host can also access the M2 memory through the
local bus. Enabling the DMA controller or an external host to write program and data directly to
the M2 alleviates the load on the SC140 cores and keeps their focus on the intensive DSP
processing. In atypical application that carefully considers memory allocation and uses the cache
wisely, fewer SC140 core accesses occur to the M2 memory.

Note: For details, see Section 8.4, SQBus Address Space.

1.2.4 System Interface Unit (SIU)

The SIU is based on the MPC8260 SIU and is similar to the one used in the MSC8101. This unit
controls the system bus and the internal local bus. It contains a flexible memory controller for
accessing various memory devices both internally and externally. The SIU also controls the
system start-up and initialization as well as operation and protection.

Note: For details, see Chapter 4, System Interface Unit (SU).

1.2.4.1 60x-Compatible System Bus Interface

The system bus interface can function as a master in a multi-master environment. It runs at up to
166 MHz and supports 32-bit addressing, a 32/64-bit data bus, and burst operations that transfer
up to 256 bits of data per burst. The 60x-compatible data busis accessible in 8-bit, 16-bit, 32-bit,
and 64-bit data widths. In 32-bit mode, the system bus supports accesses of 14 bytes, aligned or
unaligned, on 4-byte (word) boundaries and 1-8 bytes, aligned or unaligned on 8-byte (double
word) boundaries. The address and data buses support synchronous, one-level pipelined
transactions and non-pipelined SRAM-like accesses. Various applications can use this bus
interface—for example, a system in which the MSC8113 uses a shared external memory. An
external host can directly access the deviceinternal memories and peripheral s because the system
busis bridged to the internal local bus where the memories and peripherals are located. At reset,
the system bus can also be configured in a single bus master mode so that it can connect
gluelessly to slaves, typically memory devices, using only the memory controller. Thismodeis
useful when the SC140 cores use an external memory private to the MSC8113 device.
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Note: For details, see Chapter 13, System Bus.

1.2.4.2 Memory Controller

The memory controller controls up to 12 memory banks, four of which access internal modules
(two of them reserved) and eight of which access external devices. These memory banks are
shared by a high-performance SDRAM machine, a general-purpose chip-select machine
(GPCM), and three user-programmable machines (UPMs). Internally, Bank 9 is assigned to the
IPBus peripherals (four TDMs, DSI, UART, GPIO, GIC, HS, Ethernet controller, and Ethernet
controller), and Bank 11 isassigned to theinternal M1 and M2 memories. The memory controller
supports agluelessinterface to synchronous DRAM (SDRAM), SRAM, EPROM, flash EPROM,
burstable RAM, regular DRAM devices, extended data output DRAM devices, and other
peripherals. It allows the implementation of memory systems with very specific timing
requirements. The SDRAM machine provides an interface to synchronous DRAMSs using
SDRAM pipelining, bank interleaving, and back-to-back page mode to achieve the highest
performance. The GPCM provides interfacing for simpler, slow memory resources and
memory-mapped devices. GPCM performance is inherently lower than that of the SDRAM
machine because it does not support bursting. Therefore, GPCM-controlled banks are mainly
used for boot-loading and access to low-performance memory-mapped peripherals. The UPMs
support address multiplexing of the system bus and refresh timers as well as generation of
programmable control signals for row address and column address strobes, providing a glueless
interface to DRAMS, burstable SRAMSs, and almost any other kind of peripheral. The refresh
timersallow refresh cyclesto beinitiated. The UPM can generate different timing patterns for the
control signals that govern amemory device. These patterns define how the external control
signals behave during aread, write, burst-read, or burst-write access request. Also, refresh timers
can periodically generate user-defined refresh cycles.

Note: For details, seeChapter 12, Memory Controller.

1.2.5 Direct Slave Interface (DSI)

The DSI gives an external host direct access to the MSC8113 internal and external memory
space, including internal memories and the registers of internal modules as well as access to the
system bus. When a 21-bit addressis used, the DSI can access all the internal 2 MB address space
aswell asthe system bus through a 32 KB dliding window. When more address bits (between 22
to 25 bit address) are used, the DSI can directly access the system bus. The DS| databusis
32/64-hit wide and provides the following slave interfaces to an external host:

B Asynchronousinterface (no clock reference) enabling the host single accesses.

B Synchronous interface enabling host single or burst accesses of 256 bits (8 accesses of 32
bits or 4 accesses of 64 bits) with its external clock de-coupled from the internal bus clock.
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Supporting various interfaces flexibly, the DSI interfaces to most available processorsin the
market. The DSI write buffer stores the address and the data of the accesses until they are
performed. The external host can therefore perform multiple writes without waiting for those
accesses to complete. Latencies that are typical during accesses to internal memories are greatly
reduced by the DSI read prefetch mechanism. An external host addresses up to 16 MSC8113
devices using a single chip-select by which the most significant bits on the address bus identify
the addressed M SC8113 device. The host can aso write the same data to multiple MSC8113
devices simultaneously by asserting a dedicated broadcast chip select. This can be proved useful
during boot from DSI and also for 3G uplink processing where the same chip rate datais being
processed differently in each and every MSC8113 slave device.

Note: For details, see Chapter 14, Direct Save Interface (D).

1.2.6 Direct Memory Access (DMA) Controller

The multi-channel DMA controller connects to both the system bus and the local bus. Transfers
on both buses can be performed in parallel. Transfers that occur on the same bus between clients
with the same port size can use the flyby mode on which the data is read and written in the same
cycle. Other transfers are dual accesses that occur in two phases so that dataisfirst read to a
DMA interna FIFO and then written from that FIFO. Eight internal DMA FIFOs support this
mode. Flyby mode is used for data transfers between internal memories, all residing on the
internal local bus. Table 1-10 lists the possible DMA transfers.

Table 1-10. DMA Transfers

Through
DMA client DMA client Flyby FIFO in the
DMA
Internal memory Internal memory*. +2 +
Internal memory Memory device on the system bus. — +
Internal memory Peripheral on the system bus. — +
Memory device on the system bus | Peripheral on the system bus. Only if on the same bus with the +3
same port size.
Memory device on the system bus | Memory device on the system bus. — +
Peripheral on the system bus Peripheral on the system bus. — +

Notes: 1. Source internal memory is different than the destination internal memory.

2. Using start-address + a counter on the M1 memory.
3. Not recommended if Flyby is possible.

The DMA controller receives requests from the following clients:

B 8 requests from each flyby counter of each SC140 core.
B 4 requests from clients external to the MSC8113 device.
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DMA requests are tied to up to 16 DMA channels that run concurrently. Each channel is
programmed as either flyby or dual-access. The arbitration algorithm can be priority-based using
16 priority levels or round-robin-based. All clients connect to the DMA controller through the
DREQ and DACK signals. A client usesthe DREQ signal to request aDMA datatransfer. Thissignal
can be either level or edge. The DMA controller asserts the DAck signal to perform the data
access. The DMA controller asserts DRACK to indicate that it has sampled the peripheral request.
The bidirectional boNE signal indicates that the channel must be terminated. The DMA supports
aflexible buffer configuration, including: ssmple buffers, cyclic buffers, single-address buffers
(1/0 device), incremental address buffers, chained buffers, and complex buffers by hardware.

Note: For details, see Chapter 16, Direct Memory Access (DMA) Controller.

1.2.7 Internal and External Bus Architecture

The SC140 cores and other MSC8113 modules interconnect via a variety of bus and interface
structures that provide great flexibility for transferring and storing data both within the MSC8113
device and with external devices. The internal bus structures include the following:

B SC140 core buses. Each SC140 core can access its own M1 memory, |Cache, and the
write buffer with zero wait states using itsinternal 128-bit instruction bus and two 64-bit
data buses. These buses include:

— 32-bit program address bus (PAB) that alows the SC140 core to specify program
addresses in the local unified memory (M1).

— 128-hit program data bus (PDB) that transfers the program datato and from M1 or the
| Cache.

— Two 32-bit address buses (XABA and XABB) to specify datalocationsin M1 for the
two data streams required for DSP operations.

— Two 64-bit data buses (XDBA and XDBB) to transfer data values to and from M1.

B QBus. A 128-bit wide, single-master, multi-slave bus within each extended core. The
SC140 coreisthe master and all other modules on the bus are daves. LIC, PIC, and QBus
memory controller. The QBus memory controller directs QBus accesses by the slave
devices and interfaces the MQBus and SQBuS. It includes a Fetch Unit that moves
program code into the | Cache when required and a four-entry write buffer so that the
SC140 core does not have to wait for awrite access to finish before continuing instruction
processing. When an SC140 core accesses an address beyond a programmable address
referred to as the QBus base line, this access is forwarded to the QBus. The PIC isadlave
on this bus and needs zero QBus wait states for an access. Accesses to the same bank can
be pipelined.

B MQBus. A 128-bit wide bus that connects all the extended cores to the internal shared
memory (M2) and Boot ROM. Each core accesses the MQBus through its own QBus
Bank1. The SC140 core requires low latencies when it access the M2 memory. To
minimize latencies when the M2 is accessed, M2 accesses occur on a dedicated separate
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bus called the MQBus. The boot ROM can be accessed through the MQBus. The MQBus
isamulti-master bus whose masters are the three SC140 cores and whose sole slave isthe
M2 memory. This bus can transfer up to 128 bits at 500 MHz.

— Databus access of up to 128-bit read and up to 64-bit write.

— Operation at the SC140 core frequency.

— A central efficient round-robin arbiter controlling SC140 core access on the MQBuUSs.

— Atomic operation control of accessto M2 memory by the three SC140 cores and the
local bus.

Bus. A 128-bit wide, multi-master, multi-slave bus that connects the SC140 coresto the
system interface unit (SIU) and the IP master module. Each SC140 core accesses the
SQBus through its own QBus Bank 3. The SC140 core does not require reduced |atency
when accessing the typically slower peripherals. The SC140 core access to other
peripherals, including the system and the local interfaces, occurs through the SQBus. The
SQBus is a multi-master bus whose masters are the three SC140 cores. This bus accesses
either the external memory or other slaves through the IPBus.

IPBus. A 32-bit wide bus controlled by an |P master that connects the local bus and
SQBus to some system peripherals. This one-master multi-slave bus runs at up to 166
MHz and enables access to the control and the status registers of the DSI, the TDM
interface, the ethernet controller, the timers, the UART, the hardware semaphores, the
virtual interrupt registers, and the GPIOs. Either an external host or an SC140 core
accesses the clients on this bus as follows:

— An SC140 core accesses the |PBus through the SQBuUS.

— An externa host on the DSI accesses the IPBus through the IP master from the local
bus.

— An externa host on the system bus accesses the |PBus through the bridge and the IP
master.

DS. A 32/64-bit slave host interface to connect an external host processor.

— 21-25 bit address, 32/64-bit data.

— Direct access by an external host to internal and external resources, including the M1
and the M2 memories as well as the system bus.

— Synchronous and asynchronous accesses, with burst capability in the synchronous
mode.

— Dual or Single strobe modes.

— Write and read buffersimprove host bandwidth.

— Byte enable signals enable 1-, 2-, 4-, and 8-byte write access granularity.

— Sliding Window mode enables accesses with a reduced number of address lines.

— Chip ID decoding enables the use of one cs signal for multiple DSPs.

— Broadcast cs signal enables parallel writes to multiple DSPs.

— Big-endian, little-endian, and munged little-endian support.
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B Local bus. A 64-bit wide bus connecting the Ethernet Controller, TDM, DSI, DMA
controller, and the local-to-system bus bridge to each other. The extended cores also share
this bus, which connects to the M1 memory of each SC140 core. This multi-master
multi-slave bus runs at 166 MHz. The DSI, TDM, DMA controller, and the bridge are the
masters of this bus. The internal memories are slaves to this bus, which is primarily used
for transferring data between the chip interfaces to the internal memories.

B Systembus. A 64-bit wide bus controlled by the SIU that connectsthe DMA controller and
system interface (from the SQBus) through the SIU memory controller to the external
32/64 hit system bus. It al'so connects to the local-to-system bus bridge to allow data
transfers between the 60x-compatible local and internal system buses.

— 64/32-bit data and 32-bit address bus.

— Support for multiple-master designs.

— Four-beat burst transfers (eight-beat in 32-bit wide mode).

— Port size of 64, 32, 16, and 8 controlled by the internal memory controller.

— Bus accesses external memory or peripherals, or an external host device usesit to
access internal resources.

— Slave support, direct access by an external host to internal resources including the M1
and M2 memories.

— Internal arbitration between up to four master devices.

B The external buses can be configured during reset in three modes:

— 64-bit data DSI and 32-bit data system bus.
— 32-bit data DSI and 64-bit data system bus.
— 32-bit data DSI, 32 bit data system, and Ethernet M1l or RMII.

1.2.8 TDM Serial Interface

The TDM interface connects gluelessly to common telecommunication framing schemes, such as
T1 and E1 lines. It can aso connect to multiple framers and switches, as well asto commons
buses such as the ST-BUS. The TDM contains four identical and independent engines. Each
TDM engine can be configured in one of the following options:

B Two independent receive and transmit links.

— The transmit has an input clock of up to 50 MHz, output data, and aframe sync that is
configured as either input or output. Up to 256 transmit channels are supported.

— Thereceive has an input clock of up to 50 MHz, input data, and an input frame sync.
Up to 256 receive channels are supported.

B Two receive and two transmit links share the clock and the frame sync. The input clock
runs up to 25 MHz, and the sync is configured as either input or output. Each of the two
receive links supports up to 128 channels, and each transmit link supports up to 128
channels.
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B Onereceive and onetransmit link share the clock and the frame sync. The input clock runs
at up to 50 MHz, and the sync is configured as either input or output. There are up to 256
channels for the receive link and up to 256 channels for the transmit link.

Each channel can be 2, 4, 8, or 16 bitswide. When the slot size is 8 bits wide, selected channels
can be defined as A-law/u-law. These channels are converted to 13-14 bits, which are padded
into 16 bits and stored as such in memory. Each receive channel and each transmit channel can be
active or not. An active channel has a buffer that is placed into the M1 and M2 memories or into
memory devices on the system bus. All the buffers belonging to one TDM interface have the
same size and arefilled/emptied at the same rate. A-law/u-law buffers arefilled at twice the rate,
so their buffer sizeistwice that of the non A-law/u-law channels.

For receives, all the buffers belonging to a specific TDM interface fill at the same rate and
therefore share the same write pointer relative to the beginning of the buffer. When the write
pointer reaches a pre-determined threshold, an interrupt to the SC140 core is generated. The
SC140 core empties the buffers while the TDM continues to fill the buffers until a second
threshold line is reached, and an interrupt is generated to the SC140 core. The SC140 core
empties the data between the first and the second threshold lines. Both the first and the second
threshold lines are programmable. Using threshold lines, the SC140 core and the TDM can
implement a double buffer handshake. In addition, the TDM generates an interrupt on frame start
to the SC140 core, which helps synchronize to the TDM system.

For transmits, the SC140 core fills all the buffers belonging to a specific TDM interface, and the
TDM empties them. A similar method employing two threshold line interruptsis used for a
double-buffer handshake between the SC140 core and the TDM.

Note: For details, see Chapter 20, TDM Interface.

1.2.9 Ethernet Controller

The Ethernet controller complies with the |EEE Std. 802.3 standard and supports 10Mb/s and
100Mb/s operation as a media-independent interface (MI1), a reduced media-independent
interface (RMII), or a serial media-independent interface (SMI1). The Ethernet controller works
with minimal SC140 core intervention and operates in two modes:

B Full Duplex mode, for connecting the Ethernet to an on-board Ethernet switch.
B Half-Duplex mode, for connecting the Ethernet to an on-board physical layer (PHY).

On the receive side, the SC140 core prepares empty buffers and points to these buffers through
up to four rings residing in memory (for example M2). The Ethernet controller reads the
descriptors, fills their associated buffers with the received buffers, and interrupts the SC140 core
when done. On the transmit side, the SC140 core prepares buffersin memory and prepares a
descriptor ring that points to those buffers. The Ethernet controller reads these descriptors, reads
the data from the buffers, and sends the data over the Ethernet. Enhanced pattern matching
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enables you to process received frames with awide variety of toolsto assist network applications.
Features such as extraction of data and filing of frames in queues based on a pattern hit can
accelerate post processing of data. It can further enhance the address recognition process by
applying additional filtering to frames that pass the destination address check. Flexibility is built
into pattern matching architecture to give you more control in manipulating receive frames.
When the receiver detects thefirst bytes of aframe, the Ethernet controller beginsto perform the
frame recognition functions. It first triesto “filter” the frames based on matching a pattern in the
frame, and if it failsit filters according to the MAC address. Pattern matching is performed using
user-selected patterns of flexible length, up to 256 bytes into the frame. For example, if four
patterns of 16 bytes are used, incoming frames can be filtered to four destination queues, with
each queue dedicated to one DSP subsystem. Frames can be filtered not only by their MAC
address but also by their IPv4 or 1Pv6 address and even their UDP port number. Based on these
matches, the frame is accepted or rejected. Once aframe is accepted, the Ethernet controller
processes it on the basis of user-defined attributes. The receiver can aso receive physical
(individual), group (multicast), and broadcast addresses. The Ethernet transmitter requires very
little SC140 core intervention. The transmitter takes data from the Tx FIFO and transmits data to
the MAC. The MAC transmits the data through the MI1/RMI1/SMII interface to the physical
media. Once initialized, the transmitter runs until the end-of-frame (EOF) condition is detected,
unless a collision within the collision window occurs (half-duplex mode) or an abort condition is
encountered. In addition to the MAC-to-PHY interface, the Ethernet controller also supports a
MAC-to-MAC interface with the SM11 mode. In all three modes, the Ethernet controller can
automatically gather network statistics required for RMON without the need to receive all
addresses using promiscuous mode.

Note: For details, see Chapter 25, Ethernet Controller.

1.2.10 Universal Asynchronous Receiver/Transmitter (UART)

The UART is used mainly for debugging or booting. It provides a full-duplex port for serial
communications via transmit data (Txp) and receive data (RxD) lines. During reception, the
UART generates an interrupt request when anew character is available in the UART data
register. During transmission, the UART generates an interrupt request when anew character can
bewritten to its dataregister. When it accepts an interrupt request, an SC140 core or external host
should read the UART status register to identify the interrupt source and service it accordingly.

Note: For details, see Chapter 21, UART.

1.2.11 Timers

The MSC8113 device contains 32 identical general-purpose 16-bit timers divided into two
16-timer groups. Within a group, each timer functions independently or as part of a
programmabl e cascade of two timers. Each timer is programmable as either one-shot or cyclic.
The SC140 cores can program the counters, read their updated values, and al so be interrupted

MSC8113 Reference Manual, Rev. 0

Freescale Semiconductor 1-23



8113 Overview

when the timers reach a predefined value. The timers are clocked by either the internal clock
generator or one of four dedicated external signals or from the receive and transmit TDM clocks.
When atimer reaches a predefined value, it either toggles or generates a pulse that can be
directed to one of the four dedicated external signals or to other timers. In addition, it can
generate an interrupt.

Note: For details, see Chapter 22, Timers.

1.2.12 GPIOs

The MSC8113 device has 32 general-purpose 1/0 (GPIO) signals. Each connection in the 1/O
portsis configured either as a GPIO signal or as adedicated peripheral interface signal. In
addition, fifteen of the GPIO signals can generate interrupts to the global interrupt controller
(GIC). Each lineis configured as an input or output (with aregister for data output that is read or
written at any time). All outputs can also be configured as open-drain (that is, configured in an
active low wired-OR configuration on the board). In this mode, the signal drives a zero voltage
but goes to tri-state (high impedance) when driving a high voltage. GPIO signals do not have
internal pull-up resistors. Dedicated M SC8113 peripheral functions are multiplexed onto the
shared external connections. The functions are grouped to maximize connection use for the
greatest number of MSC8113 applications.

Note: For details, see Chapter 23, GPIO.

1.2.13 Reset and Boot

The Hard Reset Configuration Word (HRCW) contains the essential information for resetting the
device, including the PLL divideratio, signal configuration, and the DSI host endian mode. This
configuration word isinitialized by writing to it either from the system configuration source.
When the MSC8113 is reset from the system bus, the configuration word is latched using a
dedicated rsTconF signal. In another reset procedure, a master DSP reads data from the ROM and
latchesit to the other DSPs. When resetting from an external host, the HRCW islatched from the
32 least significant bits (Isb) of the DSI bus. Immediately after reset, SC140 core O starts
executing the code on the internal boot ROM. The value in the configuration register identifies
the boot source. There are five possible boot sources:

B System port
External host

TDM interface
UART

1°C software module

Note: For details, see Chapter 5, Reset and Chapter 6, Boot Program.
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1.2.14 Interrupt Scheme

Each of the three extended cores contains two local interrupt modules, the programmable
interrupt controller (PIC) and the local interrupt controller (LIC). The PIC has 24 maskable and 8
non maskabl e interrupts, and its SC140 core accesses it directly. The PIC handles interrupts from
the SC140 DSP core EOnCE module and some external interrupts. The PIC aso receives
interrupts from the L1C, which in turn concentrates interrupts from the M SC8113 peripherals
(TDMs, timers, DMA controller, UART, and virtual interrupts), the SIU, and other external
interrupts, such the Ethernet interface. With interrupt controllers local to the SC140 core, each
SC140 core can handle the relevant interrupts and either treat them as level sources or capture
them as edge-triggered sources. For example, when the TDM generates an interrupt upon
reaching the first threshold of its buffers, thisinterrupt could be useful for multiple cores.
Therefore, the interrupt pulse can be captured, as well as an edge sourcein al of the LIC
modules, and each SC140 core can process the interrupt and clear the local status bit separately,
without unnecessary arbitration. A global interrupt controller (GIC) concentrates interrupts from
the SIU, the UART, and external signals and drives the int_out signal. It also generates the virtual
interrupts for core-to-core and external host-to-core interrupts.

Note: For details, see Chapter 17, Interrupt Processing.

1.2.15 Signal Multiplexing Options

The MSC8113 device allows various external signal multiplexing options to distribute the
external signal linesamong the system bus, DSI bus, TDM interfaces, Ethernet signals, and GPIO
signals. Table 1-11 summarizes the multiplexing options.

Table 1-11. External Signal Multiplexing Options

Configuration Setting Configuration Options
Bus Width in Bits Ethernet
DSle4l ETHSEL? Etherne?)t Ethernft Available DSV
Enable Mode TDMs DSI System System GPIO
Bus Bus
0 0 0 None 0,123 32 64 — —
0 0 1 00 =Ml 0,1 32 64 — Ml
0 0 1 01 =RMII 0,1,3 32 64 — RMII
0 0 1 10 = SMII 0,1,3 32 64 — SMII
0 1 0 None 0,123 32 32 — —
0 1 1 00 =Ml 0,1,2,3 32 32 Ml —
0 1 1 01 =RMII 0,1,23 32 32 RMII —
0 1 1 10 = SMII 0,1,2,3 32 32 — —
1 0 0 None 0,1,23 64 32 — —
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Table 1-11. External Signal Multiplexing Options

Configuration Setting Configuration Options
Bus Width in Bits Ethernet
DSlal ETHSEL2 Ethernet Ethernet Available DSI/
3 4
Enable Mode TDMs DS| System System GPIO
Bus
Bus
1 0 1 00 =Ml 0,1 64 32 — Mil
1 0 1 01 =RMII 0,1,3 64 32 — RMII
1 0 1 10 = SMII 0,1,3 64 32 — SMiII
1 1 X None 0,123 64 32 — —
Notes: 1. Represents the sampled value when PORESET is deasserted.
2. The value of the ETHSEL bit in the Hard Reset Configuration Word.
3. The value of the EN bit in the MIIGSK Enable Register.
4. The value of the IFMODE bits in the MIIGSK Configuration Register.

1.3 Internal Communication and Semaphores

The MSC8113 device contains flexible mechanisms for communicating between SC140 cores
and between an SC140 core and an external host. An SC140 core sends a message to another
SC140 core either by accessing an agreed location (mailbox) in the shared M2 memory or by
accessing any of the M1 memories and using an interrupt to indicate the access. Access to shared
resources can be protected by semaphores.

1.3.1 Internal Communication

Each SC140 core or an external host can generate an interrupt to another SC140 core or to an
external host by writing the destination core number and the virtual interrupt number to a virtual
interrupt register. Each generated interrupt destination is programmable and can be forwarded to
one or multiple destination SC140 cores.

Note: For details, see Chapter 17, Interrupt Processing.
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1.3.2 Atomic Operations

When the SC140 core executes the bmtset instruction, it issues a read access followed by awrite
access to the semaphore address and then asserts the atomic signal. The MQBus and the SQBus
prevent the SC140 cores from writing to the same semaphore address. A semaphore shared by an
SC140 core and an external host on the system bus is protected by a snooper on the bus interface.
When the system bus interface receives aread with atomic signal, the snooper starts to snoop the
bus. The snooper returns afailure if the external host writes to the same location. Snoopers aso
protect the M1 and the M2 memories, which are accessible to both the SC140 cores and external
hosts.

Note: For details, see Section 9.3, Extended QBus System.

1.3.3 Hardware Semaphores

There are eight coded hardware semaphores. Each semaphore is an 8-bit register with a selective
write protection mechanism. When the register value is zero, it is writable to any new value.
When the register value is not zero, it is writable only to zero. Each SC140 core/host/task has a
unigue pre-defined lock number (8-bit code). When trying to lock the semaphore, the SC140 core
writesits lock number to the semaphore and then readsit. If the read value equalsits lock
number, the semaphore belongs to that host and is essentially locked. An SC140 core/host/task
rel eases the semaphore by simply writing O.

Note: For details, see Chapter 15, Hardware Semaphores.
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The SC140 digital signal processing (DSP) core features an innovative architecture that addresses
the key market needs of the next-generation DSP applications, mainly in the field of wireline and
wireless infrastructure and subscriber communication. This flexible DSP core supports
compute-intensive applications by providing high performance, low power, efficient compile,
and high code density. The SC140 core efficiently deploys a novel variable-length execution set
(VLES) execution model, maximizing parallelism by alowing multiple address generation and
data arithmetic logic units to execute multiple operations in asingle clock cycle. This section
provides an overview of the key features and main modules of the SC140 core, as well asthe
programming model and instruction set list.

Note: The information in this chapter is based on Revision 3 of the SC140 DSP Core
Reference Manual. To get the updatesin later revisions of this manual, visit the
Freescale Web site shown on the back cover of this manual.

The 16-bit SC140 core packs four data arithmetic-logic execution units (ALUS), each consisting
of amultiply-accumulate unit (MAC), alogic unit, and a bit field unit (BFU), which also serves
as a barrel shifter. In addition to the four data execution units, the core contains two address
arithmetic units (AAUS), one bit manipulation unit (BMU) and one branch unit. Overall, the
SC140 can issue and execute up to six instructions per clock—for example, four independent
arithmetic instructions and two pointer-related instructions (such as moves or other operations on
addresses). At a clock speed of 400 MHz, the SC140 can therefore execute 1600 true DSP
MIPS—1600 million multiply-accumulate operations per second (MMACYS), concurrent with
associated data movement functions and pointer updates.
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The SC140 core can sustain this high performance over time because of the flexibility of its data
execution units and ability to transfer up to 128 data bits per cycle. The four data execution units
can operate simultaneously in any combination. For example, the SC140 core can execute four
multiply-accumulate operationsin asingle clock, or one MAC, two arithmetic/logical operations
and one bit field operation. All four data ALUs are identical, permitting great flexibility in
assigning and executing instructions, increasing the likelihood that four execution units can be
kept busy on any given cycle and enabling programs to take better advantage of the SC140 core

parallel architecture.

2.1 Architecture

This section discusses the main functional blocks of the SC140 core. Figure 2-1 shows a block
diagram of the core as used by the MSC8113.

Note:

Extended Core Unified Data/Program Memory (M1)

See Section 2.3 for details

(] m < om < m
01128 <132 @ 2 a @ 16y
o o <132 g32 Q 64 a
""""; ___________________ y 128 . &
r-——~ ——71T 11— — 231r — — — 71T — — —
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Program | Address Generator I Data ALU |
Sequencer || Register File I Register File |
| i [ - |
| AGU [ DALU |
| y \ [ \ |
| || |
| 2 AAUs BMU || 4 ALUs |
| A A | | A |
. L — | = = | 4 L - - 1 _— _— _ 1
Instruction Bus 128

SC140 Core

___________________________________________________________

Figure 2-1. Block Diagram of the SC140 Core in the MSC8113

————————————

EOnCE™
Module

The SC140 DSP core defines the PLL Control Registers0-1 (PCTL[0-1]) for PLL and
clock control. The MSC8113 does not use these registersin its design. In addition, the
manual defines six debug modules and seven EE signal lines in the EOnCE module.
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The MSC8113 device uses only two of these modules (0 and 1) and two signals (EEO
and EE1).

2.1.1 Data Arithmetic Logic Unit (Data ALU)

The Data ALU performs arithmetic and logical operations on data operands in the MSC8113.
The data registers can be read or written to memory over the XDBA and the XDBB as 8-hit,
16-bit, or 32-hit operands. The 64-bit wide data buses XDBA and XDBB support the transfer of
several operands on asingle access. The source operands for the Data ALU, which may be 16,
32, or 40 bits, originate either from data registers or from immediate data. The results of all Data
ALU operations are stored in the data registers. All Data ALU operations are performed in one
clock cycle. Up to four parallel arithmetic operations can be performed in each cycle. The
destination of every arithmetic operation can be used as a source operand for the operation
immediately following, without any time penalty.

The components of the Data ALU are asfollows:

B A bank of sixteen 40-bit registers

B Four parallel ALUs, each ALU containing a MAC unit and a BFU with a 40-bit barrel
shifter

B Eight data bus shifter/limiter circuits, to allow limiting four 16-bit fractional words over
each of the 64-bit data busesin asingle cycle.

All the MAC units and BFUs can access all the Data ALU registers. Each register is partitioned
into three portions. two 16-bit registers (low and high portion of the register) and one 8-bit
register (extension portion). The 16-bit high and low register portions are typically used as an
inputs for arithmetic operations. The full 40-bit register can be used as an input operand, but is
generally used as an output operand for most instructions. The two 64-bit wide data buses that
connect between the Data ALU register file and the memory enable a very high data bandwidth
between memory and registers. Load and store instructions utilize the maximum width of the bus
according to the application reguirement because there are different versions of the instructions
for different bandwidths:

B move.b loads or stores bytes (8-hit)

B move.w or move.f loads or storesinteger or fractional words (16-bit)

B move. loads or stores long words (32-bit)

B move2w or move.2f loads or stores double-integers and double-fractions, respectively
(32-bit)

move.4w or move.4f loads or stores quad-integers and quad-fractions respectively (64-bit)
move.2| loads or storestwo long words (64-bits total)

MSC8113 Reference Manual, Rev. 0
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Figure 2-2 shows the architecture of the Data AL U.

Memory Data Bus 1 (XDBA)

Memory Data Bus 2 (XDBB)

64 64 64 /|64

C Shifter/Limiter )

A A A A y y A A

140 140 {40 {40 {40 {40 {40 [40

Data Registers D[0-15]

y y A A

20 {40 {40 {40 {40 140 {40 {40 140 40 140 /40

ALU ALU ALU ALU

Figure 2-2. Data ALU Architecture

With the ability to execute any two MOVE instructionsin parallel every clock cycle, amaximum
data throughput of 6.4 GBps (at 400 MHz) can be achieved between the memory and the register
file.

2.1.1.1 Data Registers

The Data AL U registers are read or written over the data buses (XDBA and XDBB). The source
operands for Data AL U arithmetic instructions always originate from Data AL U registers. All the
Data ALU operations are performed in one clock cycle so that a new instruction can be initiated
in every clock, yielding arate of up to four Data ALU instructions per clock cycle. The
destination of every arithmetic operation can be used as a source operand for the operation
immediately following, without any time penalty.

2.1.1.2 Multiply-Accumulate (MAC) Unit

The MAC unit comprises the main arithmetic processing unit of each SC140 core and performs
all the calculations on data operands. The MAC unit outputs one 40-bit result in the form of
[Extension:Most Significant Portion:Least Significant Portion] (EXT:MSP:LSP). The multiplier
executes 16-bit x 16-hit fractional or integer multiplication between two’'s complement signed,
unsigned, or mixed operands. The 32-bit product is right-justified and added to the 40-bit
contents of one of the sixteen data registers.

MSC8113 Reference Manual, Rev. 0

2-4 Freescale Semiconductor



Architecture

2.1.1.3 Bit-Field Unit (BFU)

The BFU contains a 40-bit parallel bidirectional shifter with a 40-bit input and a 40-bit output,
mask generation unit, and logic unit. The BFU is used in the following operations:

Multi-bit left/right shift (arithmetic or logical)
One-hbit rotate (right or left)

Bit-field insert and extract

Count leading bits

Logical operations

Sign or zero extension operations

2.1.2 Address Generation Unit (AGU)

The AGU is one of the execution unitsin the SC140 core. The AGU performs effective address
calculations using the integer arithmetic necessary to address data operands in memory, and it
contains the registers to generate the addresses. It performs four types of arithmetic: linear,
modul o, multiple wrap-around modulo, and reverse-carry. The AGU operatesin parallel with
other chip resources to minimize address generation overhead. The AGU also generates
change-of-flow program addresses and manages the stack pointer (SP). The major components of
the AGU are asfollows:

Eight address registers (R[0-7])

Eight aternative address registers (R[8-15]) or eight base address registers (B[0-7])
Two stack pointers (NSP, ESP), only one of which is active at atime (SP)

Four offset registers (N[0-3])

Four modifier registers (M[0-3])

A Modifier Control Register (MCTL)

Two Address Arithmetic Units (AAU)

One Bit Mask Unit (BMU)

MSC8113 Reference Manual, Rev. 0
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Figure 2-3 shows a block diagram of the AGU.

0 Core Overview

XABA XABB PAB

A
>
vV V VYV
BO/RS MO NO | RO
B1/R9 M1 N1 R1
Address
B2/R1 M2 N2 Avrithmetic R2
B3/R1 M3 N3 Unit (AAU) R3
Lok R4
B4/R1 CTL
B5/R1 Y R5
B6/R1 R6
B7/R1 R7
A A A NSP, ESP

&

Program Counter (PC) Address

Memory Data Bus 1 (XDBA)

Bit
Mask
Unit
(BMU)
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Figure 2-3. AGU Block Diagram

Thetwo AAUs areidentical. Each contains a 32-bit full adder called an offset adder and a 32-bit
full adder called a modulo adder. The offset adder performs the following operations:

Add or subtract an AGU registers or PC to/from an AGU register

Add or subtract an immediate value to/from an AGU register

Compare to or test an AGU register

Logica and arithmetic shift operations on AGU registers

Sign or zero-extend an AGU register
Add with reverse carry
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The offset values added in this adder are pre-shifted by 1, 2, or 3, according to the access width.
In reverse-carry mode, the carry propagates in the opposite direction. The modulo adder adds the
summed result of the first full adder to a modulo value, M or minus M, where M is stored in the
selected modifier register. In modulo mode, the modulo comparator tests whether the result is
inside the buffer by comparing the results to the B register and chooses the correct result from
between the offset adder and the modulo adder.

2.1.2.1 Stack Pointer Registers

To facilitate use of a software stack, two special registers with special addressing modes are
assigned to the AGU: the Normal Mode Stack Pointer (NSP) and the Exception Mode Stack
Pointer (ESP). Both the ESP and the NSP are 32-bit read/write address registers with
predecrement and post-increment updates, as well as offset with immediate values to allow
random access to the software stack. Stack instructions use the ESP when the MSC8113 isin the
Exception mode of operation, which it enters when exceptions occur. The NSP isused in Normal
mode, while not servicing an exception. The two stack pointers make it easier to support
multitasking systems and optimizes stack usage for these systems.

2.1.2.2 Bit Mask Unit (BMU)

The BMU performs bit mask operations, such as setting, clearing, changing, or testing a
destination, according to an immediate mask operand. Data is |oaded to the BMU over the data
memory buses XDBA or XDBB. The result is written back over XDBA or XDBB to the
destinations in the next cycle. All bit mask instructions typically execute in two cycles and work
on 16-bit data. This data can be a memory location, or a portion (high or low) of aregister. The
BMU supports a set of bit mask instructions that operate on:

m All AGU pointers (R[0-15])

B All DataALU registers (D[0-15])

m All control registers (EMR, VBA, SR, MCTL)
B Memory locations

Only asingle bit mask instruction isallowed in any single execution set, since only one execution
unit exists for theseinstructions. A subset of the bit mask instructions (BMTSET) allows support
for hardware semaphores.

2.1.3 Program Sequencer Unit (PSEQ)

The PSEQ fetches and dispatches instructions, controls hardware loops, and controls exception
processing. The PSEQ implements three out of the five stages of the pipeline and controls the
different processing states of the MSC8113 core. It consists of three hardware blocks:

B Program address generator (PAG). Generates the program counter (PC) for instruction
fetch operations and controls the hardware loop functionality.

MSC8113 Reference Manual, Rev. 0
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B Programdispatch unit (PDU). Detects the execution set out of the fetch set and dispatches
the various instructions of the execution set to their appropriate execution units.

B Program control unit (PCU). Controls the overall pipeline behavior of the program flow.
The PSEQ implements its functions using the following registers:

Program Counter Register (PC)

Status Register (SR)

Four Loop Start Address Registers (SA[0-3])
Four Loop Counter Registers (LC[0-3])
Exception and Mode Register (EMR)

Vector Base Address Register (VBA)

2.1.4 Enhanced On-Chip Emulation (EOnCE)

The EOnCE modul e allows nonintrusive interaction with the M SC8113 and its peripheral s so that
you can examine registers, memory, or on-chip peripherals, define various breakpoints, and read
the trace-FIFO. These interactions facilitate hardware and software development on the
M SC8113 processor. The EOnCE module interfaces with the debugging system through on-chip
JTAG TAP controller signals. For details, see the SC140 DSP Core Reference Manual.

2.2 Programming Model

The three main units of the SC140 DSP core programming model are the Address Generation
Unit (AGU), the Data Arithmetic Logic Unit (Data ALU), and the PSEQ (see Figure 2-4). This
section gives a brief overview of each of these units.

2.2.1 AGU Programming Model

The address registers can be programmed for linear, modulo (regular or multiple wrap-around),
and bit-reverse addressing. Automatic updating of address registers is available when address
register indirect addressing is used.

B Address Registers (R[0-15]). The sixteen 32-bit address registers R[0—15] contain
addresses or general-purpose data. These are 32-hit read/write registers. The 32-bit
addressin a selected address register is used in calculating the effective address of an
operand. The contents of an address register point directly to memory or are used as an
offset. R[0-15] are composed of two separate banks, alower bank (R[0-7]) and an upper
bank (R[8-15]). The lower bank registers can be used for linear, modulo, or bit reverse
addressing. An upper bank register can be used in linear addressing modes only if the
respective register in the lower bank is not using modulo addressing mode. In modulo
addressing mode, each lower bank register Rn is assigned a corresponding base address
register Bn. Registers B[0—7] and R[8-15] are mapped to the same physical register,
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Programming Model

respectively. Therefore, for example, R8 is available only if RO is not being used in
modulo addressing, since this requires the base address register BO. See Section 2.2.2,
Data Arithmetic Logic Programming Model, on page 2-11 for further information.

If an address register is updated, one of the modifier control registers (MCTL) specifies
the type of update arithmetic. Offset registers (Ni) are used for post-addition and indexing
by offset. The address register modification is performed by either of the two AAUSs.

Sack Pointer Registers (NSP, ESP). The MSC8113 has two stack pointer registers: the
Normal Stack Pointer (NSP) and the Exception Stack Pointer (ESP). These 32-bit registers
are used implicitly in all PUSH and POP instructions. Only one stack pointer isactive at a
time, according to the mode:

— In Norma mode, the NSP is used.
— In Exception mode, the ESP is used.

The Status Register EXP bit determines the active mode. The active stack pointer (SP) is
used explicitly for memory references in the address register indirect modes. The stack

pointers point to the next unoccupied location in the stacks. They are post-incremented on
al the implicit PUSH operations and pre-decremented on all the implicit POP operations.

Y ou must explicitly initialize both stack pointer registers after reset.

Offset Registers (N[0-3]). The 32-bit read/write offset registers N[0-3] contain offset
valuesto increment or decrement address registersin address register update cal culations.
Theseregisters are also used for 32-hit general-purpose storage. For example, the contents
of an offset register specify the offset into atable or the base of the table for indexed
addressing. An offset register can be used to step through atable at a specified rate—such
asfivelocations per step for waveform generation. Each address register can be used with
each offset register. For example, RO can be used with NO, N1, N2, or N3 for offset
address calculation.

Base Address Registers (B[0-7]). The 32-bit read/write base address registers B[0—7] are
used in modulo calculations. Each B register is associated with an R register (BO with RO,
and so on). When the modulo addressing mode is activated, the B register contains the
lower boundary value of the modulo buffer. The upper boundary of the modulo buffer is
calculated by B+M-1, where M is the modifier register associated with the register used.
When not used for modulo accessing, these registers can function as alternative address
registers (R[8-15]). Both Rx and B, share the same physical register. For example, if RO
is not programmed for modul o addressing, the base address register BO can serve as an
additional address register R8.
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Figure 2-4. SC140 Programming Model

B Modifier Registers (M[0-3]). The 32-bit read/write modifier registers M[0-3] contain the
value of the modulus modifier. These registers are also used for general-purpose storage.
The address arithmetic unit (AAU) supports linear, modul o, multiple wrap-around
modulo, and reverse-carry arithmetic types for most address register indirect addressing
modes. When the modulo arithmetic is activated, the contents of Mj specify the modulus.
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Each address register can be used with each modifier register, as programmed in the
MCTL register.

B Modifier Control Register (MCTL). The 32-bit read/write register to program the address
mode (AM) for each of the eight address registers (R[0-7]). The addressing mode of the
upper address register file (R[8-15]) cannot be programmed and functions in linear mode
only.

2.2.2 Data Arithmetic Logic Programming Model

The Data ALU programming model is shown in Figure 2-4. Register DO refersto the entire
40-bit register, whereas D0.e, DO.h, DO.| refer to the extension, most significant and least
significant portions of the DO register, respectively. The D[0-15] dataregisters, referred to as DX,
give maximum flexibility, since they are used as source operands, destination storage, or
accumulators.The registers serve as input buffer registers between the XDBA or XDBB and the
ALUs. They are used as Data AL U source operands, allowing new operands to be loaded for the
next instruction while the register contents are used by the current arithmetic instruction.

Each dataregister Dx has an additional associated flag bit, the limit tag bit Lx, to signify that
limiting could occur when reading Dx over XDBA and XDBB. For saving and restoring, the
limit tag bit Lx is coupled with the extension portion Dx.e, to form a 9-bit operand. The limit tag
bit Lx is updated when aresult is written from the ALU to the Dx register.

The data registers are accessed with three types of data width:

B A long-word type access, writing or reading 32-bit operands
B A word type access, writing or reading 16-bit operands
B A bytetype access, writing or reading 8-bit operands

Fractional datain Dx registersthat istransferred to memory over XDBA and XDBB is replaced
by alimiting constant if the value cannot be represented by the number of bitsin the access
width. The contents of Dx are not affected if limiting occurs. Only the value transferred over
XDBA or XDBB islimited. This processis commonly referred to as transfer saturation, and it
should not be confused with the arithmetic saturation mode. The overflow protection is
performed after the contents of the register are shifted according to the scaling mode. Shifting
and limiting are performed only when afractional operand is specified as the source for a data
move over XDBA or XDBB. When an integer operand is specified as the source for adata move,
shifting and limiting are not performed.

Automatic sign extension or zero extension of the data valuesinto the 40-bit registersis provided
when an operand is transferred from memory to a dataregister. If afractional word operand isto
be written to adata register, the M SP portion of the register iswritten with the word operand, the
L SP portion is zero-extended, and the EXT portion is sign-extended from M SP. When an integer
operand isto be written to a data register, the L SP portion of the register is written with the word
operand, and the MSP portion and EXT are either zero-extended or sign-extended from the L SP.

MSC8113 Reference Manual, Rev. 0
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L ong-word operands are written into the M SP:LSP portions of the register, and the EXT portion
is either zero- or sign-extended.

When a byte operand is to be written to a data register, the register’ sfirst eight bit portion of the
L SP (Dx.1[7-0]) iswritten with the byte operand, and the remaining bits are either zero-extended
or sign-extended from the L SP lower byte.

2.2.3 Program Control Unit Programming Model

The Program Control Unit (PCU) is part of the Program Sequencer Unit (PSEQ). The PCU
controls the overall pipeline behavior of the program flow. The PCU implements its functions
using the following registers:

B Program Counter Register (PC)

Status Register (SR)

Four Start Address Registers (SA[0-3])
Four Loop Counter Registers (LC[0-3])

Exception and Mode Register (EMR). The EMR reflects and controls exception situations
in the core. It contains bits that reflect memory configuration, servicing of anon-maskable
interrupt, and the following exception conditions. Data ALU overflow, illegal execution
set, and illegal instruction flow.

The EMR GP[0-6] and BEM fields are initialized at reset as described in Table 2-1.
Table 2-1. EMR GP[6-0] and BEM Field Reset Values

Field Reset Value
BEM 1
GPO EE1
GP1 0
GP2 ISBSEL2 from Hard Reset Configuration Word (HRCW) bit 15
GP3 ISBSEL1 from HRCW bit 14
GP4 ISBSELO from HRCW bit 13
GP5 0
GP6 0
Note: GP4 equals the inversion of the HRCW bit 13.

2.3 Instruction Set Overview
The SC140 instruction set is divided into the following functional groups:

B DataALU arithmetic
B AGU arithmetic

MSC8113 Reference Manual, Rev. 0
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Stack support
Bit mask
Change-of-flow
Program control

Instruction Set Overview

Thisfollowing tables list the SC140 instructions al phabetically within the appropriate functional

group.
Table 2-2. DALU Arithmetic Instructions
Instruction Description
ABS Absolute value
ADC Add long with carry
ADD Add
ADD2 Add two 16-bit values
ADDNC.W Add without changing the carry bit in the status register
ADR Add and round
ASL Arithmetic shift left by one bit
ASR Arithmetic shift right by one bit
CLR Clear
CMPEQ Compare data registers for equal
CMPEQ.W Compare immediate value to data register for equal
CMPGT Compare data registers for greater than
CMPGT.W Compare data register to immediate for greater than
CMPHI Compare for higher (unsigned)
DECEQ Decrement a data register and set T if zero
DECGE Decrement a data register and set T if greater than or equal to zero
DIV Divide iteration
DMACSS Multiply signed by signed and accumulate with data register right shifted by word size
DMACSU Multiply signed by unsigned and accumulate with data register right shifted by word size
IADD Integer addition - no saturation
IMAC Signed integer multiply-accumulate
IMACLHUU Integer multiply-accumulate unsigned times unsigned; first source from lower portion second from
upper
IMACUS Integer multiply-accumulate unsigned times signed
IMPY Signed integer multiply
IMPYHLUU Integer multiply unsigned times unsigned; first source from upper portion second from lower
IMPYSU Integer multiply signed times unsigned
IMPYUU Integer multiply unsigned times unsigned
INC Increment a data register (as integer data)

MSC8113 Reference Manual, Rev. 0
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Table 2-2. DALU Arithmetic Instructions (Continued)

Instruction Description
INC.F Increment a data register (as fractional data)
MAC Signed fractional multiply-accumulate
MACR Signed fractional multiply-accumulate and round
MACSU Signed/unsigned fractional multiply-accumulate
MACUS Unsigned/signed fractional multiply-accumulate
MACUU Unsigned/unsigned fractional multiply-accumulate
MAX Transfer maximum signed value
MAX2 Transfer two 16-bit maximum signed value
MAX2VIT Specialized MAX2 version for Viterbi kernel
MAXM Transfer maximum magnitude value
MIN Transfer minimum signed value
MPY Signed fractional multiply
MPYR Signed fractional multiply and round
MPYSU Signed/unsigned fractional multiply
MPYUS Unsigned/signed fractional multiply
MPYUU Unsigned/unsigned fractional multiply
NEG Negate
RND Round
SAT.F Saturate value in data register to fit in top 16 bits
SAT.L Saturate value in data register to fit in 32 bits
SBC Subtract long with carry
SBR Subtract and round
SuB Subtract
SuUB2 Subtract two 16-bit values
SUBL Shift left and subtract
SUBNC.W Subtract without changing the carry bit in the status register
TFR Transfer data register to a data register
TFRF Conditional data register transfer if the T bit is clear
TFRT Conditional data register transfer if the T bit is set
TSTEQ Test for equal to zero
TSTGE Test for greater than or equal to zero
TSTGT Test for greater than zero
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Table 2-3. DALU Logical Instructions

Instruction Set Overview

Instruction Description
AND Logical AND
ASLL Multi-bit arithmetic shift left
ASLW Word arithmetic shift left (16-bit shift)
ASRR Multi-bit arithmetic shift right
ASRW Word arithmetic shift right (16-bit shift)
CLB Count leading bits
EOR Logical exclusive OR
EXTRACT Extract signed bit field
EXTRACTU Extract unsigned bit field
INSERT Insert bit field
LSLL Multi-bit logical shift left
LSR Logical shift left by one bit
LSRR Multi-bit logical shift right
LSRW Word logical shift right (16-bit shift)
NOT Logical complement
OR Logical inclusive OR
ROL Rotate one bit left through the carry bit
ROR Rotate one bit right through the carry bit
SXT.B Sign extend byte
SXT.L Sign extend long
SXT.W Sign extend word
ZXT.B Zero extend byte
ZXT.L Zero extend long
ZXT.W Zero extend word
Table 2-4. AGU Arithmetic Instructions
Instruction Description
ADDA AGU add
ADDL1A AGU add with 1-bit left shift of source operand
ADDL2A AGU add with 2-bit left shift of source operand
ASL2A AGU arithmetic shift left by 2 bits (32-bit)
ASLA AGU arithmetic shift left (32-bit)
ASRA AGU arithmetic shift right (32-bit)
CMPEQA AGU compare for equal
CMPGTA AGU compare for greater than
CMPHIA AGU compare for higher (unsigned)
DECA AGU decrement register

MSC8113 Reference Manual, Rev. 0
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Table 2-4. AGU Arithmetic Instructions (Continued)

Instruction Description
DECEQA AGU decrement and set T if zero
DECGEA AGU decrement and set T if equal or greater than zero
INCA AGU increment register
LSRA AGU logical shift right (32-bit)
SUBA AGU subtract
SXTA.B AGU sign extend byte
SXTA.W AGU sign extend word
TFRA AGU register transfer
TSTEQA.L AGU test for equal on all 32 bits
TSTEQA.W AGU test for equal on lower 16 bits
TSTGEA.L AGU test for greater than or equal
TSTGTA AGU test for greater than
ZXTA.B AGU zero extend byte
ZXTAW AGU zero extend word

Table 2-5. Move Instructions

Instruction Description
MOVE.2F Move two fractional words from memory to a register pair
MOVE.2L Move two longs to/from a register pair
MOVE.2W Move two integer words to/from a register pair
MOVE.4F Move four fractional words from memory to a register quadrant
MOVE.4W Move four integer words to/from a register quadrant
MOVE.B Move byte (sign-extended for memory reads)
MOVE.F Move fractional word to and from memory
MOVE.L Move long (sign extended for memory or register reads)
MOVE.W Move integer word (sign extended for memory reads)
MOVEF Move address register to address register, depending on T bit of SR
MOVES.F Move fractional word to memory with saturation enabled
MOVES.L Move long to memory with saturation enabled
MOVES.2F Move two fractional words to memory with saturation enabled
MOVES.4F Move four fractional words to memory with saturation enabled
MOVET Move address register to address register, depending on T bit of SR
MOVEU.B Move unsigned byte from memory
MOVEU.L Move unsigned long from memory
MOVEU.W Move unsigned integer word from memory
VSL.2F Viterbi shift left: specialized move to support Viterbi kernel
VSL.2W Viterbi shift left: specialized move to support Viterbi kernel
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Table 2-5. Move Instructions (Continued)

Instruction Set Overview

Instruction Description
VSL.4F Viterbi shift left: specialized move to support Viterbi kernel
VSL.4W Viterbi shift left: specialized move to support Viterbi kernel

Table 2-6. Stack Support Instructions

Instruction Description
POP Pop a register from the software stack
POPN Pop a register from the software stack using the normal stack pointer
PUSH Push a register into the software stack
PUSHN Push a register into the software stack using the normal stack pointer
TFRA OSP Move the “other” stack pointer to/from a register, inversely defined by the exception mode

Table 2-7. Bit Mask Instructions
Instruction Description
AND Logical AND on a 16-bit operand
AND.W Logical AND on a 16-bit immediate value
BMCHG Bit-mask change for a 16-bit operand
BMCHG.W Bit-mask change for a 16-bit operand in memory
BMCLR Bit-mask clear for a 16-bit operand
BMCLR.W Bit-mask clear for a 16-bit operand in memory
BMSET Bit-mask set for a 16-bit operand
BMSET.W Bit-mask set for a 16-bit operand in memory
BMTSET Bit mask test and set for a 16-bit operand
BMTSET.W Bit mask test and set for a 16-bit operand in memory
BMTSTC Bit-mask test if clear for a 16-bit operand
BMTSTC.W Bit-mask test if clear for a 16-bit operand in memory
BMTSTS Bit-mask test if set for a 16-bit operand
BMTSTS.W Bit-mask test if set for a 16-bit operand in memory
EOR Logical Exclusive OR on a 16-bit operand
EOR.W Logical Exclusive OR on a 16-bit operand in memory
NOT Binary inversion of a 16-bit operand
NOT.W Binary inversion of a 16-bit operand in memory
OR Logical OR on a 16-bit operand
OR.W Logical OR on a 16-bit operand in memory
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Table 2-8. AGU Non-Loop Change-of-Flow Instructions

Instruction Description
BF Branch if false
BFD Branch if false (delayed)
BRA Branch
BRAD Branch (delayed)
BSR Branch to subroutine
BSRD Branch to subroutine (delayed)
BT Branch if true
BTD Branch if true (delayed)
JF Jump if false
JFD Jump if false (delayed)
JMP Jump
JMPD Jump (delayed)
JSR Jump to subroutine
JSRD Jump to subroutine (delayed)
JT Jump if true
JTD Jump if true (delayed)
RTE Return from exception
RTED Return from exception (delayed)
RTS Return from subroutine
RTSD Return from subroutine (delayed)
RTSTK Force restore PC from the stack, updating SP
RTSTKD Force restore PC from the stack, updating SP (delayed)
TRAP Execute a precise software exception.
Table 2-9. AGU Loop Control (including Loop COF) Instructions
Instruction Description
BREAK Terminate the loop and branch to an address
CONT Jump to the start of the loop to start the next iteration
CONTD Jump to the start of the loop to start the next iteration (delayed)
DOENnN Do enable - set the “nth” loop counter and enable the loop as a long loop
DOENSHnN Do enable short - set the “nth” loop counter and enable the loop as a short loop
DOSETUPN Setup the “nth” hardware loop start address
SKIPLS Test the active LC and skip the loop if LCn is equal or smaller than zero
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Table 2-10. AGU Program Control Instructions

Instruction Description
DEBUG Enter debug mode
DEBUGEV Signal debug event
DI Disable interrupts (sets the DI bit in the status register)
El Enable interrupts (clears the DI bit in the status register)
ILLEGAL Triggers an illegal instruction exception
MARK Push the PC into the trace buffer
STOP Stop processing (lowest power stand-by)
WAIT Wait for interrupt (low power stand-by)
Table 2-11. Prefix Instructions
Instruction Description
IFA Execute current execution set or subset unconditionally
IFF Execute current execution set or subset if the T bit is clear
IFT Execute current execution set or subset if the T bit is set
NOP No operation, not dispatched to an execution unit
2.4 Additional Programming Considerations

Use the last 64 bytes of M1 memory for data only. Because of system pipelining, code
fetches from this area by the cores can result in an attempt to access areas beyond the end
of the M1 memory. Such fetches may cause the system to stop operation. To prevent this
occurrence, do not store instruction code in the range 0x00037FC0-0x00037FFF.

In some rare instances, accesses to illegal addresses may not generate the correct illegal
address exception. If this occurs, program execution does not continue beyond theillegal
address access.

Inrare situations, an illegal execution set fetched by the SC140 core can alter the settings
of system registers or cause the SC140 core to enter afreeze state that can only be released
by reset. The SC140 illegal instruction trap does not provide 100 percent protection
against illegal instruction execution.
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External Signals

3

The MSC8113 external signals are organized into functional groups, as shown in Table 3-1 and
Figure 3-1. Table 3-1 lists the functional groups, the number of signal connectionsin each
group, and references the table that gives a detailed listing of multiplexed signals within each
group. Figure 3-1 shows MSC8113 external signals organized by function.

Table 3-1. MSC8113 Functional Signal Groupings

Functional Group

Number of
Signal
Connections

Detailed Description

Power (Vpp, Ve, and GND) 155 Table 3-2 on page 3-3
Clock 3 Table 3-3 on page 3-3
Reset and Configuration 4 Table 3-4 on page 3-3
DSI, System Bus, Ethernet, and Interrupts 210 Table 3-1 on page 3-4
Memory Controller 16 Table 3-2 on page 3-16
General-Purpose Input/Output (GPIO), Time-Division Multiplexed 32 Table 3-3 on page 3-19
(TDM) Interface, Universal Asynchronous Receiver/ Transmitter

(UART), Ethernet, and Timers

Ethernet signals 3 Table 3-4 on page 3-28
EONCE module and JTAG Test Access Port 7 Table 3-5 on page 3-28
Reserved (denotes connections that are always reserved) 1 Table 3-6 on page 3-29
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HDO/SWTE « [T ] o A0-31]
HDL/DSISYNC « [1 1] & TTOHA7
HD2/DSI64 « 1| D 1l & TT1
HD3/MODCK1 « 1| S 3] < TT[2-4]/CS[5-7]
HD4/MODCK2 « [1] ! 5] » CS[0-4]
HD5/CNFGS « [ 1 é 4] & TSZ[0-3]
HD[6-31] < [26] 1| & TBST
HD[32-39/D[32-39)reserved &> |8 o 1] « IRQLGBL
HD40/D40/ETHRXDO « [1| g 1| < IRQ3/BADDR31
HD41/D41/ETHRXD1 « [1| y 1| < IRQ2/BADDR30
HD42/D42/ETHRXD2/reserved < [ 1| s 1] < IRQ5/BADDR29
HD43/D43/ETHRXD3/reserved < [ 1| 1] -» BADDR28
HD[44-45]/D[44-45)/reserved <> | 2| E 1| —» BADDR27
HD46/D46/ETHTXDO « |1| T S [1] < BR
HD47/D47/ETHTXD1 « 1| H Y [1] & BG_
HD48/D48/ETHTXD2/reserved « | 1| E S [1] & DBG__
HD49/D49/ETHTXD3/reserved «» [1| R T [1] « ABB/IRQ4
HD[50-53]/D[50-53)/reserved <« |4 E 5 1| < DBB/RQ5
HDS4/DS4/ETHTX_EN > 1| 1] o TS
HD55/D55/ETHTX_ER/reserved < | 1 g [1] © AACK
HD56/D56/ETHRX_DV/ETHCRS DV« [ 1 u | 1] @ ARTRY
HD57/D57/ETHRX_ER « [ 1 s [32] < DI0-31]
HD58/D58/ETHMDC <> [ 1 1] < reserved/DPO/DREQL/EXT BR2
HD59/D59/ETHMDIO < [ 1 1] « IRQL/DP1/DACKI/EXT_BG2
HD60/D60/ETHCOL/reserved <> |1 1] « IRQ2/DP2/DACK2/EXT_DBG2
HD[61-63]/D[61-63)/reserved <« |3 1] « IRQ3/DP3/DREQ2/EXT_BR3
HCID[0-2] — [3 1| < IRQ4/DP4/DACK3/EXT_DBG3
HCID3/HA8 — 1| M 1| < IRQ5/DPS/DACK4/EXT_BG3
HA[11-29] — [19| E 1] < IRQ6/DP6/DREQ3
HWBS[0—3]/HDBS[0-3)/HWBE[0-3/HDBE[0-3] — [4| M 1] < IRQ7/DP7/DREQ4
HWBS[4-7)/HDBS[4-7/HWBE[4-7VHDBE[4-7)/ ., [, c o T
PWE[4—7)/PSDDQM[4—7]/PBS[4—7] A
HRDS/HRWHRDE — |1 1]« TEA
HBRST — 1| o 1] « NMI
HDST[0-1JHA[9-10] — 2| 1] - NMI_OUT
HCS — [1 1] < PSDVAL
HBCS — |1 1] < IRQ7/INT_OUT
HTA « |1 1] - BCTLO
_ HCLKIN — |1 M [1] — BCTLL/ICS5
GPIOO/CHIP_IDO/IRQ4/ETHTXDO « |1 E [3] & BM[0-2)/TC[0-2]/BNKSEL[0-2]
GPIOL/TIMERO/CHIP_IDI/IRQ5/ETHTXD1 « [1| G M 1] - ALE
GPIO2/TIMERL/CHIP_ID2/IRQ6 « [1| P C 4] —» PWE[0-3]/PSDDQM[0-3]/PBS[0-3]
GPIO3/TDM3TSYN/IRQLETHTXD2 « [1| ! 1] -» PSDAL0/PGPLO
GPIO4/TDM3TCLK/IRQ2/ETHTX_ER « [1] © 3 1| » PSDWE/PGPL1
GPIOS/TDM3TDAT/IRQ3/ETHRXD3 « 1| . s | 1] » POE/PSDRAS/PGPL2
GPIO6/TDM3RSYN/IRQ4/ETHRXD2/NC « |1 $ 1] » PSDCAS/PGPL3
GPIO7/TDM3RCLK/IRQS/ETHTXD3INC & [1] o 1] & PGTA/PUPMWAIT/PGPL4/PPBS
GPIO8/TDM3RDAT/IRQE/ETHCOL ¢ |1 1] » PSDAMUX/PGPL5
GPIO9/TDM2TSYN/IRQ7/ETHMDIO « [1| E
GPIO10/TDM2TCLK/IRQ8/ETHRX_DV/ETHCRS_DVINC « [1| T bebua| L1 < EEO
GPIO11/TDM2TDAT/IRQY/ETHRX_ER/ETHTXD « [1| H 91 - EEL
GPIO12/TDM2RSYN/IRQLO/ETHRXDL/ETHSYNC « [1| E C | 1] » CLKOUT
GPIO13/TDM2RCLK/IRQIL/ETHMDC « [1| R L [1] « Reserved
GPIO14/TDM2RDAT/IRQ12/ETHRXDO/NC « 1| N K [1] « CLKIN
GPIO15/TDMITSYN/DREQL « J1| E R |1] « PORESET
GPIO16/TDM1TCLK/DONEL/DRACKL « f1| T E [1] & HRESET
GPIO17/TDMITDAT/DACKL « |1 4 S [1] & SRESET
GPIO18/TDMIRSYN/DREQ2 « |1| E 1] « RSTCONF
GPIO19/TDM1RCLK/DACK2 « [1| M 1] « T™S
GPIO20/TDMIRDAT « [1| E J [1] « TDI
GPIO2L/TDMOTSYN « [1] R T [1] « TcK
GPI022/TDMOTCLK/DONE2/DRACK2 « |1 ? A I'T] « TRST
GPIO23/TDMOTDATARQI3 < [1] | G 1] - TDO
GPIO24/TDMORSYN/IRQ14 & [1| , [r—
GPIO25/TDMORCLK/IRQ1S « [1| c
GPIO26/TDMORDAT « [ 1
GPIO27/URXD/DREQL « [1
GPIO28/UTXD/DREQ2 « [1
GPIO29/CHIP_ID3/ETHTX_EN « |1 Ded. 1] < ETHRX_CLK/ETHSYNC_IN
GPIO30/TIMER2/TMCLK/SDA « |1 Ether| 1| « ETHTX_CLK/ETHREF_CLK/ETHCLOCK
GPIO31/TIMER3/SCL « |1 net | 1] « ETHCRS/ETHRXD

Note: Power signals are: Vpp, VppH: VccsyN: GND, GNDy, and GNDgyp. Reserved signals can be left unconnected. NC signals must not be connected.

Figure 3-1. MSC8113 External Signals
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3.1 Power Signals

Table 3-2. Power and Ground Signal Inputs

Signal Name

Description

Vbp Internal Logic Power
Vpp dedicated for use with the device core. The voltage should be well-regulated and the input should be
provided with an extremely low impedance path to the Vpp power rail.

VbDpH Input/Output Power
This source supplies power for the I/O buffers. The user must provide adequate external decoupling
capacitors.

Veesyn System PLL Power
V¢ dedicated for use with the system Phase Lock Loop (PLL). The voltage should be well-regulated and
the input should be provided with an extremely low impedance path to the V¢ power rail.

GND System Ground
An isolated ground for the internal processing logic and I/O buffers. This connection must be tied externally
to all chip ground connections, except GNDgyy. The user must provide adequate external decoupling
capacitors.

GNDgyn System PLL Ground

Ground dedicated for system PLL use. The connection should be provided with an extremely
low-impedance path to ground.

3.2 Clock Signals

Table 3-3. Clock Signals

Signal Name Type Signal Description
CLKIN Input Clock In
Primary clock input to the MSC8113 PLL.
CLKOUT Output Clock Out
The bus clock.
Reserved Input Pull down.

3.3 Reset and Configuration Signals

Table 3-4. Reset and Configuration Signals

Signal Name Type Signal Description
PORESET Input Power-On Reset

When asserted, this line causes the MSC8113 to enter power-on reset state.
RSTCONF Input Reset Configuration

Used during reset configuration sequence of the chip. A detailed explanation of its function is
provided in the MSC8113 Reference Manual. This signal is sampled upon deassertion of
PORESET.

When PORESET is deasserted, the MSC8113 also samples the following signals:
* BM[0-2]—Selects the boot mode.
* MODCK[1-2]—Selects the clock configuration.
* SWTE—Enables the software watchdog timer.
+ DSISYNC, DSI64, CNFGS, and CHIP_ID[0-3]—Configures the DSI.
Refer to Table 3-5 for details on these signals.

Note:
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Table 3-4. Reset and Configuration Signals (Continued)

Signal Name Type Signal Description
HRESET Input/ Hard Reset
Output When asserted as an input, this signal causes the MSC8113 to enter the hard reset state.
After the device enters a hard reset state, it drives the signal as an open-drain output.
SRESET Input/ Soft Reset
Output When asserted as an input, this signal causes the MSC8113 to enter the soft reset state.

After the device enters a soft reset state, it drives the signal as an open-drain output.

3.4 Direct Slave Interface, System Bus, Ethernet, and Interrupt
Signals

The direct dave interface (DSI) is combined with the system bus because they share some
common signal lines. Individual assignment of asignal to a specific signa lineis configured
through internal registers. Table 3-5 describes the signalsin this group. Although there are
fifteen interrupt request (IRQ) connections to the core processors, there are multiple external
lines that can connect to these internal signal lines. After reset, the default configuration enables
onlyIrQ[1-7], but includes two input lines each for iRQ[1-3] and IRQ7. The designer must select one
line for each required interrupt and reconfigure the other external signal line or linesfor alternate
functions. Additional aternate IRQ lines and 1rRQ[s-15] are enabled through the GPIO signal lines.

Table 3-5. DSI, System Bus, Ethernet, and Interrupt Signals

Signal Name Type Description
HDO Input/ Host Data Bus 0
Output Bit O of the DSI data bus.
SWTE Input Software Watchdog Timer Disable.
It is sampled on the rising edge of PORESET signal.
HD1 Input/ Host Data Bus 1
Output Bit 1 of the DSI data bus.
DSISYNC Input DSI Synchronous
Distinguishes between synchronous and asynchronous operation of the DSI. It is sampled on
the rising edge of PORESET signal.
HD2 Input/ Host Data Bus 2
Output Bit 2 of the DSI data bus.
DSI64 Input DSI 64
Defines the width of the DSI and SYSTEM Data buses. It is sampled on the rising edge of
PORESET signal.
HD3 Input/ Host Data Bus 3
Output Bit 3 of the DSI data bus.
MODCK1 Input Clock Mode 1
Defines the clock frequencies. It is sampled on the rising edge of PORESET signal.
MSC8113 Reference Manual, Rev. 0
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Table 3-5. DSI, System Bus, Ethernet, and Interrupt Signals (Continued)

Signal Name Type Description
HD4 Input/ Host Data Bus 4
Output Bit 4 of the DSI data bus.
MODCK2 Input Clock Mode 2
Defines the clock frequencies. It is sampled on the rising edge of PORESET signal.
HD5 Input/ Host Data Bus 5
Output Bit 5 of the DSI data bus.
CNFGS Input Configuration Source
One signal out of two that indicates reset configuration mode. It is sampled on the rising edge
of PORESET signal.
HD[6-31] Input/ Host Data Bus 6-31
Output Bits 6—31 of the DSI data bus.
HD[32-39] Input/ Host Data Bus 32-39
Output Bits 32—39 of the DSI data bus.
D[32-39] Input/ System Bus Data 32—-39
Output For write transactions, the bus master drives valid data on this bus. For read transactions, the
slave drives valid data on this bus.
Reserved Input If the Ethernet port is enabled and multiplexed with the DSI/System bus, these pins are
reserved and can be left unconnected.
HD40 Input/ Host Data Bus 40
Output Bit 40 of the DSI data bus.
D40 Input/ System Bus Data 40
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHRXDO Input Ethernet Receive Data 0
In MIl and RMII modes, bit 0 of the Ethernet receive data.
HD41 Input/ Host Data Bus 41
Output Bit 41 of the DSI data bus.
D41 Input/ System Bus Data 41
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHRXD1 Input Ethernet Receive Data 1
In MIl and RMII modes, bit 1 of the Ethernet receive data.
HD42 Input/ Host Data Bus 42
Output Bit 42 of the DSI data bus.
D42 Input/ System Bus Data 42
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHRXD2 Input Ethernet Receive Data 2
In MII mode only, bit 2 of the Ethernet receive data.
Reserved Input In RMII mode, this pin is reserved and can be left unconnected.
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Table 3-5. DSI, System Bus, Ethernet, and Interrupt Signals (Continued)

Signal Name Type Description
HD43 Input/ Host Data Bus 43
Output Bit 43 of the DSI data bus.
D43 Input/ System Bus Data 43
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHRXD3 Input Ethernet Receive Data 3
In MIl mode only, bit 3 of the Ethernet receive data.
Reserved Input In RMII mode, this pin is reserved and can be left unconnected.
HD[44-45] Input/ Host Data Bus 44-45
Output Bits 44-45 of the DSI data bus.
D[44-56] Input/ System Bus Data 44-45
Output For write transactions, the bus master drives valid data on this bus. For read transactions, the
slave drives valid data on this bus.
Reserved Input If the Ethernet port is enabled and multiplexed with the DSI/System bus, these pins are
reserved and can be left unconnected.
HD46 Input/ Host Data Bus 46
Output Bit 46 of the DSI data bus.
D46 Input/ System Bus Data 46
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHTXDO Output Ethernet Transmit Data 0
In MIl and RMII modes, bit 0 of the Ethernet transmit data.
HD47 Input/ Host Data Bus 47
Output Bit 47 of the DSI data bus.
D47 Input/ System Bus Data 47
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHTXD1 Output Ethernet Transmit Data 1
In MIl and RMII modes, bit 1 of the Ethernet transmit data.
HD48 Input/ Host Data Bus 48
Output Bit 48 of the DSI data bus.
D48 Input/ System Bus Data 48
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHTXD2 Output Ethernet Transmit Data 2
In MIl mode only, bit 2 of the Ethernet transmit data.
Reserved Input In RMII mode, this pin is reserved and can be left unconnected.
MSC8113 Reference Manual, Rev. 0
3-6 Freescale Semiconductor



Direct Slave Interface, System Bus, Ethernet, and Interrupt Signals

Table 3-5. DSI, System Bus, Ethernet, and Interrupt Signals (Continued)

Signal Name Type Description
HD49 Input/ Host Data Bus 49
Output Bit 49 of the DSI data bus.
D49 Input/ System Bus Data 49
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHTXD3 Output Ethernet Transmit Data 3
In MIl mode only, bit 3 of the Ethernet transmit data.
Reserved Input In RMII mode, this pin is reserved and can be left unconnected.
HD[50-53] Input/ Host Data Bus 50-53
Output Bits 50-53 of the DSI data bus.
D[50-53] Input/ System Bus Data 50-53
Output For write transactions, the bus master drives valid data on this bus. For read transactions, the
slave drives valid data on this bus.
Reserved Input If the Ethernet port is enabled and multiplexed with the DSI/System bus, these pins are
reserved and can be left unconnected.
HD54 Input/ Host Data Bus 54
Output Bit 54 of the DSI data bus.
D54 Input/ System Bus Data 54
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHTX_EN Output Ethernet Transmit Data Enable
In MIl and RMIl modes, indicates that the transmit data is valid.
HD55 Input/ Host Data Bus 55
Output Bit 55 of the DSI data bus.
D55 Input/ System Bus Data 55
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHTX_ER Output Ethernet Transmit Data Error
In Ml mode only, indicates a transmit data error.
Reserved Input In RMII mode, this pin is reserved and can be left unconnected.
HD56 Input/ Host Data Bus 56
Output Bit 56 of the DSI data bus.
D56 Input/ System Bus Data 56
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHRX_DV Input Ethernet Receive Data Valid
Indicates that the receive data is valid.
ETHCRS_DV Input Ethernet Carrier Sense/Receive Data Valid

In RMIl mode, indicates that a carrier is detected and after the connection is established that
the receive data is valid.

MSC8113 Reference Manual, Rev. 0
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Table 3-5. DSI, System Bus, Ethernet, and Interrupt Signals (Continued)

Signal Name Type Description
HD57 Input/ Host Data Bus 57
Output Bit 57 of the DSI data bus.
D57 Input/ System Bus Data 57
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHRX_ER Input Ethernet Receive Data Error
In MIl and RMII modes, indicates a receive data error.
HD58 Input/ Host Data Bus 58
Output Bit 58 of the DSI data bus.
D58 Input/ System Bus Data 58
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHMDC Output Ethernet Management Clock
In MII and RMII modes, used for the MDIO reference clock.
HD59 Input/ Host Data Bus 59
Output Bit 59 of the DSI data bus.
D59 Input/ System Bus Data 59
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHMDIO Input/ Ethernet Management Data
Output In MIl and RMII modes, used for station management data input/output.
HD60 Input/ Host Data Bus 60
Output Bit 60 of the DSI data bus.
D60 Input/ System Bus Data 60
Output For write transactions, the bus master drives valid data on this line. For read transactions, the
slave drives valid data on this bus.
ETHCOL Input/ Ethernet Collision
Output In MII mode only, indicates that a collision was detected.
Reserved Input In RMII mode, this pin is reserved and can be left unconnected.
HD[61-63] Input/ Host Data Bus 61-63
Output Bits 61-63 of the DSI data bus.
D[61-63] Input/ System Bus Data 61-63
Output For write transactions, the bus master drives valid data on this bus. For read transactions, the
slave drives valid data on this bus.
Reserved Input If the Ethernet port is enabled and multiplexed with the DSI/System bus, these pins are
reserved and can be left unconnected.
HCID[0-2] Input Host Chip ID 0-2
With HCIDS, carries the chip ID of the DSI. The DSl is accessed only if HCS is asserted and
HCID[0-3] matches the Chip_ID, or if HBCS is asserted.
MSC8113 Reference Manual, Rev. 0
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Table 3-5. DSI, System Bus, Ethernet, and Interrupt Signals (Continued)

Signal Name Type Description
HCID3 Input Host Chip ID 3
With HCI[0-2], carries the chip ID of the DSI. The DSl is accessed only if HCS is asserted
and HCID[0-3] matches the Chip_ID, or if HBCS is asserted.
HA8 Input Host Bus Address 8
Used by an external host to access the internal address space.
HA[11-29] Input Host Bus Address 11-29
Used by external host to access the internal address space.
HWBS[0-3] Input Host Write Byte Strobes (In Asynchronous dual mode)
One bit per byte is used as a strobe for host write accesses.
HDBSJ[0-3] Input Host Data Byte Strobe (in Asynchronous single mode)
One bit per byte is used as a strobe for host read or write accesses
HWBE[0-3] Input Host Write Byte Enable (In Synchronous dual mode)
One bit per byte is used to indicate a valid data byte for host read or write accesses.
HDBE[0-3] Input Host Data Byte Enable (in Synchronous single mode)
One bit per byte is used as a strobe enable for host write accesses
HWBS[4-7] Input Host Write Byte Strobes (In Asynchronous dual mode)
One bit per byte is used as a strobe for host write accesses.
HDBS[4-7] Input Host Data Byte Strobe (in Asynchronous single mode)
One bit per byte is used as a strobe for host read or write accesses
HWBE[4-7] Input Host Write Byte Enable (In Synchronous dual mode)
One bit per byte is used to indicate a valid data byte for host write accesses.
HDBE[4-7] Input Host Data Byte Enable (in Synchronous single mode)
One bit per byte is used as a strobe enable for host read or write accesses
PWE[4-7] Output System Bus Write Enable
Outputs of the bus general-purpose chip-select machine (GPCM). These pins select byte
lanes for write operations.
PSDDQM[4-7] Output System Bus SDRAM DQM
From the SDRAM control machine. These pins select specific byte lanes of SDRAM devices.
PBS[4-7] Output System Bus UPM Byte Select
From the UPM in the memory controller, these signals select specific byte lanes during
memory operations. The timing of these pins is programmed in the UPM. The actual driven
value depends on the address and size of the transaction and the port size of the accessed
device.
HRDS Input Host Read Data Strobe (In Asynchronous dual mode)
Used as a strobe for host read accesses.
HRW Input Host Read/Write Select (in Asynchronous/Synchronous single mode)
Host read/write select.
HRDE Input Host Read Data Enable (In Synchronous dual mode)

Indicates valid data for host read accesses.
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Table 3-5. DSI, System Bus, Ethernet, and Interrupt Signals (Continued)

Signal Name Type Description
HBRST Input Host Burst
The host asserts this pin to indicate that the current transaction is a burst transaction in
synchronous mode only.
HDST[0-1] Input Host Data Structure 0-1
Defines the data structure of the host access in DSI little-endian mode.
HA[9-10] Host Bus Address 9-10
Used by an external host to access the internal address space.
HCS Input Host Chip Select
DSl chip select. The DSl is accessed only if HCS is asserted and HCID[0—3] matches the
Chip_ID.
HBCS Input Host Broadcast Chip Select
DSI chip select for broadcast mode. Enables more than one DSI to share the same host
chip-select pin for broadcast write accesses.
HTA Output Host Transfer Acknowledge
Upon a read access, indicates to the host when the data on the data bus is valid. Upon a
write access, indicates to the host that the data on the data bus was written to the DSI write
buffer.
HCLKIN Input Host Clock Input
Host clock signal for DSI synchronous mode.
A[0-31] Input/ Address Bus
Output When the MSC8113 is in external master bus mode, these pins function as the system
address bus. The MSC8113 drives the address of its internal bus masters and responds to
addresses generated by external bus masters. When the MSC8113 is in internal master bus
mode, these pins are used as address lines connected to memory devices and are controlled
by the MSC8113 memory controller.
TTO Input/ Bus Transfer Type 0
Output The bus master drives this pins during the address tenure to specify the type of the
transaction.
HA7 Host Bus Address 7
Used by an external host to access the internal address space.
TT1 Input/ Bus Transfer Type 1
Output The bus master drives this pins during the address tenure to specify the type of the
transaction. Some applications use only the TT1 signal, for example, from MSC8113 to
MSC8113 or MSC8113 to MSC8101 and vice versa. In these applications, TT1 functions as
read/write signal.
TT[2-4] Input/ Bus Transfer Type 2—4
Output The bus master drives these pins during the address tenure to specify the type of the
transaction.
CS[5-7] Output Chip Select 5-7
Enables specific memory devices or peripherals connected to the system bus.
CS[0-4] Output Chip Select 04
Enables specific memory devices or peripherals connected to the system bus.
TSZ[0-3] Input/ Transfer Size 0-3
Output The bus master drives these pins with a value indicating the number of bytes transferred in

the current transaction.
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Table 3-5. DSI, System Bus, Ethernet, and Interrupt Signals (Continued)

Signal Name Type Description
TBST Input/ Bus Transfer Burst

Output The bus master asserts this pin to indicate that the current transaction is a burst transaction

(transfers eight words).

IRQ1 Input Interrupt Request 11
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

GBL Output Globall
When a master within the MSC8113 initiates a bus transaction, it drives this pin. Assertion of
this pin indicates that the transfer is global and should be snooped by caches in the system.

IRQ3 Input Interrupt Request 31
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

BADDR31 Output | g5t Address 311
There are five burst address output pins, which are outputs of the memory controller. These
pins connect directly to burstable memory devices without internal address incrementors
controlled by the MSC8113 memory controller.

IRQ2 Input Interrupt Request 2*
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

BADDR30 Output | grst Address 301
There are five burst address output pins, which are outputs of the memory controller. These
pins connect directly to burstable memory devices without internal address incrementors
controlled by the MSC8113 memory controller.

IRQ5 Input Interrupt Request 51
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

BADDR29 Output | g5 Burst Address 29
There are five burst address output pins, which are outputs of the memory controller. These
pins connect directly to burstable memory devices without internal address incrementors
controlled by the MSC8113 memory controller.

BADDR28 Output Burst Address 28
There are five burst address output pins, which are outputs of the memory controller. These
pins connect directly to burstable memory devices without internal address incrementors
controlled by the MSC8113 memory controller.

BADDR27 Output Burst Address 27
There are five burst address output pins, which are outputs of the memory controller. These
pins connect directly to burstable memory devices without internal address incrementors
controlled by the MSC8113 memory controller.

BR Input/ Bus Request?

Output When an external arbiter is used, the MSC8113 asserts this pin as an output to request
ownership of the bus. When the MSC8113 controller is used as an internal arbiter, an
external master asserts this pin as an input to request bus ownership.

BG Input/ Bus Grant?
Output When the MSC8113 acts as an internal arbiter, it asserts this pin as an output to grant bus

ownership to an external bus master. When an external arbiter is used, it asserts this pin as
an input to grant bus ownership to the MSC8113.

MSC8113 Reference Manual, Rev. 0
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Table 3-5. DSI, System Bus, Ethernet, and Interrupt Signals (Continued)

Signal Name Type Description

DBG Input/ Data Bus Grant?

Output | when the MSC8113 acts as an internal arbiter, it asserts this pin as an output to grant data
bus ownership to an external bus master. When an external arbiter is used, it asserts this pin
as an input to grant data bus ownership to the MSC8113.

ABB Input/ Address Bus Busy?!

Output | The MSC8113 asserts this pin as an output for the duration of the address bus tenure.
Following an AACK, which terminates the address bus tenure, the MSC8113 deasserts ABB
for a fraction of a bus cycle and then stops driving this pin. The MSC8113 does not assume
bus ownership as long as it senses this pin is asserted as an input by an external bus master.

IRQ4 Interrupt Request 4
Input One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

DBB Input/ Data Bus Busy?!

Output | The MSC8113 asserts this pin as an output for the duration of the data bus tenure. Following
a TA, which terminates the data bus tenure, the MSC8113 deasserts DBB for a fraction of a
bus cycle and then stops driving this pin. The MSC8113 does not assume data bus
ownership as long as it senses that this pin is asserted as an input by an external bus master.

IRQ5 Interrupt Request 5
Input One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

TS Input/ Bus Transfer Start

Output Assertion of this pin signals the beginning of a new address bus tenure. The MSC8113
asserts this signal when one of its internal bus masters begins an address tenure. When the
MSC8113 senses that this pin is asserted by an external bus master, it responds to the
address bus tenure as required (snoop if enabled, access internal MSC8113 resources,
memory controller support).

AACK Input/ Address Acknowledge
Output A bus slave asserts this signal to indicate that it has identified the address tenure. Assertion
of this signal terminates the address tenure.

ARTRY Input/ Address Retry

Output Assertion of this signal indicates that the bus master should retry the bus transaction. An
external master asserts this signal to enforce data coherency with its caches and to prevent
deadlock situations.

D[0-31] Input/ Data Bus Bits 0-31
Output In write transactions, the bus master drives the valid data on this bus. In read transactions,
the slave drives the valid data on this bus.
Reserved Input The primary configuration selection (default after reset) is reserved.
DPO Input/ System Bus Data Parity 0

Output The agent that drives the data bus also drives the data parity signals. The value driven on the
data parity 0 pin should give odd parity (odd number of ones) on the group of signals that
includes data parity 0 and D[0-7].

DREQ1 DMA Request 1
Input Used by an external peripheral to request DMA service.
EXT_BR2 External Bus Request 2
Input An external master asserts this pin to request bus ownership from the internal arbiter.

MSC8113 Reference Manual, Rev. 0
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Table 3-5. DSI, System Bus, Ethernet, and Interrupt Signals (Continued)

Signal Name Type Description
IRQ1 Input Interrupt Request 1
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.
DP1 Input/ System Bus Data Parity 1
Output The agent that drives the data bus also drives the data parity signals. The value driven on the
data parity 1 pin should give odd parity (odd nhumber of ones) on the group of signals that
includes data parity 1 and D[8-15].
DACK1 Output DMA Acknowledge 1
The DMA drives this output to acknowledge the DMA transaction on the bus.
EXT_BG2 Output | External Bus Grant 22
The MSC8113 asserts this pin to grant bus ownership to an external bus master.
IRQ2 Input Interrupt Request 2
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.
DP2 Input/ System Bus Data Parity 2
Output The agent that drives the data bus also drives the data parity signals. The value driven on the
data parity 2 pin should give odd parity (odd number of ones) on the group of signals that
includes data parity 2 and D[16-23].
DACK2 Output DMA Acknowledge 2
The DMA drives this output to acknowledge the DMA transaction on the bus.
EXT_DBG2 Output | External Data Bus Grant 22
The MSCB8113 asserts this pin to grant data bus ownership to an external bus master.
IRQ3 Input Interrupt Request 3
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.
DP3 Input/ System Bus Data Parity 3
Output The agent that drives the data bus also drives the data parity signals. The value driven on the
data parity 3 pin should give odd parity (odd number of ones) on the group of signals that
includes data parity 3 and D[24-31].
DREQ2 Input DMA Request 2
Used by an external peripheral to request DMA service.
EXT_BR3 Input External Bus Request 32

An external master should assert this pin to request bus ownership from the internal arbiter.
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Table 3-5. DSI, System Bus, Ethernet, and Interrupt Signals (Continued)

Signal Name Type Description

IRQ4 Input Interrupt Request 4
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

DP4 Input/ System Bus Data Parity 4

Output The agent that drives the data bus also drives the data parity signals. The value driven on the
data parity 4 pin should give odd parity (odd number of ones) on the group of signals that
includes data parity 4 and D[32—39].

DACK3 Output DMA Acknowledge 3
The DMA drives this output to acknowledge the DMA transaction on the bus.

EXT_DBG3 Output | External Data Bus Grant 32
The MSCB8113 asserts this pin to grant data bus ownership to an external bus master.

IRQ5 Input Interrupt Request 5
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

DP5 Input/ System Bus Data Parity 5

Output The agent that drives the data bus also drives the data parity signals. The value driven on the
data parity 5 pin should give odd parity (odd number of ones) on the group of signals that
includes data parity 5 and D[40—47].

DACK4 Output DMA Acknowledge 4
The DMA drives this output to acknowledge the DMA transaction on the bus.

EXT_BG3 Output | External Bus Grant 32
The MSCB8113 asserts this pin to grant bus ownership to an external bus.

IRQ6 Input Interrupt Request 6
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

DP6 Input/ System Bus Data Parity 6

Output The agent that drives the data bus also drives the data parity signals. The value driven on the
data parity 6 pin should give odd parity (odd number of ones) on the group of signals that
includes data parity 6 and D[48-55].

DREQ3 Input DMA Request 3
Used by an external peripheral to request DMA service.

IRQ7 Input Interrupt Request 7
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

DP7 Input/ System Bus Data Parity 7

Output The agent that drives the data bus also drives the data parity signals. The value driven on the
data parity 7 pin should give odd parity (odd number of ones) on the group of signals that
includes data parity 7 and D[56—63].

DREQ4 Input DMA Request 4
Used by an external peripheral to request DMA service.

MSC8113 Reference Manual, Rev. 0
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Table 3-5. DSI, System Bus, Ethernet, and Interrupt Signals (Continued)

Signal Name Type Description

TA

Input/ Transfer Acknowledge .

Output Indicates that a data beat is valid on the data bus. For single-beat transfers, TA assertion
indicates the termination of the transfer. For burst transfers, TA is asserted eight times to
indicate the transfer of eight data beats, with the last assertion indicating the termination of
the burst transfer.

TEA Input/ Transfer Error Acknowledge
Output Assertion indicates a failure of the data tenure transaction.The masters within the MSC8113

monitor the state of this pin. The MSC8113 internal bus monitor can assert this pin if it
identifies a bus transfer that does not complete.

NMI Input Non-Maskable Interrupt
When an external device asserts this line, it generates an non-maskable interrupt in the
MSC8113, which is processed internally (default) or is directed to an external host for
processing (see NMI_OUT).

NMI_OUT Output Non-Maskable Interrupt Output
An open-drain pin driven from the MSC8113 internal interrupt controller. Assertion of this
output indicates that a non-maskable interrupt is pending in the MSC8113 internal interrupt
controller, waiting to be handled by an external host.

PSDVAL Input/ Port Size Data Valid e

Output Indicates that a data beat is valid on the data bus. The difference between the TA pin and the

PSDVAL pin is that the TA pin is asserted to indicate data transfer terminations, while the
PSDVAL signal is asserted with each data beat movement. When TA is asserted, PSDVAL is
always asserted. However, when PSDVAL is asserted, TA is not necessarily asserted. For
example, if the DMA initiates a double word (2 x 64 hits) transaction to a memory device with
a 32-bit port size, PSDVAL is asserted three times without TA and, finally, both pins are
asserted to terminate the transfer.

IRQ7 Input Interrupt Request 7
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

INT_OUT Output Interrupt Output
Assertion of this output indicates that an unmasked interrupt is pending in the MSC8113
internal interrupt controller.

Notes: 1. See the System Interface Unit (SIU) chapter in the MSC8113 Reference Manual for details on how to configure

these pins.
When used as the bus control arbiter, the MSC8113 can support up to three external bus masters. Each master

uses its own set of Bus Request, Bus Grant, and Data Bus Grant signals (BR/BG/DBG,
EXT_BR2/EXT_BG2/EXT_DBG2, and EXT_BR3/EXT_BG3/EXT_DBG3). Each of these signal sets must be
configured to indicate whether the external master is or is not a MSC8113 master device. See the Bus
Configuration Register (BCR) description in the System Interface Unit (SIU) chapter in the MSC8113 Reference
Manual for details on how to configure these pins. The second and third set of pins is defined by EXT_xxx to

indicate that they can only be used with external master devices. The first set of pins (BR/BG/DBG) have a dual

function. When the MSC8113 is not the bus arbiter, it uses these signals (BR/BG/DBG) to obtain master control
of the bus.

MSC8113 Reference Manual, Rev. 0
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3.5 Memory Controller Signals

Refer to the Memory Controller chapter in the MSC8113 Reference Manual for details on
configuring these signals.

Table 3-6. Memory Controller Signals

Signal Name Type Description

BCTLO Output System Bus Buffer Control 0
Controls buffers on the data bus. Usually used with BCTL1. The exact function of this pin is
defined by the value of SIUMCR[BCTLC].

BCTL1 Output System Bus Buffer Control 1
Controls buffers on the data bus. Usually used with BCTLO. The exact function of this pin is
defined by the value of SIUMCR[BCTLC].

CS5 Output System and Local Bus Chip Select 5
Enables specific memory devices or peripherals connected to MSC8113 buses.

BM[0-2] Input Boot Mode 0-2
Defines the boot mode of the MSC8113. This signal is sampled on PORESET deassertion.

TC[0-2] Input/ Transfer Code 0-2

Output The bus master drives these pins during the address tenure to specify the type of the code.

BNKSEL[0-2] Output Bank Select 0-2
Selects the SDRAM bank when the MSC8113 is in 60x-compatible bus mode.

ALE Output Address Latch Enable
Controls the external address latch used in an external master bus.

PWE[0-3] Output System Bus Write Enable
Outputs of the bus general-purpose chip-select machine (GPCM). These pins select byte
lanes for write operations.

PSDDQM[0-3] Output System Bus SDRAM DQM
From the SDRAM control machine. These pins select specific byte lanes of SDRAM devices.
System Bus UPM Byte Select

PBS[0-3] Output From the UPM in the memory controller, these signals select specific byte lanes during
memory operations. The timing of these pins is programmed in the UPM. The actual driven
value depends on the address and size of the transaction and the port size of the accessed
device.

PSDA10 Output System Bus SDRAM A10
From the bus SDRAM controller. The precharge command defines which bank is
precharged. When the row address is driven, it is a part of the row address. When column
address is driven, it is a part of column address.

PGPLO Output System Bus UPM General-Purpose Line 0
One of six general-purpose output lines from the UPM. The values and timing of this pin are
programmed in the UPM.

PSDWE Output System Bus SDRAM Write Enable
From the bus SDRAM controller. Should connect to SDRAM WE input.

PGPL1 Output System Bus UPM General-Purpose Line 1
One of six general-purpose output lines from the UPM. The values and timing of this pin are
programmed in the UPM.

MSC8113 Reference Manual, Rev. 0
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Table 3-6. Memory Controller Signals (Continued)

Signal Name Type Description

POE Output System Bus Output Enable
From the bus GPCM. Controls the output buffer of memory devices during read operations.

PSDRAS Output System Bus SDRAM RAS
From the bus SDRAM controller. Should connect to SDRAM RAS input.

PGPL2 Output System Bus UPM General-Purpose Line 2
One of six general-purpose output lines from the UPM. The values and timing of this pin are
programmed in the UPM.

PSDCAS Output System Bus SDRAM CAS
From the bus SDRAM controller. Should connect to SDRAM CAS input.

PGPL3 Output System Bus UPM General-Purpose Line 3
One of six general-purpose output lines from the UPM. The values and timing of this pin are
programmed in the UPM.

PGTA Input System GPCM TA
Terminates external transactions during GPCM operation. Requires an external pull-up
resistor for proper operation.

PUPMWAIT Input System Bus UPM Wait
An external device holds this pin low to force the UPM to wait until the device is ready to
continue the operation.

PGPL4 Output System Bus UPM General-Purpose Line 4
One of six general-purpose output lines from the UPM. The values and timing of this pin are
programmed in the UPM.

PPBS Output System Bus Parity Byte Select
In systems that store data parity in a separate chip, this output is used as the byte-select for
that chip.

PSDAMUX Output System Bus SDRAM Address Multiplexer

Controls the system bus SDRAM address multiplexer when the MSC8113 is in external
master mode.

PGPL5 Output
System Bus UPM General-Purpose Line 5

One of six general-purpose output lines from the UPM. The values and timing of this pin are
programmed in the UPM.

MSC8113 Reference Manual, Rev. 0
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3.6 GPIO, TDM, UART, and Timer Signals

The general-purpose input/output (GPI0O), time-division multiplexed (TDM), universal
asynchronous receiver/transmitter (UART), and timer signals are grouped together because they
use a common set of signal lines. Individual assignment of asignal to a specific signal lineis
configured through internal registers. Table 3-7 describes the signalsin this group.

Table 3-7. GPIO, TDM, UART, Ethernet, and Timer Signals

Signal Name Type Description
GPIOO Input/ General-Purpose Input Output 0
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
CHIP_IDO Input ChipIDO
Determines the chip ID of the MSC8113 DSI. It is sampled on the rising edge of PORESET
signal.
IRQ4 Input Interrupt Request 4
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140 core.
ETHTXDO Output Ethernet Transmit Data O
For MIl or RMII mode, bit O of the Ethernet transmit data.
GPIO1 Input/ General-Purpose Input Output 1
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
TIMERO Input/ Timer O
Output | Each signal is configured as either input to or output from the counter. For details, see
Chapter 22, Timers.
CHIP_ID1 Input ChipID 1
Determines the chip ID of the MSC8113 DSI. It is sampled on the rising edge of PORESET
signal.
IRQ5 Input Interrupt Request 5
One of the fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140 core.
ETHTXD1 Output Ethernet Transmit Data 1
For MIl or RMII mode, bit 1 of the Ethernet transmit data.
MSC8113 Reference Manual, Rev. 0
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Table 3-7. GPIO, TDM, UART, Ethernet, and Timer Signals (Continued)

Signal Name Type Description
GPIO2 Input/ General-Purpose Input Output 2
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
TIMER1 Input/ Timer 1
Output Each signal is configured as either input to or output from the counter. For details, see
Chapter 22, Timers.
CHIP_ID2 Input Chip ID 2
Determines the chip ID of the MSC8113 DSI. It is sampled on the rising edge of PORESET
signal.
IRQ6 Input
Interrupt Request 6
One of the fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140 core.
GPIO3 Input/ General-Purpose Input Output 3
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
TDM3TSYN Input/ TDM3 Transmit Frame Sync
Output | Transmit frame sync for TDM 3. See Chapter 20, TDM Interface.
IRQ1 Input Interrupt Request 1
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.
ETHTXD2 Output Ethernet Transmit Data 2
For MIl mode only, bit 2 of the Ethernet transmit data.
Reserved Output In RMII or SMII mode, this signal is reserved and can be left unconnected.
GPIO4 Input/ General-Purpose Input Output 4
Output One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
TDM3TCLK Input TDM3 Transmit Clock
Transmit Clock for TDM 3. For configuration details, see Chapter 20, TDM Interface.
IRQ2 Input Interrupt Request 2
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.
ETHTX_ER Output Ethernet Transmit Data Error

For MIl mode only, indicates whether a transmit data error occurred.
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Table 3-7. GPIO, TDM, UART, Ethernet, and Timer Signals (Continued)

Signal Name Type Description

GPIO5 Input/ General-Purpose Input/Output 5
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM3TDAT Input/ TDM3 Serial Transmitter Data
Output | The serial transmit data signal for TDM 3. As an output, it provides the DATA_D signal for
TDM 3. For configuration details, see Chapter 20, TDM Interface.

IRQ3 Input Interrupt Request 3
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

ETHRXD3 Input Ethernet Receive Data 3

For MII mode only, bit 3 of the Ethernet receive data.
Reserved Input For RMII or SMII mode, this pin is reserved and can be left unconnected.
GPIO6 Input/ General-Purpose Input Output 6

Output One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM3RSYN Input/ TDM3 Receive Frame Sync
Output | The receive sync signal for TDM 3. As an input, this can be the DATA_B data signal for TDM
3. For configuration details, see Chapter 20, TDM Interface.

IRQ4 Input Interrupt Request 4
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

ETHRXD2 Input Ethernet Receive Data 2

For MIl mode only, bit 2 of the Ethernet receive data.
Reserved Input For RMII or SMII mode, this pin is reserved and can be left unconnected.
GPIO7 Input/ General-Purpose Input Output 7

Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM3RCLK Input/ TDM3 Receive Clock
Output | The receive clock signal for TDM 3. As an output, this can be the DATA_C data signal for TDM
3. For configuration details, see Chapter 20, TDM Interface.

IRQ5 Input Interrupt Request 5
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

ETHTXD3 Output Ethernet Transmit Data 3
For MIl mode only, bit 3 of the Ethernet transmit data.

Reserved Output | For RMII or SMIl mode, this pin is reserved and can be left unconnected.
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Table 3-7. GPIO, TDM, UART, Ethernet, and Timer Signals (Continued)

Signal Name Type Description

GPIO8 Input/ General-Purpose Input Output 8
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM3RDAT Input/ TDM3 Serial Receiver Data
Output | The receive data signal for TDM 3. As an input, this can be the DATA_A data signal for TDM
3. For configuration details, see Chapter 20, TDM Interface.

IRQ6 Input Interrupt Request 6
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

ETHCOL Input Ethernet Collision

For MIl mode only, indicates whether a collision was detected.
Reserved Input For RMII or SMII mode, this pin is reserved and can be left unconnected.
GPIO9 Input/ General-Purpose Input Output 9

Output One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM2TSYN Input/ TDM2 Transmit frame Sync
Output | Transmit Frame Sync for TDM 2. For configuration details, see Chapter 20, TDM Interface.

IRQ7 Input Interrupt Request 7
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

ETHMDIO Input/ Ethernet Management Data
Output Station management data input/output line in Mll, RMIIl, and SMII modes.

GPIO10 Input/ General-Purpose Input Output 10
Output One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM2TCLK Input TDM 2 Transmit Clock
Transmit Clock for TDM 2. For configuration details, see Chapter 20, TDM Interface.

IRQ8 Input Interrupt Request 8
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

ETHRX_DV Input Ethernet Receive Data Valid
In MII mode, this signal indicates that the receive data is valid.

ETHCRS_DV Input Ethernet Carrier Sense/Receive Data Valid
In RMII mode, this signal indicates that a carrier is sense or that the receive data is valid.

NC Input Not Connected
For SMIlI mode, this signal must be left unconnected.
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Table 3-7. GPIO, TDM, UART, Ethernet, and Timer Signals (Continued)

Signal Name Type Description

GPIO11 Input/ General-Purpose Input Output 11
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM2TDAT Input/ TDM2 Serial Transmitter Data
Output | The transmit data signal for TDM 2. As an output, this can be the DATA_D data signal for TDM
2. For configuration details, see Chapter 20, TDM Interface.

IRQ9 Input Interrupt Request 9
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

ETHRX_ER Input Ethernet Receive Data Error
In MIl and RMII modes indicates that a receive data error occurred.

ETHTXD Output Ethernet Transmit Data
In SMII, used as the Ethernet transmit data line.

GPIO12 Input/ General-Purpose Input Output 12
Output One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM2RSYN Input/ TDM2 Receive Frame Sync
Output | The receive sync signal for TDM 2. As an input, this can be the DATA_B data signal for TDM
2. For configuration details, see Chapter 20, TDM Interface.

IRQ10 Input Interrupt Request 10
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

ETHRXD1 Input Ethernet Receive Data 1
In MIl or RMII mode, bit 1 of the Ethernet receive data.

ETHSYNC Output Ethernet Sync Signal
In SMII mode, this is the SMII sync signal.

GPIO13 Input/ General-Purpose Input Output 13
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM2RCLK Input/ TDM2 Receive Clock
Output | The receive clock signal for TDM 2. As an input, this can be the DATA_C data signal for TDM
2. For configuration details, see Chapter 20, TDM Interface.

IRQ11 Input Interrupt Request 11
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

ETHMDC Output | Ethernet Management Clock
Used for the MDIO reference clock for MlIl, RMII, and SMIlI modes.
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Table 3-7. GPIO, TDM, UART, Ethernet, and Timer Signals (Continued)

Signal Name Type Description

GPI014 Input/ General-Purpose Input Output 14
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM2RDAT Input/ TDM2 Serial Receiver Data
Output | The receive data signal for TDM 2. As an input, this can be the DATA_A data signal for TDM
Input 2. For configuration details, see Chapter 20, TDM Interface.

IRQ12 Input Interrupt Request 12
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.

ETHRXDO Input Ethernet Receive Data 0
Bit O of the Ethernet receive data (MIl and RMII).

NC Input Not Connected
For SMII mode, this signal must be left unconnected.

GPI0O15 Input/ General-Purpose Input Output 15
Output One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM1TSYN Input/ TDM1 Transmit frame Sync
Output | Transmit Frame Sync for TDM 1. For configuration details, see Chapter 20, TDM Interface.

DREQ1 Input DMA Request 1
Used by an external peripheral to request DMA service.

GPIO16 Input/ General-Purpose Input Output 16
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM1TCLK Input TDM1 Transmit Clock
Transmit Clock for TDM 1. For configuration details, see Chapter 20, TDM Interface.

DONE1 Input/ DMA Done 1

Output Signifies that the channel must be terminated. If the DMA generates DONE, the channel
handling this peripheral is inactive. As an input to the DMA, DONE closes the channel much
like a normal channel closing.

See the MSC8113 Reference Manual chapters on DMA and GPIO for information on
configuring the DRACK or DONE mode and pin direction.

DRACK1 Output DMA Data Request Acknowledge 1
Asserted by the DMA controller to indicate that the DMA controller has sampled the peripheral
request.

GPIO17 Input/ General-Purpose Input Output 17

Output One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM1TDAT Input/ TDM1 Serial Transmitter Data
Output | The transmit data signal for TDM 1. As an output, this can be the DATA_D data signal for TDM
1. For configuration details, see Chapter 20, TDM Interface.

DACK1 Output DMA Acknowledge 1
The DMA controller drives this output to acknowledge the DMA transaction on the bus.
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Table 3-7. GPIO, TDM, UART, Ethernet, and Timer Signals (Continued)

Signal Name Type Description

GPIO18 Input/ General-Purpose Input Output 18
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM1RSYN Input/ TDM1 Receive Frame Sync
Output | The receive sync signal for TDM 1. As an input, this can be the DATA_B data signal for TDM
1. For configuration details, see Chapter 20, TDM Interface.

DREQ2 Input DMA Request 1
Used by an external peripheral to request DMA service.

GPIO19 Input/ General-Purpose Input Output 19
Output One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM1RCLK Input/ TDM1 Receive Clock
Output | The receive clock signal for TDM 1. As an input, this can be the DATA_C data signal for TDM
1. For configuration details, see Chapter 20, TDM Interface.

DACK2 Output DMA Acknowledge 2
The DMA controller drives this output to acknowledge the DMA transaction on the bus.

GPI1020 Input/ General-Purpose Input Output 20
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDM1RDAT Input/ TDM1 Serial Receiver Data
Output | The receive data signal for TDM 1. As an input, this can be the DATA_A data signal for TDM
1. For configuration details, see Chapter 20, TDM Interface.

GPI1021 Input/ General-Purpose Input Output 21
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDMOTSYN Input/ TDMO Transmit frame Sync
Output | Transmit Frame Sync for TDM 0. For configuration details, see Chapter 20, TDM Interface.

GP1022 Input/ General-Purpose Input Output 22
Output One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.

TDMOTCLK Input TDM 0 Transmit Clock
Transmit Clock for TDM 0. For configuration details, see Chapter 20, TDM Interface.

DONE2 Input/ DMA Done 2

Output Signifies that the channel must be terminated. If the DMA generates DONE, the channel
handling this peripheral is inactive. As an input to the DMA, DONE closes the channel much
like a normal channel closing.

Note: See the MSC8113 Reference Manual chapters on DMA and GPIO for information on
configuring the DRACK or DONE mode and pin direction.

DRACK2 Output DMA Data Request Acknowledge 2
Asserted by the DMA controller to indicate that the DMA controller has sampled the peripheral
request.
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Table 3-7. GPIO, TDM, UART, Ethernet, and Timer Signals (Continued)

Signal Name Type Description
GP1023 Input/ General-Purpose Input Output 23
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
TDMOTDAT Input/ TDMO Serial Transmitter Data
Output | The transmit data signal for TDM 0. As an output, this can be the DATA_D data signal for TDM
0. For configuration details, see Chapter 20, TDM Interface.
IRQ13 Input Interrupt Request 13
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.
GP1024 Input/ General-Purpose Input Output 24
Output One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
TDMORSYN Input/ TDMO Receive Frame Sync
Output | The receive sync signal for TDM 0. As an input, this can be the DATA_B data signal for TDM
0. For configuration details, see Chapter 20, TDM Interface.
IRQ14 Input Interrupt Request 14
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.
GPI025 Input/ General-Purpose Input Output 25
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
TDMORCLK Input/ TDMO Receive Clock
Output | The receive clock signal for TDM 0. As an input, this can be the DATA_C data signal for TDM
0. For configuration details, see Chapter 20, TDM Interface.
IRQ15 Input Interrupt Request 15
One of fifteen external lines that can request a service routine, via the internal interrupt
controller, from the SC140.
GP1026 Input/ General-Purpose Input Output 26
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
TDMORDAT Input/ TDMO Serial Receiver Data
Output | The receive data signal for TDM 0. As an input, this can be the DATA_A data signal for TDM
0. For configuration details, see Chapter 20, TDM Interface.
GP1027 Input/ General-Purpose Input Output 27
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
URXD Input UART Receive Data
GP1028 Input/ General-Purpose Input Output 28
Output One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
UTXD Output UART Transmit Data
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Table 3-7. GPIO, TDM, UART, Ethernet, and Timer Signals (Continued)

Signal Name Type Description
GP1029 Input/ General-Purpose Input Output 29
Output | One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
CHIP_ID3 Input Chip ID 3
Determines the chip ID of the MSC8113 DSI. It is sampled on the rising edge of PORESET
signal.
ETHTX_EN Output Ethernet Transmit Enable
Enables the Ethernet transmit controller for Ml and RMII modes.
GPIO30 Input/ General-Purpose Input Output 30
Output One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
TIMER2 Input/ Timer 2
Output Each signal is configured as either input to the counter or output from the counter. For the
configuration of the pin direction, refer to the MSC8113 Reference Manual.
TMCLK Input External TIMER Clock
An external timer can connect directly to the SIU as the SIU Clock.
SDA Input/ | 12C-Bus Data Line
OutpUt | 1his is the data line for the 12C bus.
GPIO31 Input/ General-Purpose Input Output 31
Output One of 32 GPIO pins used as GPIO or as one of two dedicated inputs or one of two dedicated
outputs. For details, see Chapter 23, GPIO.
TIMER3 Input/ Timer 3
Output Each signal is configured as either input to or output from the counter. For configuration
details, see Chapter 22, Timers.
SCL Input/ | |2Cc-Bus Clock Line
OUtpUt | 1his the clock line for the 12C bus.
MSC8113 Reference Manual, Rev. 0
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3.7 Dedicated Ethernet Signals

Most of the Ethernet signals are multiplexed with the DSI/System Bus and the GPIO ports. In
addition to the multiplexed signals, there are three additional dedicated Ethernet signals that are

described in Table 3-4.,

Table 3-8. Dedicated Ethernet Signals

Signal Name Type Signal Description
ETHRX_CLK Input Receive Clock
In MII and RMII modes, provides the timing reference for the receive signals in MIl mode.
ETHSYNC_IN Input Sync Input
In SMII mode, is the sync signal input line.
ETHTX CLK Input Transmit Clock
In MIl mode, provides the timing reference for transmit signals.
ETHREF_CLK Input Reference Clock
In RMII mode, provides the timing reference.
ETHCLOCK Input Ethernet Clock
In SMII mode, provides the Ethernet clock signal.
ETHCRS Input Carrier Sense
In MIl mode, indicates that either the transmit or receive medium is non-idle in MIl mode.
ETHRXD Input Ethernet Receive Data

In SMII mode, used for the Ethernet receive data.

3.8 EONCE Event and JTAG Test Access Port Signals

The MSC8113 uses two sets of debugging signals for the two types of internal debugging
modules; EOnCE and the JTAG TAP controller. Each internal SC140 core has an EOnce module,
but they are all accessed externally by the same two signals Eeo and Ee1. The MSC8113 supports
the standard set of test access port (TAP) signals defined by IEEE® Std. 1149.1™ Test Access
Port and Boundary-Scan Architecture specification and described in Table 3-9.

Table 3-9. JTAG TAP Signals

Signal Name Type Signal Description
EEO Input EONCE Event Bit 0
Used for putting the internal SC140 cores into Debug mode.
EE1 Output EONnCE Event Bit 1
Indicates that at least one on-chip SC140 core is in Debug mode.
TCK Input Test Clock
A test clock signal for synchronizing JTAG test logic.
TDI Input Test Data Input
A test data serial signal for test instructions and data. TDI is sampled on the rising edge of
TCK and has an internal pull-up resistor.
TDO Output Test Data Output

A test data serial signal for test instructions and data. TDO can be tri-stated. The signal is
actively driven in the shift-IR and shift-DR controller states and changes on the falling edge of
TCK.
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Table 3-9. JTAG TAP Signals (Continued)

Signal Name Type Signal Description
TMS Input Test Mode Select
Sequences the test controller’s state machine, is sampled on the rising edge of TCK, and has
an internal pull-up resistor.
TRST Input Test Reset

Asynchronously initializes the test controller; must be asserted during power up.

3.9 Reserved Signals

Table 3-10. Reserved Signals

Signal Name

Type

Signal Description

TEST

Input

Test
Used for manufacturing testing. You must connect this pin to GND.
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System Interface Unit (SIU) 4

The system interface unit (SIU) controls system start-up and initialization, as well as operation,
protection, and the external system bus. Key functions of the SIU include the following (see
Figure4-1):
B System configuration and protection
System reset monitoring and generation
Clock synthesizer
Power management
60x-compatible system bus interface
Flexible, high-performance memory controller

System
Bus msbs
. System Bus (32-Bit Address) 64 — 32 :
< y . A4 > <+>:
' \ '
r — —L — A g Sys. Bus/ !
Counters | I control £ | DSI/ETH!
ontrol = 32 X
32 | System Bus £ .
|5 I —> <7
! 5 .
DMA |, Bridge = | > >
' v S [ B, ) sl
> 1
Configuration | E |
Registers |§ |
v I Local Bus I 64
Reset Configuration L A P 8

3 =

Local Bus (32-Bit Address) 64 E c

< T’ 3 =

v l v
System Bus Peripherals DSP DS Ethernet
Interface Interface SRAMs

Note: msbs = most significant bits; Isbs = least significant bits.

Figure 4-1. SIU Block Diagram
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The system configuration and protection functions provide various monitors and timers,
including the bus monitor, software watchdog timer, periodic interrupt timer, and time counter.
The clock synthesizer generates the clock signals for the SIU and other modules. The system bus
interface is a standard pipelined bus. The SIU allows external bus masters to request and obtain
system bus mastership. Chapter 13, System Bus describes system bus operation and
configuration. The memory controller module, described in Chapter 12, Memory Controller,
provides a seamless interface to many types of memory devices and peripherals. It supports up to
eight external memory banks, each with its own device and timing attributes. Two additional
memory banks support internal SRAM and |PBus peripherals.

4.1 Architecture

The SIU incorporates many system functions that normally must be provided in external circuits.
In addition, it provides maximum system safeguards against hardware and/or software faults.
Table 4-1 describes the functions in the system configuration and protection sub-module. Figure
4-2 shows ablock diagram of the system configuration and protection logic.

Table 4-1. System Configuration and Protection Functions

watchdog timer

Function Description

System The SIU allows configuration of the system according to your requirements. The functions include part and

configuration mask number constants.

System bus Monitors the transfer acknowledge (TA) and address acknowledge (AACK) response time for all bus

monitor accesses initiated by internal or external masters. A transfer error acknowledge (TEA) is asserted if the
TA/AACK response limit is exceeded. This function can be disabled. See Section 4.1.1, Bus Monitors.

Local bus Monitors transfers between local bus internal masters and local bus slaves. An internal TEA assertion

monitor occurs if the transfer time limit is exceeded. This function can be disabled. See Section 4.1.1, Bus
Monitors.

Software The SIU watchdog timer can be associated with one of the SC140s. Three other watchdog timers can be

implemented by the timer block. The SIU watchdog timer asserts a reset or NMI interrupt, selected by the
System Protection Control Register (SYPCR), if the software fails to service the software watchdog timer
for a certain period of time (for example, because software is lost or trapped in a loop). After a system
reset, this function can be enabled or disabled according to a reset configuration pin. When enabled, it
selects a maximum time-out period, and asserts a system reset if the time-out is reached. The software
watchdog timer can be disabled, or its time-out period can be changed in the SYPCR. Once the SYPCR is
written, it cannot be written again until a system reset occurs. See Section 4.1.5, SIU and General
Software Watchdog Timers.

Periodic
Interrupt Timer
(PIT)

Generates periodic interrupts for use with a real-time operating system or the application software. The
periodic interrupt timer (PIT) is clocked by the TIMERSCLK clock, providing a period from 122 us to
8 seconds. The PIT function can be disabled. See Section 4.1.4, Periodic Interrupt Timer (PIT).

Time counter

Provides time-of-day information to the operating system/application software. It is composed of a 32-bit
counter and an alarm register. A maskable interrupt is generated when the counter is equals the value
programmed in the alarm register. The time counter (TMCNT) is clocked by the TIMERSCLK clock. See
Section 4.1.3, Time Counter (TMCNT).

MSC8113 Reference Manual, Rev. 0
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Module
Configuration
Bus ——» System Reset
B lock :
us clock/8 Monitors ——» NMI to Cores
——» TEA
TIMERSCLK Periodic Interrupt
Timer ——» Interrupt
Bus Clock Software
»  Watchdog Timer > System Reset
TIMERSCLK Time Interrunt
v Counter > Interrup

Figure 4-2. System Configuration and Protection Logic

Many aspects of system configuration are controlled by several SIU module configuration
registers described in Section 4.2.1, System Configuration and Protection Registers.

4.1.1 Bus Monitors

There are two bus monitors, one for the system bus and one for the local bus. The bus monitor
ensures that each bus cycle terminates within a reasonable period. The bus monitor does not
count when the busisidle. When atransaction starts (Ts asserted), the bus monitor starts
counting down from the time-out value.

For standard bus transactions with an address tenure and a data tenure, the bus monitor counts
until a data beat is acknowledged on the bus. It then rel oads the time-out value and resumes the
count down. This process continues until the whole data tenure is completed. Following the data
tenure, the bus monitor idlesif there is no pending transaction; otherwise, it reloads the time-out
value and resumes counting. For address-only transactions, the bus monitor counts until AACK is
asserted.

If the monitor times out for a standard bus transaction, transfer error acknowledge (TEA) is
asserted. If the monitor times out for an address-only transaction, the bus monitor asserts AACK
and a core machine check interrupt or reset is generated, depending on SY PCR[SWRI]. Note that
the device does not generate address-only transactions.

To alow variation in system peripheral response times, SY PCR[BMT] defines the time-out
period, whose maximum value can be 2,040 system bus clocks. The timing mechanismis clocked
by the system bus clock divided by eight.
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4.1.2 Timers Clock

Thetwo SIU timers (the time counter and the periodic interrupt timer) use the same clock source,
TIMERSCLK, which is derived from several sources, as described in Figure 4-3.

| Select external clock

and/or Timer programming to yield PISCR[PTF]
| either 4 MHz or 32 KHz at this point.
‘ Dedicated J’

»  Divide by 4 »
TIMERSCLK for PIT
e
Default | f » Divide by 512 >
GPIO30
Programming
r—————""———~—~§/— — — — — — - 1
| Timer Port |
| Timer > | TIMERSCLK for TMCNT
| |
—» Timer A6
System >
| Clock —’f | £e
| |
| Timer Port | TMCNTSCI[TCF]
| Programming |
Lo - -

Figure 4-3. Timers Clock Generation

Refer to Section 22.1, Timers Programming Model, for details on timer programming. For proper
time counter operation, you must ensure that the frequency of TIMERSCLK for TMCNT is

8,192 Hz by properly selecting the clock and programming the timer and the prescaler control
bits in the Time Counter Status and Control Register (TMCNTSC[TCF]) and periodic interrupt
status and control register (PISCR[PTF]).

4.1.3 Time Counter (TMCNT)

TMCNT isa32-bit counter that is clocked by TIMERSCLK. It indicates time-of-day for the
operating system and application software. The counter is reset to zero on PORESET or a hard
reset but is unaffected by a soft reset. Software initializes the time counter; you should set the
TIMERSCLK frequency to 8,192 Hz, as explained in Section 4.1.2. TMCNT can be programmed to
generate a maskable interrupt when the time value matches the value programmed in its
associated alarm register. The interrupt is generated on the last TMCNT clock before it
transitions to a value greater than the alarm register. It can also be programmed to generate an
interrupt every second. The TMCNTSC enables or disables the various timer functions and
reportsthe interrupt source. Figur e 4-4 shows ablock diagram of TMCNT, which isdescribed on
page 4-27 in Section 4.2.1, System Configuration and Protection Registers.
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r— - - - - - - - - - - - - - - - 1 SEC
| [ “Interrupt
TIMERSCLK for TMCNT (8,192 Hz)! R Divide | Time Counter (TMCNT) |
; i by 8192 d (32-Bit Counter) :
- - - = = = = -
Alarm Alarm
Interrupt——»
Logicp Interrupt

Time Counter Alarm Register (TMCNTAL)
(32-Bit Register)

Figure 4-4. TMCNT Block Diagram
4.1.4 Periodic Interrupt Timer (PIT)

The periodic interrupt timer consists of a 16-bit counter clocked by TIMERSCLK. The 16-bit
counter decrements to zero when loaded with a value from the Periodic Interrupt Timer Count
Register (PITC). After the timer reaches zero, PISCR[PS] is set and an interrupt is generated if
PISCR[PIE] = 1. At the next input clock edge, the value in the PITC isloaded into the counter
and the process repeats. When anew value isloaded into the PITC, the PIT is updated, the
divider isreset, and the counter begins counting. Setting PISCR[PS] creates a pending interrupt
that remains pending until PSiscleared. If PSis set again before being cleared, the interrupt
remains pending until PSis cleared. Any write to the PITC stops the current countdown, and the
count resumes with the new valuein PITC. If PISCR[PTE] =0, the PIT cannot count and retains
the old count value. The PIT is unaffected by reads. Figur e 4-5 shows a block diagram of the
PIT.

PISCR[PTE] PITC
v J
TIMERSCLK Clock 16-Bit Modulus
—> »
for PIT Disable Counter PISCRIPS] >
PIT
Interrupt
PISCRI[PIE]

Figure 4-5. PIT Block Diagram
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The time-out period is calculated as follows:

PIT — PITC+1 _ PITC+1
period” F 8192

timersclk

This calculation gives arange from 122 ps (PITC = 0x0000) to 8 seconds (PITC = OxFFFF).

4.1.5 SIU and General Software Watchdog Timers

The SIU software watchdog timer (SWT) should be associated by the application with only one
of the SC140 cores, called here the primary core. The SWT prevents system lock if the software
becomes trapped in loops with no controlled exit. Three additional watchdog timers can be
implemented by general timersin the Timers block, each associated with one SC140. The genera
timer interrupt lines are routed and distributed between the SC140 cores and can be programmed
to assert an interrupt to the appropriate core local interrupt controller (L1C). Thisinterrupt should
be mapped to a high priority input of the PIC. Thus, regular timers achieve watchdog timer
functionality. Since the hardware does not protect these timers from corruption, the primary
SC140 core must protect them and ensure their proper operation.

The SWT operations are configured in the SY PCR register, as described in Section 4.2, SU
Programming Model, and at power-on reset. At power-on reset deassertion, swTe (Software
Watchdog Timer Enable) is sampled. After reset, if swTe issampled high, the SWT isenabled to
cause ahard reset if it times out. Otherwise, it wakes up disabled. If the SWT is not needed, but
the SWTE hit is sampled high, you must clear SY PCR[SWE] to disable the SWT before it times
out. If the SWT is used and the SWTE bit is sampled low, you should set SY PCR[SWE] to
re-enable the SWT. This option allows you to achieve an unlimited time-out period for the boot
sequence with no chance of hard reset caused by SWT time-out.

When enabled, the SWT requires a specia service sequence to execute periodically. Software
enables the remaining three general-purpose timers used as watchdog timers and their associated
SC140 cores periodically service them viaa simple preload operation. Without the periodic
servicing, the SWT times out and issues areset or a non-maskable interrupt, programmed in
SYPCR[SWRI]. The SY PCR register can be written once after reset. Therefore, once software
programs any SY PCR bit, the state of the bits cannot be changed.

When a general timer that is used as watchdog timer times out, it asserts an interrupt line. The
timer can generate an interrupt either to its associated SC140 core or to the primary core LI1C.
Since the general-purpose timers and their interrupts are not protected from corruption by
software errors, the primary core, which is protected by the SWT, can periodically monitor their
valid programming, or avirtual interrupt can be used as alife-sign from the other SC140 cores.
The primary core coordinates the overall system protection and detects situations in which other
SC140 cores are not responding and their general watchdog timer is not functioning (either timer
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or LIC/PIC programming is corrupted). The primary core may use various options to wake a
non-responding core or all cores, such asavirtual Nwmi or |etting the SIU SWT issue Nwi to all the
cores or a cause a hard reset.

The SIU SWT is programmed either to reset the device or to generate a dedicated Nmi to all
SC140 cores. The SWT service sequence consists of the following two steps:

1.  Write Ox556C to the Software Service Register (SWSR).
2. Write OXAA39 to the SWSR.

The service sequence clears the watchdog timer, and the timing process begins again. If avalue
other than 0x556C or OxAA 39 is written to the SWSR, the entire sequence must start over.
Although the writes must occur in the correct order before atime-out, any number of instructions
can execute between the writes. This alows interrupts and exceptions to occur between the two
writes when necessary. Figur e 4-6 shows a state diagram used by the SIU watchdog timer.

Reset 0x556C/Do not reload

State 0
Waiting for 0x556C

State 1
Waiting for 0OXAA39

0xAA39/Reload

Not 0x556C/Do not reload
Not 0xAA39/Do not reload

Figure 4-6. SIU Software Watchdog Timer Service State Diagram

Although most software disciplines permit or even encourage the watchdog concept, some
systems require a selection of time-out periods. Therefore, each software watchdog timer must
provide a selectable range for the time-out period. Figur e 4-7 shows how to meet thisneed in the
SWT. On the general timers, it is met by programming the required timer period value.

MSC8113 Reference Manual, Rev. 0
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SWSR
Service
SYPCR[SWE] Logic SYPCR[SWTC]
A 4
SIU Bus Clock Divide By
— » > »| Reload
Clock Disable 2,048
MUX 16-Bit
SWR/Decrementer
g - Rollover =0
‘ l
SYPCR[SWP] Time-out —» Reset

Figure 4-7. SIU Software Watchdog Timer Block Diagram

In Figure 4-7, the range is determined by SYPCR[SWTC]. Thevauein SWTC is then loaded
into a 16-bit decrementer clocked by the system clock. An additional divide-by-2,048 prescaler is
used when needed. The decrementer begins counting when loaded with a value from SWTC.
After the timer reaches 0x0, a software watchdog expiration request isissued to the reset control
logic. Upon reset, SWTC is set to the maximum value and is again loaded into the Software
Watchdog Register (SWR), restarting the process. When anew valueisloaded into SWTC, the
software watchdog timer is not updated until the servicing sequence is written to the SWSR. If
SYPCR[SWE] has avalue of zero (0) at power-on reset, the modulus counter does not count.

General timers used as watchdog timers should be configured to work in periodic mode and count
on the system bus clock or its derivative. The time-out period is programmed in the timer period
register. The interrupt lines are routed to the appropriate SC140 LIC. For details on timer
programming, refer to Section 22.1, Timers Programming Model. For details on interrupt
routing, refer to Section 17.1.2.5, LIC Interrupt Sources.

4.1.6 SIU Multiplexing

Some functions share signal connections. The pinout of the MSC8113 is shown in Chapter 3,
External Sgnals. The control of the functionality used on a specific connection is shown in
Table 4-2.
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Table 4-2
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. SIU Signal Multiplexing Control

Pin Name

Configuration Control

TTO/HAT
TT2/CS5
TT3/CS6
TT4/CS7
GBL/IRQL
BADDR29/IRQ5
BADDR30/IRQ2
BADDR31/IRQ3
ABB/IRQ4
DBB/IRQ5 _
INT_OUT/IRQ7
NC/DPO/DREQ1/EXT_BR2
IRQ1/DP1/DACKI/EXT BG2
IRQ2/DP2/DACK2/EXT_DBG2
IRQ3/DP3/DREQ2/EXT_BR3
IRQ4/DP4/DACK3/EXT_DBG3
IRQ5/DP5/DACKA/EXT_BG3
IRQ6/DP6/DREQ3
IRQ7/DP7/DREQ4
BCTLL/CS5
BMO/TCO/BNKSELO
BM1/TC1/BNKSEL1
BM2/TC2/BNKSEL2

Controlled by SIUMCR programming during the reset configuration
sequence. For details, see Section 4.2, SIU Programming Model.

PWE[0—3]/PSDDQM[0—3]/PBS[0—3]
PWE[4—7]/PSDDQM[4—7]/PBS[4—7]/
HWBS[4-7]/HDBS[4-7)/HWBE[4-7]/HDBE[4-7]
PSDA10/PGPLO

__ PSDWE/PGPL1
POE/PSDRAS/PGPL2
PSDCAS/PGPL3
PGTA/PUPMWAIT/PGPL4/PPBS
PSDAMUX/PGPL5

System bus signals are controlled dynamically according to the specific
memory controller machine that handles the current bus transaction.

All functions starting with H belong to the host port. Its data bus width is
selected at power-on reset by the value of DSI64. Multiplexing between
host port functions is selected by the DSI control registers. For details on
DSl interface refer to Chapter 14, Direct Slave Interface (DSI).

HD[32-63]/D[32-63]
HD[32-39]/D[32—39]/NC
HD[40]/D[40/ETHRXDO
HD[41]/D[41)/ETHRXD1

HD[42]/D[42)/ETHRXD2/NC
HD[43]/D[43]/ETHRXD3/NC
HD[44-45]/D[44—45]/NC
HD[46]/D[46]/ETHTXDO
HD[47]/D[47)/ETHTXD1
HD[48]/D[48]/ETHTXD2/NC
HD[49]/D[49)/ETHTXD3/NC
HD[50-53]/D[50-53]/NC
HD[54)/D[54)/ETHTX_EN
HD[55)/D[55/ETHTX_ER
HD[56]/D[56//ETHRX_DV/ETHCRS_DV
HD[57)/D[57)/ETHRX_ER
HD[58]/D[58)/ETHMDC
HD[59]/D[59)/ETHMDIO
HD[60]/D[60J/ETHCOL
HD[61-63]/D[61-63])/NC

The least significant 32 data lines on this shared bus are configured during
the power-on reset configuration sequence to serve as the least significant
system bus data lines, the Ethernet MII/RMII lines (only the used lines are
connected), or the least significant DSI data lines. The signal line
assignment is determined at power-on reset by the value of the DSI164
reset configuration pin and, if DSI64 = 0, by the ETHSEL bit in the hard
reset configuration word (HRCW). If DSI64 = 0 during power-on reset and
HRCWI[ETHSEL]= 0 (the default), the signal lines are assigned to system
bus data and designated as Dn. If DSI64 = 0 and HRCW[ETHSEL] = 1, the
signal lines are assigned to the Ethernet interface (MIl or RMII) and are
designated as ETHxxx. If DSI64 = 1, the pins are assigned to DSI data bus
and are designated as HDn.

Multiplexing between Ethernet functions is selected by the Ethernet block
control registers according to the mode (disabled, Mil, or RMII). Unused
pins in any mode should be left unconnected. For details on the Ethernet
interface, refer to Chapter 25, Ethernet Controller.

Multiplexing between host port functions is selected by the DSI control
registers. See Chapter 14, Direct Slave Interface (DSI). All functions
starting with ETH belong to the Ethernet block.
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4.2 SIU Programming Model

This section discusses the SIU registersin detail. The SIU programming model comprises three
groups of registers:

B System Configuration and Protection registers and periodic interrupt registers.

B Memory controller configuration registers. For details refer to Section 12.8, Memory
Controller Programming Model.

4.2.1 System Configuration and Protection Registers
The SIU system configuration and protection registers are as follows:

Bus Configuration Register (BCR), page 4-10

System Bus Arbiter Configuration Register (PPC_ACR), page 4-13

System Bus Arbitration-Level Registers (PPC_ALRH/PPC_ALRL), page 4-14
Local Bus Arbiter Configuration Register (LCL_ACR), page 4-16

Local Bus Arbitration Level Registers (LCL_ALRH and LCL_ACRL), page 4-17
SIU Module Configuration Register (SIUMCR), page 4-17

Internal Memory Map Register IMMR), page 4-20

System Protection Control Register (SYPCR), page 4-21

Software Service Register (SWSR), page 4-22

System Bus Transfer Error Status and Control Register 1 (TESCR1), page 4-22
System Transfer Error Status and Control Register 2 (TESCR2), page 4-24
Local Bus Transfer Error Status and Control Register 1 (L TESCRL1), page 4-25
Time Counter Status and Control Register (TMCNTSC), page 4-26

Time Counter Register (TMCNT), page 4-27

Time Counter Alarm Register (TMCNTAL), page 4-27

BCR Bus Configuration Register

Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
EBM | APD | — | — | — | — |rDP|DSBI| — | EAV | ETM [LETM|EPAR| —
Type R/W

Reset EBM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
NPQM | — exoo] — | — [ -] —[—Jwsps| — | — [ — | —
Type RIW

Reset 0 0 0 0 0 0 0 0 0 0 0 ISPS 0 0 0 0

BCR contains configuration bits for various features and wait states on the system bus.

MSC8113 Reference Manual, Rev. 0
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Reconfiguring BCR modifies system and local bus behavior and can result in unexpected results
if there are currently active accesses. Therefore, execute code that modifies the BCR only from

internal memory. Also, execute awrite to the BCR when only one coreis active and there are no
active DMA transfers.

Table 4-3. BCR Bit Descriptions

Name Description Settings
EBM External Bus Mode 0 Single MSC8113 bus mode.
0 Selects the bus mode. For details, refer to Section 1 Multi-master bus mode.
13.2.1, System Bus Operating Modes. The initial value is
selected by the Hard Reset Configuration Word (HRCW)
EBM bit. See Section 5.6.1 for details.
APD Address Phase Delay
1-3 Specifies the minimum number of address tenure wait
states for address operations initiated by a
60x-compatible system bus master. APD indicates how
many cycles the MSC8113 should wait for ARTRY, but
because ARTRY can be asserted (by other masters) only
on cacheable address spaces, APD is considered only on
transactions that hit one of the 60x-assigned memory
controller banks and have the GBL signal asserted during
address phase.
— Reserved. Write to zero for future compatibility.
4-7
PLDP Pipeline Maximum Depth Pipeline maximum depth is one.
8 See Section 13.2.3.12, Pipeline Control. Pipeline maximum depth is zero.
DSBI Disable System Bus on Internal Access 0 Data and address lines for internal system bus
9 Determines which internal system bus lines are reflected transfers are reflected on the external system
on the external system bus. bus.
Note:  Address attribute lines are always reflected on |1 pepends on the value of EBM, as follows:
the external system bus. « If EBM = 0, neither data nor address lines for
internal system bus transfers are reflected on the
external system bus.

e If EBM = 1, only address lines for internal system
bus transfers are reflected on the external system
bus.

10 Reserved. Write to zero for future compatibility.
EAV Enable Address Visibility 0 Bank select signals are driven on system bus
11 Normally, when the MSC8113 is in single-MSC8113 bus address lines. There is no full address visibility.
mode, the bank select signals for SDRAM accesses are |1 Bank select signals are not driven on address
multiplexed on the system bus address lines. Therefore, bus. During READ and WRITE commands to
for SDRAM accesses, the internal address is not visible SDRAM devices, the full address is driven on
for debug purposes. However the bank select signals can system bus address lines.
also be driven on dedicated lines (see SIUMCR[TCPC]).
In this case, EAV is used to force address visibility.
ETM System Bus Compatibility Mode Enable 0 Strict 60x system bus mode. Extended transfer
12 See Section 13.2.3.8, Extended Transfer Mode. This bit mode is disabled.
also enables data streaming mode; see Section 13.2.4.2, | 1 Extended transfer mode is enabled.

Data Streaming Mode for details.
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Table 4-3. BCR Bit Descriptions (Continued)

Name Description Settings
LETM Local Bus Compatibility Mode Enable Extended transfer mode is disabled on the local
13 Enables/disables extended transfer mode. bus.
See Section 13.2.3.8, Extended Transfer Mode. This bit Extended transfer mode is enabled on the local
also enables data streaming mode; see Section 13.2.4.2, bus.
Data Streaming Mode for details.
Note: If the local bus memory controller is configured
to work with read-modify-write parity, LETM
must be cleared.
EPAR Even Parity Odd Parity.
14 Determines odd or even parity. Writing the memory with Even Parity.
EPAR =1 and reading the memory with EPAR =0
generates parity errors for testing.
— Reserved. Write to zero for future compatibility.
15
NPQM Non-MSC8113 Type Master The bus master connected to the arbitration lines
16-18 Identifies the type of bus masters that connect to the is an MSC8113.
arbitration lines when the MSC8113 is in Internal Arbiter The bus master connected to the arbitration lines
mode. Possible types are an MSC8113 type of master is not an MSC8113.
(such as MSC8101 and MPC8260) or a non-MSC8113
type master. This field is related to the data pipelining bits
(BRX[DRY]) in the memory controller. Because a
non-MSC8101 external bus master cannot use the data
pipelining feature, the MSC8113, which controls the
memory, must be notified when a non-MSC8113 type
master is accessing the memory so it can handle the
transaction differently. NPQMO designates the type of
master connected to the set of BR, BG, and DBG.
NPQM1 designates the type of master connected to the
set of EXT_BR2, EXT_BG2, and EXT_DBG2. NPQM2
designates the type of master that is connected to the set
of EXT_BR3, EXT_BG3, and EXT_DBGS3.
— Reserved. Write to zero for future compatibility.
19-20
EXDD External Master Delay Disable The memory controller inserts one wait state
21 Generally, the MSC8113 adds a delay of one clock cycle between the assertion of TS and the assertion of
for each external master access to a region controlled by CS when an external master accesses an
the memory controller. This occurs because the external address space controlled by the memory
master drives the address externally (compared to an controller.
internal master, such as the MSC8113 DMA, which drives The memory controller asserts CS on the cycle
the address on an internal bus in the device). Thus, it is following the assertion of TS by an external
assumed that an additional cycle is needed for the master accessing an address space controlled
memory controllers banks to complete the address by the memory controller.
match. However in some cases (when the bus is
operated in low frequency), this extra cycle is not needed.
You can disable the extra cycle by setting EXDD.
— Reserved. Write to zero for future compatibility.
22-26
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Table 4-3. BCR Bit Descriptions (Continued)

Name Description Settings
ISPS Internal Space Port Size MSCB8113 acts as a 64-bit slave to external
27 Defines the port size of the MSC8113 internal space masters access to its internal space.
region as seen by external masters. Setting ISPS enables MSCS8113 acts as a 32-bit slave to external
a 32-bit master to access the MSC8113 internal space. masters access to its internal space.
The initial value is selected by the Hard Reset
Configuration Word (HRCW) ISPS bit. See Section 5.6.1
for details.
Note: When the ISPS bit is set, an external master can
only access the MSC8113 internal space using 32-bit
single accesses.
— Reserved. Write to zero for future compatibility.
28-31
PPC_ACR System Bus Arbiter Configuration Register
Bit 0 1 2 3 5 6 7
— | bBep | EARB | PRKM
Type RIW
Reset 0 0 0 (EARB) 0 1 0
Boot 0 0 0 (EARB) 0

PPC_ACR defines the arbiter modes and parked master on the system bus.

Table 4-4. PPC_ACR Bit Descriptions

Name

Reset Description

Settings

0-1

00 Reserved. Write to zero for future compatibility.

DBGD

0 Data Bus Grant Delay

Specifies the minimum number of data
tenure wait states for system bus
master-initiated data operations. This is the
minimum delay between TS and DBG. See
Section 13.2.4.1, Data Bus Arbitration.

DBG is asserted with TS if the data bus is free.
DBG is asserted one cycle after TS if the data

bus is not busy.

EARB

Set by External Arbitration
HRCW
This bit reset value is determined on power
on reset by the Hard Reset Configuration
Word (HRCW). See Section 5.6.1, Hard

Reset Configuration Word.

See Section 13.2.4.1, Data Bus Arbitration.

Internal arbitration is performed.
External arbitration is assumed.
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Table 4-4. PPC_ACR Bit Descriptions (Continued)

Name Reset Description Settings
PRKM 0101 Parking Master
4-7 Defines the parked master. PRKM Bus Master Index
0000 Reserved
0001 Reserved
0010 Reserved
0011 Reserved
0100 DSl
0101 SC140 interface
0110 Reserved
0111 External master 1
1000 External master 2
1001 External master 3
1010 DMA high priority
1011 DMA middle priority
1100 DMA low priority
1101 ETH high priority
1110 ETH medium priority
1111 ETH low priority
PPC_ALRH System Bus Arbitration-Level Register
Bit 0 1 3 4 5 6 7 8 9 10 11 12 13 14 15
Priority Field 0 | Priority Field 1 | Priority Field 2 Priority Field 3
Type R/W
Reset O 0 0 0 0 1 0 0 1
Boot 1 1 1 0 1 1
Bit 16 17 19 20 21 22 23 24 25 26 27 28 29 30 31
Priority Field 4 Priority Field 5 Priority Field 6 Priority Field 7
Type R/W
Reset 0O 0 1 0 0 1 0 1 1 1
Boot 0 1 1 0 1 0 1 0

PPC_ALRH definesthe arbitration priority of MSC8113 bus masters 0—7. Priority field O hasthe
highest priority. The content of each priority field is the index number one bus master. For
information on M SC8113 bus master indexes, see the description of PPC_ACR[PRKM] in Table

4-4.
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PPC_ALRL System Bus Arbitration-Level Register
Bit 0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15
Priority Field 8 | Priority Field 9 | Priority Field 10 Priority Field 11
Type R/W
Reset 1 0 0 0 1 0 0 1 1 0
Boot 1 0

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

Priority Field 12 Priority Field 13 Priority Field 14 Priority Field 15
R/W

Type
Reset 1
Boot 0 1 1 0 0 0 0 0 0 0 0 1 0 0 1 0

PPC_ALRL defines the arbitration priority of MSC8113 bus masters 8-15. Priority field O has
the highest priority.

LCL_ACR Local Bus Arbiter Configuration Register
Bit 0 1 2 3 4 5 6 7
— | bBep | — | PRKM
Type R/W
Reset 0 0 1 0
Boot 0 0 0 1

LCL_ACR defines the arbiter modes and the parked master on the local bus.

Table 4-5. LCL_ACR Bit Descriptions

Name Reset Description Settings
— 00 Reserved. Write to zero for future compatibility.
0-1
DBGD 0 Data Bus Grant Delay 0 DBG is asserted with TS if the data bus is free.
2 Specifies the minimum number of data 1 DBG is asserted one cycle after TS if the data
tenure wait states for MSC8113 bus is not busy.

master-initiated data operations. Thisis
the minimum delay between TS and DBG.
See Section 13.2.4.1, Data Bus
Arbitration.

— 0 Reserved. Write to zero.
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Freescale Semiconductor 4-15



am Interface Unit (SIV)

Table 4-5. LCL_ACR Bit Descriptions (Continued)

Name Reset Description Settings
PRKM 0011 Parking Master
4-7 Defines the parked master. PRKM Bus Master Index
0000 Reserved
0001 Reserved
0010 TDM
0011 Host Bridge
0100 DSI
0101-1001 Reserved
1010 DMA high priority
1011 DMA middle priority
1100 DMA low priority
1101 ETH high priority
1110 ETH medium priority
1111 ETH low priority
LCL_ALRH Local Bus Arbitration Level Register
Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Priority Field 0 | Priority Field 1 | Priority Field 2 Priority Field 3
Type RIW

Reset 0 0 0 0 0 0 0 1 0 0 1 0 0 1 1
Boot 0 0 0 0 0 1 0 0 1 1 0 1 1 0

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

Priority Field 4 Priority Field 5 Priority Field 6 Priority Field 7
Type R/W

Reset 0 0 1 1 0 1 0 0 0 1 0 1 0 1 1 1
Boot 1 1 1 0 0 0 1 1 1 0 1 1 0 0 1 0

LCL_ALRH definesthe arbitration priority for MSC8113 local bus masters 0—7. Priority field O
has the highest priority. The content of each priority field is the index number one bus master.
For information about the MSC8113 local bus master indexes see LCL_ ACR[PRKM] in Table
4-5.

MSC8113 Reference Manual, Rev. 0

4-16 Freescale Semiconductor



SIU Programming Model

LCL_ALRL Local Bus Arbitration Level Register
Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Priority Field 8 | Priority Field 9 | Priority Field 10 Priority Field 11
Type R/W
Reset 1 0 0 0 1 0 0 1 1 0 0 1
Boot 1 1 1 1 1 1 0 0 0 1 0
Bit 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Priority Field 12 Priority Field 13 Priority Field 14 Priority Field 15
Type R/W
Reset 1 1 0 0 0 1 1 1 1

Boot 1 0 0 1 0 0 0 1 0 1 0 1 0 1 1 0

LCL_ALRL definesthe arbitration priority of MSC8113 local bus masters 8-15. Priority field O
has highest priority. The reset value is the recommended arbitration priority configuration for

most applications.

SIUMCR SIU Module Configuration Register

Bt o 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15
BBD | ESE [PBSE[NTOUT| DPPC | IRPC| BM | Tcpc  [esseq| TTPC| BCTLC

Type RIW

Reset BBD O 0 INTOUT DPPC  IRPC BM TCPC  CS5PC TTPC 0 0

Bit 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
mRfnrooe] — ferkon) — | — [ — | = [ - [ -] -[ -] -] - [-[-

Type R/W

Rset MR O ©0 ©0 ©0 ©O0 0 0 O 0 0 O 0 0 0 0

SIUMCR configures various SIU features. Its default reset value is 0, but the value of somefields
can be overwritten by the reset configuration sequence, according to the HRCW value or by reset
configuration signal lines. See Section 5.6.1, Hard Reset Configuration Word.

Table 4-6. SIUMCR Bit Descriptions

Name Description Settings

BBD Bus Busy Disable 0 ABB/IRQ4 is ABB, DBB/IRQS5 is DBB.
0 1 ABB/IRQ4 is IRQ4, DBB/IRQS5 is IRQ5.

ESE External Snoop Enable 0 External snooping disabled. (GBL/IRQ1 is IRQ1)
1 Configures GBL/IRQL. 1 External snooping enabled. (GBL/IRQ1 is GBL)
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Table 4-6. SIUMCR Bit Descriptions (Continued)

Name Description Settings
PBSE Parity Byte Select Enable Parity byte select is disabled.
2 Enables/disables parity byte select. 1 Parity byte select is enabled.
When PBSE is cleared, GPL4 output
of the UPM is available for memory
control. When PBSE is set, GPL4 is
used as parity byte select output from
the MSC8113.
INTOUT | IRQ7 or INT_OUT Selection IRQ7/INT_OUT is IRQ7
3 1 IRQ7/INT_OUT is INT_OUT
DPPC Data Parity Pin Configuration
4-5 The additional arbitration lines DPPC
(EXT_BR2, EXT_BG2, EXT_DBG2, Pin
EXT_BRS3, EXT_BG3, and 00 01 10 11
EXT_DBG3) are operational only ——— ———
when ACR[EARB] = 0. Setting EARB NC/DPO/DREQ1/ EXT_BR2 NC | DPO |DREQ1| EXT_BR2
(to choose external arbiter) combined | [IRQ1/DP1/DACK1/ EXT_BG2 |IRQ1l| DP1 |DACK1| EXT_BG2
with programming DPPC to 11 IRO2/DP2/DACK2/ EXT DBG2 |IRQ2| DP2 | DACK?2 | EXT_DBG2
deactivates these lines.
IRQ3/DP3/DREQ2/ EXT_BR3 IRQ3| DP3 |DREQ2| EXT_BR3
IRQ4/DP4/DACK3/ EXT_DBG3 |IRQ4 | DP4 | DACK3| EXT_DBG3
IRQ5/DP5/DACK4/ EXT_BG3 IRQ5| DP5 | DACK4 | EXT_BG3
IRQ6/DP6/DREQ3 IRQ6 | DP6 |[DREQ3 IRQ6
IRQ7/DP7/DREQ4 IRQ7 | DP7 |DREQ4| IRQ7
IRPC Interrupt Pin Configuration
6 During reset configuration sequence IRPC
the BADDR lines are driven Pin
regardless on the IRPC selection, in 0 1
order to provide correct address to an — ——
external configuration EPROM. BADDR29/IRQ5 IRQS BADDR?29
BADDR30/ IRQ3 IRQ2 BADDR30
BADDR31/ IRQ2 IRQ3 BADDR31
BM Boot Mode Indication 000 MSCB8113 boots from system external memory.
-9 ]:rh|s f||36|\|/(|j IS copleci bﬁ’ power on reset | g1 MSC8113 boots from External host (DSI or Power PC).
rom as part of the reset
configuration sequence. It reflects the 010 MSC8113 boots from TDM.
selected boot mode. For details on 011 MSC8113 boots from UART.
different boot mode options refer to 100MSC8113 boots from I2C.
Table 6-1Boot Mode Selection, on 101Reserved.
page 6>-1.
110Reserved.
111 Reserved.
TCPC Transfer Code Pin Configuration
10-11 | These bits select the functionality of oi TCPC
the TC/BNKSEL[0-2] as either in 00 o1 10 1
Transfer Code or Bank Select.
TCO/BNKSELO TCO | Reserved | BNKSELO | Reserved
TC1/BNKSEL1 TC1 Reserved | BNKSEL1 | Reserved
TC2/BNKSEL2 TC2 | Reserved | BNKSEL2 | Reserved
MSC8113 Reference Manual, Rev. 0
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Table 4-6. SIUMCR Bit Descriptions (Continued)

Name

Description

Settings

CS5PC
12

BCTL1 or CS5 Pin Configuration

CS5/BCTL1 pinis CS5
CS5/BCTL1 pin is BCTLL1.

TTPC
13

Transfer Type Pin Configuration
The TTPC field can assign unused TT
lines to chip select lines and bit 7
(MSB) of the DSI address (selected by
the DSI configuration). In this case the
chip internally complements the TT
field to valid five bit value and TT1
indicates read/write access
(TT=00010 for write, TT=01010 for
read).

TTPC
Pin

0

1

TTO/HA7 TTO

HA7

TT2/CS5 TT2

CS5

TT3/CS6 TT3

CS6

TT4/CS7 TT4

CSs7

BCTLC
14-15

Buffer Control Configuration

00
01
10
11

BCTLO is used as W/R control. BCTLL is used as OE control.
BCTLO is used as W/R control. BCTLL is used as OE control.

BCTLO is used as WE control. BCTL1 is used as RE control.

Reserved.

MMR
16

Mask Masters Requests

Masks the selected master’s bus
requests. In some systems, several
bus masters are active during normal
operation; only one bus master should
be active during boot sequence. The
active master, which is the boot
device, initializes system memories
and devices and enables all other
masters. MMR facilitates such a boot
scheme. MMR is configured through
the hard reset configuration
sequence. See Chapter 5, Reset.
Typically, system configuration
identifies only one master as the boot
device. It initializes the system and
then enables all other devices by
writing 00 to MMR.

Note: Do not mask the request of a
master that is defined as the parked
master in the arbiter, since masking
the bus request does not prevent this
master from getting a bus grant.

No masking on bus request lines.

All external bus requests masked (boot master is the internal

core).

INTODC
17

INT_OUT Drive Control

Selects the drive method of the
INT_OUT line as open-drain of full
drive. This field has effect only if the
INTOUT configuration bit selects
INT_OUT functionality.

0

1

INT_OUT line is an open-drain output, enabling wired connection

of multiple drivers with shared pull-up resistor.
INT_OUT line is driven with full drive.

18

Reserved. Write to zero for future compatibility.

MSC8113 Reference Manual, Rev. 0
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Table 4-6. SIUMCR Bit Descriptions (Continued)

Name Description Settings
CLKOD | CLKOUT Disable 0 CLKOUT is driven with the System clock.
19 Disables the driving of CLKOUT. Use | 1 cLKOUT is not driven.
it only in external clock mode.

— Reserved. Write to zero for future compatibility.

20-31
IMMR Internal Memory Map Register
Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ISB —
Type R/W
Reset Depends on reset configuration sequence ISB field. See Section 5.6.1, Hard Reset Configuration Word.

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

PARTNUM ‘ MASKNUM

Type R

Reset _

IMMR identifies a specific device as well as the base address for the internal memory map.
Software can deduce availability and location of any on-device system resources from the values
inIMMR. PARTNUM and MASKNUM are mask programmed and cannot be changed for any
particular device.

Table 4-7. IMMR Bit Descriptions

Bits Description Settings
ISB Internal Space Base Implementation-
0-14 Defines the base address of the internal memory space. The value of ISB is dependent

configured at reset to one of six addresses; the software can then change it to any
value. The default configuration maps ISB to address 0xFO000000 (when ISBSEL
bits in the HRCW are zero). ISB defines the 15 MSBs of the memory map register
base address. IMMR itself is mapped into the internal memory space region. As
soon as the ISB is written with a new base address, the IMMR base address is
relocated according to the ISB. ISB enables the configuration of
multiple-MSC8113 systems.

The number of programmabile bits in this field, and hence the resolution of the
location of internal space, depends on the internal memory space of a specific
implementation. In the MSC8113, all 15 bits can be programmed. See Chapter 8,
Memory Map, for details on the device’s internal memory map and to Chapter 5,
Reset, for the available default initial ISB values depending on ISBSEL.

— Reserved. Write to zero for future compatibility.
15
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Table 4-7. IMMR Bit Descriptions (Continued)

Bits Description Settings
PARTNUM | Part Number The MSC8113 part
16-23 This field is mask-programmed with a code corresponding to the part number of number is 0x62.

the part on which the SIU is located. It helps factory test and user code that is
sensitive to part changes. This field changes when the part number changes. For
example, it would change if any new module is added or if the size of any memory
module changes. It does not change if the part is changed to fix a bug in an
existing module.

MASKNUM | Mask Number The MSC8113 initial

24-31 This field is mask-programmed with a code corresponding to the mask number of | mask number is 0x00.
the part on which the SIU is located. It helps factory test and user code that is
sensitive to part changes. It is programmed in a commonly changed layer and
should be changed for all mask set changes.

SYPCR System Protection Control Register

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

Type RIW

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Bit 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
BMT | PBME|LBME | — | SWE [swri| swp

Type R/W
Reset 1 1 1 1 1 1 1 1 0 0 0 0 0 SWTE 1 1

SY PCR controls the system monitors, SIU software watchdog period, and bus monitor timing.
The SYPCR isreadable at any time but is writable only once after system hard reset.

Table 4-8. SYPCR Bit Descriptions

Name Reset Description Settings
SWTC 1 Software Watchdog Timer Count
0-15 Contains the count value for the SIU software watchdog
timer.
BMT 1 Bus Monitor Timing
16-23 Defines the time-out period for the bus monitor. The

granularity of this field is 8 bus clocks. (BMT = OxFF is
translated to 0x7F8 clock cycles). BMT is used in both
the system and local bus monitors.

Note:  The value 0 is invalid; an error is generated for
each bus transaction.

PBME 0 System Bus Monitor Enable 0 System bus monitor is disabled.
24 1 System bus monitor is enabled.

LBME 0 Local Bus Monitor Enable 0 Local bus monitor is disabled.
25 1 Local bus monitor is enabled.

MSC8113 Reference Manual, Rev. 0
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Table 4-8. SYPCR Bit Descriptions (Continued)

Name Reset Description Settings
— 0 Reserved. Write to zero for future compatibility.
26-29
SWE Sampled | Software Watchdog Enable Watchdog timer disabled.
29 at Enables the operation of the software watchdog timer. If Watchdog timer enabled.
power-on | enabled after reset, software can clear SWE after a
reset from | system reset to disable the software watchdog timer.
SWTE.
SWRI 1 Software Watchdog Reset/Interrupt Select Software watchdog timer causes a
30 machine check interrupt to the
core.
Software watchdog timer causes a
hard reset (this is the default value
after hard reset).
SWP 1 Software Watchdog Prescale Software watchdog timer is not
31 Controls the divide-by-2048 software watchdog timer prescaled.
prescaler. Software watchdog timer clock is
prescaled.
SWSR Software Service Register

SWSR isthe location to which the software watchdog timer servicing sequence iswritten. To
prevent software watchdog timer time-out, you should assign a value of 0x556C to this register
followed by OXAA39. SWSR iswritten at any time, but it returns all zeros when read. For details,

see Section 4.1.5.
TESCR1 System Bus Transfer Error Status and Control Register 1
Bit O 1 2 3 4 5 6 7 8 9 11 12 13 14 15
BM |1sBE| PAR| — | — | wp | ExT | TC | — | T
Type RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 16 17 18 19 20 21 22 23 24 25 27 28 29 30 31
— | omp | — —
Type RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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The system bus transfer error status and control register 1 (TESCR1) holds status bits which
indicate the reason of bus error or SIU NMI caused by access on the system bus. It also holds
control fields which configure the data error and correction detection.

Table 4-9. TESCR1 Bit Descriptions

Name Name Description
BM 0 System Bus Monitor Time-Out
0 Set when TEA is asserted due to the system bus monitor time-out.
ISBE 0 Internal Space Bus Error
1 Indicates that TEA was asserted due to error on a transaction to MSC8113 internal memory
space. TESCR2[REGS] indicates that the internal access is to the SIU Registers address space
(address hit IMMR).
PAR 0 System Bus Parity Error
2 Indicates that Error (NMI) was asserted due to a parity error on the system bus. TESCR2[PB]
indicates which byte lane caused the error; TESCR2[BNK] indicates which memory controller
bank was accessed.
— 0 Reserved. Write to zero for future compatibility.
3-4
WP 0 Write Protect Error
5 Indicates an attempted write to a system bus memory region defined as read-only in the memory
controller. Note that this alone does not cause TEA assertion. TEA is asserted by bus monitor
time out.
EXT 0 External Error
6 Indicates that TEA was asserted by an external bus slave.
TC 0 Transfer Code
7-9 Indicates the transfer code of the system bus transaction that caused the TEA. See Table 13-11
on page 13-22.
— 0 Reserved. Write to zero for future compatibility.
10
TT Transfer Type
11-15 Indicates the transfer type of the system bus transaction that caused the TEA. See Table 13-10
on page 13-22, for a description of the various transfer types.
— 0 Reserved. Write to zero for future compatibility.
16
DMD Data Errors Disable
17 0 Errors are enabled.
1 All data errors on the system bus are disabled.
18-31 — Reserved. Write to zero for future compatibility.
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TESCR2 System Bus Transfer Error Status and Control Register 2
Bit O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
— |recs] — | e | PB
Type RIW

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

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

Type RIW

Reset 0 0 o0 o0 O O 0 0 O O 0 0 0 O 0 0

TESCR2 provides additional information on bus error caused by access on the system bus.

Table 4-10. TESCR2 Bit Descriptions

Name Reset Description
— 0 Reserved. Write to zero for future compatibility.
0
REGS 0 SEBL1 Internal Registers Error
1 Indicates that an error occurred in a transaction to the MSC8113 internal registers.
— 0 Reserved. Write to zero for future compatibility.
2-6
LCL 0 Local Bus Bridge Error
7 An error occurred in a transaction from the MSC8113 system bus to the local bus bridge. The
bridge is non-burstable.
PB 0 Parity Error on Byte
8-15 There are eight parity error status bits, one per 8-bit lane. A bit is set for the byte with a parity
error.
BNK 0 Memory Controller Bank
16-23 There are eight error status bhits, one per memory controller external bank. A bit is set for the

system bus memory controller bank with an error. Note that this field is invalid if the error was not
caused by parity checks.

— 0 Reserved. Write to zero for future compatibility.
24-31
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L_TESCR1 Local Bus Transfer Error Status and Control Register 1
Bit O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
v | — | [ -] —[w ] — | TC | — | il
RIW

Type

Reset 0 0 0

Bit 16 17 18

Type

Reset 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

L TESCR1 holds status bits which indicate the reason of bus error caused by access on the local

bus.
Table 4-11. L_TESCRL1 Bit Descriptions
Name Reset Description
BM 0 Bus Monitor Time-Out
0 Indicates that TEA was asserted due to the local bus monitor time-out.
— 0 Reserved. Write to zero for future compatibility.
1-4
WP 0 Write Protect Error
5 Indicates that a write was attempted to a local bus memory region that was defined as read-only in
the memory controller. Note that this alone does not cause TEA assertion. Usually, in this case, the
bus monitor times out.
— 0 Reserved. Write to zero for future compatibility.
6
TC 0 Transfer Code
7-9 Indicates the transfer code of the local bus transaction that caused the TEA. Table 13-11
describes the transfer codes.
— 0 Reserved. Write to zero for future compatibility.
10
TT 0 Transfer Type
11-15 Indicates the transfer type of the local bus transaction that caused the TEA. Table 13-10 describes
the transfer types.
— 0 Reserved. Write to zero for future compatibility.
16-31
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TMCNTSC Time Counter Status and Control Register

Bt o0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
— |sec|ar| — | siE|AE | TCF | TCE

Type

R/W

Reset

0

0

0

0 0 0 0 0 0

0

0 0 0 0 0

0

TMCNTSC enables the different TMCNT functions and reports the source of the interrupts. The
register can be read at any time. Status bits are cleared by writing ones; writing zeros does not
affect the value of a status bit.

Table 4-12. TMCNTSC Bit Descriptions

Name Reset Description Settings
— 0 Reserved. Write to zero for future compatibility.
0-7
SEC 0 Once Per Second Interrupt
8 This status bit is set every second and should
be cleared by software.
ALR 0 Alarm Interrupt
9 This status bit is set when the value of the
TMCNT equals the TMCNTAL value, on the
clock when TMCNT counts to ALARM + 1.
— 0 Reserved. Write to zero for future compatibility.
10-11
SIE 0 Second Interrupt Enable 0 The time counter does not generate an
12 Specifies whether the time counter generates interrupt.
an interrupt when SEC is set. 1 The time counter generates an interrupt.
ALE 0 Alarm Interrupt Enable 0 No alarm interrupt.
13 Enables or disables an alarm interrupt. 1 The time counter generates an interrupt
when ALR is set.
TCF 0 Time Counter Frequency 0 The input clock to the time counter is 4
14 The input clock to the time counter may be MHz.
either 4 MHz or 32 KHz. The TCF bit should be The input clock to the time counter is 32
set according to the frequency of this clock. KHz.
See Section 4.1.2, Timers Clock.
TCE 0 Time Counter Enable The time counter is disabled.
15 Is not affected by soft or hard reset. The time counter is enabled.

MSC8113 Reference Manual, Rev. 0
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TMCNT Time Counter Register

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

Type RIW
0 0

Reset 0 0 0

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

Type
Reset 0 0 0 0 0 0 0

TMCNTAL Time Counter Alarm Register
Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ALARM
Type RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ALARM
Type R/W
0 0 0 0 0 0 0 0 0 0 0 0 0

Reset O 0 0
TMCNTAL holdsavalue (ALARM). When the value of TMCNT equals ALARM, a maskable
interrupt is generated at the point in time when the TMCNT countsto ALARM + 1. The

resolution of the alarm is one second.
Table 4-13. TMCNTAL Bit Descriptions

Name Reset Description
ALARM 0 Alarm Interrupt
0-31 The alarm interrupt is generated when the ALARM field equals the corresponding TMCNT bits.

The interrupt is generated when TMCNT counts to ALARM + 1. The resolution of the alarm is one

second.

4.2.2 Periodic Interrupt Registers
The periodic interrupt registers described in this section are listed as follows:

B Periodic Interrupt Status and Control Register (PISCR), page 4-28
B Periodic Interrupt Timer Count Register (PITC), page 4-28
B Periodic Interrupt Timer Register (PITR), page 4-29
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PISCR Periodic Interrupt Status and Control Register
Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
— | PS | — | PIE | PTF | PTE
Type RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PISCR containsthe interrupt request level and the interrupt status bit. It also contains the controls
for the 16 bits to be loaded in a modul us counter.

Table 4-14. PISCR Bit Descriptions

Name Reset Description Settings
— 0 Reserved. Write to zero for future compatibility.
0-7
PS 0 Periodic Interrupt Status No effect on PS.
8 The PIT issues an interrupt after the modulus | 1 peasserts PS.
counter counts to zero.
— 0 Reserved. Write to zero for future compatibility.
9-12
PIE 0 Periodic Interrupt Enable 0 The period interrupt timer does not
13 Enables or disables a periodic interrupt. generate an interrupt.
1 The periodic interrupt timer generates an
interrupt when PS = 1.
PTF 0 Periodic Interrupt Frequency 0 The input clock to the periodic interrupt
14 The input clock to the periodic interrupt timer timer is 4 MHz.
may be either 4 MHz or 32 KHz. You should set | 1 The input clock to the periodic interrupt
the PTF bit according to the frequency of this timer is 32 KHz.
clock. See Section 4.1.2, Timers Clock.
PTE 0 Periodic Timer Enable Disable counter.
15 Controls the counting of the periodic interrupt | 1 Epable counter.
timer. When the timer is disabled, it maintains
its old value. When the counter is enabled, it
continues counting using the previous value.
PITC Periodic Interrupt Timer Count Register
Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
PITC
Type R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Type RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PITC contains the 16 bits to be loaded in a modulus counter.
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Table 4-15. PITC Bit Descriptions

Name Reset Description
PITC 0 Periodic Interrupt Timing Count
0-15 Contains the count for the periodic timer. Setting PITC to OXFFFF selects the maximum count
period.
— 0 Reserved. Write to zero for future compatibility.
16-31
PITR Periodic Interrupt Timer Register

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

Type
Reset 0 0 0

Bit 16 17 18 19

Type
Reset O
PITR shows the current value in the periodic interrupt down counter. The PITR counter is not

affected by reads or writesto it.
Table 4-16. PITR Bit Descriptions

0 0 0 0 0 0 0

Name Reset Description
PIT 0 Periodic Interrupt Timing Count

0-15 Contains the current count remaining for the periodic timer. Writes have no effect on this field.
— 0 Reserved. Write to zero for future compatibility.

16-31
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Reset

5

All MSC8113 reset sources are fed into the reset controller, which takes different actions
depending on the source of the reset. The Reset Status Register indicates the most recent sources
to cause areset. Table 5-1 describes the reset sources.

Table 5-1. Reset Sources

reset

Name Direction Description

Power-on reset Input Initiates the power-on reset flow that resets the MSC8113 and configures various

(PORESET) attributes of the device. On PORESET, the entire MSC8113 device is reset. SPLL state
is reset, HRESET and SRESET are driven, the SC140 extended cores are reset, and
system configuration is sampled. The clock mode (MODCK bits), reset configuration
mode, boot mode, Chip ID, DSI sync or a-sync mode, Software Watch Dog Timer
Enable, and use of either a DSI 64-hit port or a 60x-compatible system bus 64-bit port
are configured only at the rising edge of PORESET.

External hard I/O Initiates the hard reset flow that configures various attributes of the MSC8113. During

reset HRESET, SRESET is asserted. HRESET is an open-drain output. Upon hard reset,

(HRESET) HRESET and SRESET are driven, the SC140 extended cores are reset, and system
configuration is sampled. The most configurable features are reconfigure. These
features are defined in the 32-bit HRCW described in Section 5.6.1, Hard Reset
Configuration Word, on page 5-13.

External soft 1/0 Initiates the soft reset flow. The MSC8113 device detects an external assertion of

SRESET only if it occurs while the MSC8113 is not asserting reset. SRESET is an

watchdog reset

(SRESET) open-drain output. Upon soft reset, SRESET is driven, the SC140 extended cores are
reset, and system configuration is maintained.
Software When the MSC8113 watchdog count reaches zero, a software watchdog reset is

signalled. The enabled software watchdog event then generates an internal hard reset
sequence.

Bus monitor When the MSC8113 bus monitor count reaches zero, a bus monitor hard reset is

reset asserted. The enabled bus monitor event then generates an internal hard reset
sequence.

JTAG When one of JTAG commands EXTEST, CLAMP or HIGHZ is executed, JTAG logic

Commands: asserts the JTAG soft reset signal and an internal soft reset sequence is generated.

EXTEST,

CLAMP, or

HIGH-Z
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Table 5-2 summarizes the reset actions that occur as aresult of the different reset sources.

Table 5-2. Reset Actions for Each Reset Source

Hard Reset: Soft R )
Power-On Reset: oft Reset:
Reset Action \ Reset Source External Hard
External Reset, Software External Soft JTAG Commands:
Power-On Reset Watchdog, Bus Reset EXTEST, CLAMP
Monitor or HIGHZ
Configuration Signals Sampled Yes No No No
(See Section 5.1)
SPLL State Reset Yes No No No
System Reset Configuration Yes No No No
write through the DSI
System Reset Configuration Yes Yes No No
write through the System Bus
HRESET Driven Yes Yes No No
SIU Registers Yes Yes No No
IPBus Modules Reset Yes Yes Yes Yes
(ETH,TDM, UART, Timers, DSI,
IPBus Master, GIC, HS, and
GPIO)
SRESET Driven Yes Yes Yes Depend on JTAG
SC140 Extended Cores Reset Yes Yes Yes Yes
(PC points to boot starting
address)
MQBS Reset Yes Yes Yes Yes

5.1 Power-On Reset (PORESET)

Asserting PORESET initiates the power-on reset flow. PORESET must be asserted externally for at
least 16 input clock cycles after MSC8113 v, and vy, reach their nominal values. Table 5-3
shows the MSC8113 configuration signals. These signals are sampled at the rising edge of
PORESET, Which determines different MSC8113 configuration features.

Table 5-3. PORESET External Configuration Signals

Signal Description Settings
CNFGS Configuration Source For details on MSC8113 reset configuration modes,
The MSC8113 device samples this signal and refer to Table 5-5, Reset Configuration Modes,
RSTCONF on the rising edge of PORESET to on page 5-4.
determine the MSC8113 reset configuration mode.
RSTCONF Reset Configuration Mode For details on MSC8113 reset configuration modes,

The MSC8113 device samples this signal and
CNFGS on the rising edge of PORESET to
determine the MSC8113 reset configuration mode.
In a multi-MSC8113 system, RSTCONF is used
after the rising edge of PORESET to time the writing
of the HRCW when the MSC8113 reset
configuration is written through the system bus.

refer to Table 5-5, Reset Configuration Modes,
on page 5-4.
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Power-On Reset (PORESET)

Table 5-3. PORESET External Configuration Signals (Continued)

Signal

Description

Settings

BM[0-2]

Boot Mode
Input lines sampled at the rising edge of PORESET,
which determine the MSC8113 boot mode.

Referto Table 6-1, Boot Mode Selection, on page
6-1.

SWTE

Software Watchdog Timer Enable

Input line sampled at the rising edge of PORESET.
This bit defines whether the software watchdog
timer is enabled or disabled. For details on how this
signal functions, refer to the discussion of the
System Protection Control Register (SYPCR) in
Section 4.2, SIU Programming Model.

0 Watchdog timer disabled.

1 Watchdog timer enabled.

DSl64

DSl 64-Bit Data Bus

Input line sampled at the rising edge of PORESET.
This input combined with ETHSEL hard reset
configuration bit, define the pin multiplexing of the
low part of the MSC8113 DSl/system data bus with
the Ethernet. For details on how the DSI64 signal
functions, refer to Section 14.5.2, Status Registers,
on page 14-35). For details on how the ETHSEL bit
functions, refer to Section 5.6.1, Hard Reset
Configuration Word, on page 5-13.

For details on DSI/system bus/Ethernet pin
multiplexing configuration, please refer to Table 5-4
on page 5-3.

DSISYNC

DSI Synchronous Mode

Input line sampled at the rising edge of PORESET.
This bit defines whether the DSI

works in Synchronous or Asynchronous Mode. For
details, refer to Section 14.3.2, Synchronous
Versus Asynchronous Access Mode.

0  Asynchronous mode.

1  Synchronous mode.

CHIP_ID[0-3]

Chip ID

Input line sampled at the rising edge of PORESET.
These bits define the unique number for each
MSC8113 in a multi-MSC8113 system (up to 16).
The DSI compares these bits to the HCID[0-3] input
bus to identify access to the specific MSC8113. For
details on how these signals function, refer to
Section 14.2.3, Host Chip ID Signals (HCID[0-3])).

Any value between 0b0000-0b1111.

MODCK[1-2]

Clock Mode

Input line sampled at the rising edge of PORESET.
For details on how these signals function, refer to
Section 7.3, Clock Configuration.

Table 5-4. DSI/System Bus/Ethernet Signal Multiplexing Configurations

DSli64
(Po-Reset

Configuration Pin)

ETHSEL
(Hard Reset
Configuration Bit)

DSl bus width

ETH is exposed on
the low part of the
DSI/System data bus
(HD[32-63]/D[32-63])

System bus width

0 32 bit

64 bit No

32 bit

32 bit Yes

X 64 bit

32 bit No
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5.2 Reset Configuration

The MSC8113 device has two mechanisms for reset configuration: reset configuration write

through the direct dave interface (DSI) and reset configuration write through the system bus.
When reset configuration is written through the system bus, the MSC8113 is a configuration
master or slave. If a configuration slave is selected, but no special Hard Reset Configuration

Word (HRCW) iswritten, a default HRCW is applied.

Note: Do not use the default HRCW which clears the HRCW[DLLDIS] bit. Because the
M SC8113 does not support DLL operation, make sure that the HRCW[DLLDIS] bitis
always set after reset.

Two signals (CNFGs and RSTCONF), which are sampled on PORESET deassertion, define the reset
configuration modes. See the summary in Table 5-5.

Table 5-5. Reset Configuration Modes

CNFGS, RSTCONF HRCW Source

00 Reset configuration write through the 60x-compatible system bus.
MSC8113 is a configuration master.

01 Reset configuration write through the 60x-compatible system bus.

MSCB8113 is a configuration slave. If the HRCW is not written during 1024 CLKIN cycles, it

gets a default value of all zeros.

Note:  Always ensure that a valid configuration is written to the HRCW through the system
bus. The default configuration is not valid.

10 Reset configuration write through the DSI.

11 Reserved.

5.2.1 Reset Configuration Through the DSI

When reset configuration is written through the DS, the host can program the HRCW (viathe
DSI) after PORESET is deasserted. The value driven on the CNFGS and RSTCONF signals at the
rising edge of PORESET determines the M SC8113 reset configuration mode. If the valueis 10, the
HRCW must be written through the DSI port. The device extends the internal PORESET until the
host writes the HRCW. The host must write 32 bits to the HRCW, which is 32 bits wide. For
details, see Section 14.4, DS Configuration, on page 14-27.

Note: The hard reset sequence that isinitiated by asserting the external HRESET or internal
source (bus monitor or software watch dog) does not restart the reset configuration
sequence through the DSI. In this case, the previous HRCW is kept. See Section 5.3,
Hard Reset, on page 5-8.

Next, the MSC8113 halts until the SPLL locks. As described in Chapter 7, Clocks, the SPLL
locks according to mobck[1-2], which are sampled on PORESET deassertion, and to the
MODCK[3-5] bits taken from the HRCW. The SPLL locking time is 6400 reference clocks, which
Isthe clock at the output of the SPLL pre-divider. After the SPLL islocked, al the clocks to the
MSC8113 are enabled. During SPLL locking, HRESET and SRESET are asserted. After the SPLL
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Reset Configuration

islocked, HRESET remains asserted for another 512 bus clocks and is then released. The SRESET
is released three bus clocks later.

Note: Because the MSC8113 does not support DLL operation, make sure that the
HRCWI[DLLDIS] bit is set after reset.

Figure 5-1 shows reset configuration write through the DSI timing diagram (including power-on
reset flow).

External

PORESET, |
|s asserted « |

|

for min 16 I
POR;\&T RSTCONF, CNFGS DSISYNC, DSI64 |
Input | CHIP_ID[0-3], BM[0-2], SWTE, MODCK][1-2] |

| are sampled |

|

|

|

|

|

%L’__r L=
PORES § . ~ - -
Internal | | Any time “ -
| | Host programs | MODCK[3-5] AN p - _
| HRCW bits are ready for SPLL. N ~. ——
HRESET | — | \
Output (I/ )
| | I SPLL is locked
| | | (no external indication)
ESET | | S | | |
Output (I/0) < > < >«
| | | SPLL locks after | HRESET /SRESET are
| | | 6400 reference clocks | extended for 512/515 bus
(CLKIN/PDF). clocks, respectively, from
| | | | SPLL iock.

Figure 5-1. Reset Configuration Write Through the DSI, Timing Diagram

Figure 5-2 shows how to program the MSC8113 HRCW to multiple M SC8113 devices through
the DSI port. The HRCW can be written separately for each device using acommon cs signal
and different Chip ID values, using a different cs for each device, or broadcasting the same
HRCW to all the devices using acommon cs signal connected to the DSI HBCS signal. In a
system with only one master and one slave, the master should use only one CS signal connected
to the DSI HCs signal and connect all the HCID signals of the DSI to a hard wired value that is
the same as the value sampled during PORESET flow on the CHIP_ID signals. The host should
finish its own wake-up reset sequence before waking up the slave. For example, when the host is
an MSC8113, the RESET_ouT signal iSHRESET. Connecting all the HRESET signals of all the
daves ensures that all MSC8113 devices exit reset together.

Note: Tying the host HRESET (for an MSC8113, MSC8126, MSC8101, MSC8103, or
MPC8260 device) together with the slave HRESET causes a deadl ock.
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Host MSC8113
reset_out (HRESET) » PORESET CNFGS
Chip ID[0-3] HeiDjo-3] RSTCONF —
D0-31] < HD[0-31] 1~
WR HWBS0 Vee
cs2 o s '§'
host_reset_in cSs3 » HBCS
—p| (PORESET) o HRESET
0 CHIP_ID[0-3]
[ ]
. HRESET
‘147 CHIP_ID[0-3]
- HRESET
15 CHIP_ID[0-3]

Figure 5-2. Configuring Multiple MSC8113s From the DSI Port
5.2.2 Reset Configuration Through the System Bus

The reset configuration write through the system bus alows external hardware to program the
Hard Reset Configuration Word (via the system data bus) after PORESET is deasserted. The
values driven on CNFGS and RSTCONF at the rising edge of PORESET determine the M SC8113
configuration mode. If the valueis“01” the MSC8113 acts as a configuration slave. If the value
is“00” the MSC8113 acts as a configuration master. Immediately after PORESET is deasserted
and the reset operation mode is designated as configuration master or slave, the MSC8113 starts
the configuration process by asserting HRESET and SRESET throughout internal power-on reset.
The reset configuration sequence requires 1024 cLKIN cycles.

In atypical multi- MSC8113 system, one M SC8113 acts as the configuration master and all other
MSC8113 devices act as configuration slaves. The configuration master reads the various
HRCWs from external memory and uses them to configure itself as well as the configuration
daves. If the MSC8113 is a configuration slave and the HRCW is not written during the 1024
CLKIN cycles, it gets a default value of al zeros, which is the reset value of the HRCW described
in Section 5.6.1, Hard Reset Configuration Word. Examples of various M SC8113 system bus
configurations are given in Section 5.5, Reset Configuration Writes Through the System Bus.
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Reset Configuration

Note: During the reset sequence, any initiation of hard reset (that is, assertion of HRESET
externally or abus monitor event or software watch dog time-out internally) restarts
the Reset Configuration sequence through the system bus. The reset configuration
mode, which is determined by CNFGS and RSTCONF at the rising edge of PORESET,
remains unchanged. When the MSC8113 is a configuration slave, if the HRCW is not
written during 1024 cLkIN cycles, the previous HRCW is kept. See Section 5.3, Hard
Reset, on page 5-8.

After configuration, the M SC8113 device halts until the SPLL locks. Asdescribed in Chapter 7,
Clocks, the SPLL locks according to mobck[1-2], which are sampled on PORESET deassertion,
and to the mobck([3-5] bits taken from the HRCW. SPLL locking time is 6400 reference clocks,
which isthe clock at the output of the SPLL pre-divider. After the SPLL islocked, al the clocks
to the MSC8113 are enabled.

Note: Because the MSC8113 does not support DLL operation, make sure that the
HRCW[DLLDIS] bit is set.

During SPLL locking, HRESET and SRESET are asserted. After the SPLL islocked, HRESET
remains asserted for another 512 bus clocks and is then released. The SRESET is released three
bus clocks later. The timing diagram in Figur e 5-3 shows a Reset Configuration write through
the system bus (including the power-on reset flow).

External

PORESET | | |
is asserted
| for min 16 | |
PORESETI_CLKIN. | RSTCONF, CNFGS, DSISYNC, DSI64 |
Input | N_ CHIP_ID[0-3], BM[0-2], SWTE, MODCK][1-2] |
| |  are sampled |
PORESET L | |
Internal | | X~ MODCK[3-5] bits |
| | | are ready for SPLL |
e | | | |
HRESET | | | K
Outpu(l/O
Htputio) | | | SPLL is locked
(no external indication)
SRESET | | | | |
Outpu(l/O) | | A A R
| PORESET to internal logic | sPLL locking period. | HRESET/SRESET are
| is extended for 1024 | SPLL locks after | extended for 512/515 bus
(CLKIN/PDF). | SPLL lock

| Reset configuration write | |
| through the system bus | |
, Sequence occurs in this |

|

| .

| | CLKIN. | 6400 reference clocks clocks, respectively, from
|

|

l period.

Figure 5-3. Reset Configuration Write Through the System Bus
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5.3 Hard Reset

A hard reset sequence isinitiated externally when HRESET is asserted or internally when the

M SC8113 detects areason to start the hard reset sequence (a software watch dog timer or a bus
monitor timer expires). In both cases, the MSC8113 continuously asserts HRESET and SRESET
throughout the hard reset sequence.

A hard reset sequence starts the reset configuration sequence through the system bus, as
described in Section 5.2.2, Reset Configuration Through the System Bus, on page 5-6. The reset
configuration mode (determined by CNFGS and RSTCONF at the rising edge of PORESET), as well
as other configuration modes determined by the PORESET-sampled signals, do not change. When
the hard reset sequence is not caused by asserting PORESET, areset configuration write through
the DSI does not occur. The host cannot reprogram the HRCW, so the value of the HRCW set by
the last configuration remains unchanged.

After the MSC8113 asserts HRESET and SRESET for 512 bus clock cycles, it releases both signals
and exits the hard reset sequence. An external pull-up resistor should deassert the signals. After
deassertion is detected, a 16-bus cycle period is taken before testing for an external (hard/soft)
reset.

5.4 Soft Reset

A soft reset sequence is initiated externally when SReSET is asserted or internally when the

M SC8113 detects a cause to start the soft reset sequence (JTAG commands. EXTEST, CLAMP,
or HIGHZ). In either case, the M SC8113 asserts SRESET for 512 bus clock cycles, after which the
MSC8113 releases SRESET and exits soft reset. An external pull-up resistor should deassert
SRESET; after deassertion is detected, a 16-bus cycle period is taken before testing for an external
(hard/soft) reset. While SRESET is asserted, internal hardware is reset, but the hard reset
configuration as well asthe SIU registers remain unchanged.

Note: If your application changesthe ISB field in the IMMR, you must restore the initial 1SB
value (that is, the value in the field after power-up or hard reset), by writing the initial
valueto the | SB field before invoking a soft reset.

MSC8113 Reference Manual, Rev. 0
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Reset Configuration Writes Through the System Bus

5.5 Reset Configuration Writes Through the System Bus

This section presents some examples of areset configuration write through the system busin
different systems.

5.5.1 Single MSC8113 System Configuration From EPROM

If the value of CNFGS and RSTCONF is“00” on the rising edge of PORESET, the MSC8113 comes
up as a configuration master. After PORESET is deasserted, RSTCONF istied to GND as shown in
Figure 5-4. The MSC8113 can then access the EPROM. The HRCW is assumed to reside in an
EPROM connected to cso of the configuration master. Because the port size of this EPROM is
unknown to the configuration master before the HRCWs are read, the configuration master reads
the HRCW byte-by-byte only from locations that are independent of port size. The values of the
bytesin Table 5-7 are always read on byte lane D[o-7], regardless of port size. The configuration
sequence (read from EPROM) occurs during a hard reset. When HRESET is deasserted (exited),
the devices is assumed to be configured according to the EPROM.

Vee EPROM Control Signals

EPROM
Configuration Master CSo cs
HRESET MSC8113 Al

A[0-31] D[0-7]
‘ PORESET | D[0-31]
L

Address Bus

CNFGS

RSTCONF|
“0” - Value During PORESET

Figure 5-4. Configuring a Single MSC8113 Device From EPROM

Data Bus

Note: An EPROM that is accessed for system reset configuration should connect using one
of the following methods:

» Connect directly to the MSC8113 without external buffer or glue logic.

» Useadata buffer that drivesthe MSC8113 signal lines only when external glue
logic indicates that it is being accessed. Because the Cs5/BCTL1 default
functionality immediately after reset iscss, this signal cannot enable the data drive
from an external buffer to the MSC8113. An example of such glue logic would be
represented by the equation OE = Cs0 & & BCTL1,; that is, during boot, whenever the
boot chip select (Cso) is asserted, it asserts the output enable (OE) of the buffer;
after boot, the buffer is enabled as afunction of BCTL1, which indicates whether it is
aread or write.
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5.5.2 Single Slave MSC8113 Configuration by System Bus Host

For asingle-M SC8113 system with no EPROM, you can configure the MSC8113 as a
configuration slave by driving avalue of “01” on CNFGS and RSTCONF during PORESET assertion
and then applying a negative pulse on RSTCONF and an appropriate HRCW on the MSC8113
system data bus D[0-31]. The negative pulse must occur within the 1024 configuration slave CLKIN
cycles after the configuration slave PORESET ends. Figur e 5-5 shows an example an arbitrary
configuration master and an M SC8113 device configured as configuration slave. The host should
finish its own wake-up reset sequence before waking the slave. The host WE is used to apply the
negative pulse on RSTCONF.

PORESET
Configuration Master % Configuration Slave
HRESET
reset_out » PORESET
WE »| RSTCONF
D[0-31] | » D[0-31]

Figure 5-5. Single MSC8113 Slave Configuration

5.5.3 Multi-MSC8113 System Configuration

The sequence of reset configuration write through the system bus, which occurs during hard
reset, supports a system that uses up to eight MSC8113 devices, each configured differently. It
needs no additional glue logic for reset configuration. In atypical multi-M SC8113 system, one
MSC8113 device acts as the configuration master and all other MSC8113 devices act as
configuration slaves. The configuration master reads the various HRCWs from EPROM and uses
them to configure itself as well as the configuration slaves. The reset mode that determines the
MSC8113 behavior during reset configuration write through the system bus is specified by the
value of CNFGS and RSTCONF on PORESET deassertion. During system bus configuration, which
occurs after PORESET deassertion, the RSTCONF input of the configuration master istied to
ground, and the RSTCONF inputs of other devices connect to the high-order address bits of the
configuration master, as shown in Table 5-6.

Note: The value of RSTCONF during PORESET may differ from its value after PORESET
deassertion, which is then used for the system bus configuration sequence.

Table 5-6. RSTCONF Connections in Multi-MSC8113 Systems

Configured Device RSTCONF Connection
Configuration master GND
First configuration slave AO
Second configuration slave Al
Third configuration slave A2
Fourth configuration slave A3
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Reset Configuration Writes Through the System Bus

Table 5-6. RSTCONF Connections in Multi-MSC8113 Systems (Continued)

Configured Device RSTCONF Connection
Fifth configuration slave A4
Sixth configuration slave A5
Seventh configuration slave A6

Table 5-7 shows addresses at which to configure the various M SC8113s. Byte addresses that do
not appear in this table have no effect on the configuration of the MSC8113s. The values of the
bytesin Table 5-7 are always read on byte lane bjo-7], regardless of port size.

Table 5-7. Configuration EPROM Addresses

Configured Device Byte 0 Address Byte 1 Address Byte 2 Address Byte 3 Address
Configuration master 0x00 0x08 0x10 0x18
First configuration slave 0x20 0x28 0x30 0x38
Second configuration slave 0x40 0x48 0x50 0x58
Third configuration slave 0x60 0x68 0x70 0x78
Fourth configuration slave 0x80 0x88 0x90 0x98
Fifth configuration slave 0xA0 0xA8 0xBO 0xB8
Sixth configuration slave 0xCO 0xC8 0xDO 0xD8
Seventh configuration slave OxEO OxE8 0xFO O0xF8

The configuration master reads a value from address 0x00 and then reads a value from addresses
0x08, 0x10, and 0x18. These four bytes form the HRCW of the configuration master, which then
proceeds to read the bytes that form the HRCW of the first slave device. The master drives the
whole HRCW on D[o-31] and toggles its Ao address line. Each configuration slave uses its
RSTCONF input as a strobe for latching the HRCW during HRESET assertion time. Thus, the first
slave whose RSTCONF input connects to the master Ao output latches the 32 bits driven on D[0-31]
asitsHRCW. Then, the master continues to configure all MSC8113 devicesin the system. The
configuration master always reads eight HRCWSs, regardless of the number of MSC8113 devices
in the system. Figur e 5-6 shows a multi-device configuration. In this system, the configuration
master initially reads its own HRCW. It then reads other HRCWs and drives them to the
configuration slaves by asserting RSTCONF. As Figur e 5-6 shows, this complex configuration is
done without additional glue logic. The configuration master controls the whole process by
asserting the EPROM control signals and the system address signal's as needed. Connecting all
the HRESET signals of the configuration master and all the configuration slaves ensures that all

M SC8113 devices exit reset together.
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Figure 5-6. Configuring Multiple MSC8113 Devices
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Reset Programming Model

5.5.4 Multiple MSC8113 Devices in a System With No EPROM

In some cases, the configuration master capabilities of the MSC8113 cannot be used. This can
happen, for example, if thereisno EPROM in the system or if the EPROM is not controlled by an
MSC8113. If this occurs, the configuration master actions must be emulated in external logic.
The external hardware connects to all RSTCONF signals of the different devices and to the 32 bits
of the data bus. During the rising edge of PORESET, the external hardware puts all the devicesin
configuration slave mode. For 1024 input clocks after PORESET deassertion, the external
hardware can configure the different devices by driving appropriate HRCWs on the data bus and
asserting RSTCONF for each device to strobe the data received.

5.6 Reset Programming Model
This section describes the following reset registers in detail :

B Hard Reset Configuration Word (HRCW), page 5-13
B Reset Status Register (RSR), page 5-16

5.6.1 Hard Reset Configuration Word

HRCW Hard Reset Configuration Word

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

EARB|EXMC| INTOUT |[EBM| BPS  [SCDIS|ISPS| IRPC | — | DPPC  NMIOUT  ISBSEL

Type Written by the hard reset configuration mechanism through the System Bus or by an external host through DSI
Bit 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
— | BBD MMR | ETH |TTPC|CS5PC TCPC LTLEND|PPCLE, — |DLLDIS MODCK_H —

SEL
Type Written by the hard reset configuration mechanism through the System Bus or by an external host through DSI

When reset configuration is written through the DS, the host programs this register viathe host
port (DSI), as described in Section 14.4, DS Configuration, on page 14-27. When reset
configuration is written through the system bus, the reset configuration mechanism programsthis
register viathe system bus port. This register is not directly accessible to the SC140 cores. Some
bits programmed in this register affect bitsin various registers that are accessible to the SC140
cores (SIUMCR, ACR, BRO, BCR, IMMR) and can be reprogrammed after reset.

Table 5-8. Hard Reset Configuration Word Bit Descriptions

Name Reset Description Settings
EARB 0 External Arbitration Internal arbitration is performed.
0 Defines the initial value for ACR[EARB]. See 1 External arbitration is assumed.
Section 4.2, SIU Programming Model.
EXMC 0 External MEMC 0 No external memory controller is

Defines the initial value of BRO[EMEMC]. See
Section 12.8, Memory Controller Programming | ¢
Model.

assumed.

External memory controller is
assumed.
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Table 5-8. Hard Reset Configuration Word Bit Descriptions (Continued)

Name Reset Description Settings
INTOUT 0 INT_OUT or IRQ7 Selection 0 IRQ7/INT_OUT is IRQ7.
2 Defines the initial value of S|UMCR[|NTOUT] 1 |RQ7/|NT OUT is INT OUT.
See Section 4.2, SIU Programming Model. - -
EBM 0 External Bus Mode 0 Single MSC8113 bus mode.
3 Defines the initial value of BCR[EBM]. See 1 60x-compatible bus mode.
Section 4.2, SIU Programming Model.
BPS 00 Boot Port Size 00 64-bit port size.
4-5 Defines the initial value of BRO[PS], the port size |91 g-pit port size.
for memory controller bank 0. See Section 12.8, 10 16-bit port si
Memory Controller Programming Model. -bit port size.
11 32-bit port size.
SCDIS 0 SC140 Cores Disabled 0 SC140 cores enabled.
6 Enables/disables the SC140 cores. See Chapter |1  5c140 cores disabled.
9, Extended Core.
ISPS 0 Internal Space Port Size 0 MSCB8113 acts as a 64-bit slave to
7 Defines the initial value of BCR[ISPS]. Setting external masters access to its internal
ISPS enables a 32-bit master to access the space.
MSC8113 internal space. See Section 4.2, SIU |1 \MsSc8113 acts as a 32-bit slave to
Programming Model. external masters access to its internal
space.
Note: When the ISPS bit is set, an external
master can only access the MSC8113 internal
space using 32-bit single accesses.
IRPC 0 Interrupt Pin Configuration 0 IRQ5/IRQ2/IRQS3.
8 Defines the initial value of SIUMCRJ[IRPC] and 1 BADDR29/BADDR30/BADDR31.
burst address pin functionality. See Section 4.2,
SIU Programming Model.
— 0 Reserved. Write to zero for future compatibility.
9
DPPC 00 Data Parity Pin Configuration 00 NC/IRQ[1-7].
10-11 Defines the initial value of SIUMCR[DPPC] and | o1 pp[0-7].
DMA channel request/acknowledge pin
functionality. See Section 4.2, SIU Programming 10 DREQ[1-4)/DACK[1-4].
Model. 11 EXT_BR[2-3J/EXT_BG[2-3]/
EXT_DBG[2-3)/IRQ[6-7].
NMI OUT 0 NMI OUT 0 NMlis serviced by SC140s.
12 Defines the host core to handle a non-maskable |1  NMIis routed to NMI OUT and
interrupt (NMI) event. serviced by the external host.
ISBSEL 000 Initial Internal Space Base Select 000 0xFO000000
13-15 Defines the initial value of IMMR[ISB], which 001 OXFOF00000
determines the base address of the internal
memory space. See Section 4.2, SIU 010 OxFF000000
Programming Model. The SC140 internal address |011  OxFFFO0000
space spans from 0x00000000-0x00FFFFFF (16 | 100 Reserved. Do not use this option.
MB). Therefore it is not advisable to map the 101 Reserved. Do not use this option
IMMR in this space, since the SC140s cannot ! '
access the SIU registers. See Chapter 12, 110 Ox0F000000
Memory Controller. 111  OxOFF00000
— 0 Reserved. Write to zero for future compatibility.
16
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Reset Programming Model

Table 5-8. Hard Reset Configuration Word Bit Descriptions (Continued)

Name Reset Description Settings
BBD 0 Bus Busy Disable 0 ABB/DBB.
17 Defines the initial value of SIUMCR[BBD] and 1 JRQ4/IRQ5.
ABB and DBB pin functionality. See Section 4.2,
SIU Programming Model.
MMR 0 Mask Masters Requests 0 No masking on bus request lines.
18 Defines the initial value of SIUMCR[MMR]. See 1 Al external bus requests masked (boot
Section 4.2, SIU Programming Model. master is the one of the internal cores).
ETHSEL 0 Ethernet Select For details on DSl/system bus/Ethernet Pin
19 Defines whether the Ethernet is exposed on the | multiplexing, refer to Table 23-1,
low part of the DSI/system data bus lines (when | GPIO/Dedicated Functionality Versus
ETHSEL is set and the DSI64 line is sampled low | Ethernet Functionality, on page 23-4
at reset) or on the GPIO lines (when ETHSEL is
clear).
TTPC 0 Transfer Type Pin Configuration 0 TTO/TT[2-4].
20 Defines the initial value of SIUMCR[TTPC] and 1 HA7/—CS[5—7].
TT pin functionality. See Section 4.2, SIU
Programming Model.
CS5PC 0 Chip Select 5 Pin Configuration 0 CS5/BCTLL pinis CS5
21 Defines the initial value of SIUMCR[CS5PC] and |1 C©S5/BCTLL pin is BCTLL.
CS5 functionality. See Section 4.2, SIU
Programming Model.
TCPC 00 Transfer Code Pin Configuration 00 TC[0-2].
22-23 Defines the initial value of SIUMCR[TCPC] and 01 Reserved.
TC pin functionality. See Section 4.2, SIU
Programming Model. 10 BNKSEL[0-2].
11 Reserved.
LTLEND 0 Little Endian 0 Big Endian.
24 Defines the host Endian mode of operation. See |1  [ittle Endian.
Section 14.2.4, DSI Endian Modes.
PPCLE 0 Munged Little Endian 0  True little-endian host.
25 When the LTLEND bit is set, PPCLE specifies 1 Munged little-endian host.
whether the host is a Little-Endian host or a host
that works in munged Little-Endian mode. See
Section 4.2, SIU Programming Model.
— 0 Reserved. Write to zero for future compatibility.
26
DLLDIS 0 DLL Disable 0 No DLL bypass.
27 Defines whether the DLL mechanismis disabled. |1 p|L bypass.
See Section 7.3, Clock Configuration.
Note: The MSC8113 does not support DLL
operation. Always write a 1 to this bit to
configure the device correctly.
MODCK][3-5] 0 MODCK High Order Bits
28-30 High-order bits of the MODCK bus, which
determine the clock reset configuration. See
Section 7.3, Clock Configuration.
— 0 Reserved. Write to zero for future compatibility.
31
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5.6.2 Reset Status Registers

RSR Reset Status Register

Bit 0 1 2 3 4 5 6 7 8

10 11 12 13 14 15

Type R/W

Reset 0 0 0 0 0 0 0 0 0

Bit 16 17 18 19 20 21 22 23 24

0 0 0 0 0 0

26 27 28 29 30 31

|JTRS| — |SWRS|BMRS|ESRS|EHRS

Type R/W

Reset 0 0 0 0 0 0 0 0 0

0 0 0 0 1 1

The RSR records reset events. For example, because software watchdog expiration resultsin a
hard reset, which in turn results in a soft reset, RSR[SWRS], RSR[ESRS], and RSR[EHRS] are
all set after a software watchdog reset. All bits are cleared by writing a 1 (writing zero has no
effect). RSR is memory-mapped into the MSC8113 SIU register map.

Table 5-9. RSR Bit Descriptions

26 When a host reset command is written, through
JTAG logic (“JTAG reset request”), JTRS is set
and remains set until software clears it.

Name Reset Description Settings
— 0 Reserved. Write to zero for future compatibility.
0-25
JTRS 0 JTAG Reset Status No host reset command through JTAG

occurred.

A host reset command through JTAG
occurred.

Reserved. Write to zero for future compatibility.
27

SWRS 0 Software Watchdog Reset Status

28 When a software watchdog expire event (which
causes a reset) is detected, the SWRS hit is set
and remains set until the software clears it.

No software watchdog reset event
occurred.

A software watchdog reset event occurred.

BMRS 0 Bus Monitor Reset Status

29 When a bus monitor expire event (which
causes a reset) is detected, BMRS is set and
remains set until the software clears it.

No bus monitor reset event occurred.
A bus monitor reset event occurred.

ESRS 1 External Soft Reset Status No external soft reset event.
30 When an external soft reset event is detected, An external soft reset event.
ESRS is set and it remains set until software
clears it.
EHRS 1 External hard reset status No external hard reset event.
31 When an external hard reset event is detected, An external hard reset event.
EHRS is set and it remains set until software
clears it.
MSCB8113 Reference Manual, Rev. 0
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The boot program, which residesin theinternal ROM, initializes the M SC8113 after it completes
areset sequence. The MSC8113 device can boot from an external host through the DSI or the
60x-compatible system ports, execute a user boot program located on an external memory device
(such as EPROM, SDRAM), or download a user boot program through the 1°C, TDM, or UART
ports. The boot operating mode is set by configuring Bm[0-2], which are sampled on the rising
edge of PORESET. Table 6-1 shows the mode options for BM[0-2].

Table 6-1. Boot Mode Selection

External Connection
Boot Sequence
BMO BM1 BM2
0 0 0 External Memory (from the system bus)
0 0 1 External Host: DSI or system bus
0 1 0 TDM
0 1 1 UART
1 0 0 12c
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

This chapter begins with booting basics, including the default values programmed by the boot
program and interrupt handling during the boot process. Then it considers different ways to boot
the MSC8113: from an external memory device on the system bus, from an external host located
on the DSI or on the system bus port, from the time-division multiplexing (TDM) interface, from
the UART, or from the 1°C software module interface.

MSC8113 Reference Manual, Rev. 0
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6.1 Boot Basics

The boot program initializes the M SC8113 with default values shown in Table 6-2.

Table 6-2. Default MSC8113 Initialization Values of the Boot Program

Module or Register Initialized

Where Discussed

UPMC and the GPCM as required to support the MSC8113
M1 and M2 memories

Section 12.7, Internal SRAM and IPBus Peripherals
Support, on page 12-92
Table 8-7Banks 9 and 11 Address Space, on page 8-28

Memory Controller Option Registers (OR[9,11])

Memory Controller Base Registers (BR[9,11])

Table 12.8Memory Controller Programming Model, on
page 12-95

System Bus and Local Bus Arbiter Configuration

System bus and Local Bus Arbitration-Level

Section 4.2, SIU Programming Model, on page 4-10

QBus Mask Register 1 (QBUSMR1) is initialized to 0xFF80

Section 9.3.9, EQBS Programming Model, on page 9-18

EE Signals Control Register, EE1[DEF] field is initialized to
‘01’

EONCE chapter of SC140 DSP Core Reference Manual

Direct Slave Interface (DSI), DSI Internal Address Mask
Register (DIAMR[9, 11]) and DSI Internal Base Address
Register (DIBAR][9, 11])

Section 14.5, DSI Programming Model, on page 14-29

Edge/Level-Triggered Interrupt Register F (ELIRF) is
initialized such that the IRQ20 (EONCE interrupt) is
edge-triggered mode. The LIC is initialized to edge-triggered
mode accordingly to the TDM and timers initialization at
reset. The LIC and GIC are also initialized such that virtual
interrupts are referred to as edge.

Section 17.3.3.2, Interrupt Priority Structure and Mode, on
page 17-40

Section 20.7, TDM Programming Model, on page 20-34
Section 22.1, Timers Programming Model, on page 22-8
Section 17.3, Interrupts Programming Model, on page 17-23

TDMXRIR, TDMXTIR

Section 20.7, TDM Programming Model, on page 20-34

Ethernet Threshold and Priority Registers

Section 25.17, Ethernet Controller Programming Model, on
page 25-49

The boot program initializes the interrupt handler table base address (VBA register of each
SC140 core) at itsfirst instruction execution. Until this base addressisinitialized, no

Non-Maskable Interrupt (NMI) should occur. After the VBA isinitialized, all the SC140 cores
enter Debug mode if any NMI is asserted. An SC140 core also enters Debug mode if the TRAP,
ILLEGAL, DEBUG, or OVERFLOW interrupt is asserted. Y ou must |oad code that handles any
interrupts, and you typically change the location of the interrupt handler table as soon as possible
in the user boot program. Refer to Section 17.1.5, Interrupt Routing, on page 17-18. Addresses
0x01076E00-0x01076FFF are reserved and cannot be written or used while the M SC8113 boot
program is running.

If the RSR[EHRS] bit is cleared (see Section 5.6.2, Reset Status Registers) and the external soft
reset signal isasserted, only QBUSMRL, EE_CTRL, ELIRF, TDMxRIR, TDMXTIR, PPC_ACR,
PPC_ALRH, PPC_ALRL, LCL_ACR,LCL_ALRH,LCL_ALRL, LIC, and GIC registers are
initialized and all the SC140 cores jump to address 0x0.

MSC8113 Reference Manual, Rev. 0
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6.2 Booting From an External Memory Device

The MSC8113 device boots from an external memory device on the system bus. The MSC8113
boot program retrieves an address from the external memory and jumps to that address.
Typically, the user boot program located at the retrieved address writes a loader program to the
internal memory. That loader program reads code and data from the external memory and writes
it to the internal memory. It isfaster to run aloader program in the internal memory than to run
code located in external memory.

The MSC8113 boot chip-select operation allows address decoding for a user boot ROM before
system initialization for external memory boot operation. The cso signal is the boot chip-select
output, and the boot external memory should connect to it. The MSC8113 boot chip-select
operation aso provides a programmable port size during system reset, by writing the BPSfield in
the Hard Reset Configuration Word (HRCW).

Note: For details on MSC8113 chip-select operation, see Section 12.3.3. See also Section
5.6.1, Hard Reset Configuration Word.

The boot program accesses an address tabl e that resides at address OxFE000110 (see Table 6-3).
This address table holds the 32-bit address of the user program in big-endian format. The
retrieved addressis user-programmable, and the target user program can be placed in any address
in the space controlled by the chip-select. The MSC8113 device retrieves the user program
address from the table according to the ISBSEL field in the HRCW.

Table 6-3. External Memory Address Table (32-Bit Wide EPROM)

Address (Big Endian Format) +0 +1 +2 +3
ISBSEL= 0 — OxFE000110 A(0-7) A(8-15) A(16-23) A(24-31)
ISBSEL= 1 — OXFE000114 A(0-7) A(8-15) A(16-23) A(24-31)
ISBSEL= 2 — 0xFE000118 A(0-7) A(8-15) A(16-23) A(24-31)
ISBSEL= 3 — OxFE00011C A(0-7) A(8-15) A(16-23) A(24-31)

ISBSEL=4 Reserved. Do not use.

ISBSEL=5
ISBSEL=6 — OXFE000128 A(0-7) A(8-15) A(16-23) A(24-31)
ISBSEL=7 — OXFE00012C A(0-7) A(8-15) A(16-23) A(24-31)

In amulti-device environment, multiple MSC8113 devices are initialized from the system bus.
Each device can access the external memory, and optionally, a master device can initialize the
other devices. The master device loads code and data for all slaves devices through the system
bus. To reduce traffic on the system bus, the slave device user program should not access the bus.

MSC8113 Reference Manual, Rev. 0
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The master deviceisidentified by one of the following fields:

B DSl Chip ID Register (DCIR), Chip ID Vaue field (see Section 14.5)

B |SBSEL field in the Exception and Mode Register (EMR), which resides in the SC140
core Program Control Unit (see the SC140 DSP Core Reference Manual and Table 2-1).

B |SBfieldinthe SIU IMMR (see Section 4.2.1).

When the MSC8113 device boots from an external memory device, the user boot program
typically does the following:

B Writes aloader program to the internal memory. This program loads code and data to the
internal RAM, thus enabling faster loading of code and data to the internal memory.

B Signals SC140 cores 1, 2, and 3 to initiate a jump to address 0x0 for the M1 memory of
SC140 cores 1, 2, and 3 by asserting VIRQ[9, 17, 25] for those SC140 cores (see the
discussion of the Virtual Interrupt Generation Register (VIGR) in Section 17.3).

6.3 Booting from an External Host (DSI or System Bus)

When the MSC8113 is booted from an external host, the host waits for the MSC8113 boot
program to finish its default initialization and then initializes the device by typically loading code
and data to the internal memory according to the memory map shown in Figure 8-2, Host on the
System Bus Memory Map View Example, on page 8-4. The external host should poll the Valid bit
(V) of the BR10 register. The valid bit is set when the MSC8113 boot code finishes the default
initialization and the external host can access the internal resources, including internal memory.
When the external host finishes its initialization sequence, it should notify the MSC8113 by
asserting the virtual interrupt 1 (VIRQ1) to SC140 core 0, which in turn signals all the other
SC140 cores to jump to address 0x0 of their M1 memory. The user boot program running from
the external host typically does the following:

B Waitsfor Valid bit of Bank 10 (BR10) to be set, see Section 12.8.
B | oadscode and datato internal RAM.

B Signals SC140 core O to initiate a jump to address 0x0 for all SC140 cores M1. Memory
by asserting VIRQ1 for Core O (see VIGR in Section 17.3).

6.4 Booting From the TDM Interface

In a system that boots from the TDM interface, a TDM boot master device writes blocks of code
and data into the memories of multiple MSC8113 devices asillustrated in Figure 6-1 and
according to the memory map shown in Figure 8-6. Two layered protocols are defined: a TDM
physical layer, and a TDM logical layer handshake. The valid bit of Bank 10 (BR10) is asserted
at the end of the TDM session.

MSC8113 Reference Manual, Rev. 0
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6.4.1 Initializing the TDM Physical Layer

The boot master transmits messages to multiple MSC8113 devices on TDM channel 0. Each
MSC8113 transmits back on a different TDM channel that equals the MSC8113 CHIP_ID as
defined in the DCIR. The MSC8113configures the size and type (T1 or non T1) of the received
and transmitted frame by synchronizing to the TDM Clock and Sync signals of the master boot
device.

Boot Master Device M$08113
Chip ID =n1
TDM3RDAT
Tx Data
TDM-CO > » TDM-CO
Rx Data TDM3TDAT
TDM-Cn1]< X < TDM-Cnl
TDM-Cn2 Tx Clock TDM3TCLK
TDM-Cn3 Rx Clock TDM3RCLK
. Tx Syne TDM3TSYN
. Rx Syne »| TDM3RSYN
MSC8113
Chip ID =n2
TDM3RDAT
»[TDM-CO
TDM3TDAT
< TDM-Cn2
»| TDM3TCLK
» TDM3RCLK
» TDM3TSYN
» TDM3RSYN
MSC8113
Chip ID =n3
TDM3RDAT
»[TDM-CO
TDM3TDAT
< < TDM-Cn3
» TDM3TCLK
| | »|TDM3RCLK
| I | »/TDM3RCLK
| L 3 TDM3RSYN
|
I | (I -
| | [ |1 -
|
! | | ! | e
| |

Figure 6-1. TDM Boot System
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6.4.1.1 Receiver Initialization

For anon-T1 receive operation, the TDM3RDAT is sampled for eight consecutive clock cycles
starting one clock after each first clock on which the TDM3RSY N is detected high. See Figure
6-2. For a 16-bit non-T1 receive frame operation, the TDM3RDAT is sampled for 16 consecutive
clock cycles starting one clock after each first clock on which the TDM3RSY N is detected high.
See Figure 6-3. DO isthe MSB and the first to be received. The number of channels at the
receiver frameislimited to 128.

TDMxRCLK

TDMORSYN

TDMORDAT

Channel number

— T 1]

One Cycle Sync Delay |

”\_/'\J_\_I_\_/'\_/'\_/'\J_\:'\_ﬂ:'U'\:'\_ﬂ_{_\I\_/'\I\_I_\

e E

oy 1) p2) D3] D4 D5 D6 7] " Jon] Yool xD:nXD

o) D1} D2} D3]

Channel N1}

Channel 0

N O

Channel 0

——— data sampled
— — — sync sample

TDMxRCLK

TDMORSYN

TDMORDAT

Channel number

Figur

-_C-f]-annel N Y
]

e 6-2. Receive Frame Non-T1 Configuration

One Cycle Sync Delay

| XDIpXDOX D1} D2} D3] D4 D5f D6{ D7 Do |

AYAYAVAL

| b7 Do) b1} p2fD3]

Channel NI}

Channel 0 X Channel 1™~

data sampled

- — — sync sample

Figure 6

Channel 0

-3. 16 bit Receive Frame Non-T1 Configuration

For aT1 receive operation, the TDMORDAT is sampled for eight consecutive clock cycles
starting two clocks after each first clock on which the TDM3RSY N is detected high. See Figure

6-4.
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| One Cycle Sync Delay

TOMORCLK mr\_ﬂ_ﬂﬂ_ﬂ_ﬂ_ﬂ_ﬂ AVATAVAY mr\_ﬂ_ﬂﬂ
TDMORSYN / I T .. .- 11 o

l . . oo
TDMORDAT I DnfrFajdo] D1) D2) D3} D4f D5) D6 D7) fbn)] JDOJ] ) onjFAlDjo] D1} D2} D3}
1 - n T - I
Channel number Channelle FAX Channel 0 _x x Cha}]ﬁ_él N X FAX Channel 0
1

—— data sampled
— — — sync sample

Figure 6-4. Receive Frame T1 Configuration

6.4.1.2 Transmitter Initialization

For anon-T1 transmit operation, 8-bit channels are transmitted on the TDM3TDAT signal in
consecutive clock cycles starting on the negative edge of the first clock after which the

TDMS3TSY N isdetected high. See Figur e 6-5. Each MSC8113 transmits on a channel that equals
itschip ID.

Note: DO isthe msb and first to be sent.

One Cycle Sync Delay

TOMKTCLK WJ‘\I\\./‘\.HJ‘\\.H\.HI\WM\J‘L
TDMXTSYN _/_r ----- — . . J—-'— ----- ——
TOMXTDAT {__YSn] oo)(oz) __ Yon)ooYou ) Jonk  Yoofor) . " XD:n po)bi]  _ Jon)
Channel number ChanneIIN Channel 0_ [ Channei 1 [ ] Channel N | Channel 0 _ !
— datadrive I I
_ _ _ syncsample |

Figure 6-5. Transmit Frame Non-T1 Configuration

For aT1 transmit operation, 8-bit channels are transmitted on the TDM3TDAT signal in
consecutive clock cycles starting on the negative edge of the second clock after which the

MSC8113 Reference Manual, Rev. 0
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TDM3TSY N isdetected high. See Figur e 6-6. Each MSC8113 transmits on a channel that equals

itschip ID.

One Cycle Sync Delay

e e A AR AT ARV ARV A N ARV AN A FaWARATAT

I man U

TDMXTSYN

B R T

1Dn} FA

TDMXTDAT

poo1) JonJoofor] Yon)  YooJoi ~Yoh[Fa

poo1]  Jon]

I - -
Channel number ChanneI'NX FA Channel 0
: A

Channel:l: 1 x Channe:ll_:l | FA Channel_-O_-_ 1

data drive

sync sample

Figure 6-6. Transmit Frame T1 Configuration

6.4.2 TDM Logical Layer Handshake

The logical layer works directly with the physical layer to implement a block transfer protocol
that is defined here. While the physical layer ensure that the datais sent to all the TDM devices,
thelogical layer sends the datafrom the TDM boot master device to one or al of the TDM boot
slave devices and specifies the destination address and ensure its correct transmission. The TDM
boot master device message structure used to exchange datais described in Section 6.4.2.1. The
block transfer protocol operation is explained in Section 6.4.2.2.

6.4.2.1 Messages Structure

The TDM boot master device message contains the fields described in Table 6-4. The MSC8113
slave device acknowledge message contains the fields described in Table 6-5.

Table 6-4. Block Transfer Message

Block Transfer Message

Direction: from Master Boot Chip

Field Size Field Name Field Value Description

4 bytes PRM 0x44332211 Preamble. Indicates the start of the message. A value of 0x44332211
(first byte sent is 0x11) is assigned to the block transfer message
(BTM), and a value of 0x6655 (first byte sent is 0x55) is assigned to
the block transfer acknowledge message (BTAM).

1 byte DCID Destination CHIP-ID/Broadcast=0xFF. Identifies the target MSC8113
slave device to accept this message.

1 bytes SN Send Sequence Number modulo 256. The sequence number of the
BTM.

1 bytes EB End Block Flag. A value of OxFF in the EB field indicates the last
message. After the last message, all SC140 cores jumps to address
0x0 of their M1 Memory.

3 bytes PLDS Payload field size in bytes, 0 = 22* bytes.

MSC8113 Reference Manual, Rev. 0
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Table 6-4. Block Transfer Message (Continued)

Block Transfer Message

Direction: from Master Boot Chip

Field Size Field Name Field Value Description

4 bytes DA Destination Address of Data Block. The destination address for the
data field of the slave MSC8113 internal memory as determined by the
MSC8113 memory map (SC140 Core 0). See Figure 8-1, SC140
Core View Memory Map Example, on page 8-3. Addresses
0x01076E00-01076FFF are reserved and cannot be used.

2 bytes HCRC CRC-16 of PRM,DCID,SN,EB,PLDS and DA fields.

Up to 224 bytes | PLD PayLoad. Specifies the size of the payload field in bytes. A value of 0
indicates a size of 22 bytes. The size of the payload data should be
divisible by two.

2 bytes CRC CRC-16 of PLD field. All CRC fields are 16-bit CRC represented by

x16 + x15 + x2 + 1. The HCRC field is a CRC-16 calculation of the BTM
headers fields (PRM, PLDS, SN, EB, DCID, and DA fields). The CRC
field is a CRC-16 calculation of the PLD field in the BTM message.
The ACRC field is a CRC-16 calculation of the APRM, SCID, and RN
fields.

Table 6-5. Block T

ransfer Acknowledge Message

Block Transfer Acknowledge Message

Direction: from MSC8113 Slave Chip

Field Size Field Name Field value Description

2 bytes APRM 0x6655 Preamble. Indicates the start of the message. A value of 0x44332211
(first byte sent is 0x11) is assigned to the Block Transfer Message
(BTM), and a value of 0x6655 (first byte sent is 0x55) is assigned to
the Block Transfer Acknowledge Message (BTAM).

1 byte SCID Source CHIP-ID

1 bytes RN Receive Sequence Number modulo 256. The expected sequence
number to receive next.

2 bytes ACRC CRC-16 of APRM,SCID and RN fields

Note: Fields larger than one byte send their LSB first.

MSC8113 Reference Manual, Rev. 0
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6.4.2.2 Operation
The MSC8113 slave device logic layer implements the following algorithm:

1.  Synchronizeto the preamble (PRM) field of the BTM.
2. If anerror isdetected in the HCRC field, return to step 1.

3. If the DCID field identifies the MSC8113 slave device CHIP-ID or a broadcast
message, write the payload data (PLD) to the destination address (DA).

4. SendaBTAM asfollows:

a. If the CRCfield isreceived with an error, send BTAM with the current RN value and
the MSC8113 slave device CHIP-ID in the SCID field.
b. If the CRC field is received with no error and the RN value does not equal the that of the

received SN field, send BTAM with the current RN value and the M SC8113 slave device
CHIP-1D in the SCID field.

c. If the CRC field isreceived with no error and the RN value equals that of the received SN
field, update RN to be RN plus one modulo 256 and send BTAM with the updated RN value
and the MSC8113 dave device CHIP-ID in the SCID field.

5. If the CRC field isreceived with no error, the RN value is correct, and the end block
(EB field) flag is set, the MSC8113 slave device finishes the TDM boot session, and all
its SC140 cores jump to address 0x0 of their M1 memory. Otherwise, return to step 1.

The TDM boot master device works in two modes:

B Handshake mode. Use the stop-and-wait technique to send the BTM messages and wait
for the BTAM message or to time out equal to a 32-frame time of the TDM Tx port.

B Non-Handshake mode. Do not wait for the BTAM message because BTM messages can
be sent in a sequence without any wait time. The BTAM messages are sent by the
MSC8113 dlave devices, but their correctness is not guaranteed.

Note: The MSC8113 slave device RN valueisinitialized to zero at the start of the TDM boot
session. When the HCRC field is received with no error and the CRC field is received
with error, corrupt datais written to the MSC8113 slave device memory. When a
broadcast message is sent by the TDM boot master device, all MSC8113 slave devices
send back acknowledge messages.

Figure 6-7 shows the MSC8113 slave device logic layer algorithm. Figure 6-7 shows how a
TDM master sends blocks of datato MSC8113 devices.

MSC8113 Reference Manual, Rev. 0
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Note: In 16-bit frame mode, the maximum rate allowed at the TDM port (TDM3RCLK) is
half the maximum rate available at the TDM port.

( Sync to PRM of BTM )4

\ 4

DCID?
my CHIP-ID N

or
BroadCast
# Y

Write PLD data to
Destination Address (DA)

v

N Send BTAM with RN
and SCID with my CHIP-ID

\ 4

N Send BTAM with RN
and SCID with my CHIP-ID

Y

RN = RN+1

Send BTAM with RN
and SCID with my CHIP-ID

EB?
End Block flag

\4

v
( End TDM boot session )

Figure 6-7. MSC8113 Logic Layer Algorithm
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First Block

DCID =2
DA = 0x02001000
EB=0

h 4

Second Block

DCID=7
DA = 0x02005000
EB=0

Third Block

DCID =7
DA = 0x02002000
EB=1

A

Fourth Block

DCID = OxFF
DA = 0x02000760
EB=0

A

Fifth Block

DCID =2
DA = 0x02011000
EB=1

Data block is not written
to device number 7.

Sixth Block

DCID = OxFF
DA = 0x02012000
EB=1

Data block is not written
to device number 2 and 7.

Figure 6-8. TDM Block Stream Structure Example from TDM Master Boot Device
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6.5 Booting From a UART Device

In asystem that boots from a UART device, a UART boot master device writes blocks of code
and data into the memories of multiple MSC8113 devices (see Figure 6-8) and according to the
memory map shown in Figure 8-6. UART booting occurs in atwo-layer protocol: a UART
physical layer and a UART logical layer handshake (see Section 6.4.2, TDM Logical Layer
Handshake, on page 6-8). The broadcast message handshake capability of the TDM logical layer
isnot alowed in the UART logical layer. The Valid bit of Bank 10 (BR10) is asserted at the end
of the UART session.

VDD
Boot Master Chip % MSC8113

Chip ID = n1
TxD RxD

UART-Tx > =|| UART-Rx

TxD

RxD
UART-Rx [« - UART-Tx

MSC8113
Chip ID = n2

RxD
=|[ UART-Rx
TxD
< UART-TX

MSC8113
Chip ID =n3
RxD

*— UART-RX

TxD

|
: < UART-Tx
|

Note: MultiPoint TxD operation occurs using high-impedance output UART pads. b

Figure 6-9. UART Boot System

MSC8113 Reference Manual, Rev. 0

Freescale Semiconductor 6-13



h -

Program
The UART isinitialized as follows:

9600 baud rate (at an IPBus rate of 100 MHz):
One start bit, eight data bits, one stop bit.
Wake up by idleline.

Parity function disabled.

TxD actively driven as an output.

B Full-duplex operation.

At the end of the UART loading process, all SC140 cores jump to address 0x0 of their M1
memory.

6.6 Booting from I12C Slave Memory Device

In asystem that boots from an 1°C slave memory device, when the M SC8113 boot program
finishesits default initialization, it starts to retrieve blocks from an externa 12C-slave memory
device such as a serial EPROM, using the I°C SM (see Chapter 24, 12C Software Module) that is
implemented in the boot code. The 1°C slave device addressis 1010A A ;A b wherethe AgA A
bits are the high bits of the address being retrieved. The address field is 19 bit(3 additional bits
from the 1°C slave device address), thus enable accesses of up to 1 MB of memory array. In a
multi-master environment, the 12C SM allows concurrent starts of block retrieves, so multiple
masters concurrently load code and data (using the loose arbitration scheme of the I%C protocal),
thus reducing the loading time of any number of masters to the loading time of one master.
Blocks are retrieved and written to internal memory until End Block is acknowledged. The first
block resides at address 0x70020 of the I°C slave memory. At the end of the 1°C loading process,
all SC140 cores jump to address 0x0 of their M1 memory. See Table 6-6 for details.
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Table 6-6. Block Structure

Field Name

Field Size

Field Address

Description

Block Control

1 byte

Block_Address + 0x0

A 1-byte control field.

Block Size

3 bytes

Block_Address + 0x1

The block size is a 3-byte field that specifies the number of bytes
in the PayLoad Data field. If the number of bytes does not align to
the Data Structure Size, the last written value is padded with
zeros.

Next Block
Address

4 bytes

Block_Address + 0x4

The Next Block Address is a 4-byte field that holds the next block
address in the serial memory. If the Next Block Address equals
0x0, the bootloader assumes that the next block is sequential. If
Next Block Address equals OxFFFFFFFF, the block is the End
Block.

Destination
Address

4 bytes

Block_Address + 0x8

The Destination Address is used by the boot program to locate

where to write the 12C data. Use Figure 8-7 to determine the
correct address.

Payload Data

up to 224
bytes

Block_Address + Oxc

The PayLoad Data holds up to 224 bytes of data to be written to
on-device memory according to the DSS field in the Block Control
field. To write to the internal memory in Big-Endian mode, the
most significant byte of the data structure must be stored at the
lower address.

Checksum

2 bytes

Block_Address +
Block_Size + Oxc

Checksum is a 2-byte field that holds the XOR of all previous
data. The boot code XORs each received 2 bytes with the
previous checksum value and verifies the validation by comparing
it to this field. If the CSE bit is set and the first block retrieve fails,
a second retrieve is performed. If the second retrieve fails, all
cores enter debug-halt mode.

Checksum

2 bytes

Block_Address +
Block_Size + Oxc + 0x2

Checksum is a 2 bytes field that hold the XOR of all previous
data. The boot code XORs each received 2 bytes to the previous
checksum value and verifies its validation by comparing it to this
field. If the CSE bit is set and the first block retrieve fails, a second
retrieve is performed. If the second retrieve fails, all cores enter
debug-halt mode.

Note: For the field size, the most significant byte is at the lower address.

MSC8113 Reference Manual, Rev. 0

Freescale Semiconductor

6-15



h -

Program
6.6.1 Procedure Flow

The flow of the I2C boot procedure is shown in Figure 6-10.

C I1C boot )

Set GPIO-SCL,SDA to HIGH
Init HIGH_PERIOD and HALF_LOW_PERIOD

v

WaitFor_StartCond_WakeUpTime

» WaitFor_BusFreeTim

Set the first Block Address to 0x0

v

Update HIGH_PERIOD from address 0x01076f00
Update HALF_LOW_PERIOD from address 0x01076f04

S v

/" 12C arbitration lost Read_SequentialData
4 Wrong ACK bit Retrieve Block header fields:
\Start/Stop condition Block Control, Block Size, Next Block Address, Destination address

_ e -

A

— T T T~
2 . .
/" 12C arbitration lost \ Read_SequentialData
| Wrong ACK bit Read and Write Block PayLoad Data by Byte Data Structure
|
\ Start/Stop condition/ And calculate Checksum
~ - — - =

No . Yes
Yes »< First Error?

»

CheckSum
Enable?

No
No g I'Yes

ERROR
All cores enter debug-halt mode

Block Addr
=0?

A 4

—p Prepare Sequential Next Block Address

No
—p| Prepare Next Block Address

Block Addr
= OXFFFFFFFF?

End 12C boot procedure ‘
Figure 6-10. 1°C Boot Procedure Flow
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Booting from I2C Slave Memory Device
The 1°C loading procedure restarts under three conditions:

1. Assertion of astart or stop condition in abyte read or write session.

2. 12C arbitration is lost because the bit transmitted on SDA when SCL islow does not
equal the bit received on SDA when SCL is high. Each 1°C master checks this only
when it transmits a bit.

3.  TheACK bhitisnot as expected. On read session, ACK islow for all except the last byte.

6.6.2 1°C System

Figure 6-11 shows the system connectivity for 12C devices.

Serial Memory % % MSC8113
SDA
«—> ¢ <24,
2
I°C Slave 12C Master
ID=0x1010000 |, SCL  SCL
Serial Memory MSC8113
SDA SDA
«—> “—
12C Slave 12C Master
ID=0x1010001 <SCL p SCL
[ ]
MSC8113
)
SDAk
® ! N
| | 12C Master
| | | scL
N .
| |
| |

Figure 6-11. 1°C Boot System Example
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Clocks

The MSC8113 device has two main clocks, CORES CLOCK and BUSES CLOCK, both of

v

which are synchronized and phase aligned. The CORES CLOCK supplies atiming signal for the
extended core, including:

The BUSES CLOCK clocks:

Some M SC8113 subsystems are clocked by other special clocks, as follows:

B Thedirect daveinterface (DSI) has two clearly separated clock zones:
— It interfaces with the external host asynchronously or via a synchronous interface

SC140 cores

M1 and M2 memories
Instruction cache
Write buffer

PIC

LIC

SIU
DMA
DSl
TDM
Timers
UART
GIC
Ethernet

clocked by the HCLKIN signal.

— It interfaces with the internal local busviathe BUSES CLOCK.

B Each TDM hasthree clock zones:
— Thereceiver is clocked by RCLKx.
— The transmitter is clocked by TCLKx.

— Theinterface to the local busis clocked by the BUSES CLOCK.

B Thetimers can also be clocked by the GPIO signals, which are clocked separately from
the timer interface to the IPBus.

MSC8113 Reference Manual, Rev. 0
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B The Ethernet interface has two clock zones:
— The serial interface:
 MII mode. Thereceiver clock isETHRX_CLK; the transmitter clock iSETHTX_CLK.
* RMII mode. Thereceiver and transmitter are clocked by ETHREF_CLK.
» SMII mode. The receiver and transmitter are clocked by ETHCLOCK.
— Local businterfaceis clocked by the BUSES CLOCK.

7.1 Clock Generation

The cLkouT signal, the internal CORE_CLOCK, and the BUSES CLOCK are generated as a
function of the cLKIN signal, guaranteeing minimum skew between the cLkouT and

BUSES CLOCK of al the MSC8113 devices. Figure 7-1 shows the MSC8113 clock scheme.
CLKIN is generated by an external oscillator and isfed to the SPLL that divides and multipliesits
frequency according to the PLLRDF, PLLFDF, PLLODF, and the BUSDF factors as configured
by the System Clock Mode Status Register (SCMSR) (see Section 7.4, Clocks Programming
Model). The PLLPDF field divides the frequency by 1 or 2. The PLL VCO clock is generated by
multiplying the PLL predivider clock by: 2 x PLLFDF x PLLODF x BUSDF. The PLL output
clock is generated by dividing the PLL VCO clock by: 2 x PLLODF. The SCMSR[BUSDF] bit
value controls the frequency ratio between the BUSES CLOCK and the CORES CLOCK. The
cLkouT istypically the system bus clock or the local bus clock.

PLLRDF: PLL input clock division factor
PLLFDF: PLL Feadback division factor
PLLODF: PLL output clock division factor
BUSDF: CLOCK_BUSES division factor

rC T T T T T T T T T SPLLY
| |Division by | Division BUSES_CLOCK
PLLFDF | | by — >
| PFDand | | pivision by |~ BUSDF
CLKIN | [Division by | veco 2 x PLLODF | | CORES_CLOCK _
I"| PLLRDF | —
L a Division CLKOUT
_____________ = » by >
BUSDF

Figure 7-1. CORES_CLOCK, BUSES_CLOCK, and CLKCOUT Generation

InFigure 7-2, the CORES _CLOCK and BUSES CLOCK frequency ratiois 1:3.

CORES_CLOCK | | | | | | | | |

BUSES_CLOCK I I |

CLKOUT [ | [
Figure 7-2. CORES_CLOCK, BUSES_CLOCK, and CLKOUT Example
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Board-Level Clock Distribution

7.2 Board-Level Clock Distribution
There are two board level clock distribution modes:

B Single-Master
B Multi-Master

7.2.1 Single Master Mode Board-Level Clock Distribution
There are three ways to implement clock distribution in Single-Master mode:

B cLkouT with zero-delay buffers

B cLkouT with no buffers

B cLkIN mode. Thisisthe recommended clock scheme for high-frequency synchronous
memory interface (SDRAM).

In the Single-Master cLkouT with zero-delay buffers method, each MSC8113 device has
dedicated slave devices on the board (SDRAMS, for example). With this method, the cLkouT of
each M SC8113 device connects through azero-delay buffer to the clock input pin of its dedicated
slave devices on the board. Figure 7-3 illustrates a system in which each of three MSC8113
devices connects to a dedicated SDRAM memory device on the board through the zero-delay
buffers.

OSC. Buffer

MSC8113
CLKIN

 Res.  cLkouUT
DLLDIS =1

Zero-Delay
Buffer

v

SDRAM

MSC8113
CLKIN

Zero-Delay

Res. cLKoOUT Buffer SDRAM
DLLDIS =1

\ 4

MSC8113
CLKIN

Res.  cLkouT
DLLDIS =1

Zero-Delay
Buffer

SDRAM

\ 4

Figure 7-3. MSC8113 Clock Distribution In Single-Master Mode Using CLKOUT With
Zero-Delay Buffers

Y ou must maintain the following guidelines for this mode:

B Clocks marked with the same number of parallel lines must use an equivalent buffer and
route on the board.
B Maximum load on cLkouT must not exceed 10 pF.

MSC8113 Reference Manual, Rev. 0
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B Each zero-delay buffer must have a peak-to-peak phase jitter of lessthan 0.3 ns.

In the Single-Master cLkouT synchronization mode with no buffers, each MSC8113 device has
dedicated slave devices on the board (SDRAMS, for example). In this mode, the cLkouT of each
M SC8113 device connects directly to the clock input pin of its dedicated slave devices. Figure
7-4 illustrates a system in which each of three M SC8113 devices connects to a dedicated
SDRAM memory device on the board. The maximum load on cLkouT must not exceed 10 pF.

OSC. Buffer

MSC8113
CLKIN

t Res. CLKOUT SDRAM
DLLDIS=1

MSC8113
CLKIN

Res. cLKoOUT » SDRAM
DLLDIS =1

MSC8113
CLKIN

Res. cLkouT q SDRAM
DLLDIS =1

Figure 7-4. MSC8113 Clock Distribution And Synchronization In Single-Master Mode Using
CLKOUT With No Zero-Delay Buffers

In the Single-Master cLKIN method, CLKIN is provided by one or more on-board oscillators and
connects viathe on-board balanced clock tree to the cLkIN input of each MSC8113 device and
clock input of the dedicated slave devices. Y ou must choose one of the clock configuration
modes for which the BUSES_CLOCK:cLKIN ratio is 1:1 (modes 0, 7, 15, 19, 21, 23, or 28-31in
Table 7-1). Figure 7-5illustrates a system in which three M SC8113 devices and three dedicated
SDRAM memory devices connect on the board.

Note: Clocks marked with the same number of paralléel lines should have an equivalent buffer
and route on the board.

MSC8113 Reference Manual, Rev. 0
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Figure 7-5. MSC8113 Clock Distribution in Single-Master Mode Using CLKIN

OSC.

Buffer

MSC8113
CLKIN
Res.  cLKOUT

DLLDIS =1

— NC

OSC.

Buffer

v

MSC8113
CLKIN
Res.  cLKoOUT

DLLDIS =1

— NC

Board-Level Clock Distribution

Slave

”| Device

Slave

MSC8113
CLKIN
Res.  cLKoOUT

DLLDIS =1

— NC

Slave

» .
Device

7.2.2 Multi-Master Mode Board-Level Clock Distribution

There are two methods for clock distribution on a circuit board in Multi-Master mode:

B cLkouT (only recommended for designs migrated from the MSC8102 device)

B CLKIN

In the Multi-Master cLkouT distribution method, the M SC8113 devices share slave devices on
the board (SDRAMs for example). The cLkouT of the master M SC8113 device connects through
a zero-delay buffer, to the clock input pins of the shared slave devices on the board. Figure 7-6
Illustrates a system in which three M SC8113 devices connect to the one shared SDRAM memory

device on the board.

Note:

and route on the board.

MSC8113 Reference Manual, Rev. 0
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clock master
OSC. Buffer A///
MSC8113
CLKIN

| Res.  cLKOUT zero-Delay

DLLDIS =1

MSC8113
CLKIN

L
t Res.  CLKOUT — NC
f DLLDIS =1 SDRAM

v

MSC8113
CLKIN

 Rés. ¢ kouT — NC

DLLDIS =1

Figure 7-6. MSC8113 Clock Distribution Using CLKOUT in Multi Master Mode

In the Multi-Master cLkIN distribution method, cLKIN is clocked by an on-board oscillator and
connects to the cLKIN input port of all the M SC8113 devices on the board and all the shared Slave
device clock input ports as shown in Figure 7-7. Y ou must chose one of the clock configuration
modes for which the BUSES CL OCK:cLKIN ratio is 1:1 (modes 0, 7, 15, 19, 21, 23, or 28-31in
Table 7-1). Figure 7-7 illustrates a system in which three MSC8113 devices and also three
shared SDRAM memory devices connect on the board.

Note: Clocks marked with the same number of parallel lines should use an equivalent buffer
and route on the board.

OSC. Buffer

MSC8113
CLKIN

Res. CLKOUT| NC
DLLDIS =1

y

SDRAM

MSC8113
CLKIN

Res. CLKOUT| NC
DLLDIS =1

y

SDRAM

MSC8113
CLKIN

Res. CLKOUT| NC
DLLDIS =1

h 4

SDRAM

Tl T

Figure 7-7. MSC8113 Clock Distribution in Multi-Master Mode Using CLKIN Example
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Clock Configuration

7.3 Clock Configuration

MODCK[1-2] and the MODCK|[3-5] bits of the Hard Reset Configuration Word (HRCW),
discussed in Section 5.6.1, map the MSC8113 clocks to one of the valid 27 configuration mode
options. Each option determines the cLkIN, BUSES CLOCK, and CORES CLOCK frequency
ratios. The mobDck inputs define the SPLL input clock division factor, feedback clock division
factor and output clock division factor. In addition, the MoDCK inputs define the BUSES_CL OCK
division factor. MODCK[1-2] are sampled at the deassertion of the power-on reset signal
(PORESET). The other three mode bits MODCK[3-5] areinitialized during the reset
configuration sequence. The clock configuration changes only after PORESET is asserted. Y ou
can select a configuration to provide the required frequencies for an existing clock or define the
clock setting to achieve the performance required.

The following five factors can be configured (see Section 7.4, Clocks Programming Model, on
page 7-10):

B SPLL input clock division factor (PLLRDF)

B SPLL feedback clock division factor (PLLFDF)
B SPLL output clock division factor (PLLODF)
B SPLL loop filter tuning factor (PLLTP)

B BUS post-division factor (BUSDF)

Table 7-1 lists the possible configuration mode options. The following formulas explicitly
calculate the BUSES CLOCK and CORES CLOCK frequencies:

F — I:CLKIN
REF ~ PLLRDF

I:CLKIN

BLLRDE * PLLFDF x PLLODF x BUSDF

Fyco = 2X%

I:VCO _ I:CLKIN

_1
Foore = 5% BTOBE = PLLRDE X PLLFDF x BUSDF

F F
FBUS_ CORE _ CLKIN %« PLLEDF

" BUSDF PLLRDF

I:CLKIN
Fewkout = Faus = prpape X PLLFDF

MSC8113 Reference Manual, Rev. 0
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Table 7-1. Clock Configuration Modes

Mode %%%%ﬁflﬂ]_ PLLRDF | PLLFDF | PLLODF | PLLTP | BUSDF Buggi':)K'N C"erﬁus

0 000-00 2 2 2 5 3 1x 3x
1 000-01 1 2 2 5 3 2X 3X
2 000-10 1 2 2 7 4 2X 4x
3 000-11 1 4 1 7 4 4x 4x
4 001-00 1 3 2 8 3 3X 3X
5 001-01 1 4 2 11 3 4x 3X
6 001-10 1 3 2 11 4 3x 4x
7 001-11 2 2 1 3 4 1x 4x
8 010-00 1 2 1 3 4 2X 4x
9 010-01 1 4 1 7 4 4x 4x
10 010-10 1 2 2 5 3 2X 3X
11 010-11 2 3 2 11 4 1.5x 4x
12 011-00 Reserved

13 011-01 1 2 2 7 4 2X 4x
14 011-10 1 2 2 9 5 2X 5x
15 011-11 2 2 1 4 5 1x 5x
16 100-00 1 2 1 4 5 2X 5x
17 100-01 1 3 1 7 5 3X 5x
18 100-10 1 2 2 11 6 2X 6X
19 100-11 2 2 1 5 6 1x 6Xx
20 101-00 1 2 1 5 6 2X 6Xx
21 101-01 1 1 1 3 8 1x 8x
22 101-10 1 2 1 7 8 2X 8x
23 101-11 1 1 1 4 10 1x 10x

24-27 110-xx Reserved

28 111-00 2 2 2 5 3 1x 3X
29 111-01 1 1 2 3 4 1x 4x
30 111-10 1 1 2 4 5 1x 5x
31 111-11 1 1 2 5 6 1x 6Xx

Table 7-2 shows the frequency range of clock frequencies achieved by selecting the clock
configurations listed in Table 7-1. The valuesin Table 7-2 are for illustration only. It is
important to ensure that the selected configuration setting does not exceed the following
maximum and minimum frequencies permitted on each section of the device:

B Fgrere frequency range: 20-133 MHz.
B F,co frequency range: 800-2000 MHz.

MSC8113 Reference Manual, Rev. 0
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Clock Configuration

Table 7-2. Clock Configuration Frequency Examples

Configuration Bus Clock /
Core/Bus Clock CLKIN Core System Bus
Mode CLKIN y
66.67 MHz 200 MHz 66.67 MHz
0 1x 3x
133.33 MHz 400 MHz 133.33 MHz
33.33 MHz 200 MHz 66.67 MHz
1 2x 3x
66.67 MHz 400 MHz 133.33 MHz
25 MHz 200 MHz 50 MHz
2 2x 4x
50 MHz 400 MHz 100 MHz
3 4x 4x 25 MHz 400 MHz 100 MHz
22.22 MHz 200 MHz 66.67 MHz
4 3x 3x
44.44 MHz 400 MHz 133.33 MHz
20 MHz 240 MHz 80 MHz
5 4x 3x
33.33 MHz 400 MHz 133.33 MHz
20 MHz 240 MHz 60 MHz
6 3x 4x
33.33 MHz 400 MHz 100 MHz
1x 4x 100 MHz 400 MHz 100 MHz
2X 4x 50 MHz 400 MHz 100 MHz
4x 4x 25 MHz 400 MHz 100 MHz
33.33 MHz 200 MHz 66.67 MHz
10 2X 3X
66.67 MHz 400 MHz 133.33 MHz
40 MHz 240 MHz 60 MHz
11 1.5x 4x
66.67 MHz 400 MHz 100 MHz
12 Reserved
25 MHz 200 MHz 50 MHz
13 2x 4x
50 MHz 400 MHz 100 MHz
20 MHz 200 MHz 40 MHz
14 2x 5x
40 MHz 400 MHz 80 MHz
80 MHz 400 MHz 80 MHz
15 1x 5x
100 MHz 500 MHz 100 MHz
16 2X 5x 40 MHz 400 MHz 80 MHz
17 3x 5x 26.67 MHz 400 MHz 80 MHz
20 MHz 240 MHz 40 MHz
18 2x 6X
33.33 MHz 400 MHz 66.67 MHz
66.67 MHz 400 MHz 66.67 MHz
19 1x 6Xx
83.33 MHz 500 MHz 83.33 MHz
20 2X 6X 33.33 MHz 400 MHz 66.67 MHz
21 1x 8X 50 MHz 400 MHz 50 MHz
22 2X 8x 25 MHz 400 MHz 50 MHz
23 1x 10x 40 MHz 400 MHz 40 MHz
24-27 Reserved
66.67 MHz 200 MHz 66.67 MHz
28 1x 3x
133.33 MHz 400 MHz 133.33 MHz
50 MHz 200 MHz 50 MHz
29 1x 4x
100 MHz 400 MHz 100 MHz
40 MHz 200 MHz 40 MHz
30 1x 5x
80 MHz 400 MHz 80 MHz
33.33 MHz 200 MHz 33.33 MHz
31 1x 6Xx
66.67 MHz 400 MHz 66.67 MHz

MSC8113 Reference Manual, Rev. 0
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7.4 Clocks Programming Model

SCMSR System Clocks Mode Status Register 0x10C88
Bit 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
— | PLLTP —
Type
Reset 0

Bit 16 17 18 19 20 21 22 23 24 25 26

27 28 29 30 31

— PLLRDF PLLFDF IPLLODFIDLLDISI — | — | BUSDF

Type R

Reset 0

SCMSR is updated during power-on reset (POR) and provides the mode control signalsto the
PLL, DLL, and clock logic. Thisregister reflects the currently defined configuration settings. For

details on the availabl e setting options, see Table 7-1.

Table 7-3. SCMR Bit Descriptions

Defaults
Name Description Settings
POR Hard Reset
— — 0 Reserved
0-7
PLLTP Configuration | Unaffected |SPLL Loop Bandwidth Tuning Field 0011 Tuning Factor =3
8-11 Signal 0010 Tuning Factor = 4
0101 Tuning Factor =5
0111 Tuning Factor =7
1000 Tuning Factor =8
1001 Tuning Factor =9
1011 Tuning Factor = 11
All other combinations are not used.
— — 0 Reserved
12-16
PLLRDF | Configuration | Unaffected |SPLL Input Clock Division Factor 00 SPLLRDF=1
17-18 Signal 01 SPLLRDF=2

All other combinations are not used.

PLLFDF | Configuration | Unaffected |SPLL Feedback Clock Division Factor |00000 SPLL FDF =1
00001 SPLL FDF =2
00010 SPLL FDF =3
00011 SPLL FDF =4
All other combinations are not used.

19-23 Signal

PLLODF | Configuration | Unaffected |SPLL Output Clock Division Factor 0 SPLL PODF =1
24 Signal 1 SPLL PODF =2
DLLDIS | Configuration 0 DLL Disable 0 DLL enabled.
25 Signal Note: DLL operation is not supported. 1 DLL disabled.

Always write a 1 to this bit.

MSC8113 Reference Manual, Rev. 0
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Clocks Programming Model

Table 7-3. SCMR Bit Descriptions (Continued)

Defaults o ]
Name Description Settings
POR Hard Reset
— — 0 Reserved
26-27
BUSDF Configuration | Unaffected |60x Bus Division Factor 0010 BusDF =3
28-31 Signal

0011 BusDF=4

0100 Bus DF =5

0101 BusDF=6

0111 BusDF=8

1001 Bus DF =10

All other combinations are not used.

MSC8113 Reference Manual, Rev. 0
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Memory Map 3

The memory map of the MSC8113 system is composed of the following address spaces:

B SC140 coreinternal address space. Each SC140 core can accessits M1 memory and
EONCE registers. (see Table 8-2). A boot master accesses the SC140 core O internal
address space through the I2C, TDM, or UART interface.

B QBusaddress space. Each SC140 core accessesits PIC, itsLIC, its EQBS, and the
MQBus or SQBus address space using its QBus banks, as described in Chapter 9,
Extended Core (see Table 8-3). A boot master accesses the SC140 core 0 QBus space
through the 1°C, TDM, or UART interface.

B MQBus address space. All SC140 cores share this space, which enables access to the M2
memory and to the boot ROM, as described in Chapter 10, MQBus and M2 Memory (see
Table 8-4).

B SQBus address space. Each SC140 core can access this address space, which maps the
I PBus address space and 60x-compatible address space, as described in Chapter 11,
Bus (see Table 8-5)

B |PBus address space. Each SC140 core or an external host on the system bus or DSI can
access this space as well as boot from an 1°C, TDM, or UART device. It maps the TDMs,
timers, UART, DS, hardware semaphores, Ethernet, and GIC control registers (see Table
8-6).

B System bus address space. All three SC140 cores and an external host can access this
address space. It contains devices that are located externally on the system bus as well as
the system registers.

B System Registers address space. The system registers are mapped in a contiguous 128 KB
block of memory. The block base addressis programmed as described in Section 4.2 (see
Table 8-9).

B Local busaddress space. This space contains devicesin internal memories and peripherals
connected to the local bus. The shared M2 memory and the three M1 memories are
accessed through memory controller bank 11. The |PBus address space is mapped to bank
9. Refer to Section 12.8, Memory Controller Programming Model (see Table 8-7 and
Table 8-8).

B Pseudo Command address space. This space is accessible to the following boot masters:
1°C, TDM, and UART.

MSC8113 Reference Manual, Rev. 0
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Table 8-1 summarizes which address space is viewed by each master type:

Table 8-1. Address Spaces

Master SC140 System System Pseudo
: core QBUS MQBUS SQBUS IPBus Y ys Local Bus
Device Bus Registers Command
Internal
SC140 + + + + + + + +
Core
Host on + + + +
System
Bus
Host on + + + +
DSl
TDM +
DMA + +
Ethernet + +
TDM boot + + + + + + + + +
UART boot + + + + + + + + +
12C Boot + + + + + + + + +
Note:  The UART boot, TDM boot, UART boot, and I°C boot view of the SC140 core internal space and the QBus is the
same as viewed by core 0.

Figure 8-1 shows the SC140 view of the memory map immediately after boot for the casein
which theIMMR[ISBSEL] field equals 0. Thisfigureisan example only; the ISBSEL field value
is programmable.

MSC8113 Reference Manual, Rev. 0
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OXFFFFFFFF

OxFOO1FFFF ]
0XF0000000 System Registers
o Ox01FEFFFF
@
IS
F_.)
2
@ P 0x021BFFFF
o Bank 9
8
S IPBus <
0x02180000 3
Bank 11 Ox0217FFFF 2
[aa]
MLand M2 | 0502000000 ©
See Table 8-8 for
a detailed listing of
the local bus
address map. The
initial addresses of
this bus are set by
the ISBSEL bits in OxO1FBFFFF
the HRCW at IPBus
reset. 0x01F80000
0x01800000
0x017FFFFF -
4
M2 Memory §
Boot ROM 0
@
0x01000000 ©
O0x00FFFFFF
o
=
LIC/PIC S
Note: System bus internal accesses :Ecgége 4
to addresses in the range 0x02000000— 0X00F00000 84
0x021BFFFF are controlled by the memory X
controller banks 9 or 11 as appropriate. OX00EFFFFF o
H o
Internal accesses outside that range but M1 Memory o
above address 0x01800000 are EONCE modules <
controlled by the QBus Bank 3. &
o
0x00000000 -

Figure 8-1. SC140 Core View Memory Map Example
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ory Map

Figur e 8-2 shows the memory map as viewed by a host on the system bus when the
IMMRI[ISBSEL] field equals 0. Thisfigureis an example only; the ISBSEL field valueis

programmable.

OXFFFFFFFF
OxFOO1FFFF )
System Registers
0xF0000000
» See Table 8-8 for
@ a detailed listing of
E the local bus
2 address map. The
@ T 0x021BFFFF initial addresses of
Bank 9 this bus are set by
o) IPBuUS the ISBSEL bits in
@ 0x02180000 the HRCW at
3 reset.
M1 and M2
v 0x02000000

Figure 8-2. Host on the System Bus Memory Map View Example

Figure 8-3 shows the view of the memory map from a host accessing through the DSI.

External Memory | Ox001FFFFF
Window |, 001F0000
_ OXO01DFFFF

System Registers
0x001C0000
0X001BFFFF
IPBUS|  0x00180000
0x0017FFFF

M1 and M2
0x00000000

Figure 8-3. Host Accessing through the DSI Memory Map
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Figure 8-4 showsthe TDM view immediately after boot when the IMMR[ISBSEL] field equals

0. Thisfigureis an example only; the ISBSEL field value is programmable.

Figure 8-5 shows the memory map as viewed by the DMA and the Ethernet controllers.

—>

Bank 11 0x0017FFFF
M1 and M2

«——— Local Bus

0x00000000

See Table 8-8 for
a detailed listing of
the bank 11 in the
local bus address
map. The initial
addresses of this
bus are set by the
ISBSEL bits in the
HRCW at reset.

Figure 8-4. TDM View Memory Map

4 OXFFFFFFFF
8
m
e
Q
2
(9]
Bank 11 0x0217FFFF
M1 and M2
0x02000000

Figure 8-5. DMA and Ethernet Controller Memory Map

MSC8113 Reference Manual, Rev. 0

Freescale Semiconductor

8-5



ory Map

Figur e 8-6 shows the memory map as viewed by the a boot master when booting through the
TDM or UART interface. The boot view spans 16 MB, but is reserved except for the first 2 MB
and the addresses that can be accessed by banks 9 and 11.

System Registers

OXFFFFFFFF

(according to ISB)

4
o
IS
Q
g
%)
o) Bank 9 256 KB starting
@ IPBus at bank 9
8 Bank 11 476 KB starting
S M1 and M2 at bank 11
=
[}
2
A B ™
[} X
@ 5
(2]
. 0x021DFFFF 4
System Registers 0x021C0000 8'
0x021BFFFF
IPBus 0x02180000
0x0217FFFF
MLand M2 0,02000000 v
0x01FBFFFF
IPBus
0x01F80000
0x01800000
0x017FFFFF
—
=
c
M2 Memory K
Boot ROM )
o
o
0x01000000
0x00FFFFFF
o
X
LIc/PIC §
ICache 0
EQBS @
o
0x00F00000 (Core 0)
O0X00EFFFFF °
o]
M1 Memory ©
EONCE modules g
(Core 0) g
0x00000000 -

See Table 8-4.

See Table 8-3.

See Table 8-2.

Figure 8-6. UART and TDM Boot Master Memory Map View
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Figur e 8-6 shows the memory map as viewed by the a boot master when booting through the 1°C
interface. The boot view spans 16 MB, but is reserved except for thefirst 2 MB and the addresses

that can be accessed by banks 9 and 11.

System Registers

OXFFFFFFFF

(according to ISB)

a
[a0]
£
o
@
wn
Note: Program BR9[BA
9 Bank9 | 256 KB starting o a% e add[resi
m at bank 9
g Bank 11 476 KB starting 0x04000000.
3 at bank 11 Program BR11{BA]
to access address
3 0x04000000.
3 ° ™
o X
@ 3
[a1]
. Ox021DFFFF 0
System Registers 0x021C0000 8'
Ox041BFFFF
IPBus 0x04180000
Ox0417FFFF
ML and M2 | 6504000000 v
0x01FBFFFF
IPBus
0x01F80000
0x01800000
OX017FFFFF
—
=
M2 Memory § See Table 8-4.
Boot ROM @
[ah]
o
0x01000000
OXO0FFFFFF
o
X
LIC/PIC § See Table 8-3.
ICache 9
EQBS @
o
0x00F00000 (Core 0)
OX00EFFFFF .
M1 Memory § See Table 8-2.
EONCE modules g
(Core 0) g
0x00000000 =

Figure 8-7. 1°C Boot Master Memory Map View
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8.1 SC140 Core Internal Address Space

Each SC140 core accesses its EOnCE registers and M1 memory, as shown in Table 8-2.

Table 8-2. SC140 Core Internal Memory Map (0x00000000—0x00EFFFFF)

Address Abbreviation Name Size in
Bytes
00000000-00037FFF M1MEM M1 Memory for each core 224 K
Note:  Use the address range 00037FC0-00037FFF for
data only. Storing instruction code in this range may
cause the pipeline to fetch data beyond the physical
range of the M1 memory and cause a system
lockup.
00038000—-00EFFDFF Reserved
OOEFFEOO ESR EONCE Status Register 4
00OEFFEO4 EMCR EONCE Monitor and Control Register 4
OOEFFEOS8 ERCV EONCE Receive Register (LSBSs) 4
OOEFFEOC EONCE Receive Register (MSBs) 4
00EFFE10 ETRSMT EONCE Transmit Register (LSBs) 4
OOEFFE14 EONCE Transmit Register (MSBs) 4
OOEFFE18 EE_CTRL EE Signals Control Register 2
00OEFFE1C PC_EXCP Exception PC Register 4
OOEFFE20 PC_NEXT PC of next execution set 4
OOEFFE24 PC_LAST PC of last execution set 4
OOEFFE28 PC_DETECT PC Breakpoint Detection Register 4
OOEFFE2C-00EFFE39 Reserved
OOEFFEA40 EDCAO_CTRL EDCAQ Control Register 2
OOEFFE44 EDCA1_CTRL EDCAL1 Control Register 2
OOEFFEA48 EDCA2_CTRL EDCAZ2 Control Register 2
OOEFFE4C EDCA3_CTRL EDCAS3 Control Register 2
00EFFE50 EDCA4_CTRL EDCAA4 Control Register 2
OOEFFE54 EDCA5_CTRL EDCADS5 Control Register 2
OOEFFE58-00EFFESF Reserved
O0OEFFE60 EDCAO_REFA EDCAO reference value A 4
OOEFFE64 EDCA1_REFA EDCAL1 reference value A 4
OOEFFEG8 EDCA2_REFA EDCAZ2 reference value A 4
OOEFFE6C EDCA3_REFA EDCAS3 reference value A 4
OOEFFE70 EDCA4_REFA EDCAA4 reference value A 4
OOEFFE74 EDCAS5_REFA EDCAS reference value A 4
OOEFFE78-00EFFE7F Reserved
OOEFFES80 EDCAO_REFB EDCAO reference value B 4
OOEFFE84 EDCA1_REFB EDCA1 reference value B
OOEFFES88 EDCA2_REFB EDCAZ2 reference value B
MSC8113 Reference Manual, Rev. 0
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QBus Address Space

Table 8-2. SC140 Core Internal Memory Map (0x00000000—0x00EFFFFF) (Continued)

Address Abbreviation Name Size in
Bytes

OOEFFE8C EDCA3_REFB EDCAS3 reference value B 4
OOEFFE90 EDCA4_REFB EDCAA4 reference value B 4
OOEFFE94 EDCA5_REFB EDCAS reference value B 4
OOEFFE98-00EFFEBF Reserved
OOEFFECO EDCAO_MASK EDCAO Mask Register 4
OOEFFEC4 EDCA1_MASK EDCA1 Mask Register 4
OOEFFEC8 EDCA2_MASK EDCA2 Mask Register 4
OOEFFECC EDCA3_MASK EDCA3 Mask Register 4
OOEFFEDO EDCA4_MASK EDCA4 Mask Register 4
OOEFFED4 EDCA5_MASK EDCAS5 Mask Register 4
OOEFFED8-00EFFEDF Reserved
OOEFFEEO EDCD_CTRL EDCD Control Register 2
OOEFFEE4 EDCD_REF EDCD Reference Register
OOEFFEES EDCD_MASK EDCD Mask Register
OOEFFEEC-00EFFEFF Reserved
00EFFF00 ECNT_CTRL EONCE Counter Control Register 2
OOEFFF04 ECNT_VAL EONCE Counter Value 4
OOEFFFO08 ECNT_EXT EONCE Extension Counter Value 4
OOEFFFOC-O00EFFF1F Reserved
00EFFF20 ESEL_CTRL EONCE Selector Control Register 1
OOEFFF24 ESEL_DM EONCE Selector DM Mask 2
00EFFF28 ESEL_DI EONCE Selector DI Mask 2
OOEFFF2C-00EFFF2F Reserved
00EFFF30 ESEL_ETB EONCE Selector Enable TB Mask 2
00EFFF34 ESEL_DTB EONCE Selector Disable TB Mask 2
OOEFFF38-00EFFF3F Reserved
O0OEFFF40 TB_CTRL Trace Buffer Control Register 1
00EFFF44 TB_RD Trace Buffer Read Pointer 2
OOEFFF48 TB_WR Trace Buffer Write Pointer 2
OOEFFF4C TB_BUFF Trace Buffer 4
O0OEFFF50-00EFFFF7 Reserved
OOEFFFF8 CORE_CMD Core Command Register 6
OOEFFFFC NOREG No Register Selected —

8.2 QBus Address Space

The QBus address space encompasses the registers on QBus Bank 0—3 and is accessible only to
itslocal SC140 core. QBus bank 0 includesthe PIC, the LIC, and the EQBS registers. QBus bank
1 includes the MQBus interface through which the SC140 core accesses the M2 memory and the

MSC8113 Reference Manual, Rev. 0

Freescale Semiconductor

8-9



ory Map

boot ROM. QBus bank 2 is reserved and QBus bank 3 enables access to the SQBus through
which the SC140 core accesses the | P address space and the 60x-compatible address space. The
reset value of the DSP peripherals base address register, QBUSBRO, is 0xO0FO. A register
address includes the base address and the offset for that register. For example, if the base address
of QBUSBRO is 0x00FO0, an access to the ELIRA (whose offset is 0x9C00) is mapped to
0x00F09CO0 (a concatenation of 0xO0F0 and 0x9C00). Table 8-3 lists the registersresiding in
QBus BankO using the default base address after reset.

Table 8-3. QBus Bank 0 Memory Map (0xOOFO0000—-0x00FFFFFF)

Address Abbreviation Name Size in
Bytes

0OF00000-00F07FFF Write Buffer access locations 32K
00F08000-00F09BFF Reserved

00F09CO00 ELIRA Edge/Level-Triggered Interrupt Register A 2
00F09C08 ELIRB Edge/Level-Triggered Interrupt Register B 2
00F09C10 ELIRC Edge/Level-Triggered Interrupt Register C 2
00F09C18 ELIRD Edge/Level-Triggered Interrupt Register D 2
00F09C20 ELIRE Edge/Level-Triggered Interrupt Register E 2
00F09C28 ELIRF Edge/Level-Triggered Interrupt Register F 2
00F09C30 IPRA Interrupt Pending Register A 2
OOF09C38 IPRB Interrupt Pending Register B 2
00F09C40-00FOABFF Reserved

00FOACO0 LICAICRO LIC Group A Interrupt Configuration Register 0 2
OOFOACO8 LICAICR1 LIC Group A Interrupt Configuration Register 1 2
00FOAC10 LICAICR2 LIC Group A Interrupt Configuration Register 2 2
00FOAC18 LICAICR3 LIC Group A Interrupt Configuration Register 3 2
00FOAC20 LICAIER LIC Group A Interrupt Enable Register 2
OOFOAC28 LICAISR LIC Group A Interrupt Status Register 2
00FOAC30 LICAIESR LIC Group A Interrupt Error Status Register 2
O0FOAC40 LICBICRO LIC Group B Interrupt Configuration Register 0 2
OOFOAC48 LICBICR1 LIC Group B Interrupt Configuration Register 1 2
00FO0ACS50 LICBICR2 LIC Group B Interrupt Configuration Register 2 2
OOFOACS58 LICBICR3 LIC Group B Interrupt Configuration Register 3 2
00OFOAC60 LICBIER LIC Group B Interrupt Enable Register 2
O0FOACS68 LICBISR LIC Group B Interrupt Status Register 2
O00FOACT70 LICBIESR LIC Group B Interrupt Error Status Register 2
00FOAC72-00FOFBFF Reserved

00FOFCO00 ICCR ICache Control Register 2
O00FOFCO02 ICCMR ICache Command Register 2
00FOFC04—00FOFCOF Reserved

00FOFC10 LRUSR LRU Status Register 2
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MQBus Address Space

Table 8-3. QBus Bank 0 Memory Map (0xO0OFO00000—-0x00FFFFFF) (Continued)

Address Abbreviation Name Size in
Bytes

00FOFC12 TASR Tag Array Status Register 2
OOFOFC14 VBASR Valid Bit Array Status Register 2
00FOFC16—-00FOFEFF Reserved

00FOFFOQ0 QBUSMRO QBus Mask for Bank 0 2
00FOFFO02 QBUSBRO QBus Base for Bank 0 2
OOFOFF04 QBUSMR1 QBus Mask for Bank 1 2
O00FOFFO06 QBUSBR1 QBus Base for Bank 1 2
OOFOFFO08 QBUSMR2 QBus Mask for Bank 2 2
OOFOFFOA QBUSBR2 QBus Base for Bank 2 2
OOFOFFOC—-00FOFF1F Reserved

00FOFF20 EQBSBR EQBS Bank Register 2
OOFOFF22-00FOFF2F Reserved

00FOFF30 ICACR Instruction Cacheable Area Control Register 2
O00FOFF32 ICABR Instruction Cacheable Area Base Register 2
OOFOFF34—-00FOFF3F Reserved

00FOFF60 IFUR Instruction FU Configuration Register 2
OOFOFF62—-00FOFF7F Reserved

OOFOFF80 WBFR WB Flush Register 2
O0FOFF82 WBCR WB Control Register 2
OOFOFF84—00FOFF9F Reserved

OOFOFFAO DBRO Data Bank 0 4
OOFOFFA4 DBR1 Data Bank 1 4
OOFOFFA8 DBR2 Data Bank 2 4
OOFOFFAC DBR3 Data Bank 3 4
OOFOFFB0O—-00FOFFEF Reserved

OOFOFFFO CIDR Core ID Register 2
OOFOFFF2 VR Version Register 2
OOFOFFF4 FLBACRA FlyBy Address Control Register A 4
OOFOFFF8 FLBACRB FlyBy Address Control Register B 4
00FOFFFC—O0FFFFFF Reserved

8.3 MQBus Address Space

Each SC140 core accesses the shared M2 memory and the boot ROM through the MQBus, which
ismapped on bank 1 of the QBus. The Base Address Register (QBUSBRL1) has areset value of
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0x0100. The base address can be reconfigured after reset. Table 8-4 lists the M2 memory and
boot ROM locations after reset.

Table 8-4. QBus Bank 1 (MQBus) Memory Map (0x01000000—-0x017FFFFF)

Address Acronym Name Size in KB
01000000-01076FFF M2MEM M2 Memory 476
01077000-01077FFF BOOTROM MSC8113 Boot ROM 4
01078000-017FFFFF Reserved

8.4 SQBus Address Space

Each SC140 core accesses the IPBus address space or the 60x-compatible address space, which

are mapped on the SQBuUs on bank 3 of the QBus. Accesses not directed to banks 0-1 are directed
to bank 3. Bank 2 is reserved and not used.

Table 8-5. QBus Bank 3 Memory Map (0x01800000—-OxFFFFFFFF)

Address Descriptor Name Size
01800000-01F7FFFF Reserved
01F80000-01FBFFFF | IPBus | 1PBus Address Space | 256K
01FCO000-01FEFFFF Reserved
01FFO000-FFFFFFFF Local/System Bus ‘ 60x-compatible Bus Space (Local and System Buses) ‘ 3.968 GB

8.5 IPBus Address Space

Each of the three SC140 cores as well as an external host on either the system bus or the DSI bus
can access the IPBus address space, which maps to the control registers of the TDMs, timers,
UART, DSI, Ethernet Controller, RMII, HS, GPIO, and GIC. Table 8-6 lists all the IPBus
registers using the QBus Bank 3 default addressing.

Table 8-6. IPBus Memory Map QBus Bank 3 Addresses (0x01F80000-0x01FBFFFF)

Address Acronym Name Sizein
Bytes
01F80000-01F807FF TDMO Receive Local Memory 2K
01F80800-01F80FFF Reserved
01F81000-01F813FC TDMO TDMO Receive Channel Parameters Register 0-255 4 each
RCPR[0-255]
01F81400-01F817FF Reserved
01F81800-01F81FFF | TDMO Transmit Local Memory 2K
01F82000-01F827FF Reserved
01F82800-01F82BFC TDMO TDMO Transmit Channel Parameters Register 0-255 4 each
TCPR[0-255]
01F82C00-01F83F1F Reserved
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IPBus Address Space

Table 8-6. IPBus Memory Map QBus Bank 3 Addresses (0x01F80000-0x01FBFFFF)

Address Acronym Name SESI;(teeI:
01F83F20 TDMOTSR TDMO Transmit Status Register 4
01F83F28 TDMORSR TDMO Receive Status Register 4
01F83F30 TDMOASR TDMO Adaptation Status Register 4
01F83F38 TDMOTER TDMO Transmit Event Register 4
01F83F40 TDMORER TDMO Receive Event Register 4
01F83F48 TDMOTNB TDMO Transmit Number of Buffers 4
01F83F50 TDMORNB TDMO Receive Number of Buffers 4
01F83F58 TDMOTDBDR TDMO Transmit Data Buffer Displacement Register 4
01F83F60 TDMORDBDR TDMO Receive Data Buffer Displacement Register 4
01F83F68 TDMOASDR TDMO Adaptation Sync Distance Register 4
01F83F70 TDMOTIER TDMO Transmit Interrupt Enable Register 4
01F83F78 TDMORIER TDMO Receive Interrupt Enable Register 4
01F83F80 TDMOTDBST TDMO Transmit Data Buffer Second Threshold 4
01F83F88 TDMORDBST TDMO Receive Data Buffer Second Threshold 4
01F83F90 TDMOTDBFT TDMO Transmit Data Buffer First Threshold 4
01F83F98 TDMORDBFT TDMO Receive Data Buffer First Threshold 4
01F83FA0 TDMOTCR TDMO Transmit Control Register 4
01F83FA8 TDMORCR TDMO Receive Control Register 4
01F83FBO TDMOACR TDMO Adaptation Control Register 4
01F83FB8 TDMOTGBA TDMO Transmit Global Base Address 4
01F83FCO TDMORGBA TDMO Receive Global Base Address 4
01F83FC8 TDMOTDBS TDMO Transmit Data Buffer Size 4
01F83FDO TDMORDBS TDMO Receive Data Buffer Size 4
01F83FD8 TDMOTFP TDMO Transmit Frame Parameters 4
01F83FEO TDMORFP TDMO Receive Frame Parameters 4
01F83FES8 TDMOTIR TDMO Transmit Interface Register 4
01F83FF0 TDMORIR TDMO Receive Interface Register 4
01F83FF8 TDMOGIR TDMO General Interface Register 4
01F84000-01F847FF TDM1 Receive Local Memory 2K
01F84800-01F84FFF Reserved
01F85000-01F853FC TDM1 TDM1 Receive Channel Parameters Register 0-255 4 each

RCPR[0-255]
01F85400-01F857FF Reserved
01F85800-01F85FFF ‘ TDM1 Transmit Local Memory 2K
01F86000-01F867FF Reserved
01F86800-01F86BFC TDM1 TDM1 Transmit Channel Parameters Register 0-255 4 each
TCPR[0-255]
01F86C00-01F87F1F Reserved
01F87F20 TDM1TSR TDM1 Transmit Status Register
01F87F28 TDM1RSR TDM1 Receive Status Register 4
01F87F30 TDM1ASR TDM1 Adaptation Status Register 4

MSC8113 Reference Manual, Rev. 0

Freescale Semiconductor

8-13



ory Map

Table 8-6. IPBus Memory Map QBus Bank 3 Addresses (0x01F80000-0x01FBFFFF)

Address Acronym Name SBif/fei:
01F87F38 TDMI1TER TDM1 Transmit Event Register 4
01F87F40 TDM1RER TDM1 Receive Event Register 4
01F87F48 TDM1TNB TDM1 Transmit Number of Buffers 4
01F87F50 TDM1RNB TDM1 Receive Number of Buffers 4
01F87F58 TDM1TDBDR TDM1 Transmit Data Buffer Displacement Register 4
01F87F60 TDM1RDBDR TDM1 Receive Data Buffer Displacement Register 4
01F87F68 TDM1ASDR TDM1 Adaptation Sync Distance Register 4
01F87F70 TDMITIER TDM1 Transmit Interrupt Enable Register 4
01F87F78 TDM1RIER TDM1 Receive Interrupt Enable Register 4
01F87F80 TDM1TDBST TDM1 Transmit Data Buffer Second Threshold 4
01F87F88 TDM1RDBST TDM1 Receive Data Buffer Second Threshold 4
01F87F90 TDM1TDBFT TDM1 Transmit Data Buffer First Threshold 4
01F87F98 TDM1RDBFT TDM1 Receive Data Buffer First Threshold 4
01F87FAO0 TDM1TCR TDM1 Transmit Control Register 4
01F87FA8 TDM1RCR TDM1 Receive Control Register 4
01F87FBO TDM1ACR TDM1 Adaptation Control Register 4
01F87FB8 TDM1TGBA TDM1 Transmit Global Base Address 4
01F87FCO TDM1RGBA TDM1 Receive Global Base Address 4
01F87FC8 TDM1TDBS TDM1 Transmit Data Buffer Size 4
01F87FDO TDM1RDBS TDM1 Receive Data Buffer Size 4
01F87FD8 TDMI1TFP TDM1 Transmit Frame Parameters 4
01F87FEO TDM1RFP TDM1 Receive Frame Parameters 4
01F87FES8 TDMITIR TDM1 Transmit Interface Register 4
01F87FFO TDM1RIR TDM1 Receive Interface Register 4
01F87FF8 TDM1GIR TDM1 General Interface Register 4
01F88000-01F887FF TDM2 Receive Local Memory 2K
01F88800—01F88FFF Reserved
01F89000—-01F893FC TDM2 TDM2 Receive Channel Parameters Register 0—255 4 each

RCPR[0-255]
01F89400-01F897FF Reserved
01F89800-01F89FFF | TDM2 Transmit Local Memory 2K
01F8A000-01F8A7FF Reserved
01F8A800-01F8ABFC TDM2 TDM2 Transmit Channel Parameters Register 0-255 4 each
TCPR[0-255]
01F8AC00-01F8BF1F Reserved
01F8BF20 TDM2TSR TDM2 Transmit Status Register 4
01F8BF28 TDM2RSR TDM2 Receive Status Register 4
01F8BF30 TDM2ASR TDM2 Adaptation Status Register 4
01F8BF38 TDM2TER TDM2 Transmit Event Register 4
01F8BF40 TDM2RER TDM2 Receive Event Register 4
01F8BF48 TDM2TNB TDM2 Transmit Number of Buffers 4
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IPBus Address Space

Table 8-6. IPBus Memory Map QBus Bank 3 Addresses (0x01F80000-0x01FBFFFF)

Address Acronym Name SESI;(teeI:
01F8BF50 TDM2RNB TDM2 Receive Number of Buffers 4
01F8BF58 TDM2TDBDR TDM2 Transmit Data Buffer Displacement Register 4
01F8BF60 TDM2RDBDR TDM2 Receive Data Buffer Displacement Register 4
01F8BF68 TDM2ASDR TDM2 Adaptation Sync Distance Register 4
01F8BF70 TDM2TIER TDM2 Transmit Interrupt Enable Register 4
01F8BF78 TDMZ2RIER TDM2 Receive Interrupt Enable Register 4
01F8BF80 TDM2TDBST TDM2 Transmit Data Buffer Second Threshold 4
01F8BF88 TDM2RDBST TDM2 Receive Data Buffer Second Threshold 4
01F8BF90 TDM2TDBFT TDMZ2 Transmit Data Buffer First Threshold 4
01F8BF98 TDM2RDBFT TDM2 Receive Data Buffer First Threshold 4
01F8BFAO TDM2TCR TDM2 Transmit Control Register 4
01F8BFAS8 TDM2RCR TDM2 Receive Control Register 4
01F8BFBO TDM2ACR TDM2 Adaptation Control Register 4
01F8BFBS8 TDM2TGBA TDM2 Transmit Global Base Address 4
01F8BFCO TDM2RGBA TDM2 Receive Global Base Address 4
01F8BFC8 TDM2TDBS TDM2 Transmit Data Buffer Size 4
01F8BFDO TDM2RDBS TDM2 Receive Data Buffer Size 4
01F8BFD8 TDM2TFP TDM2 Transmit Frame Parameters 4
01F8BFEO TDM2RFP TDM2 Receive Frame Parameters 4
01F8BFES8 TDM2TIR TDM2 Transmit Interface Register 4
01F8BFFO TDM2RIR TDM2 Receive Interface Register 4
01F8BFF8 TDM2GIR TDM2 General Interface Register 4
01F8CO000—-01F8C7FF TDM3 Receive Local Memory 2K
01F8C800-01F8CFFF Reserved
01F8D000-01F8D3FC TDM3 TDM3 Receive Channel Parameters Register 0-255 4 each

RCPR[0-255]
01F8D400-01F8D7FF Reserved
01F8D800—-01F8DFFF ‘ TDM3 Transmit Local Memory 2K
01F8EO00-01F8E7FF Reserved
01F8E800-01F8EBFC TDM3 TDM3 Transmit Channel Parameters Register 0-255 4 each
TCPR[0-255]
01F8ECO0-01F8FF1F Reserved
01F8FF20 TDM3TSR TDM3 Transmit Status Register 4
01F8FF28 TDM3RSR TDM3 Receive Status Register 4
01F8FF30 TDM3ASR TDM3 Adaptation Status Register 4
01F8FF38 TDM3TER TDM3 Transmit Event Register 4
01F8FF40 TDM3RER TDM3 Receive Event Register 4
01F8FF48 TDM3TNB TDM3 Transmit Number of Buffers 4
01F8FF50 TDM3RNB TDM3 Receive Number of Buffers 4
01F8FF58 TDM3TDBDR TDM3 Transmit Data Buffer Displacement Register 4
01F8FF60 TDM3RDBDR TDM3 Receive Data Buffer Displacement Register 4
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Table 8-6. IPBus Memory Map QBus Bank 3 Addresses (0x01F80000-0x01FBFFFF)

Address Acronym Name SBif/fei:
01F8FF68 TDM3ASDR TDM3 Adaptation Sync Distance Register 4
01F8FF70 TDM3TIER TDM3 Transmit Interrupt Enable Register 4
01F8FF78 TDM3RIER TDM3 Receive Interrupt Enable Register 4
01F8FF80 TDM3TDBST TDM3 Transmit Data Buffer Second Threshold 4
01F8FF88 TDM3RDBST TDM3 Receive Data Buffer Second Threshold 4
01F8FF90 TDM3TDBFT TDM3 Transmit Data Buffer First Threshold 4
01F8FF98 TDM3RDBFT TDM3 Receive Data Buffer First Threshold 4
01F8FFAO TDM3TCR TDM3 Transmit Control Register 4
01F8FFAS8 TDM3RCR TDM3 Receive Control Register 4
01F8FFBO TDM3ACR TDM3 Adaptation Control Register 4
01F8FFBS8 TDM3TGBA TDM3 Transmit Global Base Address 4
01F8FFCO TDM3RGBA TDM3 Receive Global Base Address 4
01F8FFC8 TDM3TDBS TDM3 Transmit Data Buffer Size 4
01F8FFDO TDM3RDBS TDM3 Receive Data Buffer Size 4
01F8FFD8 TDM3TFP TDM3 Transmit Frame Parameters 4
01F8FFEO TDM3RFP TDM3 Receive Frame Parameters 4
01F8FFES8 TDM3TIR TDM3 Transmit Interface Register 4
01F8FFFO TDM3RIR TDM3 Receive Interface Register 4
01F8FFF8 TDM3GIR TDM3 General Interface Register 4
01F90000-01FB800F Reserved
01FB8010 IEVENT Interrupt Event Register 4
01FB8014 IMASK Interrupt Mask Register 4
01FB8018-01FB801F Reserved
01FB8020 ECNTRL Ethernet Control Register 4
01FB8024 MINFLR Minimum Frame Length Register 4
01FB8028 PTV Pause Time Value Register 4
01FB802C DMACTRL DMA Control Register 4
01FB8034-01FB8037 Reserved
01FB8038 DMAMR DMA Maintenance Register 4
01FB803C-01FB8047 Reserved
01FB8048 FRXSTATR FIFO Receive Status Register 4
01FB804C FRXCTRLR FIFO Receive Control Register 4
01FB8050 FRXALAR FIFO Receive Alarm Register 4
01FB8054 FRXSHR FIFO Receive Alarm Shutoff Register 4
01FB8058 FRXPAR FIFO Receive Panic Register 4
01FB805C FRXPSR FIFO Receive Panic Shutoff Register 4
01FB8078 FTXSTATR FIFO Transmit Status Register 4
01FB807C—-1FB808B Reserved
01FB808C FTXTHR FIFO Transmit Threshold Register 4
01FB8094 FTXSPR FIFO Transmit Space Available Register
01FB8098 FTXSR FIFO Transmit Starve Register 4
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IPBus Address Space

Table 8-6. IPBus Memory Map QBus Bank 3 Addresses (0x01F80000-0x01FBFFFF)

Address Acronym Name SESI;(teeI:
01FB809C FTXSSR FIFO Transmit Starve Shutoff Register 4
01FB80AO-01FB8OFF Reserved
01FB8100 TCTRL Transmit Control Register
01FB8104 TSTAT Transmit Status Register 4
01FB8108-01FB810B Reserved
01FB810C TBDLEN | TxBD Data Length | 4
01FB8110-01FB8123 Reserved
01FB8124 CTBPTR | Current TxBD Pointer | 4
01FB8128-01FB8183 Reserved
01FB8184 TBPTR | TXBD Pointer | 4
01FB8188-01FB8203 Reserved
01FB8204 TBASE | Transmit Descriptor Base Address | 4
01FB8208-01FB82AF Reserved
01FB82B0 OSTBD Out-of-sequence TxBD Register 4
01FB82B4 OSTBDP Out-of-sequence Tx Data Buffer Pointer Register 4
01FB82B8 OS32TBDP Out-of-sequence 32 Bytes Tx Data Buffer Pointer Register 4
01FB82CO OS32IPTR Out-of-sequence 32 Bytes TxBD Insert Pointer Register 4
01FB82C4 OS32TBDR Out-of-sequence 32 Bytes TxBD Reserved Register 4
01FB82C8 0OS32IIL Out-of-sequence 32 Bytes TxBD Insert Index/length Register 4
01FB82CC-01FB82FF Reserved
01FB8300 RCTRL Receive Control Register 4
01FB8304 RSTAT Receive Status Register 4
01FB8308-01FB830B Reserved
01FB830C RBDLEN | RXBD Data Length | 4
01FB8310-01FB8323 Reserved
01FB8324 CRBPTRL | Current RxBD Pointer | 4
01FB8328-01FB833F Reserved
01FB8340 MRBLROR1 Maximum Receive Buffer Length ROR1 Register
01FB8344 MRBLR2R3 Maximum Receive Buffer Length R2R3 Register 4
01FB8348-01FB8383 Reserved
01FB8384 RBPTRO | RXBD Pointer 0 | 4
01FB8388-01FB838B Reserved
01FB838C RBPTR1 | RXBD Pointer 1 | 4
01FB8390-01FB8393 Reserved
01FB8394 RBPTR2 | RXBD Pointer 2 | 4
01FB8398-01FB839B Reserved
01FB839C RBPTR3 | RXBD Pointer 3 | 4
01FB83A0-01FB8403 Reserved
01FB8404 RBASEO ‘ Receive Descriptor Base Address 0 ‘ 4
01FB8408-01FB840B Reserved
01FB840C RBASE1 | Receive Descriptor Base Address 1 | 4
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Table 8-6. IPBus Memory Map QBus Bank 3 Addresses (0x01F80000-0x01FBFFFF)

Address Acronym Name SBif/fei:
01FB8410-01FB8413 Reserved
01FB8414 RBASE?2 | Receive Descriptor Base Address 2 4
01FB8418-01FB841B Reserved
01FB841C RBASE3 | Receive Descriptor Base Address 3 4
01FB8420-01FB84FF Reserved
01FB8500 MACCFGI1R MAC Configuration 1 Register 4
01FB8504 MACCFG2R MAC Configuration 2 Register 4
01FB8508 IPGIFGIR Inter Packet Gap/Inter Frame Gap Register 4
01FB850C HAFDUPR Half-Duplex Register 4
01FB8510 MAXFRMR Maximum Frame Register 4
01FB8514-01FB851F Reserved
01FB8520 MI